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Dae Ho Lee
Department of Oncology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

The Law Changes Behaviors: Is It Just Enough?

The “Act on Hospice and Palliative Care and Decisions on Life-Sustaining Treatment for Patients at the End of Life” has 
come into effect in Korea since 2018, primarily aiming at the maintenance of the patients’ dignity and value as human beings by  
assuring the best interests of the patients towards the end of life and by respecting their self-determination. According to the law, 
the patients or their family, as appropriate surrogate decision-makers, can express their preferences on life-sustaining treatment 
(LST) or request their doctor(s)-in-charge to prepare a LST plan by using the official documents. On the other hand, the law 
requires doctor(s)-in-charge to provide the relevant information of the preparing the LST plan and to obtain the confirmation 
from the patients on whether they understand the LST plan [1].

Kim et al. [2] reported in the journal that only 13% of decedents with cancer used the legal forms to express their preference 
and made their own decision regarding their LST, while a LST plan was prepared by family members in 12%, and it was not 
built officially in the other 75%. I don’t think that the non-compliance to the law is equal to the system failure. However, it means 
the law has much room for improvement and successful settlements. Regarding this, the characteristics of the decedents who 
complied to the law were noteworthy in that those who expressed their preferences were younger, more frequently lived in a 
city, had more comorbidities, or suffered longer from cancer. Those who made self-determination utilized hospice facilities more 
frequently and did intensive care units (ICU) less frequently. However, there still remains a possibility, regardless of whether the 
act is in effect or not, that those with the above listed are more likely to express their preference. Actually, I am not sure which 
one contributed more in relation to the non-compliance to the law: the lack of patients’ understanding on their disease status 
or the lack of understanding on the law. Regarding this, Lee et al. [3] showed that cancer the patients were much more likely 
to make the LST decision than the non-cancer patients, suggesting that understanding of their disease might be important in 
self-determination. Therefore, the evidence that the patient’s interest and self-determination is ensured and enforced by the act 
itself is needed. On the other hand, some concerns are also raised. Unexpectedly, those who belonged to the highest income 
quintile was less likely to express their preferences, suggesting that the act might not ensure the patient’s best interest. Com-
pared to those who made self-determination, those with family-determination utilized hospice care units more frequently and 
ICUs less frequently, suggesting as well that there might exist conflict of the best interest between the patient and family. Further 
researches should be done to evaluate whether the act ensures the patients’ best interest and assists the patients’ decision for 
their end-of-life plan.

Of note, Won et al. [4] reported that there was no difference in terms of the use of LST and ICU before and after the enforce-
ment of the law, although there was difference in terms of the use of hospice care unit. Was it just time lag between the law com-
ing into ‘effect’ and ‘effectiveness’? What if the law did not work well in the real world? We have to rethink about not only the 
purposes of the law but also the expected outcomes. The reduction of use of LST and/or ICU was not the only or main purpose 
of the law. However, it should be regarded as one of the most important outcomes when evaluating both positive and negative 
effects of the act. In a sense, we need to define more specifically or specify not only what but also when and where LST and ICU 
care is or becomes ‘unnecessary’ to help all stakeholders to better understand and execute the law. In this regard, Baek et al. [5] 
showed an interesting and informative finding that the patients completed the 6 forms mandated by the act when they were 
close to death. The mean time between completing a form of ‘life-sustaining treatment plan’ and filling out a form of “imple-
mentation of life-sustaining treatment” was only 8.6 days. It might not be enough for the patients, family members, and treating 
doctors to reach the consensus of ‘unnecessariness.’

The law can be a powerful tool to make a change in the society, but it also places the limits on what we can do. We should 
be prepared to wrestle against the difficulties with respects to the social and ethical concerns as well as the legal ones, not only 
before making a law, but also even after the enactment of the law, keeping in mind that the road to the hell is paved with the 
good intentions and the devil is in the details. On the contrary, the god is also in the details.

Correspondence: Dae Ho Lee
Department of Oncology, Asan Medical Center, University of Ulsan College of Medicine, 88 Olympic-ro 43-gil, Songpa-gu, Seoul 05505, Korea
Tel: 82-2-3010-3214  Fax: 82-2-3010-6961  E-mail: leedaeho@amc.seoul.kr
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Introduction

With the advancement of medical treatment and technolo-
gy, life-sustaining treatment (LST) such as cardiopulmonary 
resuscitation, mechanical ventilation, hemodialysis, and  
anticancer drugs have also developed. However, these LSTs 
are often applied to patients with chronic diseases who have 
no possibility of a fundamental recovery, resulting in situa-
tions that merely extend the duration of the end-of-life pro-
cess. Starting with the United States. ‘Natural Death Act’ 
in 1976, other countries around the world have established 
guidelines through the social agreement on the advance  
directives (ADs) and the cessation of meaningless LST [1,2]. 
However, in South Korea, even if the patient’s condition  

deteriorated and the possibility of recovery was low despite 
active treatment, there was little shared decision-making for 
LST between the physician and the patient [3]. The end-of-
life decision including do-not-resuscitate (DNR) is usually 
made between the physician and family-caregivers without 
patients in practice [4-7]. There is still controversy about 
withholding or withdrawing LST in South Korea. Since the 
so-called Boramae hospital case in 1997, there have been 
fierce pros and cons regarding the LST at the end-of-life [8]. 
The LST decisions law has been triggered by an event com-
monly referred to as the ‘Grandmother Kim case’ [9]. Based 
upon the decisions, the public had come to recognize the 
right to die with dignity and the right to self-determination 
of life. In clinical practice, informed consents and shared  
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Purpose  The “Act on Hospice and Palliative Care and Decisions on Life-Sustaining Treatment for Patients at the End-of-Life” was 
enacted on February 3, 2016 and went into effect on February 4, 2018 in Korea. This study reviewed the first year of determination to 
life-sustaining treatment (LST) through data analysis of the National Agency for Management of Life-Sustaining Treatment.  
Materials and Methods  The National Agency for Management of LST provided data between February 4, 2018 and January 31, 2019 
anonymously from 33,549 patients. According to the forms patients were defined as either elf-determinants or family-determinants. 
Results  The median age of the patient was 73 and the majority was male (59.9%). Cancer patients were 59% and self-determinants 
were 32.1%. Cancer patients had a higher rate of self-determinants than non-cancer (47.3% vs. 10.1%). Plan for hospice service was 
high in cancer patients among self-determinants (81.0% vs. 37.5%, p < 0.001). In comparison to family-determinants, self-determi-
nants were younger (median age, 67 years vs. 75 years; p < 0.001) and had more cancer diagnosis (87.1% vs. 45.9%, p < 0.001). 
Decision of withholding or withdrawing of LSTs in cancer patients was higher than non-cancer patients in four items. 
Conclusion  Cancer patients had a higher rate in self-determination and withholding or withdrawing of LSTs than non-cancer patients. 
Continued revision of the law and education of the public will be able to promote withdrawing or withholding the futile LSTs in patients 
at end-of-life. Further study following the revision of the law should be evaluated to change of end-of-life care.
Key words  Terminal care, Hospices, Advance directives, Withholding treatment
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decision-making have become more important to patients. 
Finally, the “Act on Hospice and Palliative Care and Deci-
sions on Life-Sustaining Treatment for Patients at the End-of-
Life” was enacted on February 3, 2016 and went into effect on 
February 4, 2018 in South Korea [10].

Two years post enactment we conducted this study to 
investigate the first-year status of determination to LST 
through data analysis of National Agency for Management 
of Life-Sustaining Treatment. This study is the part of the  
result of a research project (task number: NA19-008) conduct-
ed by the National Evidence-based Healthcare Collaborating 
Agency, funded by the government (Ministry of Health and 
Welfare) in 2019.

Materials and Methods
 
1. Data sources

The database of the National Agency for Management of 
Life-Sustaining Treatment is a national registration system of 
legal forms, which are included in the enforcement decree 
of the act on decisions on LST for patients at the end-of-life. 
Data was obtained from February 4, 2018 to January 31, 2019 
after de-identification. The legal forms in the system consists 
of LST plan (appendix form No. 1), determination of wheth-
er the patient is at the end-of-life process (appendix form 
No. 9), confirmation of the patient’s intention by advanced  
directive (appendix form No. 10), confirmation by consistent 
statements of two or more of the patient’s family members 
(appendix form No. 11), confirmation by unanimous consen-
sus of the patient’s family (appendix form No. 12), and the 
paper of implementation of LST (appendix form No. 13) [10]. 
Data used for analysis in each form are shown in S1 Table.

2. Term definition
The definitions of the following terms in this study were 

taken from the first edition of the law [10]. LSTs were lim-
ited to cardiopulmonary resuscitation (CPR), mechanical 
ventilation, hemodialysis, and the administration of antican-
cer drugs. Withholding LST was defined as not beginning 
LST for the patient at the end-of-life. Withdrawing LST were  
defined as discontinuing LST for the patient at the end-of-
life, who has been receiving the LSTs. 

The terminal patient was defined as a patient who has been 
diagnosed as expected to die within a few months with no 
possibility of a fundamental recovery, and where symptoms 
gradually worsened despite proactive treatment. The diag-
nosis of terminal illness was confined to four types of dis-
ease: cancer, acquired immune deficiency syndrome (AIDS), 
chronic obstructive pulmonary disease (COPD), and chronic 
liver cirrhosis (LC) by the ordinance of the Ministry of Health 

and Welfare. The patient in dying periods was defined as a 
patient in a state of imminent death, in which there is no pos-
sibility of revitalization or recovery despite treatment and 
where symptoms worsen rapidly.

The scope of a patient’s family was defined as either spouse 
of the patient, lineal descendants, or lineal ascendants that 
are 19 years or above. If no family member falls under the 
above, siblings will take over. 

3. Process of decision of LST according to the law
The decision process of withdrawal or withholding LST 

can begin after a patient or family member requests to the 
attending physician about LST processing. Form 1 (LST plan) 
is filled out only after a patient is either diagnosed with a 
terminal illness or is in the dying process by the attending 
physician and a specialist in the field (herein after referred 
to as “the two physicians”). When the two physicians agree 
that a patient is on the verge of death, they fill out form 9. The 
patient can express their will about the type of LST and the 
use of hospice service on form 1. In case of dying process, the 
decision of LST is recorded on form 1, 10, 11, or 12. 
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Patients who registered
in the system (n=44,381)

Patients who complete
form 13 (n=36,693)

Patients who complete both
forms 9 and 13 (n=34,228)

Patients included the
analysis (n=33,549)

Excluded (n=2,465)
- No form 9 (n=2,220)
- Age < 19 years old (n=240)
- Data error (n=5)
  - Sex difference between forms 9 and 13 (n=3)
  - Diagnosis errors in form 9 (n=2)

Excluded (n=7,688)
- No form 13

Excluded (n=679)
- Filled out both forms 1 and 11 (n=58)
- Filled out both forms 1 and 12 (n=54)
- Filled out both forms 11 and 12 (n=54) 
- No other forms except forms 9 and 13 (n=513)

Fig. 1.  Patient cohort.

898     CANCER  RESEARCH  AND  TREATMENT



4. Classification of patients
A patient’s diagnosis was collected from form 9 and cate-

gorized as either cancer or non-cancer. Cancer diagnosis was 
classified according to the causes of death statistics in Korea 
[11]. Non-cancer diagnosis was categorized into three non-
cancer terminal diseases (AIDS, COPD, and LC) which can 
diagnose the terminal illnesses by the law. The other top 10 
causes of death statistics in Korea 2018 except suicide: heart 
diseases, pneumonia, cerebrovascular diseases, diabetes 
mellitus, liver diseases, chronic lower respiratory diseases, 
Alzheimer’s disease, hypertensive diseases, sepsis and res-
piratory tuberculosis [11].

Patients were also categorized by form completed either 
as self-determinants or family-determinants. Patients who 
filled out form 1 were grouped as self-determinants and 
forms 11 or 12 were named family-determinants.

5. Statistical analysis
This is a descriptive study to evaluate demographics and 

clinical characteristics of patients, plan for hospice service, 
method of LST decision-making, and four items of LST  
decisions (CPR, mechanical ventilation, hemodialysis, and 
anticancer drugs). To draw a comparison between the two 
groups, t test for mean differences, chi-squared test or Fish-
er’s exact test for frequencies was used. A two-sided p-value 
less than 0.05 was considered statistically significant. All 
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Table 1.  Characteristics of patients 

Characteristic No. (%) (n=33,549)

Age (yr)
    Median (IQR) 73 (62-81)
Sex 
    Male  20,112 (59.9)
    Female 13,437 (40.1)
Diagnosis 
    Cancer 19,827 (59.0)
    Non-cancer 13,772 (41.0)
Subject of decision 
    Self-determinants 10,774 (32.1)
    Family-determinants 22,775 (67.9)
Disease statusa) 
    Terminal illness 7,135 (66.2)
    Dying periods 3,639 (33.8)
Marked LST items in the form 1a) 
    CPR   10,750 (99.8)
    Mechanical ventilation 10,696 (99.3)
    Hemodialysis 10,104 (93.8)
    Anticancer drugs 8,502 (78.9)
Plan for hospice servicea) 
    Yes 8,117 (75.3)
    No 2,060 (19.1)
    Unmarked 597 (5.5)
Patient residencea) 
    Seoul  2,776 (25.8) 
    Gyeonggi-do 2,408 (22.4)
    Incheon 881 (8.2)
    Gyeongsangnam-do 657 (6.1)
    Busan 622 (5.8)
    Daegu 526 (4.9)
    Jeollanam-do 460 (4.3)
    Ulsan 459 (4.3)
    Gyeongsangbuk-do 366 (3.4)
    Chungcheongnam-do 302 (2.8)
    Chungcheongbuk-do 293 (2.7)
    Gangwon-do 286 (2.7)
    Jeollabuk-do 278 (2.6)
    Jeju Island 208 (1.9)
    Gwangju 153 (1.4)
    Daejeon 67 (0.6)
    Sejong 32 (0.3)
Type of hospitals 
    Advanced general 20,567 (61.3)
    General  11,753 (35.0)
    Hospital 1,089 (3.2)
    Nursing hospital 112 (0.3)
    Clinic 28 (0.1)
(Continued)

Table 1.  Continued

Characteristic No. (%) (n=33,549)

Hospital location
    Seoul  12,354 (36.8)
    Gyeonggi-do 5,398 (16.1)
    Incheon 2,538 (7.6)
    Daegu 2,200 (6.6)
    Gyeongsangnam-do 1,861 (5.5)
    Jeollabuk-do 1,699 (5.1)
    Busan 1,482 (4.4)
    Jeollanam-do 1,048 (3.1)
    Ulsan 970 (2.9)
    Chungcheongbuk-do 884 (2.6)
    Chungcheongnam-do 866 (2.6)
    Gangwon-do 762 (2.3)
    Gwangju 610 (1.8)
    Jeju Island 552 (1.6)
    Gyeongsangbuk-do 163 (0.5)
    Daejeon 162 (0.5)
CPR, cardiopulmonary resuscitation; IQR, interquartile range; 
LST, life-sustaining treatment. a)Available for self-determinants 
only (n=10,774). 
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analyses were conducted using SAS ver. 9.4 (SAS Institute 
Inc., Cary, NC).

Results

1. Study population
Between February 4, 2018 to January 31, 2019, 44,381 cases 

were registered in the system. 10,774 for form 1, 33,549 for 
form 9, 10,740 for form 11, 12,035 for form 12 and a total of 
33,549 were registered with form 13 (S2 Table). Among them 
33,549 patients who had the forms for LST decision (1, 11, or 
12), form 9, and form 13 were included in the analysis (Fig. 
1). 

Patients’ characteristics are shown in Table 1. The median 
age was 73 years (interquartile range [IQR], 62 to 81). Can-
cer patients were 59.0% and self-determinants were 32.1%. 
Among self-determinants, patients at terminal illness were 

66.2%, and marked LST items, which were more than 99%, 
were CPR and mechanical ventilation. Among family-deter-
minants in form 11 were 10,740 (47.2%) and form 12 were 
12,035 (52.8%). The ratio of LST decision papers according 
to the age was detailed in Table 2. The median number of 
family members with form 11 were 3 (IQR, 2 to 4; range, 1 to 
47) and most common family members were lineal descend-
ants (n=6,650, 61.92%) followed by the spouse and lineal  
descendants (n=3,376, 31.43%) (S3 Table). The median num-
ber of family members in form 12 were 3 (IQR, 2 to 4; range, 
1 to 21). Most of the LST decision papers were written in the 
advanced general hospitals and general hospitals (96.3%). 
The patients who filled out residence on form 1 and location 
of hospitals in which LST decision papers were concentrated 
in Seoul and capital areas (Fig. 2). The patients with terminal 
illness who filled out form 1 were 66.2% (7,135) while 33.8% 
(3,639) were in dying process. Plan for hospice service among 
self-determinants were 8,117 (75.3%). The mean period  
between form 13 and one of the LST decision forms (form 
1, form 11, form 12) were 8.6 days (±23.6 days), 1 day (±8.9 
days), and 1.4 days (±9.2 days), respectively. 

2. Difference of LST decision according to the disease 
Patients were categorized as cancer and non-cancer accor- 

ding to the diagnosis. Lung cancer is the most common  
malignancy and pneumonia is the most common benign dis-
ease (Table 3). COPD, AIDS, and LC which are diagnosed as 
terminal illnesses by law, were only 7.9% (1,089/13,722) of all 
benign disease. 

More than half of the patients were male in both groups. 
Cancer patients were younger than non-cancer patients  
(p < 0.001). The rate of self-determination was significantly 
higher in cancer patients than non-cancer patients (47.3% 
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Table 2.  Age distribution according to the LST decision type

Age (yr) Self-determinants Family-determinant

19 0 ( 6 (100)
20-29 41 (22.8) 139 (77.2)
30-39 207 (41.1) 297 (58.9)
40-49 826 (49.1) 857 (50.9)
50-59 2,143 (47.8) 2,340 (52.2)
60-69 2,894 (41.0) 4,168 (59.0)
70-79 2,944 (29.5) 7,027 (70.5)
80-89 1,527 (19.0) 6,505 (81.0)
≥ 90  192 (11.8) 1,436 (88.2)
Values are presented as number (%). LST, life-sustaining treat-
ment.

Fig. 2.  Distribution of patient residence and hospital location.
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vs. 10.1%, p < 0.001) (Table 4). Among the patients with ter-
minal illness, self-determinant was 93.6% (6,680/7,135) in 
cancer patients while it was 6.38% (455/7,135) in non-cancer  
patients (p < 0.001). For the question, if they were willing 
to use hospice service in the near future, only 521 (37.5%) 
non-cancer patients answered yes, while 7,596 (81.0%) cancer  
patients answered yes (p < 0.001). The decision of withhold-
ing or withdrawing the LSTs on each items was higher in 
cancer patients than non-cancer patients (p < 0.001).

All reviewed patients’ most common place of residence 
and location of hospitals were Seoul and capital area. The 
types of hospitals were mostly in advanced general hospitals 
and general hospitals in both cancer patients and non-cancer 
patients (94.7% and 98.6%, respectively).

3. Comparison of features according to self-determinants 
and family-determinants

The number of family-determinants was more than twice 
the number of self-determinants 22,775 (67.9%) and 10,774 
(32.1%), respectively (Table 5). Self-determinants had more a 
diagnosis of cancer and were more male than family-deter-
minants. Self-determinants were also younger than family-
determinants (p < 0.001). Both self-determinants and fami-
ly-determinants mainly prepared the LST decision forms in 
advanced general and general hospitals (61.3% and 35.0%, 
respectively). The national average rate of self-determinants 
across the nation was 28.3%. The regions higher than the 
national average were as follows: Ulsan (51.8%), Jeollanam-
do (48.8%), Busan-si (37.4%), Jeju island (36.2%), Incheon 
(35.7%), Gyeonggi-do (34.5%), Gyeongsangnam-do (34.0%), 
Daegu (33.4%), and Seoul (32.6%). Of the regions below the 
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Table 3.  Diagnosis in non-cancer patients and cancer patients

Rank Cancer  No. (%) Non-cancer  No. (%)

  1 Malignant neoplasm of trachea, bronchus and lung 4,463 (22.5) Pneumonia 3,622 (26.4)
   (C33-C34)
  2 Malignant neoplasm of liver and intrahepatic 2,726 (13.7) CVD 1,389 (10.1)
   bile ducts (C22)
  3 Malignant neoplasm of colon, rectum and anus   1,804 (9.1) Sepsis 1,244 (9.1)
   (C18-C21)
  4 Malignant neoplasm of stomach (C16) 1,746 (8.8) Heart diseases 1,208 (8.8)
  5 Malignant neoplasm of pancreas (C25) 1,689 (8.5) LC 600 (4.4)
  6 Malignant neoplasm of breast (C50) 742 (3.7) COPD 474 (3.5)
  7 Non-Hodgkin lymphoma (C82-C86) 617 (3.1) Liver diseases 208 (1.5)
  8 Leukemia (C91-C95) 617 (3.1) Respiratory tuberculosis 159 (1.2)
  9 Malignant neoplasm of ovary (C56) 355 (1.8) Chronic lower respiratory diseases 73 (0.5)
10 Malignant neoplasm of esophagus (C15)  330 (1.7) Diabetes mellitus 57 (0.4)
11 Malignant neoplasm of prostate (C61) 316 (1.6) Hypertensive diseases 38 (0.3)
12 Malignant neoplasm of bladder (C67) 283 (1.4) Alzheimer’s disease 16 (0.1)
13 Multiple myeloma and malignant plasma cell  278 (1.4) AIDS 15 (0.1)
   neoplasms (C90)
14 Malignant neoplasms of lip, oral cavity and pharynx 272 (1.4) Other 4,619 (33.7)
   (C00-C14)
15 Malignant neoplasm of meninges, brain and 267 (1.3)  
   other CNS (C70-C72)
16 Malignant neoplasm of cervix uteri (C53) 231 (1.2) 
17 Secondary malignant neoplasm (C76-780) 145 (0.7)  
18 Malignant melanoma of skin (C43) 95 (0.5) 
19 Malignant neoplasm of corpus uteri and uterus 94 (0.5) 
   unspecified (C54-C55)
20 Malignant neoplasm of larynx (C32) 44 (0.2)  
21 Other and unspecified malignant neoplasms 2,713 (13.7)  
   (Re. C00-C97)
AIDS, acquired immune deficiency syndrome; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular diseases; LC, liver 
cirrhosis.
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national average, less than 10% were Gwangju and Gyeong-
sangbuk-do with 2.1% and 3.7%, respectively. 

4. Comparison of decision on each LST items  
We compared four items of LST decisions in patients who 

wrote both the form 1 and form 13 (S4 Table). Although the 
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Table 4.  Comparison between cancer and non-cancer patients (n=33,549)

Variable Cancer Non-cancer p-value

No. of registrations 19,827 (59.1) 13,722 (40.9)
Age (yr) 69 (59-77)  73 (62-81) < 0.001
Sex   
    Male  12,378 (62.4) 7,734 (56.4) < 0.001
    Female 7,449 (37.6) 5,988 (43.6) 
Status of patient’s disease   
    Terminal illness 6,680 (71.2) 455 (32.7) < 0.001
    Dying periods 2,703 (28.8) 936 (67.3) 
Subject of LST decisions   
    Self-determinants 9,383 (47.3) 1,391 (10.1) < 0.001
    Family-determinants 10,444 (52.7) 12,331 (89.9) 
Plan for hospice servicea)   
    Yes 7,596 (81.0) 521 (37.5) < 0.001
    No 1,354 (14.4) 706 (50.8) 
    Unmarked 433 (4.6) 164 (11.8) 
Marked LST items in the form 1a)   
    CPR   9,732 (99.9) 1,378 (99.1) < 0.001
    Mechanical ventilation 9,333 (99.5) 1,363 (98.0) 
    Hemodialysis 8,948 (95.4) 1,156 (83.1) 
    Anticancer drugs 7,669 (81.7) 833 (59.9) 
Patient’s residencea),b)   
    Seoul  2,379 (85.7) 397 (14.3) < 0.001
    Busan 554 (89.1) 68 (10.9) 
    Daegu 467 (88.8) 59 (11.2) 
    Incheon 805 (91.4) 76 (8.6) 
    Gwangju 143 (93.5) 10 (6.5) 
    Daejeon 57 (85.1) 10 (14.9) 
    Ulsan 406 (88.5) 53 (11.5) 
    Sejong 29 (90.6) 3 (9.4) 
    Gyeonggi-do 2,109 (87.6) 299 (12.4) 
    Gangwon-do 232 (81.1) 54 (18.9) 
    Chungcheongbuk-do 241 (82.3) 52 (17.7) 
    Chungcheongnam-do 248 (82.1) 54 (17.9) 
    Jeollabuk-do 209 (75.2) 69 (24.8) 
    Jeollanam-do 416 (90.4) 44 (9.6) 
    Gyeongsangbuk-do 337 (92.1) 29 (7.9) 
    Gyeongsangnam-do 569 (86.6) 88 (13.4) 
    Jeju Island 182 (87.5) 26 (12.5) 
Hospital type   
    Advanced general 11,735 (59.2) 8,832 (64.4) < 0.001
    General  7,049 (35.6) 4,704 (34.3) 
    Hospital 946 (4.8) 143 (1.0) 
    Nursing hospital 69 (0.3) 43 (0.3) 
    Clinic 28 (0.1) 0 ( 
(Continued to the next page)

902     CANCER  RESEARCH  AND  TREATMENT



number is small, not all of the patient’s intention has been 
declared. The inconsistency rate between form 1 and form 13 
on each LST items was not different according to the disease. 
However, inconsistency rate of anticancer drugs had a higher 
tendency than other items (Fig. 3, S4 Table). 

The withholding or withdrawing of CPR was not different 
in both self-determinants and family-determinants (p=0.820) 
(Fig. 4). The rate of withholding or withdrawing of mechani-
cal ventilation, hemodialysis, and anticancer drugs was sig-
nificantly higher in self-determinants than family-determi-
nants (p < 0.001) (Fig. 4).

Discussion

In our study, withholding or withdrawing the LST were 
more than twice as high as in the family-determinants than 
the self-determinants. 87.1% of self-determinants had diag-
nosis of cancer. Before law enforcement, most of the hospitals 
used the DNR form to withhold or withdraw the CPR. Two 
studies in the oncology inpatient clinic by Oh et al. [4] and 
Kim et al. [6], reported the practice of the LST under using 
the CPR form. In these two studies almost all decisions of 
DNR have taken among the physician and family members, 
except in only one case that did not have a family member. 
Patients were completely excluded from the decision pro-
cess of LST determination intentionally or unintentionally. 
However, patients’ involvement of LST decision-making 

was different according to the clinical situation and using 
the ADs. Approximately 35.5% patients in the hospice center 
completed the ADs while others could not complete the ADs 
because of poor physical and mental status [12]. The median 
date between the date of ADs and death (median, 22 days) 
were longer than previous studies (7-8 days). Changing the 
form from the DNR to ADs might be a reason because a fol-
lowing study by Hong et al. [13] in the same center reported 
that patients’ participation of end-of-life care discussion has 
been increased after adopting ADs in their clinical practice 
(30% to 51%, p < 0.001). In our study, 32.1% of study popu-
lation and 47.3% of patients with cancer were self-determi-
nants. It is quite higher than the periods using the DNR form 
for LST decision and similar to the studies by Hong et al. 
[13]. It is also similar to the study of single center reviewing  
individual patient’s data which reported that 29% (231/809) 
patients completed the LST forms by themselves [14]. Con-
sidering that two studies using ADs in the end-of-life dis-
cussion, physician’s interest and using the ADs could have 
a positive effect increasing the participation of patients in 
the discussion [12,13]. However, the law also has a positive  
effect enforcing the use of legal forms of LST to some extent 
because most of the hospitals that completed the legal forms 
were not hospice centers. 

In our study, self-determinants were higher in cancer  
patients than non-cancer patients. During our study periods, 
the first edition of the law allowed “terminal illness” as a  
diagnosis in cancer patients and only three kinds of non-can-
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Table 4.  Continued

Variable Cancer Non-cancer p-value

Hospital locationb)    
    Seoul  7,874 (63.7) 4,480 (36.3) < 0.001
    Busan 1,096 (74.0) 386 (26.0) 
    Daegu 1,382 (62.8) 818 (37.2) 
    Incheon 1,571 (61.9) 967 (38.1) 
    Gwangju 119 (19.5) 491 (80.5) 
    Daejeon 82 (50.6) 80 (49.4) 
    Ulsan 643 (66.3) 327 (33.7) 
    Gyeonggi-do 3,057 (56.6) 2,341 (43.4) 
    Gangwon-do 368 (48.3) 394 (51.7) 
    Chungcheongbuk-do 457 (51.7) 427 (48.3) 
    Chungcheongnam-do 437 (50.5) 429 (49.5) 
    Jeollabuk-do 586 (34.5) 1,113 (65.5) 
    Jeollanam-do 772 (73.7) 276 (26.3) 
    Gyeongsangbuk-do 58 (35.6) 105 (64.4) 
    Gyeongsangnam-do 1,006 (54.1) 855 (45.9) 
    Jeju Island 319 (57.8) 233 (42.2) 
Values are presented as number (%) or median (IQR). CPR, cardiopulmonary resuscitation; IQR, interquartile range; LST, life-sustaining 
treatment. a)Only for whom wrote the form 1, b)Percentages were summation within the region. 

VOLUME 53 NUMBER 4 OCTOBER 2021     903



cer diagnosis including AIDS, LC, and COPD [10]. Most of 
the non-cancer patients could start the LST decision process 
when they were diagnosed in the dying process. LST discus-
sion during the dying process might have been impossible 
because of rapid deterioration of their mental or physical 
conditions [15,16]. For cancer patients, diagnosis of terminal 
illness is relatively easier than benign disease by the nature 
of disease trajectory [17] where as it is hard to differentiate 
terminal illness from the reversible condition in benign dis-
ease. Continuous revision of the law allows the diagnosis of 
“terminal illness” regardless of the type of disease [18]. It is 
hoped that only a revision of the law reflecting this reality 
will give the patients at end-of-life an opportunity to prepare 

for and face death.
In our study, the mean duration between form 1 and form 

13 was longer than the mean time for form 11 and 12. When 
patients think over and make decisions of LST, they need 
enough time to think over their conditions and to under-
stand withholding or withdrawing any type of futile treat-
ment. However, when family members decided to withhold 
or withdraw LSTs it could be due to the difficulty to think 
and judge due to the shock of the sudden exposure of their 
family member approaching death [19]. We also could not 
exclude the possibility that patients might receive more LSTs 
based on family’s opinion rather than patients’ will. Earlier 
discussion of LST with patients and family members could 

Cancer Res Treat. 2021;53(4):897-907

Table 5.  Comparison of characteristics according to the LST decision-making

 
Total

                                            No. (%)  
p-value

  Self-determinants Family-determinants

No. of registrations 33,549 10,774 (32.1) 22,775 (67.9)
Diagnosis
    Non-cancer 13,772 1,391 (12.9) 12,331 (54.1) < 0.001
    Cancer 19,827 9,383 (87.1) 10,444 (45.9) 
Sex    
    Male  20,112 6,822 (63.3) 13,290 (58.4) < 0.001
    Female 13,437 3,952 (36.7) 9,485 (41.6) 
Age (yr) 73 (62-81) 67 (58-76) 75 (65-82) < 0.001
Hospital type     
    Advanced general 20,567 5,816 (54.0) 14,751 (64.8) < 0.001
    General  11,753 4,430 (41.1) 7,323 (32.2) 
    Hospital 1,089 480 (4.5) 609 (2.7) 
    Nursing hospital 112 26 (0.2) 86 (0.4) 
    Clinic 28 22 (0.2) 6 (0) 
Hospital locationa)    
    Seoul 12,354 4,027 (32.6) 8,327 (67.4) < 0.001
    Busan 1,482 555 (37.4) 927 (62.6) 
    Daegu 2,200 734 (33.4) 1,466 (66.6) 
    Incheon 2,538 905 (35.7) 1,633 (64.3) 
    Gwangju 610 13 (2.1) 597 (97.9) 
    Daejeon 162 32 (19.8) 130 (80.2) 
    Ulsan 970 502 (51.8) 468 (48.2) 
    Gyeonggi-do 5,398 1,861 (34.5) 3,537 (65.5) 
    Gangwon-do 762 206 (27.0) 556 (73.0) 
    Chungcheongbuk-do 884 211 (23.9) 673 (76.1) 
    Chungcheongnam-do 866 180 (20.8) 686 (79.2) 
    Jeollabuk-do 1,699 199 (11.7) 1,500 (88.3) 
    Jeollanam-do 1,048 511 (48.8) 537 (51.2) 
    Gyeongsangbuk-do 163 6 (3.7) 157 (96.3) 
    Gyeongsangnam-do 1,861 632 (34.0) 1,229 (66.0) 
    Jeju Island 552 200 (36.2) 352 (63.8) 
Values are presented as number (%) or median (IQR). IQR, interquartile range; LST, life-sustaining treatment. a)Percentages were summa-
tion within the region. 
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give them the time to fully think about LST and make deci-
sions properly. 

LST items of the decision, except CPR, were different  
between self-determinants and family-determinants. The 
withholding or withdrawing rate of CPR were the same in 
both groups (99.6%, p=0.820). Other items including mech-
anical ventilation, hemodialysis, and anticancer drugs were 
higher in the self-determinants than family-determinants 

(98.9% vs. 79.4%, 93.2% vs. 80.4%, 78.4% vs. 56.0%; p < 0.001, 
respectively). The difference of LST items in form 13 between 
self-determinants and family-determinants might reflect dif-
ferences of their clinical situation or less time for decision.  

The LST decision forms were mainly prepared at advanced 
general hospitals (61.3%) and general hospitals (35.0%). In 
contrast, registration rate of LST decision was very low at 
3.2% and 0.3% in the hospitals and nursing hospitals, respec-
tively. In Korea, most patients who have no more effective 
treatment are often transferred to hospitals or nursing hos-
pitals and finish the disease trajectory there. However, these 
hospitals seldom establish an ethics committee, which is a 
prerequisite for the law process of LST decision. As of Janu-
ary 2019, the registration rate of the institutional ethics com-
mittee was 0.6% (9/1,465), and 1.4% (22/1,560) in the hos-
pitals, and nursing hospitals, respectively [20]. A common 
ethics committee is being proposed as an alternative, but in 
reality, it is not easy. The law was implemented without a 
clear distinction between withholding or withdrawing LSTs 
in patients with terminal illness or at the end-of-life and with-
holding or withdrawing LSTs in patients in vegetable states. 
So the law was strictly enacted, as if to withhold or withdraw 
LSTs for patients in vegetable conditions. This might be one 
of the hurdles of settling the LST decision process. 

Among non-cancer patients, a benign disease that could 
be diagnosed as a terminal illness was about eight percent 
and most of non-cancer patients completed the legal forms at 
the end-of-life process. Continuous revision of the law could 
expand the number of diseases permitted for legal LST forms 
as well as preliminary discussions about LSTs between phy-
sicians and patients. 

The study has some limitations. First, we could not dif-
ferentiate the dead and the alive in the database of the  
National Agency for Management of Life-Sustaining Treat-
ment. The personal information protect act did not allow to 

Ha Yeon Lee, Determination to Life-Sustaining Treatments 

Fig. 3.  Forest plots of inconsistency rate of four items of LST 
decisions between form 1 and form 13. CI, confidence interval; 
CPR, cardiopulmonary resuscitation; CTx, anticancer drugs; 
HD, hemodialysis; LST, life-sustaining treatment; MV, mechani-
cal ventilation.
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merge the data with Statics Korea’s death data. To overcome 
this limitation, we included the individual data, which has 
form 13. The second limitation is the uncertainly of diagno-
sis we collected. The diagnosis of form 9 was not from the 
Korean Standard Classification of Disease, nor was the code 
of the diagnosis in the reimbursement system. Non-cancer 
diagnosis of form 9 might be a direct cause of death in cancer 
patients. This could explain the high rate (56%) of selecting 
anticancer treatment as a LST in non-cancer patients. How-
ever, we could not deny the possibility of confusion between 
patients and physicians during the LST decision process 
(published elsewhere by Baik et al.). 

In conclusion, our study showed that 32.1% were self- 
determinants and 67.9% were family-determinants during 
the first year after the law was enacted. Self-determinants 
were 47.3% in cancer patients and 10.1% in non-cancer  
patients. The legal forms of LSTs were written mainly in 
Seoul and capital areas, advanced general and general hos-
pitals. A future revision of the law to overcome the problems 
currently faced in hospitals will permit a change in the LST 
decision process. Future studies regarding the status of LST 
decision-making could assist in understanding the status of 
LST decision-making and future directions. 
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Introduction

With the development of modern medicine, it is pos-
sible to treat or control many diseases, thereby extending 
the human lifespan. However, life-sustaining treatment for  
patients who are unlikely to recover may interfere with 
the dignified dying of patients. Therefore, ethical and legal  
issues regarding the process of determining and implement-
ing appropriate life-sustaining treatment have risen. Laws on 
withholding or withdrawing life-sustaining treatment have 
been enforced in several countries to ensure dignified death 
[1,2]. In Korea, since the case at Boramae Medical Center 
in 1997 and the case of “Grandma Kim” in 2008 [3], there 
has been increasing debate about patient self-determination  
regarding life-sustaining treatment at the end-of-life. After  

several social discussions and consensus processes, the “Act 
on Hospice and Palliative Care and Decisions on Life-sus-
taining Treatment for Patients at the End of Life” was estab-
lished on February 2016 and enacted on February 4, 2018 
[4]. After the enforcement of the law, patients at the terminal 
phase of disease or end-of-life can legally withhold or with-
draw life-sustaining treatment, including cardiopulmonary 
resuscitation, hemodialysis, and the use of mechanical ven-
tilation or chemotherapy. The purpose of the act is to protect 
the dignity and value of human beings by ensuring the best 
interests of the patients at the terminal phase of disease or 
end-of-life and by respecting their self-determination. 

In the law, the requirements for withholding or withdraw-
ing life-sustaining treatment involve several steps. The first 
step is the assessment of the patient at the end-of-life or with 
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terminal illness. The doctor in charge and one medical spe-
cialist in a medical institution with an ethics committee must 
assess the person as a patient nearing death, who have no 
chance of recovery despite treatment, and rapidly worsening 
symptoms. The second step is a verification of the decisions 
of the patient or patient’s family. The patient or patient’s fam-
ily member should express that the patient does not want 
life-sustaining treatment using advance directive on life-sus-
taining treatment, life-sustaining treatment plan, verification 
of consistent statements of two or more family members or 
unanimous consensus of the patient’s family members. And 
then, it should be verified by the doctor in charge and one 
medical specialist. Finally, life-sustaining treatment can be 
withheld or withdrawn only if there is a medical assessment 
that the patient is in the end stage of life, and the patient’s 
intention to avoid life-sustaining treatment is verified [5].

After the law was implemented, it is necessary to inves-
tigate whether the law have been applied properly and if 
the purpose of the law has been achieved. Although single-
center experiences have been reported after the enforcement 
of the law [6,7], it is necessary to investigate the status of life-
sustaining treatment in Korea. For this reason, we analyzed 
the data from the National Health Insurance Service.

Materials and Methods
 
1. Study patients

Cancer death data were derived from the National Health 
Insurance service from November 2015 to January 2019. 
These were extracted from cancer patients and confirmed 
deaths during the period according to the Korean Stand-
ard Classification of Diseases and V codes. In Korea, cancer  
patients registered with the National Health Insurance Ser-
vice receive V codes. The accuracy of the method of search-
ing for cancer patients using both the Korean Standard Clas-
sification of Diseases and the V code is very high. Cancer 
deaths were divided into three groups: “before the law”, 
cancer deaths before enforcement of the life-sustaining treat-
ment decisions act; “compliance with the law”, cancer deaths 
complied with the law process; and “non-compliance with 
the law”, cancer deaths did not follow the law process. Can-
cer death data during the national pilot project period (from 
November 2017 to January 2018) before enforcement of the 
life-sustaining treatment decisions act were excluded from 
the analysis. 

2. Data collection and statistical analysis
Demographic data (sex, age, location) and social economic 

variables (income rank, death) were collected from a qualifi-
cation database. Treatment database of medical institutions 

were used to classify the cancer type (type of disease, 40T); 
claim for life-sustaining treatment decisions; prescription of 
life-sustaining treatment including chemotherapy, mechani-
cal ventilator, hemodialysis, cardiopulmonary resuscitation; 
and use of medical institutions (details of treatment, 30T) 
during the last 6 months before death. Charlson comorbid-
ity index was estimated by summing weights of 17 defined 
comorbidities using Quan’s algorithm [8], when claimed for 
any visit of predefined International Classification of Dis-
eases diagnosis during previous 1 year of death. The clinical 
characteristics were summarized as frequency (proportion), 
median, and range. Statistical analyses were performed with 
SAS version 9.4 (SAS Institute Inc., Cary, NC).

 
Results

1. Analysis of the demographic and socioeconomic charac-
teristics in the last month before death

Between November 2015 and January 2019, the data of 
173,028 cancer deaths were used in the analysis. Among 
them, 54,635 cancer deaths came after the enforcement of the 
law. The number of cancer deaths that complied with the law 
process was 14,438 out of 54,635 cases (26.4%). Of these, 7,078 
patients (49.0%) had written an advance statement on life-
sustaining treatment (life-sustaining treatment law appen-
dix form No. 10: 397 patients) or life-sustaining treatment 
plan form (life-sustaining treatment law appendix form 
No. 1: 6,747 patients). Sixty-six patients had written both 
forms. The cancer deaths with an advance statement on life-
sustaining treatment or life-sustaining treatment plan forms 
could be classified as a life-sustaining treatment decision by 
patient self-determination. Therefore, the rate of patient self-
determination was 49.0%. Demographic and socioeconomic 
characteristics of the patients are shown in Table 1. After the  
enforcement of the law, the proportion of non-compliant 
cancer deaths was lower in patients under age 65 (age < 65, 
66.1% [10,673/16,143] vs. age ≥ 65, 76.7% [29,524/38,492]; 
p < 0.001). However, there was no difference in the analy-
sis according to sex. The regions where the law compliance 
rate exceeded the national average were in Ulsan (44.3%), 
Incheon (39.0%), Jeju Island (38.4%), Seoul (37.4%), Gwangju 
(30.0%), Jeollanam-do (29.3%), Sejong (27.5%), and Gyeong-
gi-do (26.8%). There was no significant difference according 
to income. Most of the cancer deaths occurred in general 
hospitals, including secondary and tertiary hospitals. After 
enforcement of the law, 12,665 out of 36,451 cancer patients 
(34.7%) treated in general hospitals complied with the law 
process. However, the compliance rate of primary hospitals 
and nursing hospitals were only 12.4% and 7.7%, respective-
ly. 
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2. Analysis of medical data in the last month before death
The descriptive analysis of medical data in the last month 

before death is shown in Table 2. The proportion of cancer 
types that complied with the law was highest in the order 

of lung cancer, liver and biliary tract cancer, stomach can-
cer, and colorectal cancer. In the analysis of compliance with 
the law within a specific cancer group, 32.1% of skin cancer 
deaths and 32.1% of leukemia cancer deaths complied with 

Table 1.  Analysis of demographic and socioeconomic characteristics at the last month before death

 Before the lawa) Compliance Non-compliance 
  with the law with the law

Sex   
    Male 73,373 (62.0) 9,114 (63.1) 25,002 (62.2)
    Female 45,020 (38.0) 5,324 (36.9) 15,195 (37.8)
Age (yr)   
    20-24 216 (0.2) 39 (0.3) 50 (0.1)
    25-29 250 (0.2) 32 (0.2) 75 (0.2)
    30-34 524 (0.4) 66 (0.5) 129 (0.3)
    35-39 1,131 (1.0) 189 (1.3) 293 (0.7)
    40-44 2,098 (1.8) 295 (2.0) 487 (1.2)
    45-49 3,899 (3.3) 576 (4.0) 1,038 (2.6)
    50-54 6,486 (5.5) 919 (6.4) 1,783 (4.4)
    55-59 10,525 (8.9) 1,470 (10.2) 2,925 (7.3)
    60-64 12,410 (10.5) 1,884 (13.0) 3,893 (9.7)
    65-69 13,554 (11.4) 1,980 (13.7) 4,142 (10.3)
    70-74 16,331 (13.8) 2,004 (13.9) 5,058 (12.6)
    75-79 20,366 (17.2) 2,313 (16.0) 7,239 (18.0)
    80-84 17,370 (14.7) 1,669 (11.6) 7,080 (17.6)
    ≥ 85 13,233 (11.2) 1,002 (6.9) 6,005 (14.9)
Residential area   
    Seoul 19,648 (16.6) 3,419 (23.7) 5,716 (14.2)
    Busan 9,610 (8.1) 636 (4.4) 3,895 (9.7)
    Daegu 5,654 (4.8) 644 (4.5) 1,808 (4.5)
    Incheon 6,027 (5.1) 1,127 (7.8) 1,765 (4.4)
    Gwangju 2,880 (2.4) 378 (2.6) 880 (2.2)
    Daejeon 2,987 (2.5) 170 (1.2) 1,166 (2.9)
    Ulsan 2,109 (1.8) 457 (3.2) 574 (1.4)
    Sejong 397 (0.3) 58 (0.4) 153 (0.4)
    Gyeonggi-do 23,770 (20.1) 2,998 (20.8) 8,197 (20.4)
    Gangwon-do 4,686 (4.0) 425 (2.9) 1,670 (4.2)
    Chungcheongbuk-do 4,159 (3.5) 423 (2.9) 1,429 (3.6)
    Chungcheongnam-do 5,653 (4.8) 582 (4.0) 2,101 (5.2)
    Jeollabuk-do 5,260 (4.4) 426 (3.0) 1,909 (4.7)
    Jeollanam-do 6,306 (5.3) 793 (5.5) 1,913 (4.8)
    Gyeongsangbuk-do 8,496 (7.2) 604 (4.2) 3,226 (8.0)
    Gyeongsangnam-do 9,198 (7.8) 1,013 (7.0) 3,336 (8.3)
    Jeju Island 1,552 (1.3) 285 (2.0) 458 (1.1)
Income quintile   
    1-5 23,228 (19.6) 2,826 (19.6) 8,305 (20.7)
    6-10 21,061 (17.8) 2,687 (18.6) 7,066 (17.6)
    11-15 27,214 (23.0) 3,384 (23.4) 8,918 (22.2)
    16-20 43,612 (36.8) 5,292 (36.7) 14,756 (36.7)
    Not available 3,278 (2.8) 249 (1.7) 1,152 (2.9)
(Continued to the next page)

Cancer Res Treat. 2021;53(4):908-916

910     CANCER  RESEARCH  AND  TREATMENT



Table 1.  Continued

 Before the lawa) Compliance Non-compliance 
  with the law with the law

Institution   
    General hospital 80,707 (68.2) 12,665 (87.7) 23,786 (59.2)
    Primary hospital 10,594 (8.9) 545 (3.8) 3,838 (9.5)
    Nursing hospital 24,271 (20.5) 935 (6.5) 11,156 (27.8)
    Private clinic 2,633 (2.2) 285 (2.0) 1,333 (3.3)
    Public health center 152 (0.1) 3 (0.0) 53 (0.1)
    Others 36 ( 5 ( 31 (
Values are presented as number (%). a)“Before the law”, cancer deaths before enforcement of the life-sustaining treatment decisions act on 
February 2018.

Table 2.  Analysis of medical data at the last month before death

 
Before the law Compliance with Non-compliance with

 (n=118,393) the law (n=14,438) the law (n=40,197)

KCD   
    Malignant neoplasms of lip, oral cavity and 1,842 (1.6) 254 (1.8) 572 (1.4)
      pharynx (C00-C14)
    Malignant neoplasm of oesophagus (C15) 2,360 (2.0) 282 (2.0) 780 (1.9)
    Malignant neoplasm of stomach (C16) 13,404 (11.3) 1,395 (9.7) 4,302 (10.7)
    Malignant neoplasm of colon, rectosigmoid junction,  13,228 (11.2) 1,513 (10.5) 4,810 (12.0)
      rectum, anus and anal canal (C18-C21) 
    Malignant neoplasm of liver and intrahepatic bile ducts (C22) 18,567 (15.7) 2,103 (14.6) 6,234 (15.5)
    Malignant neoplasm of pancreas (C25) 8,989 (7.6) 1,223 (8.5) 3,097 (7.7)
    Malignant neoplasm of larynx (C32) 540 (0.5) 47 (0.3) 173 (0.4)
    Malignant neoplasm of trachea, bronchus and lung (C33-C34) 26,545 (22.4) 3,325 (23.0) 8,820 (21.9)
    Malignant melanoma and skin (C43) 472 (0.4) 75 (0.5) 159 (0.4)
    Malignant neoplasm of breast (C50) 3,947 (3.3) 562 (3.9) 1,231 (3.1)
    Malignant neoplasm of cervix uteri (C53) 1,407 (1.2) 180 (1.2) 410 (1.0)
    Malignant neoplasm of corpus uteri and uterus,  681 (0.6) 84 (0.6) 201 (0.5)
      part unspecified (C54-C55)
    Malignant neoplasm of ovary (C56) 1,807 (1.5) 282 (2.0) 604 (1.5)
    Malignant neoplasm of prostate (C61) 3,114 (2.6) 302 (2.1) 1,349 (3.4)
    Malignant neoplasm of bladder (C67) 2,259 (1.9) 232 (1.6) 877 (2.2)
    Malignant neoplasm of meninges, brain, spinal cord,  2,470 (2.1) 170 (1.2) 962 (2.4)
      cranial nerves and other parts of central nervous system (C70-C72)
    Non-Hodgkin lymphoma (C82-C86) 2,906 (2.5) 449 (3.1) 1,022 (2.5)
    Multiple myeloma and malignant plasma cell neoplasm (C90) 1,508 (1.3) 209 (1.4) 469 (1.2)
    Leukemia (C91-C95) 2,997 (2.5) 452 (3.1) 955 (2.4)
    Malignant neoplasm of other and ill-defined sites and 241 (0.2) 677 (4.7) 2,972 (7.4)
      secondary malignant neoplasm (C76-C78)
    Other neoplasms 13,731 (11.6) 1,744 (12.1) 4,892 (12.2)
Route of administration   
    ER 41,612 (35.1) 7,032 (48.7) 12,503 (31.1)
    OPC 72,722 (61.4) 7,202 (49.9) 26,266 (65.3)
    Not available 4,059 (3.4) 204 (1.4) 1,428 (3.6)
Charlson comorbidity index 8 (0-22) 9 (0-19) 8 (0-20)
Values are presented as number (%) or median (range). ER, emergency room; KCD, Korean Standard Classification of Diseases; OPC, 
outpatient clinic.
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the law process, followed by ovarian cancer (31.8%), breast 
cancer (31.3%), head and neck cancer (30.8%), and multiple 
myeloma (30.8%). However, the central nervous system can-
cer (15.0%) has the lowest compliance, followed by prostate 
cancer (18.3%), and bladder cancer (20.9%). It was found that 
the compliance with the law process of patients admitted 
through the emergency room was better than those admitted 
through an outpatient clinic (36.0%, 7,032/19,535 vs. 21.5%, 
7,202/33,468, p < 0.001). Most of the patients (64.8%) have 
been treated by physicians in the department of internal 
medicine. Among 35,398 patients treated by internal medi-
cine specialists, 10,849 cancer deaths (30.6%) complied with 
the law process. In contrast, 14.8% (678/4,579 patients) and 
23.0% (1,836/7,989 patients) of cancer deaths in the surgery 
departments and family medicine complied with the law 

process. 

3. Analysis of the use of medical institutions and life-sus-
taining treatments within 6 months before death

The patients complying with the law process had used a 
hospice center more frequently (“compliance with the law” 
28% vs. “non-compliance with the law” 14%, p < 0.0001). 
However, the rate of intensive care unit (ICU) admission 
was similar between compliant and non-compliant patients 
(ICU admission, 23% vs. 21%, respectively) (Table 3). Before 
the enactment of the law, 70.5% of patients received chemo-
therapy within one month before the date of death. On the 
other hand, 67.2% of the patients received chemotherapy 
after the enforcement of the law. However, there was no sig-
nificant difference in the analysis of results within 3 months 

Table 3.  Analysis of the use of medical institutions within 6 months from the death

 
Before the law Compliance with Non-compliance with

 (n=162,232) the law (n=18,780) the law (n=63,582)

Hospice center admission 25,884 (16.0) 5,296 (28.2) 8,729 (13.7) 
ICU admission 34,262 (21.1) 4,327 (23.0) 13,125 (20.6)
No. of hospitalizations 5 (1-60) 5 (1-47) 5 (1-80)
No. of OPC visits 17 (1-310) 18 (1-191) 16 (1-225)
No. of ER visits 2 (1-78) 2 (1-40) 2 (1-90)
Values are presented as number (%) or median (range). ER, emergency room; ICU, intensive care unit; OPC, outpatient clinic.

Table 4.  Analysis of life-sustaining treatments within 6 months from the death

 
Before the law  After the law   

                                        After the law

 
(n=162,232) (n=82,362)

 Compliance with Non-compliance with
   the law (n=18,780) the law (n=63,582)

CT
    Within 1 mo 114,343 (70.5) 55,382 (67.2) 14,004 (74.6) 41,378 (65.1)
    Within 3 mo 149,039 (91.9) 75,339 (91.5) 18,434 (98.2) 56,905 (89.5)
    Within 6 mo 155,819 (96.0) 79,043 (96.0) 18,730 (99.7) 60,313 (94.9)
MV    
    Within 1 mo 13,629 (8.4) 7,027 (8.5) 1,610 (8.6) 5,417 (8.5)
    Within 3 mo 17,405 (10.7) 9,083 (11.0) 2,208 (11.8) 6,875 (10.8)
    Within 6 mo 18,919 (11.7) 9,885 (12.0) 2,421 (12.9) 7,464 (11.7)
HD    
    Within 1 mo 6,678 (4.1) 3,693 (4.5) 854 (4.5) 2,839 (4.5)
    Within 3 mo 8,215 (5.1) 4,603 (5.6) 1,119 (6.0) 3,484 (5.5)
    Within 6 mo 8,628 (5.3) 4,791 (5.8) 1,178 (6.3) 3,613 (5.7)
CPR    
    Within 1 mo 4,561 (2.8)  2,642 (3.2) 295 (1.6) 2,347 (3.7)
    Within 3 mo 5,291 (3.3)  3,078 (3.7) 376 (2.0) 2,702 (4.2)
    Within 6 mo 5,441 (3.4)  3,129 (3.8) 393 (2.1) 2,736 (4.3)
Values are presented as number (%). CPR, cardiopulmonary resuscitation; CT, chemotherapy; HD, hemodialysis; MV, mechanical ventila-
tion.
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(before the law 91.9% vs. after the law 91.5%) and 6 months 
before the date of death (before the law 96.0% vs. after the 
law 96.0%). When the law was enacted, it was found that  
patients who complied with the law process received more 
active chemotherapy during the last six months. There was 
no difference in the proportion of patients who had under-
gone mechanical ventilation and hemodialysis in the com-
parative analysis before and after the enforcement of the 
law and the analysis according to the compliance with the 
law. There was no significant difference in the proportion of  
patients who received cardiopulmonary resuscitation before 
and after the enforcement of the law, but after the enforce-
ment of the law, patients who complied with the law pro-
cess received less cardiopulmonary resuscitation (Table 4). In  
patients who complied with the law process, the interval  
between the date of last life-sustaining treatment and the date 
of death was longer than those who did not comply with the 
law process or those who died before the enforcement of the 
law (Table 5). The analysis of the time from life-sustaining 
treatment decisions to death is shown Table 6.

Discussion

According to the analysis data of the National Agency for 
Management of Life-Sustaining Treatment, as of Novem-
ber 2020, 130,237 decisions on life-sustaining treatment by  
patients or family members had been registered, and the  
implementation of withholding or withdrawing of life-
sustaining treatment has also increased monthly [9]. In the 
present study, despite the enforcement of the law, only 26% 
of the cancer patients made the life-sustaining treatment  

decision in accordance with the law. It is possible that the rest 
of the patients died without a life-sustaining treatment deci-
sion or died after a decision by other means such as a do-not-
resuscitate form. This finding is similar to a previous study  
before the enforcement of the law. In a study before the law 
was enacted, it reported the findings on whether life-sustain-
ing treatment decision forms could be applied in the actual  
oncological practice. An et al. [10] reported that among 336 
cancer patients, Physician Orders for Life-sustaining Treat-
ment (POLST) forms were introduced to 60.1% of patients, and 
31.1% signed the form. Physician barriers were reluctance of 
the family, lack of rapport, patients’ denial of prognosis, lack 
of time, feelings of guilt, and uncertainty about either progno-
sis or the right time to discuss POLST. The patient’s barriers 
were lack of knowledge about POLST, emotional discomfort, 
difficulty in making decisions, or denial of prognosis [10]. 
In 2016, when the enforcement of the law was announced, a 
study to investigate awareness and attitudes toward advance 
care planning in Korea reported that a total of 15% of the 
general population, 33% of the patients and caregivers, and 
61% of the physicians had knowledge of advance directives 
[11]. From these results, Koreans lacked awareness regarding 
the process of discussing medical care and determining life-
sustaining treatment at the end-of-life. Unfortunately, even 
in these circumstances, there were not enough preparation, 
promotion, and education before the law was implement-
ed. After the law was implemented in 2018, the physicians,  
patients, and family members were confused and spent 
lots of time and effort in the process of complying with the 
law process, such as filling out forms rather than ensuring  
patient self-determination and dignity in death. In addition, 
the law came into force in the absence of sufficient prepa-

Table 5.  The duration between last life-sustaining treatment and death

 Before the law
 Compliance Non-compliance 

  with the law with the law

MV (day) 15 (0-180) 20 (0-180) 15 (0-180) 
HD (day) 14 (0-180) 17 (0-179) 14 (0-178)
Values are presented as median (range). HD, hemodialysis; MV, mechanical ventilation.

Table 6.  Analysis for the time from life-sustaining treatment decisions to death

Timepoint Median (range, day)

Confirmation of the patient at the terminal stage 22 (0-312)
Confirmation of the patient at the end stage of life 17 (0-312)
Verification of advance statement on life-sustaining treatment 21 (0-312)
Preparation of life-sustaining treatment plan 23 (0-310)
Verification of consistent statements of two or more family members or unanimous consensus  16 (0-265)
  of the patient’s family members 
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ration for individual hospitals. In the present study, life-
sustaining treatment decision in accordance to the law was 
higher in general hospitals (34.7%) than in primary hospitals 
(12.4%) and nursing hospitals (7.7%). Although most of the 
cancer deaths occurred in general hospitals, many patients 
with terminal phase cancer were also receiving end-of-life 
care at primary hospitals or nursing hospitals in Korea. 
However, because the law has strict conditions on hospi-
tals that can make life-sustaining treatment decisions, most 
primary hospitals and nursing hospitals could not provide 
end-of-life care according to the law. In January 2019, general 
hospitals that can make life-sustaining treatment decisions 
according to the law was 38.8% (137/353 hospitals). How-
ever, only 0.6% (9/1,465 hospitals) of primary hospitals and 
1.4% (22/1,560 hospitals) of nursing hospitals had a legal 
system for life-sustaining treatment decisions. Until recently, 
this situation did not improve significantly (In November 
2020, general hospital, 55.0% [199/362 hospitals]; primary 
hospitals, 1.4% [22/1,518 hospitals]; nursing hospitals, 4.4% 
[69/1,585 hospitals]) [9]. The law designed for a dignified 
death needs to streamline its process to achieve their objec-
tives and adjust the relevant regulations.

Nevertheless, there were positive effects of the law on the 
process of preparing for death in Korea. Our results showed 
that 49% of the patients decided on life-sustaining treatment 
by patient self-determination. In a single-center report col-
lected after the enforcement of the life-sustaining treatment 
decision act, 44.2% of the cancer patients completed the 
documents for life-sustaining treatment decision and were 
written by the patient themselves [6]. However, another ret-
rospective study reported a lower rate. Among 809 patients, 
231 patients (29%) completed the forms themselves, and 578 
(71%) had family members complete the forms [7]. Accord-
ing to the analysis data of the National Agency for Manage-
ment of Life-Sustaining Treatment, the proportion of patients 
with or without cancer that made life-sustaining treatment 
decision by patient’s determination is steadily increasing 
(until January 2019, 32.3% [11,615/35,994 patients]; until 
November 2020, 35.8% [46,575/130,237 patients]) [9]. Before 
the life-sustaining treatment decision law was enforced, the 
life-sustaining treatment decision was usually made using 
the do-not-resuscitate form in accordance with the regula-
tions of each hospital. Previous studies have reported that 
life-sustaining treatment decisions through the do-not-resus-
citate form have been mainly made by the patient’s family 
members [12,13]. However, according to the life-sustaining 
treatment decision act, if a patient can express his or her own 
intentions, only the patient can decide on life-sustaining 
treatment. As a result, patients, family members, and physi-
cians had to include patients in the life-sustaining treatment 
decision process, and it became important to confirm the  

patient’s intentions for life-sustaining treatment decisions. 
The law has led to a change in the culture of life-sustain-
ing treatment decisions in Korea, and as a result, it can be  
expected that the rate of patient self-determination will grad-
ually increase.

Prior to the enforcement of the law in Korea, discussions 
and decisions about life-sustaining treatment were made 
near the date of death [14]. In the present study, most of the 
patients had prepared the life-sustaining treatment decision 
form within one month before the date of death. Late life-sus-
taining treatment decisions lead to unnecessary and harmful 
treatments to the cancer patient, thereby adversely affecting 
the patient’s quality of life and dignified death [15,16]. More-
over, there is a tendency to perform aggressive anti-cancer or 
life-sustaining treatment as the end-of-life approaches [17]. 
In previous studies, 30.9% of cancer patients received chemo-
therapy [18] and 33.6% visited an emergency room more than 
once during the last months [19]. In contrast, only 9.1% of 
patients were referred to a hospice consultation service at the 
end-of-life period [19]. In the present study, life-sustaining 
treatment decision complying with the law was associated 
with increased use of hospice center. However, there was no 
significant difference in ICU admission between compliant 
and non-compliant patients. Contrary to expectations, the 
ICU admission rate was not affected by the life-sustaining 
treatment decision act. This result is consistent with previous 
studies [7,17]. In a previous study, the ICU admission rate 
within the last month before death in patients with terminal 
cancer was 30.3%. Of note was that the ICU admission rate 
was lower when life-sustaining treatment was decided by 
the patient than when decided by family members [7]. In the 
present study, the patient self-determination rate was 49%. 
Therefore, if the rate of life-sustaining treatment decisions 
made by the patient rises in the future, it can be expected 
that the implementation of life-sustaining treatment such 
as ICU admission will be decreased. From a different point 
of view, Korean patients, family members, and physicians 
have tended to decide whether to perform cardiopulmonary  
resuscitation mainly among various life-sustaining treat-
ments. In the present study, the proportion of patients  
receiving mechanical ventilation or hemodialysis within 
six months before death was similar between patients who  
decided on life-sustaining treatment and those who did not. 
However, the proportion of patients who received cardiopul-
monary resuscitation was lower in those who complied with 
the law. This trend has been reported in previous studies.  
Although the rate of admission to the ICU within the last 
month before death is high, the rate of cardiopulmonary  
resuscitation is relatively low [7,12]. In addition, according to 
the 2019 annual report on the life-sustaining treatment deci-
sion system by Korea National Institute for Bioethics Policy, 
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the rate of withholding or withdrawing of life-sustaining 
treatment was 99.4% for cardiopulmonary resuscitation, 
86.5% for mechanical ventilation, 83.4% for hemodialysis, 
and 60.6% for chemotherapy [20]. Therefore, physicians need 
to explain and discuss various life-sustaining treatments in 
the process of making life-sustaining treatments decision 
with patients at the terminal disease or end-of-life.

This study could be used as basic data on the application of 
the law and its effects in the early period of law enforcement. 
In addition, this study provides large-scale analysis data on 
the past and current status of life-sustaining treatment for 
cancer patients. Based on these basic data, it is possible to 
find optimal directions for the improvement of the short-
comings of the law and related policies. Nevertheless, this 
study has some limitations. First, because it is based on the 
large data from the National Health Insurance Service, it is  
impossible to investigate the detailed life-sustaining treat-
ment decision process of individual patients. Second, there 
may be a difference of several days between the time point 
used for the analysis of the study and the time point applied 
at the time of actual decision or treatment. Third, it was  
impossible to distinguish patients who had life-sustaining 
treatment decision but had a missing insurance claim. Fourth, 
since the same claim code was assigned to the withholding 
and withdrawal, it was not possible to distinguish between 
withholding and withdrawal of life-sustaining treatment. 

In summary, despite the law being enforced, only some 
cancer patients complied with the law process. Neverthe-
less, the law has positive effects on the rate of life-sustaining 
treatment decision by patient’s determination. However, 
there was no sufficient effect on the withholding or with-

drawing of life-sustaining treatment, which could protect the 
patient from unnecessary or harmful interventions. As the 
shortcomings of the law are corrected and understanding of 
patients and physicians is improving, it is expected that the 
purpose of the life-sustaining treatment decision law will be 
gradually reached. Therefore, this study needs to be repeated 
at regular intervals.
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Introduction

Although withholding life-sustaining treatments at the 
end-of-life (EOL) in advanced cancer patients has long been 
a common practice in Korea, there were no public consen-
sus or formal legislation on withholding or withdrawing 
life-sustaining treatments. Withholding life-sustaining treat-
ments was usually achieved by completing do-not-resusci-
tate (DNR) forms at the time of imminent death by family 
members [1,2]. Withdrawing life-sustaining treatments was 
not protected by law and often resulted in defensive medi-
cal practice. After years of discussions since the Grandma 
Kim case in 2009, the “Act on Hospice and Palliative Care 
and Decisions on Life-Sustaining Treatment for Patients at 

the End of Life” (abbreviated as “Life-Sustaining Treatment 
Decisions Act”) was enacted on February 4, 2018 [3]. 

The purpose of this law is to protect the dignity and value 
of human beings by ensuring the best interests of the pati-
ents at the EOL and by respecting their self-determination.  
According to the law, patients can express their preferences 
by completing legal forms that are advance statements on a 
life-sustaining treatment (an advance directive) or life-sus-
taining treatment plan (a type of Physician Orders for Life-
sustaining Treatment [POLST]). Patients cannot designate 
a proxy in advance, but if patients do not have a decision-
making capacity due to advanced illness and have not com-
pleted any forms, family members can complete the legal 
form. Ideally, all patients should decide their preferences for 
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life-sustaining treatments by themselves to enhance patient  
autonomy. A prerequisite for this will be appropriate advan-
ce care planning based on an accurate prognostic under-
standing. However, many advanced cancer patients in Korea 
do not know their prognosis accurately [4] and DNR forms 
were almost exclusively completed by family members  
before the enactment of this law [1,2]. Because the law was 
enacted before a social acceptance of routine advance care 
planning, Korean society is still struggling to accept and 
comply with mandatory application of the Life-Sustaining 
Treatment Decisions Act [3]. 

In this study, we aimed to investigate the current status 
and features of patient self-determination after enactment of 
the Life-Sustaining Treatment Decisions Act in Korea. 

Materials and Methods
 
1. Patients 

The data on cancer deaths after the enactment of the Life-
Sustaining Treatment Decisions Act in February 2018 were 
extracted from the National Health Insurance Service (NHIS) 
database. All cancer deaths between February 1, 2018 and 
January 31, 2019 were analyzed. Cancer deaths with illegible 
forms were excluded. Patients with insurance claims for life-
sustaining treatment decisions who lacked essential forms or 
who had both patient self-determination forms and family 
determination forms were considered illegible. Patient self-
determination was defined as completing the life-sustaining 
treatment plan (legal form No. 1) or advance statement on 
life-sustaining treatment (legal form No. 10). Family determi-
nation was defined as completion of the legal form by family 
members (legal forms No. 11 or No. 12).  In addition to illeg-
ible forms, cancer deaths with multiple primary cancer were 
excluded in order to include ‘cancer type’ in the analysis for 
factors associated with self-determination. Decedents were 
divided into three groups: patients who complied with the 
law process by self-determination; patients who complied 
with the law process by family determination; and patients 
who did not comply with the law process (control group). 

2. Data collection 
We collected demographic data including age, sex, 

and residential area (Seoul and the capital area including 
Incheon and Gyeonggi-do/metropolitan cities other than the 
Incheon/rural area). In addition, data on income quintiles 
(medical aid and quintiles 1 to 20, 20 indicating the high-
est income), type of medical institution (general hospital 
including tertiary and secondary hospitals/primary hospi-
tal or convalescent hospitals), primary cancer site, Charlson  
comorbidity index [5], time from cancer diagnosis to life-sus-

taining treatment decision, and health care utilization at the 
EOL were obtained. 

3. Statistical analysis 
Descriptive analyses were performed to summarize the 

baseline characteristics of the patients. Statistical analyses 
of categorical variables were performed using Pearson’s 
chi-square test. Continuous variables are reported as the 
mean±standard deviation (SD), and comparisons of the 
mean between groups were calculated by Student’s t test. 
Univariate and multivariable analyses were performed with 
the logistic regression method. Age, sex, and variables with a 
p-value less than 0.05 by univariate analyses were included 
in the multivariable analysis. A stepwise logistic regression 
analysis was performed to identify independent predictors 
of patient self-determination. All tests were two-sided, and 
p-values < 0.05 were considered significant. Confidence  
intervals were calculated at a 95% confidence level. All anal-
yses were performed using SAS ver. 9.4 (SAS Institute Inc., 
Cary, NC).

 
Results

1. Patient characteristics 
Between February 2018 and January 2019, 54,635 cancer 

deaths were identified from the NHIS database. Excluding 
decedents with illegible forms and multiple primary cancers, 
50,838 decedents were evaluable for the analysis. Among 
these patients, 6,785 (13.4%) complied with the law process 
by patient self-determination, 6,106 (12.0%) complied with 
the law process by family determination, and 37,947 (74.6%) 
did not comply with the law process (control group). Base-
line demographic and clinical information is summarized 
in Table 1. The mean age of patients with self-determination 
was 66.0 years (SD, 12.4), and 44.7% of patients were younger 
than 65 years. In the patient self-determination group, 36.9% 
were female, 53.2% lived in Seoul or the capital area, 17.9% 
lived in metropolitan cities, and 86.3% were treated in gen-
eral hospitals at the time of the decision. The most common 
primary sites were the liver/pancreas/bile duct (23.9%), 
lung (20.4%), colon/rectum (11.8%), and stomach (10.6%). 
The mean score on the Charlson comorbidity index was 8.1 
(SD, 3.2), and the time from cancer diagnosis to life-sustain-
ing treatment decisions was longer than a year in 59.1% of 
patients. 

2. Predictors of patient self-determination
The results of univariate and multivariable analyses to 

identify predictors of patient self-determination are summa-
rized in Tables 2 and 3. According to the multivariable analy-
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Table 1.  Baseline demographic and clinical characteristics 

 Cancer deaths   Cancer deaths  Cancer deaths not Total
Variable with patient  p-valuea) with family p-valueb) following the law cancer
 self-determination  determination  process (control group)  deaths

No. (%) 6,785 (13.4)  6,106 (12.0)  37,947 (74.6) 50,838 (100)
Age (yr) 66.0±12.4 < 0.001 69.8±12.5 < 0.001 72.0±12.6 
Age (yr)      
    < 65  3,036 (44.7) < 0.001 1,896 (31.1) < 0.001 10,248 (27.0) 15,180 (29.9)
    ≥ 65  3,749 (55.3)  4,210 (68.9)  27,699 (73.0) 35,658 (70.1)
Sex      
    Male 4,281 (63.1) 0.735 3,835 (62.8) 0.075 23,511 (62.0) 31,627 (62.2)
    Female 2,504 (36.9)  2,271 (37.2)  14,436 (38.0) 19,211 (37.8)
Residential area      
    Seoul and capital areac) 3,611 (53.2) < 0.001 3,033 (49.7) < 0.001 14,895 (39.3) 21,539 (42.4)
    Metropolitan cityd) 1,217 (17.9)  914 (15.0)  7,954 (21.0) 10,085 (19.8)
    Rural area  1,957 (28.8)  2,159 (35.4)  15,097 (39.8) 19,213 (37.8)
Income quintiles       
    Medical Aid  116 (1.7) < 0.001 107 (1.8) < 0.001 1,084 (2.9) 1,307 (2.6)
    1-5 1,407 (20.7)  1,137 (18.6)  7,840 (20.7) 10,384 (20.4)
    6-10 1,370 (20.2)  1,060 (17.4)  6,689 (17.6) 9,119 (17.9)
    11-15 1,630 (24.0)  1,390 (22.8)  8,429 (22.2) 11,449 (22.5)
    16-20 2,262 (33.3)  2,412 (39.5)  13,905 (36.6) 18,579 (36.5)
Institution       
    General hospital 5,857 (86.3) < 0.001 5,568 (91.2) < 0.001 22,694 (59.8) 34,119 (67.1)
    Othere) 928 (13.7)  538 (8.8)  15,253 (40.2) 16,719 (32.9)
Cancer type      
    Stomach 716 (10.6) < 0.001 469 (7.7) < 0.001 3,838 (10.1) 5,023 (9.9)
    Colon/Rectal 801 (11.8)  460 (7.5)  4,261 (11.2) 5,522 (10.9)
    Liver/Pancreas/Bile duct  1,621 (23.9)  1,324 (21.7)  8,502 (22.4) 11,447 (22.5)
    Lung 1,385 (20.4)  1,563 (25.6)  8,087 (21.3) 11,035 (21.7)
    Breast 268 (3.9)  209 (3.4)  1,135 (3.0) 1,612 (3.2)
    Gynecologic  293 (4.3)  176 (2.9)  1,083 (2.9) 1,552 (3.1)
    Genitourinary  217 (3.2)  184 (3.0)  1,827 (4.8) 2,228 (4.4)
    Hematologic 289 (4.3)  660 (10.8)  2,223 (5.9) 3,172 (6.2)
    Other  1,195 (17.6)  1,061 (17.4)  6,991 (18.4) 9,247 (18.2)
Charlson comorbidity index 8.1±3.2 < 0.001 7.9±3.3 < 0.001 7.5±3.3 
Time from diagnosis (yr) 2.5±3.0 < 0.001 2.2±3.0 < 0.001 2.3±3.1 
Time from diagnosis to 
  life-sustaining treatment 
  decision (mo)       
    < 6  1,666 (24.6) < 0.001 2,115 (34.6) < 0.001 12,563 (33.1) 16,344 (32.1)
    6-12  1,106 (16.3)  997 (16.3)  5,977 (15.8) 8,080 (15.9)
    12-24  1,413 (20.8)  1,062 (17.4)  6,755 (17.8) 9,230 (18.2)
    ≥ 24  2,600 (38.3)  1,932 (31.6)  12,652 (33.3) 17,184 (33.8)
Values are presented as number (%) or mean±standard deviation. a)Between cancer deaths of patients with self-determination and cancer 
deaths of patients with family determination, b)Between cancer deaths of patients with self-determination and cancer deaths of patients 
not following the law process, c)Seoul, Incheon, and Gyeonggi-do, d)Busan, Daegu, Daejeon, Gwangju, and Ulsan, e)Primary hospitals and 
convalescent hospitals. 
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sis, patients with self-determination were younger, were less 
likely to live in rural areas, were less likely to be treated in 
general hospitals, were less likely to belong to the highest 
income quintile, were less likely to have liver/pancreas/
bile duct, lung, breast, genitourinary, or hematologic malig-
nancies, and were more likely to show a longer time from 
cancer diagnosis to life-sustaining treatment decisions, than 
the family-determination group (Table 2). Compared with  
patients in the control group, patients with self-determina-
tion were younger, lived in Seoul or the capital area, were less 

likely to belong to the highest income quintile, were treated 
in general hospitals, were less likely to have genitourinary 
or hematologic malignancies, scored higher on the Charlson 
comorbidity index, and showed a longer time from cancer 
diagnosis to life-sustaining treatment decisions (Table 3). 

3. Differences in health care utilization at the EOL 
Tables 4 and 5 show differences in health care utilization 

at the EOL. Compared with the family determination group, 
patients with self-determination were more likely to use hos-
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Table 2.  Predictive factors of patients with self-determination compared with patients with family determination

Variable
                                 Univariate                                  Multivariable

 OR 95% CI OR 95% CI

Age (yr)
    < 65 1  1 
    ≥ 65 0.56 0.52-0.60 0.62 0.57-0.67
Sex    
    Male 1  1 
    Female 0.99 0.92-1.06 0.93 0.86-1.01
Residential area    
    Seoul and capital areaa) 1  1 
    Metropolitan cityb) 1.12 1.01-1.23 1.14 1.03-1.27
    Rural area  0.76 0.70-0.82 0.80 0.74-0.87
Income quintiles    
    Medical Aid  0.84 0.64-1.10 0.95 0.71-1.26
    1-5 0.96 0.86-1.07 1.00 0.89-1.12
    6-10 1  1 
    11-15 0.91 0.82-1.01 0.95 0.85-1.06
    16-20 0.73 0.66-0.80 0.81 0.73-0.90
Institution    
    Other 1  1 
    General hospital 0.61 0.55-0.68 0.59 0.52-0.66
Cancer type    
    Stomach 1  1 
    Colon/Rectal 1.14 0.97-1.34 1.12 0.94-1.32
    Liver/Pancreas/Bile duct  0.80 0.70-0.92 0.86 0.75-0.99
    Lung 0.58 0.51-0.67 0.66 0.57-0.76
    Breast 0.84 0.68-1.04 0.66 0.52-0.83
    Gynecologic  1.09 0.88-1.36 0.99 0.79-1.25
    Genitourinary  0.77 0.62-0.97 0.79 0.63-1.00
    Hematologic 0.29 0.24-0.34 0.32 0.27-0.39
    Other 0.74 0.64-0.85 0.78 0.67-0.90
Charlson comorbidity index 1.03 1.02-1.04 1.01 0.99-1.02
Time from diagnosis to life-sustaining treatment decision (mo)     
    < 6  1  1 
    6-12  1.41 1.27-1.57 1.31 1.17-1.46
    12-24  1.69 1.53-1.87 1.51 1.36-1.68
    ≥ 24  1.71 1.57-1.86 1.57 1.43-1.72
CI, confidence interval; OR, odds ratio. a)Seoul, Incheon, and Gyeonggi-do, b)Busan, Daegu, Daejeon, Gwangju, and Ulsan.
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pice (45.0% vs. 14.8%, p < 0.001) and less likely to use inten-
sive care units (ICUs) (12.6% vs. 33.2%, p < 0.001) or emer-
gency departments (EDs) (77.3% vs. 81.7%, p < 0.001) (Table 
4). Compared with the control group, patients with self- 
determination were more likely to use hospice (45.0% vs. 
18.3%, p < 0.001) and less likely to use the ICU (12.6% vs. 
21.6%, p < 0.001) at the EOL (Table 5). However, ED use was 
higher in the self-determination group (77.3% vs. 70.8%, p < 
0.001). 

Discussion

In this study, we found that cancer decedents who com-
plied with the Life-Sustaining Treatment Decisions Act by  
patient self-determination had distinct features compared 
with patients with family determination or patients in the 
control group who did not comply with the law process. 
Overall, patients with self-determination were significantly 
younger, lived in the Seoul or capital area, were less likely to 
belong to the highest income quintile, and showed a longer 

Hwa Jung Kim, LST Decisions Act and Patient Autonomy

Table 3.  Predictive factors of patients with self-determination compared with patients in the control group 

Variable
                                 Univariate                                  Multivariable

 OR 95% CI OR 95% CI

Age (yr)
    < 65 1  1 
    ≥ 65 0.46 0.43-0.48 0.61 0.58-0.65
Sex    
    Male 1  1 
    Female 0.97 0.964-0.968 0.98 0.92-1.04
Residential area    
    Seoul and capital areaa) 1  1 
    Metropolitan cityb) 0.63 0.59-0.68 0.62 0.57-0.66
    Rural area  0.54 0.50-0.57 0.58 0.54-0.62
Income quintiles    
    Medical Aid   0.52 0.43-0.64 0.76 0.62-0.94
    1-5 0.88 0.81-0.95 0.96 0.89-1.05
    6-10 1  1 
    11-15 0.94 0.87-1.02 0.98 0.90-1.06
    16-20 0.79 0.74-0.86 0.91 0.84-0.98
Institution    
    Other 1  1 
    General hospital 4.24 3.95-4.57 3.85 3.57-4.15
Cancer type    
    Stomach 1  1 
    Colon/Rectal 1.01 0.90-1.13 1.01 0.90-1.13
    Liver/Pancreas/Bile duct  1.02 0.93-1.13 0.94 0.85-1.04
    Lung 0.92 0.83-1.01 0.96 0.86-1.06
    Breast 1.27 1.08-1.48 0.86 0.73-1.02
    Gynecologic  1.45 1.25-1.69 1.17 0.99-1.38
    Genitourinary  0.64 0.54-0.75 0.77 0.65-0.91
    Hematologic 0.70 0.60-0.81 0.64 0.55-0.74
    Other 0.92 0.83-1.01 0.96 0.86-1.06
Charlson comorbidity index 1.06 1.05-1.07 1.05 1.04-1.06
Time from diagnosis to life-sustaining treatment decision (mo)    
    < 6  1  1 
    6-12  1.40 1.29-1.52 1.35 1.24-1.47
    12-24  1.58 1.46-1.70 1.48 1.37-1.61
    ≥ 24  1.55 1.45-1.66 1.47 1.37-1.58
CI, confidence interval; OR, odds ratio. a)Seoul, Incheon, and Gyeonggi-do, b)Busan, Daegu, Daejeon, Gwangju, and Ulsan.
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time from cancer diagnosis to life-sustaining treatment deci-
sions. Although it was less than in the family determination 
group, the vast majority of patients in the self-determination 
group were treated in general hospitals at the time of deci-
sion making. It is not possible to clarify the reasons for the 
findings of our study at this time, but we can speculate that 
patients younger than 65 years, who usually live around 
Seoul, and belong to middle-income households, are rela-
tively more educated and more familiar with advance care 
planning than older patients or patients who live in rural  
areas. Although previous studies have reported that a higher 
income was associated with a positive preference for with-
drawal of futile life-sustaining treatment [6], patients who 
belonged to the highest income quintile were less likely to 
demonstrate self-determination in our study. We do not 
know the reason for this finding at this time, but we can 
carefully speculate that family caregivers may have more  
influences on decision making in the highest income quintile, 
and that this population are more prone to therapeutic obsti-
nacy because they can afford highly expensive life-sustain-

ing treatments. It is not surprising that most patients were 
treated in general hospitals considering the fact that most 
cancer patients are treated in comprehensive cancer centers 
of tertiary hospitals in Korea and that only large hospitals 
could meet the strict requirements of the law, such as manda-
tory institutional ethics committees. In January 2019, 38.8% 
of general hospitals were qualified to comply with the law 
process, compared with 0.6% for primary hospitals and 1.4% 
for convalescent hospitals [7]. Considering longer time from 
cancer diagnosis to life-sustaining treatment decisions, we 
can also infer that patients with self-determination had more 
time and opportunities to think about preferences regarding 
future medical care. In contrast, patients with family deter-
mination or patients who did not follow the law process may 
had more aggressive disease with rapid progression.

We could verify that patients with family determination 
had unique characteristics compared with patients in the self-
determination group. Patients with family determination 
were older than 65 years, lived in rural areas, were treated 
in general hospitals until death, and showed a shorter time 
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Table 4.  Differences in health care utilization at the end-of-life among patients with self-determination and family determination 

Variable
 Cancer deaths with patient  Cancer deaths with family 

p-value
 self-determination (n=6,785)  determination (n=6,106)

Hospice    
    Yes 3,050 (45.0)    906 (14.8) < 0.001
    No 3,735 (55.0) 5,200 (85.2) 
Intensive care unit   
    Yes    855 (12.6) 2,030 (33.2) < 0.001
    No 5,930 (87.4) 4,076 (66.8) 
Emergency department    
    Yes 5,247 (77.3) 4,987 (81.7) < 0.001
    No 1,538 (22.7) 1,119 (18.3) 
Values are presented as number (%).

Table 5.  Differences in health care utilization at the end-of-life among patients in the self-determination and control groups 

Variable
 Cancer deaths with patient  Cancer deaths not following the law 

p-value
 self-determination (n=6,785)  process (control group) (n=37,947)

Hospice    
    Yes 3,050 (45.0)   6,942 (18.3) < 0.001
    No 3,735 (55.0) 31,005 (81.7) 
Intensive care unit   
    Yes    855 (12.6)   8,191 (21.6) < 0.001
    No 5,930 (87.4) 29,756 (78.4) 
Emergency department    
    Yes 5,247 (77.3) 26,873 (70.8) < 0.001
    No 1,538 (22.7) 11,074 (29.2) 
Values are presented as number (%).
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from cancer diagnosis to life-sustaining treatment decisions. 
According to the cancer type, the odds ratio was lowest in  
hematologic malignancies, followed by lung cancer. The fam-
ily determination group rarely utilized hospice at the EOL 
and more frequently received aggressive care including ICU 
care and ED visits. We think this group comprises a mixture 
of patients. The first is patients whose family members act 
as a ‘protector’ of the patient [8]. The patients are frequently 
older, live in rural areas, and are unaware of their prognosis. 
The second may include a group of patients and families who 
pursue every possible treatment. In a single-center retrospec-
tive study after the enactment of the law, decisions by family 
members were significantly associated with higher rates of 
withdrawal of care in the ICU, suggesting their dependence 
on life-sustaining treatments [9]. Last, we can speculate that 
patients with aggressive cancer, such as hematologic malig-
nancies and lung cancer, are at a risk of rapid deterioration 
before starting advance care planning discussions [10-12]. In 
accordance with previous studies, these patients had fewer 
opportunities to receive hospice care in our study. To respect 
patient autonomy and prevent late decisions by family mem-
bers, health care providers should start advance care plan-
ning discussions earlier in these patients. Earlier discussions 
should be connected to a larger scope of providing early pal-
liative care, which has been proven in several randomized 
studies to improve quality of life and decrease aggressive 
EOL care [13-15].  

In the present study, 45% of patients with self-determina-
tion utilized hospice at the EOL. This rate is much higher than 
the nationwide hospice use rate, which was 22.9% in 2018 
[16]. Patients in the self-determination group used hospice 
services more frequently and ICUs less frequently than the 
other two groups. This is concordant with previous studies 
that reported that advance care planning increases the use of 
hospice services and decreases the use of intensive treatment 
at the EOL [17,18]. Different from our expectations, patients 
with self-determination used the ED more frequently than 
the control group in the present study. This may result from 
the fact that most patients in the self-determination group 
were treated in general hospitals and that patients treated in 
general hospitals use the EDs for any problem they encoun-
ter in the Korean health care system. 

Advance care planning is a process to ensure that peo-
ple receive medical care that is consistent with their values, 
goals and preferences [19]. It often includes the completion 
of an advance directive or POLST, which is a prerequisite for  
patient self-determination. In Australia, while most patients 
perceived advance care planning as important, only a few 
discussed their EOL preferences with a doctor [20]. In a sys-
tematic review including 150 studies published in the United 
States, 37% of patients had completed an advance directive 

[21]. In most countries, completion rates of advance direc-
tives are generally much lower. Although enactment of the 
Life-Sustaining Treatment Decisions Act in Korea caused 
many problems, it may have a positive effect in integrating 
advance care planning and completion of advance directives 
into routine clinical practice. In our study, half of the patients 
complying with the law process made life-sustaining treat-
ment decisions by self-determination, and the rate of self- 
determination is continuously increasing according to the 
National Agency for Management of Life-Sustaining Treat-
ment data [7]. Considering that only 16% of the general pop-
ulation and 33% of the patients and caregivers had knowl-
edge of advance directives in 2016 [22], we think there has 
been a significant progress in terms of patient autonomy 
in Korea. However, to facilitate advance care planning and 
to enhance patient autonomy, more education and promo-
tion that include elderly patients and patients living in rural  
areas are required. According to the United States data, fac-
tors such as old age, high disease burden, white ethnicity, 
higher socioeconomic status, and knowledge about advance 
directives or EOL treatment options were associated with the 
completion of advance directives [23]. 

Our study has some limitations. As it is based on NHIS 
claim data, there are typical limitations of studies relying on 
administrative data, and it is not possible to analyze detailed 
clinical information. For instance, we cannot distinguish  
patients who withheld life-sustaining treatments from  
patients who withdrew life-sustaining treatments. Addi-
tionally, it is not possible to identify temporal relationship 
between life-sustaining treatment decision and health care 
utilization at the EOL period. 

In conclusion, our study demonstrated that cancer dece-
dents with self-determination were more likely to be young-
er, reside in the Seoul or capital area, and show a longer time 
from diagnosis to life-sustaining treatment decisions. They 
were less likely to belong to the highest income quintile. 
Patients with self-determination utilized hospice more fre-
quently and received less ICU care at the EOL. 
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Introduction

There are many obstacles and taboos in Korea and other 
Asian nations regarding discussions on death. Proxy deci-
sion-making for end-of-life (EOL) is overwhelming, and 
the EOL discussion takes place approximately 2 to 8 days  
before death [1,2]. The use of advanced directives can promote  
patient participation in EOL discussions [3]. In Korea, the Act 
on Hospice and Palliative Care and Decisions on Life-Sus-
taining-Treatment for Patients at the EOL was enacted in 2016 
and implemented in 2018 to enhance patients’ involvement 
in making decisions about EOL [4]. This law allows termi-
nally ill patients with no chance of rehabilitation to withdraw 
or withhold life-sustaining treatment (LST) with their own 
consent or that of their family members. The patient’s inten-
tion for LST on the Act is a decision on four items, including 

cardiac resuscitation, mechanical ventilation, hemodialysis, 
and anti-cancer drugs. This law covers 43 pages, including 
the act, enforcement decree, enforcement rules, a table, and 
seven forms. The seven forms required by law include the 
following: form 1 (LST plan form), form 6 (advanced direc-
tive form), form 9 (determination of whether the patient is 
at the EOL process), form 10 (confirmation of the patient’s 
intention by advanced directive), form 11 (confirmation by 
consistent statements of two or more of the patient’s family 
members), form 12 (confirmation by unanimous consensus 
of the patient’s family), and form 13 (implementation of LST). 
Form 6 is written in advance by a person aged ≥ 19 years with 
a direct submission of his or her decision on whether to use 
a hospice, and should be written directly by the registration 
authority designated by the Minister of Health and Welfare; 
this form does not involve patient decisions regarding LST 
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at the EOL. With the exception of form 6, the other six forms 
must be written by a doctor in a hospital, and occasionally 
also a specialist. With the commencement of the Act, more 
than one of the six forms should be prepared in the hospital 
and used to confirm the patient’s intention to withdraw or 
withhold LST, determine whether the patient is at the EOL 
stage, and implement the patient’s decision regarding LST.

Here we evaluated the components of the six forms that 
should be written in the hospital and are required by law to 
make plans for EOL treatment. We also analyzed the prepa-
ration of the forms and the implementation of LST decisions 
from the database of the National Agency for Management 
of LST in the year following the enforcement of the Act.  

Materials and Methods
 

The database of the National Agency for Management of 
LST includes seven forms: forms 1, 6, and 9-13. Form 6 can 
be prepared regardless of the disease and is excluded from 
the documentation required by the hospital. We collected the 
terminal status and EOL information required by each of the 
forms under the Act on Decisions LST for Patients in Hos-
pice and Palliative Care or at the EOL as follows (S1 Fig. is 
Korean version of forms 1, 9-13): form 1, LST plan form; form 
9, determination of whether the patient is at the EOL process; 
form 10, confirmation of the patient’s intention by advanced 
directive; form 11, confirmation by consistent statements of 
two or more of the patient’s family members; form 12, con-
firmation by unanimous consensus of the patient’s family; 
and form 13, regarding the implementation of LST. A doctor 
with a patient who is in terminal status or at the EOL process 
writes form 1 to leave his/her intention of LST. If the patient 
is unable to leave his/her intention to the doctor, form 11 or 
12 is completed by a doctor or specialist with his/her family. 

We analyzed the preparation of the form’s from the  
database of the National Agency for Management of LST  
between February 4, 2018 and January 31, 2019. Form 10 was 
excluded from this analysis because it was indirectly pre-
pared in form 13 and details of form 10 were not available 
from dataset the National Agency for Management of LST. 
We defined patients with form 1 as “self-determination,” and 
those with forms 11 or 12 as “family decisions”. We collect-
ed the following data on forms other than form 10 from the  
database of the National Agency for Management of LST: 
Form 1, patient information (sex, age, status, address), insti-
tution (type and address), intention to use hospice services, 
and four decisions relating to LST, including the date on 
which the patient’s intention was identified and the date of 
creation; form 9, patient information (sex, age, diagnosis), 
date of the doctor’s decision, date of the specialist’s decision, 

and date of creation; form 11, patient information (sex and 
age), information relating to family members (total number, 
number of making a statement, relationships), and date of 
creation; form 12, patient information (sex and age), number 
of family members, and date of creation; and form 13, patient 
information (sex and age), institution (type and address), 
four decisions for LST, including verification of the patient’s 
intention, the date on which the patient’s intention was iden-
tified, and the date of creation. We compared the four items 
of LST on form 13, and the order of documentation and time 
interval between forms 1, 11, or 12 and form 13 according to 
the decision subject. Formally, after decision were made on 
LST in forms 1, 11, or 12, LST in form 13 were implemented. 
It is generally the order in which LST is implemented after 
a decision has been made. The time interval dates from the 
creation of forms 1, 11, or 12 to form 13 reflect the time from 
the decision to the implementation of LST. We also analyzed 
several dates that required more than one date within forms 
1, 9, and 13.

 
Results

1. Description of each form
There are three forms relating to the decision on LST: forms 

1, 11, and 12. Form 1 is Physician Order for Life Sustain-
ing Treatment (POLST), which includes four items relating 
to LST decisions: The plan for the use of hospice services, 
the description of advanced statements, and the allowance 
of access to advanced statements. The patients state their  
intentions by marking each of the four items. Form 11 and 12 
can be written by a family member on behalf of the patient 
when the patient is unable to express their intentions regard-
ing LST. Form 11 can be prepared if a patient has previously 
expressed his/her thoughts regarding LST to more than 
one family member, and form 12 is a document that unani-
mously determines the LST if not. When completing form 12, 
the doctor should check the family relationship certificate to  
ensure that everyone who is mentioned on the form is in the 
patient’s family. 

Form 10 is used to identify the patient’s intention in com-
bination with form 6, which is an advanced directive. Form 
9 is the doctor’s determination of whether the patient is in 
the EOL process. Form 13 is created when the patient or his/
her family makes the decision to withdraw or withhold LST. 

The person who completes the forms must be a doctor, and 
a specialist should be added to form 11 and form 12. Form 10 
requires a specialist when the patient is unable to express his 
or her opinion regarding LST. Up to four forms are required 
to confirm a patient’s LST plan (forms 1, 11, or 12), as well as 
an advanced directive to verify the patient’s intention (form 

Sun Kyung Baek, The In-hospital Documents of LST Law



Table 1.  Required information for each form that need to be created at a hospital on LST law

Details
 Form Form Form Form Form Form 

 No. 1 No. 9 No. 10 No. 11 No. 12 No. 13

Patient  
    Name  ○ ○ ○ ○ ○ ○
    Resident registration No. ○ ○ ○ ○ ○ ×
    Birth date  × × × × × ○
    Diagnosis  × ○ × × × ×
    Expressive ability × × ○ × × ×
    Address ○ × × × × ×
    Phone number  ○ × × × × ×
    Disease status ○ × × × × ×
Doctor      
    Name  ○ ○ × × × ○
    Certification No. ○ ○ × × × ○
    Institution  ○ ○ × × × ○
    Decision content  × ○ × × × ×
    Decision date × ○ × × × ×
    Signature  × ○ × × × ×
Specialist doctor      
    Name × ○ × × × ×
    Specialized part  × ○ × × × ×
    Board No. × ○ × × × ×
    Institution  × ○ × × × ×
    Decision content  × ○ × × × ×
    Decision date × ○ × × × ×
    Signature  × ○ × × × ×
Family members      
    No. of family members × × × ○ × ×
    Statement of family member × × × ○	 × ×
		    about the patient’s intention    Name
      for LST      statement 
    Confirmation of family × × × ○	 × ×
						member about the other    Name, 
      one’s statements      relationship 
      to patient, 
      resident 
      registration 
      No., phone 
      No., signature
    Information on family members × × × × ○	 ×
     Name, 
       relationship 
       to patient, 
       resident 
       registration 
       No., phone  
       No., signature 

(Continued to the next page)
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10), to determine whether the patient is at the EOL process 
(form 9), and to implement his or her LST plan (form 13).

2. Contents and frequency of written forms
Information about doctors, specialists, institutions, and the 

patients who are withdrawing or withholding LST must be 
prepared. Form 11 includes information about two or more 
family members who have identified the patient’s indirect 

intention, and form 12 includes the number of families and 
information on all members of patient’s family. The patient’s 
name is required on all forms, but the resident registration 
number, birthdate, diagnosis, expressive ability for LST,  
address, phone number, and patient’s status may or may not 
be required. Information about doctors, which may include 
name, certification number, institution in duty, decision date, 
or signature, is required on all forms except form 10. Forms 

Table 1.  Continued

Details
 Form Form Form Form Form Form 

 No. 1 No. 9 No. 10 No. 11 No. 12 No. 13

Institution  
    Name × × × × × ○
    Nursing No. × × × × × ○
				Location  × × × × × ○
				Phone No.  × × × × × ○
Time and date × × × × × ×
Four items relating to LST decisions      
				Cardiac resuscitation, ○ × × ○ ○ ○
						mechanical ventilation, 
						hemodialysis, 
						anti-cancer drugs 
Plan for hospice service ○ × × × × ×
Doctor’s description required by law      
    Legal descriptions ○ × × × × ×
    Confirmation method ○ × × × × ×
    Doctor’s confirmation  ○	 × × × × ×
 Date, name, 
 signature 
Access rights to LST plan ○ × × × × ×
Verification of patient’s intention      
    Confirmation of LST × × ○ × × ○
    Date × × ○ × × ×
    Registration No. × × ○ × × ×
Name of the subject who 
  completed the form      
    Doctor ○	 ○	 ○	 ○	 ○	 ○
 Date, name,  Date, name,  Date, name,  Date, name,  Date, name,  Date, name, 
   signature   signature   institution,   institution,   institution,   signature
     certification   certification   certification
     No.,    No.,    No., 
     signature   signature   signature
    Specialist doctor × × ○	 ○	 ○	 ×
   Date, name,  Date, name,  Date, name, 
     institution,    institution,    institution, 
     specialized    specialized   specialized
     part, board    part, board   part, board
     No. signature   No. signature   No. signature

LST, life-sustaining treatment. 
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9, 11, and 12 require specialist information in addition to  
information about the doctor, board number, and specialized 
field. Only form 13 requires information on the institution 
and the date and time of implementation separately. In addi-
tion to this information, form 13 also includes the following 
four items relating to LST decisions: Plan for the use of hos-
pice services, the doctor’s legal description, permission to 
view patients’ advanced statements, and the verification of 
the patient’s intentions by a doctor. All forms must be dated, 
and forms 1, 9, 10, and 13 require more than one date, such as 
the date on which the status was identified and created. The 
contents of each form are summarized in Table 1. 

3. Form preparation
A total of 44,381 patients had completed any of the forms 

required by the LST Act, among whom, 36,693 had complet-
ed form 13. Mean age of patients with form 13 was 70.2 years 
old (interquartile range, 56 to 84) and 22,032 (60.04%) of them 
were male. Of the 36,693, 1,808 (5%) had only completed 
form 13, while 34,885 other forms were completed by either 
the patient (form 1: n=11,531, 31%) or their families (form 11: 
n=10,976, 30%; form 12: n=12,551, 34%). However, 173 (0.5%) 
had completed two out of form 1, 11, and 12. Of the 7,688  
patients without form 13, 593 (8%) had only completed form 
9, 4,877 (63%) had completed form 1, 930 (12%) had com-

Fig. 1.  Documentation status of patients who completed any form. (A) The status of the 36,693 patients who completed form 13. (B) Status 
of the 7,688 patients who did not complete form 13. 

A

12,440 (34%)

0
5556

6211,413 (31%) 10,859 (30%)

Form 12

Form 1

1,808 (5%)

Total 36,693

Form 11

B

1,302 (17%)

818

144,845 (63%) 908 (12%)

Form 12

Form 1

593 (8%)

Form 11

Table 2.  LST determination on form 13 among patients with forms 1, 11, 12, and 13 

Type of documentation
 Self-determination                                 Family determination  

p-value
 Form 1 Form 11 Form 12

No. of cases 11,413 ( 10,859 ( 12,440 (
Cardiac resuscitation    
    Marked  11,369 (99.6) 10,834 (99.7) 12,374 (99.4) 0.943
    Unmarked 44 (0.4) 25 (0.3) 66 (0.6) 
Mechanical ventilation    
    Marked  11,286 (98.9) 9,211 (84.9) 9,201 (74.0) < 0.001
    Unmarked 127 (1.2) 1,648 (15.2) 3,239 (26.1) 
Hemodialysis    
    Marked  10,593 (92.9) 9,016 (83.1) 9,653 (77.6) < 0.001
    Unmarked 820 (7.2) 1,843 (17.0) 2,787 (22.5) 
Anti-cancer drugs    
    Marked  8,890 (77.9) 6,497 (59.9) 6,511 (52.4) < 0.001
    Unmarked 2,523 (22.2) 4,362 (40.1) 5,929 (47.7) < 0.001
Values are presented as number (%). LST, life-sustaining treatment.
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pleted form 11, and 1,328 (17%) had completed form 12. 
Forty patients (0.5%) had completed two forms out of forms 
1, 11, and 12. Fig. 1A and B show the forms preparation for  
patients with and without the form 13, respectively. 

4. Four items of LST determination in form 13 and time  
interval from the LST decision and to implementation of 
LST according to decision subject

According to decision subjects, we compared the four 
items of LST decisions on form 13. For cardiac resuscitation, 
there was no significant difference in the implementation rate  
between self-determination and family decisions (p=0.943). 
For mechanical ventilation, hemodialysis, and anti-cancer 
drugs, the rates of self-determination were higher than those 
of family decisions (all p < 0.001) (Table 2).

Table 3 shows the time interval dates for the creation of 
forms 1, 11, or 12 to form 13 for patients with forms 1, 11, or 
12 and form 13 (including patients with two forms in form 1, 
11, and 12). The mean time interval from form 1 to form 13 
was 8.6±23.6 days. The mean time interval from forms 11 or 
12 to form 13 was 1.0±9.5 days, and 1.5±9.7 days, respective-
ly. The mean time interval of patients who had completed 
form 1 was longer than those of patients with forms 11 or 
12 (all p < 0.001). Among patients who had completed form 
1, 56.5% were created on the same day as form 13. Among 
patients who had completed forms 11 or 12, 81.7% and 76.6% 
were created on the same day as form 13, respectively. The 
proportion of patients who had completed forms 11 or 12 
on the same day was higher than that of patients who had 
completed form 1 (p < 0.001). Other 43.5%, 18.3%, and 23.6% 
with form 1, form 11, or form 12, respectively, were created 
on the different day as form 13. Patients with reversed order 
that form 1, 11, or 12 were created after form 13 were 1.0% 
in form 1, 2.3% in form 11, and 2.3% in form 12. For patients 
with correct date order which forms 1, 11, and 12 was created 

before form 13, the mean time interval from forms 1, 11, or 
12 to form 13 (written on different days) was 20.6±32.2 days, 
8.4±17.3 days, and 8.1±17.6 days, respectively. 

Form 1 includes two dates: The date on which the patient’s 
intention was identified and the date of creation. In 15,943 
of the 16,408 patients (97%) who had completed form 1, the 
two dates were the same. Form 9 requires the following three 
dates: The date on which the decision was made by the doc-
tor, the date on which the decision was made by a specialized 
doctor, and the date of creation. Of the 37,359 patients who 
had completed form 9, 35,712 patients (96%) had the same 
date of decision by a doctor and date of creation, and 36,131 
patients (97%) had the same date of decision by a special-
ized doctor and date of creation. Form 13 includes the fol-
lowing two dates: The date on which the patient’s intention 
was identified and the date of creation. Of the 35,104 patients 
who had completed form 13, 25,268 (72%) had the same date.

Discussion

In the current study, we found that the self-determination 
rate of LST was 31% and the mean time interval from self-
determination to implementation of LST was approximately 
8.6 days, which is higher and longer than those from previ-
ous studies [1,2,5]. Indeed, the self-determination rates from 
recent single center and national retrospective studies were 
29% and 33.5%, respectively [6,7]. There was little difference 
in the self-determination rate as a result of differences in the 
hospital settings, enrolled subjects, or research period. The 
time interval dates from the creation of forms 1, 11, or 12 to 
form 13 reflect the time from the decision to the implemen-
tation of LST. In the case of family decision, the mean time 
interval was about 1 day. It remains to be filled out when a 
patient is close to dying. Our results showed that approxi-

Table 3.  Documentation time interval and date order from form 1, 11, or 12 to form 13 

 Form 1 (n=11,531)a) Form 11 (n=10,976)b) Form 12 (n=12,551)c)

Time interval compared to form 13   
    Mean±SD (range, day)  8.6±23.6 (–223 to 354) 1.0±9.5 (–304 to 219) 1.5±9.7 (–263 to 276)
Filled out on a same day with form 13 6,511 (56.6) 8,965 (81.7) 9,595 (76.4)
Filled out on a different day from form 13   
    Before form 13 (correct order) 4,906 (42.5) 1,754 (16.0) 2,672 (21.3)
        Mean±SD (range, day) 20.6±32.2 (1 to 354) 8.4±17.3 (1 to 219) 8.1±17.6 (1 to 276)
    After form 13d) (reversed order) 114 (1.0) 257 (2.3) 284 (2.3)
        Mean±SD (range, day) −16.2±30.5 (−223 to −1) −14.0±34.2 (−304 to −1) −12.0±25.2 (−263 to −1)
Values are presented as number (%) unless otherwise indicated. SD, standard deviation. a)Among patients who completed both form 1 
and form 13 (including patients who also filled out forms 11 or 12), b)Among patients who completed both form 11 and form 13 (including  
patients who also filled out forms 1 or 12), c)Among patients who completed both form 12 and form 13 (including patients who also filled 
out forms 1 or 11), d)In the reversed order that doctor wrote form 13, then forms 1, 11, or 12.   
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mately 56% of patients in the self-determination group and 
approximately 80% in the family decision group decided 
their LST and implemented it on the same day. In other word, 
these patients implemented LST on the day of the decision of 
LST. Family decisions are much more likely to be made and 
implemented on the verge of death. Therefore, it is necessary 
to encourage patients to participate in the discussion of LST 
at an earlier stage of illness. 

Advanced care planning (APC), including EOL discus-
sion, is important to help patients meet a peaceful and digni-
fied death. Both the advanced directive and POLST are APC 
forms, although there are some differences between the two 
in terms of the population, who completes the form, and the 
time frame [8]. An advanced directive is a legal document 
that can be written by anyone regardless of his/her illness 
and includes a future medical care plan. The POLST form is a 
medical document that includes mainly EOL discussions. In 
1991, physicians in Oregon developed the POLST program 
[9], which converts patients’ wishes for treatment into medi-
cal orders. In Korea, the legislation of the POLST program is 
the Act on the decision of LST for patients at the EOL. This 
Act established an approach to EOL planning that is based 
on conversations between patients, family members, and 
doctors to determine and honor the wishes of seriously ill 
patients. The POLST forms need to be consistent and easy to 
write to allow patients’ preferences regarding the use of LST 
to be honored. Incomplete and contradictory POLST forms 
may cause confusion among healthcare providers and may 
result in patients receiving treatment contrary to their wishes 
[10,11]. 

The implementation of the Act includes both withhold-
ing and withdrawing LST. Generally, there is no ethical or 
legal distinction between withdrawing and withholding 
LST. However, approximately 70% of Koreans think there 
should be ethical and legal differences between withdrawing 
and withholding LST [12], withholding being acceptable, but 
withdrawing socially unacceptable. As one law attempted to 
control acceptable withholding and difficult-to-accept with-
drawing LST, complex forms and penalties were included 
in accordance with the latter. Under the Act, a person who 
violates the this LST law may be sentenced to up to 3 years 
in prison or fined up to 30,000,000 won. However, legislat-
ing and penalizing issues with insufficient social consensus 
do not change the social awareness of death. To this end, a 
complex, multifaceted, and longitudinal intervention such as 
continuous social efforts, institutional publicity, and educa-
tion should be accompanied [13].

On the forms required for the Act in Korea, information 
about a patient and his/her doctor is repeatedly written. 
Information about hospitals is also repeated in that it is  
included in the information kept at the workplace of doctors 

and specialists or requires administrative information. With 
the exception of forms 11 and 12, the other forms require 
more than one date to be input, such as the date of creation, 
the date of identification, and the date of decision. In more 
than 95% patients who have completed forms 1 and 9, several 
dates within the forms were same. Conversely, it is relatively 
simple to write the items relating to the LST decision. The 
LST decision item is written to express the patient’s intention 
by marking the item and not expressing his/her wishes as 
I will or will not. Marking could cause confusion regarding 
whether a patient wishes to either receive or postpone LST. 

The Oregon POLST registry is a 1- or 2-page format [14]. 
In Korea, there are six forms that have been created in the 
hospital, among which, at least two should be written. Six 
forms required an Act involving various basic information 
on patients, doctors, specialist doctors, family members, and 
institutions. Information about patients and doctors as sub-
jects is required in all six forms. Information about hospitals 
is repeated in that it is included in the workplace information 
of doctors and specialists or requires administrative informa-
tion. It is necessary to reduce both the number and items of 
forms to reduce the repetition of information between forms 
and to reduce the effort required to prepare the forms. 

As four items of LST are based on a social consensus that 
took place in 2009 [15,16], they need to be organized accord-
ing to LST intensity or patient status when a patient need 
LST and then modified to the current perception or medical 
judgment. In the revised version of March 26, 2019, extracor-
poreal membrane oxygenation, blood transfusion, inotropics, 
and other LST were added LST which terminally ill patient 
with no chance of rehabilitation could decide to withhold or 
withdraw. The Act not only relates to cancer patients but also 
terminally ill patients with chronic disease. Moreover, given 
that anti-cancer drugs with fewer toxicities, such as targeted 
agents, have been developed, the exclusion of anti-cancer 
drugs among LST items should be reconsidered. Consider-
ing that Oregon is using version 11 of the POLST in 2017 
[13], constant renewal are needed to make it easier to verify 
the patient’s intention of LST. Furthermore, the education of 
people who help patients understand the medical situation 
and write POLST properly is needed. According to a previ-
ous study, approximately 90% of patients who completed 
POLST and wished to receive chemotherapy in the first step 
changed their intention to not receive chemotherapy in the 
second step after the doctors had thoroughly explained the 
time of EOL [17]. 

To improve EOL care by reflecting the patient’s value, des-
ignating an agent in case the patient cannot make a decision 
is another way. Establishing patients’ rights to forgo and the 
authority of surrogate decision makers were achievements 
in the first phase of improving EOL care [18]. There is no 
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concept of a surrogate in the act of LST; therefore, without 
designating an agent, the decision is made based on indirect 
decisions by family unanimity or after receiving two or more 
statements from family members regarding the patient’s 
wishes. However, the patient’s family may not know the val-
ue of the patient’s wishes for EOL care and may sometimes 
show an aggressive attitude toward EOL care [19,20]. In  
addition, there might be conflicts among family members or 
an issue of no family members who are available to make  
decisions. For this limited case, it might be important to 
establish surrogate decision makers about EOL process on 
behalf of incompetent patients. Actually, Korea has a family 
oriented Confucian culture, and many patients prefer to con-
sider the best interests of their family members as opposed 
to their own. Indeed, some patients may suspend their LST 
to lessen the economic burden on the family [17]. Non-family 
surrogate decisions can cause another conflicts if there are no 
authority on the law. Therefore, earlier discussions on EOL 
care can not only help patients have time for self-determina-
tion, but also mediate different perspectives among patients 
and family members regarding life prolongation. This requi-
res continuous social effort. 

Our study had several limitations. First, since we exam-
ined data within a year of law enforcement, the results also 
included data related to trial and error in the settlement 
process. Approximately 17% of patients with at least one 
form had not completed form 13, 5% of patients with form 
13 had not completed any other forms, and 0.5% of patients 
had completed forms 1, 11, and 12. There were also about 
1-2% of patients whose decisions were made after LST was 
implemented. Second, we could not fully investigate all of 
the problems associated with form preparation, such as the 
completeness of the form and the difference in LST between 
forms, because of limited accessibility to data. Third, we 
excluded several patients with form 10 as advanced direc-
tive because it was not available. This can explain the lower 
self-determination ratio compared to the previous national 
survey. Although these results involve small numbers of  
patients, they are all self-determinators and will also increase 
in the future as more people complete form 6. Finally, there is 
an ambiguity about the fact that the date of creation of form 
13 was indirectly regarded as the date of death. The dates of 
the completion of form 13 are expected to be similar to the 

date of death when the LST decision is implemented, but in 
practice, it implies uncertainty that the patient can survive 
and the condition can improve. 

In conclusion, we found that the self-determination rate of 
LST was 31%, and the mean time interval from self-determi-
nation to implementation of LST was approximately 8.6 days 
after the enforcement of the Act. However, the creation of 
these forms still takes place when the patient is near to death. 
Moreover, in the early stages of implementation, there are 
many types of forms, and some information on patients and 
doctors, and the date of creation need to be written repeat-
edly. Therefore, continuous revisions and updates of forms 
are needed. Moreover, social efforts and communication are 
important to change the perception of death and move for-
ward with the discussion of death earlier. 
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Introduction

Since radiation was first used for cancer treatment in 1886, 
great progress has been made. Currently, approximately half 
of all cancer patients receive some type of radiotherapy (RT), 
either curative or palliative, and when the tumor is localized, 
the cure rate is more than 50%-60% [1,2]. Among the tech-
nological advances made in the last 20-30 years, the clinical 
application of particle therapy is probably one of the hot-
test issues in the field of radiation oncology. Particle therapy 
may have an advantage over other types of RT due to the 
unique characteristics of particle beams, such as the presence 
of a Bragg peak, which allows deposition of high doses of 
radiation within the cancer tissue with much lower doses  
remaining in the surrounding normal organs [3]. Among the 
types of particle therapy that can be applied in the current 
management of cancer patients, proton beam therapy (PBT) 
is the most widely used technology. Considering the intrin-
sic physical properties of PBT, it is expected to improve the 
survival outcomes of cancer patients and their quality of life 
after treatment. These technological advances in the field of 

radiation oncology have been changing clinical practice [4]. 
Initially, clinical application of particle therapy was usually 
attempted only in challenging cases in which insufficient 
tumor control was expected with other types of RT or due 
to the proximity of critical organs, such as in cases of uveal 
melanoma or skull-base tumor [3]. In studies conducted in 
the late 1990s and early 2000s, particle therapy proved its 
efficacy, reaching a local control rate of 90% for the patient 
groups [5-8]. Since then, the clinical indications for particle 
therapy have been gradually expanded to include tumors 
in the head and neck, liver, central nervous system, abdo-
men, pelvis, and lung. In a recent study, particle therapy 
significantly lowered the incidence of toxicity compared to 
other types of RT even in concurrent chemo-RT for locally 
advanced disease [9]. 

Particle therapy facilities including PBT for medical pur-
poses have been installed and are operating in approximate-
ly 90 locations worldwide as of February 2020, and 30 insti-
tutions are preparing to install this technology [10]. In the 
early 2000s, the Korean government decided to build the first 
PBT facility in Korea at the National Cancer Center (NCC) to 
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introduce state-of-the-art treatment for cancer management 
and improve health and welfare, and the PBT facility at the 
NCC began treating patients in 2007. The second PBT facil-
ity has been operating at Samsung Medical Center (SMC) 
since the end of 2015, and as of 2020, two or more domestic 
institutions are planning to construct a particle therapy facil-
ity using either proton or carbon ions for patient treatment. 
Despite the recent increased interest in, and expectations for, 
particle therapy, and more than 10 years of clinical experi-
ence of PBT, the impact of these technological advances on 
the clinical practice of radiation oncology in Korea has not 
been well documented. Hence, we conducted this study to 
elucidate PBT use in Korea and identify the determinants of 
PBT use in radiation oncology departments. 

Materials and Methods
 
1. Study population

A retrospective analysis was conducted using pre-existing 
deidentified data extracted from the radiation oncology reg-
istry of the two PBT facilities operating in Korea (the NCC 
and SMC). Statistical data extracted from these registries did 
not include individual patients’ clinical information except 
parameters related to the current study. All patients who 
received other types of RT since the initiation of PBT were 
also identified in each institution. Because the two institu-
tions started offering PBT at different times, the evaluation 
periods were as follows: NCC, July 2007 to December 2019; 
and SMC, January 2016 to December 2019. For the data pre-
senting in every 2 years, that of 2007 was excluded because 
the PBT facility in NCC started its regular operation in July. 
All patients treated during those periods were included 
and divided into patients who received PBT and those who  
received other types of RT. Both institutions are located in 
the capital area, where 50% of the Korean population resides. 
SMC is located in the capital city, Seoul, approximately 33 
km from the NCC, which is located in a satellite city, Goyang, 
Gyeonggi Province, west of Seoul. The stage of disease was 
classified according to the most recent version of the Ameri-
can Joint Committee on Cancer staging system at the time 
of diagnosis including the 6th, 7th, and 8th version. Age at  
diagnosis was grouped into four categories: < 40, 40-64, 65-
74, and ≥ 75 years. Ethical approval for this study was waived 
in consultation with the institutional review boards of the 
relevant facilities, because this study involved the analysis of 
pre-existing deidentified data.

2. Statistical analyses
Descriptive statistics were generated to characterize the 

study population according to radiation modality (PBT 

vs. other types of RT). To identify the determinants of PBT  
receipt, chi-square tests were used to assess differences in fre-
quency distributions of categorical variables, and odds ratios 
(ORs) were calculated by analyzing 2×2 cross-table data. Var-
iables assessed as potential determinants included sex, age, 
tumor stage, patient region, RT setting, RT aim, enrollment in 
a clinical trial, re-irradiation status, and the type of primary 
site. Multivariate logistic regression modeling could not be 
performed as each patient’s individual information could 
not be captured. p < 0.05 was considered to indicate statisti-
cal significance. All statistical analyses were performed using 
SPSS ver. 27.0 (IBM Corp., Armonk, NY).

 
Results

The total numbers of patients who received PBT in Korea 
are shown by year with brief summaries of historical events 
since 2007 in Fig. 1. The numbers of patients have continu-
ously increased since the first PBT facility started opera-
tion at the NCC in 2007, whereas those of other types of RT 
relatively consistent or slowly increasing. The PBT facility at 
the NCC is equipped with two gantry rooms and one fixed-
beam room, and the proton beam is generated by a 230-MeV 
cyclotron (IBA, Louvain-la-Neuve, Belgium). The most dra-
matic increases in patient numbers were observed in 2015 
and 2016. In September 2015, the Ministry of Health and Wel-
fare of Korea expanded the National Health Insurance Sys-
tem (NHIS) coverage criteria for PBT from childhood cancer 
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Fig. 1.  Yearly numbers of patients who received proton beam 
therapy and timeline of major events related to the use of proton 
beam therapy in Korea. NCC, National Cancer Center; RT, radio-
therapy; SMC, Samsung Medical Center.
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Table 1.  Comparison of characteristics between patients who received PBT and other types of RT 

Variable PBT Other types of RT p-valuea)

Total 5,398 ( 48,637 (  
Sex   
    Male 3,812 (70.6) 21,593 (44.4) < 0.001
    Female 1,586 (29.4) 27,044 (55.6) 
Age (yr)   
    < 20 (pediatric) 629 (11.7) 380 (0.8) < 0.001
    20-40 362 (6.7) 3,820 (7.9) 
    40-64 2,325 (43.1) 29,856 (61.4) 
    65-74 1,295 (24.0) 10,319 (21.2) 
    ≥ 75 787 (14.6) 4,262 (8.8) 
Tumor stage   
    I-II 1,216 (34.1) 10,425 (28.7) < 0.001
    III-IV 868 (24.3) 12,251 (33.7) 
    Recurrent 1,481 (41.5) 13,589 (37.4) 
Patient region   
    Capital area 3,194 (59.2) 32,459 (66.7) < 0.001
    Others 2,193 (40.8) 16,134 (33.3) 
RT settingb)   
    Definitive 1,842 (76.4) 5,017 (26.5) < 0.001
    Adjuvant 531 (22.0) 12,501 (66.1) 
    Neoadjuvant 39 (1.6) 1,381 (7.3) 
Aim    
    Curative 4,496 (86.2) 32,676 (68.3) < 0.001
    Palliative 717 (13.7) 15,157 (31.6) 
Clinical trialb)   
    Yes 496 (17.3) 1,468 (5.4) < 0.001
    No 2,362 (82.6) 25,379 (94.5) 
Concurrent chemotherapy   
    Yes 914 (16.9) 10,440 (21.5) < 0.001
    No 4,484 (83.1) 38,197 (78.5) 
Re-irradiationb)   
    Yes 325 (12.8) 1,035 (4.7) < 0.001
    No 2,215 (87.2) 20,755 (95.3) 
Primary site   
    Genitourinary (prostate) 528 (9.8) 2,967 (6.1) < 0.001
    Breast 98 (1.8) 15,332 (31.5) 
    Eye/Orbit 83 (1.5) 38 (0.1) 
    Lung 741 (13.7) 9,423 (19.4) 
    Brain/CNS 650 (12.0) 1,379 (2.8) 
    Lymphoma/Leukemia 44 (0.8) 1,398 (2.9) 
    Liver 1,479 (27.4) 3,391 (7.0) 
    Pancreas/Biliary 303 (5.6) 1,661 (3.4) 
    Head and neck 572 (10.6) 2,654 (5.5) 
    Thyroid 7 (0.1) 286 (0.6) 
    Gynecology 148 (2.7) 2,812 (5.8) 
    Colon and rectum 207 (3.8) 3,480 (7.2) 
    UGI 230 (4.3) 1,943 (4.0) 
    Sarcoma 180 (3.3) 1,507 (3.1) 

Values are presented as number (%). CNS, central nervous system; PBT, proton beam therapy; RT, radiotherapy; UGI, upper gastrointestinal 
tract. a)p-value by chi-square test, b)Only available in single institutional data.
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alone to some adulthood cancers (central nervous system, 
head and neck, thoracic and abdominal malignancies except 
breast and prostate cancer) (S1 Table), as favorable clinical 
evidence for PBT accumulated, both domestically and over-
seas [11-16]. Since then, patients have had improved access to 
PBT, and the use of PBT by medical staff, whether in general 
practice or for clinical trials, has been possible. SMC began to 
operate the second PBT facility at the end of 2015. The PBT 
facility at SMC consists of two gantry rooms, and the pro-
ton beam is generated by a 230-MeV cyclotron (Sumitomo 
Heavy Industries, Tokyo, Japan). The most frequently pre-
scribed doses using proton were more than 80 Gy of 2-Gy 
equivalent dose and hypofractionation scheme (daily doses 
of 2-5 Gy and 5-10 Gy) was frequently used. The pencil beam 
scanning technique, a second-generation PBT, was used in 
40% of all PBT cases. Summary of radiation parameters used 
in PBT are described in the S2 Table. 

In total, 54,035 patients were identified as having been 
treated with some form of first-course RT in the two institu-
tions during the study period, based on their patient regis-
tries. Of these, 5,398 individuals received PBT (10.0% of all 
patients receiving RT in the two institutions), whereas the 
remaining 48,637 patients with cancer received other types 
of RT. The proportions of patients who received PBT among 
those who received any type of RT for each categorical vari-
able are listed in Table 1. Distributions of sex, age, tumor 
stage, patient region, RT setting, RT aim, clinical trial enroll-
ment, combination chemotherapy status, re-irradiation sta-
tus, and primary site type were compared between patients 
who received PBT and those who received other types of RT. 
Compared to other types of RT, the PBT group contained 
significantly more males and very young (< 40 years) or old 
(> 65 years) patients with a tumor stage of I-II. Regarding 
treatment-related factors, PBT was administered in a signifi-
cantly more definitive setting with a curative treatment aim. 
A significantly larger proportion of patients was treated with 
PBT in a clinical trial setting, and there were more re-irradia-
tion cases in the PBT group. Liver cancer (27%) was the most 
common primary malignancy in the PBT group, followed by 
lung (14%), brain/central nervous system (12%), head and 
neck (11%), and genitourinary (prostate) malignancies (10%). 
Among pediatric patients, central nervous system tumor 
(66.7%) was the most common primary site in the PBT group, 
followed by soft tissue sarcoma (8.5%). By contrast, female 
breast cancer was the most common primary malignancy in 
patients who received other types of RT. In subgroup analy-
sis for pediatric cancer, the PBT group included significantly 
more patient age < 3-year-old, craniospinal irradiation and 
brain/central nervous system primary (S3 Table). The ORs 
of PBT use versus that of other types of RT are listed in  
Table 2. Male sex, a very young or old age, stage I-II disease, 

residency in a non-capital area, a definitive setting, a curative 
treatment aim, enrollment in a clinical trial, re-irradiation, 
and insurance coverage were significantly associated with 
the receipt of PBT compared to other types of RT. In terms of 
primary site, liver cancer (OR, 7.33; 95% confidence interval, 
6.29 to 8.54; p < 0.001) had the largest OR of PBT use com-
pared to colon/rectum cancer. 

Cancer Res Treat. 2021;53(4):935-943

Table 2.  Determinants of proton beam therapy utilization 
among all cancer patients in radiation oncology department

Variable
 Odds ratio 

p-valuea)
 (95% confidence interval)

Sex
    Female 1.00 (reference) 
    Male 3.01 (2.83-3.20) < 0.001
Age (yr)  
    40-64 1.00 (reference) 
    < 20 (pediatric) 21.25 (18.58-24.30) < 0.001
    20-40 1.21 (1.08-1.36) < 0.001
    65-74 1.61 (1.50-1.73) < 0.001
    ≥ 75 2.37 (2.17-2.58) < 0.001
Tumor stage  
    I-II 1.00 (reference) 
    III-IV 0.60 (0.55-0.65) < 0.001
    Recurrent 0.93 (0.86-1.01) 0.096
Patient region  
    Capital area 1.00 (reference) 
    Others 1.38 (1.30-1.46) < 0.001
RT setting  
    Adjuvant 1.00 (reference) 
    Definitive 8.64 (7.80-9.57) < 0.001
Aim  
    Palliative 1.00 (reference) 
    Curative 2.90 (2.68-3.15) < 0.001
Clinical trial  
    No 1.00 (reference) 
    Yes 3.63 (3.25-4.05) < 0.001
Re-irradiation  
    No 1.00 (reference) 
    Yes 2.94 (2.57-3.35) < 0.001
Primary site  
    Colon/Rectum 1.00 (reference) 
    Genitourinary 2.99 (2.52-3.53) < 0.001
      (prostate)
    Lung 1.32 (1.12-1.55) 0.001
    Liver 7.33 (6.29-8.54) < 0.001
    Head and neck 3.62 (3.067-4.28) < 0.001
Insurance coverage  
    None or pediatric only 1.00 (reference) 
    After expansion  1.54 (1.461-1.64) < 0.001
RT, radiotherapy. a)p-value by chi-square test. 
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We further assessed the most common primary site at 
which PBT was frequently used and found that the top-
ranked primary site of PBT had changed over time (Table 
3). Initially, genitourinary malignancies, as represented by 
prostate cancer, were the most common primary sites for 
PBT, followed by hepatobiliary malignancies and lung can-
cer. However, hepatobiliary malignancies, as represented by 
liver cancer, had risen to the top by 2014-2015, whereas geni-
tourinary malignancies fell to a rank of third that year and 
disappeared from the list of the top five most common can-
cers by 2018-2019. In the case of other types of RT, breast and 
lung cancer were consistently identified as the most frequent 
primary cancers during the same period. In Fig. 2, changes 
in the use of PBT among all RT cases according to primary 
site by year are depicted. As shown in Fig. 2A, the overall 
use of PBT has been gradually increasing, from 6% to 16% 
of all radiation oncology resources. The use of PBT in hepa-
tobiliary, head and neck, and esophageal malignancies has  
increased notably in the last 3-4 years (Fig. 2B-D). As pre-
sented in Fig. 2F, PBT use in prostate cancer has been con-
tinuously decreasing from over 40% to below 10%. The use 
in pediatric cancer seems to be relatively constant (Fig. 2E).

Discussion

Evaluation of PBT use in a country should be performed 
in a comprehensive manner that is not limited to clinical  
aspects, because the use of certain medical resources to man-
age cancer in society can be influenced by changes in a varie-
ty of environmental factors, including governmental policies 
on health and medical systems, the socioeconomic status of  
patients, accessibility to medical facilities, and the incidence 
of certain types of cancers. In this study, we characterized 
how PBT has been used in clinical practice by assessing 
changes in PBT use over time and comparing PBT patients’ 
characteristics with those of patients who received other 
types of RT in Korea. Since the initiation of PBT in Korea, the 
numbers of patients receiving PBT have steadily increased 
to more than 1,000 per year with an overall use rate of  
approximately 10.0% of all types of RT in the two PBT cent-
ers. Not only have clinical experience related to PBT and 
technological advances increased but there have also been 
considerable changes in the medical environment, as repre-
sented by the expansion of the coverage criteria for PBT by 
the NHIS. Whether PBT is included under NHIS coverage 
is critical in the Korean medical system, which is distinctive 
from those of other countries. Our study is in response to 
calls from the Korean Cancer Association to improve PBT 
use across the country and share the experience with other 
experts.

Sung Uk Lee, Pattern of Proton Beam Therapy Use in Korea
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To confirm the specificity of PBT use in Korea, it is neces-
sary to compare the results of our study with similar studies 
in other countries. Unfortunately, only a few studies regard-
ing patterns of care using PBT are available to date. Parikh-
Patel et al. [17] retrospectively assessed PBT use in California 
between 2003 and 2016 based on data from the California 
Cancer Registry. During the study period, California had 
two operating PBT centers (Loma Linda University and Cali-
fornia Protons in San Diego) and one proton ocular center 
(University of California, San Francisco). Among approxi-

mately 600,000 cancer patients who had received some form 
of RT, 8609 (1.5%) received PBT. Because we analyzed data 
from the patient registry of two individual institutions and 
not a nationwide database, a direct comparison of the overall 
use rate of PBT is not possible. If we consider all RT cases in  
Korea during the study period, approximately 60,000 per 
year were estimated to have received some form of RT  
according to a previous report [18]. During our study period 
of 2007-2019, a total of 5,398 individuals received PBT, and 
approximately 420 patients (5,398 patients/13 years) were 

Cancer Res Treat. 2021;53(4):935-943

Fig. 2.  (A-F) Changes in utilization of proton beam therapy among all patients in radiation oncology departments of two proton therapy 
centers by primary site and pediatric tumor (bule bar, National Cancer Center; red bar, Samsung Medical Center). GI, gastrointestinal.
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estimated to have received PBT each year. Overall, the PBT 
use rate in Korea during the study period could be roughly 
estimated as 0.7% (420/60,000); however, the numbers of  
patients receiving PBT have been increasing substantially 
since 2015-2016, and the rate is expected to rise continuously. 

The pattern of PBT use differs depending on the type of 
primary site. In other countries, prostate cancer may be the 
most common cancer for which patients receive particle ther-
apy. In California, the most common cancer treated with PBT 
is prostate cancer (41.3%), followed by breast (14.0%), eye 
(11.7%), lung (6.1%), and brain (6.0%) cancers [17]. Accord-
ing to a report from the National Institute of Radiological Sci-
ences in Japan describing their 20-year clinical experience of 
particle therapy using carbon ions [19], prostate cancer (22%) 
is still the most common primary site type in their institution, 
followed by cancers of the bone and soft tissue (13%), head 
and neck (11%), lung (10%), and liver (6%). Prostate cancer 
has a high incidence rate worldwide, and particle therapy 
centers using either proton or carbon ions have long promot-
ed this modality for the treatment of prostate cancer [17]. It is 
worth mentioning Japan’s NHIS because it is similar to that 
of Korea. Both countries’ NHISs cover particle therapy; how-
ever, there are some differences in specific indications [20]. 
Prostate cancer is within the scope of coverage for particle 
therapy in Japan’s NHIS [20], but not in that of Korea, which 
has a relatively wider range of coverage criteria for PBT.

Of note, the most common primary site type in this study 
was liver cancer (27%), but genitourinary malignancies as 
represented by prostate cancer (10%) were the fifth-most 
common primary site type (Table 1). There are several poten-
tial reasons for this difference. First, the exclusion of prostate 
cancer from the scope of NHIS coverage in 2015 probably 
had a critical impact. This decision appeared to be influenced 
by an announcement at the time from the American Society 
for Radiation Oncology that they did not routinely recom-
mend PBT for prostate cancer outside of a prospective clini-
cal trial because clinical benefits of PBT over intensity-modu-
lated RT had been rarely demonstrated [21]. As shown in Fig. 
2F, the PBT use rate for prostate cancer has decreased nota-
bly since 2014-2015. By contrast, the use rate of PBT for the 
treatment of liver cancer has been steadily high, since it was  
included in the scope of NHIS coverage in 2015. Additional-
ly, the relatively high prevalence rate of liver cancer in Korea 
compared to Western countries would have affected the use 
of PBT. Several prospective studies have demonstrated the 
efficacy of PBT in liver cancer [22-25], and recently, the first 
level I evidence on the use of PBT for the treatment of liver 
cancer was published by Kim et al. [26]. These results will 
likely further promote the application of PBT in the future. 
In the meantime, the application of PBT on head and neck 
cancer (especially in SMC) or esophageal cancer (especially 

in NCC) has also increased in recent years. In fact, though it 
would be difficult to compare clinical policies in using PBT 
for head and neck cancer in these two institutions in detail, 
there could be several reasons for high utilization of PBT in 
head and neck cancer in SMC (Fig. 2C), such as relatively 
large proportion of those disease in SMC and the starting 
year of PBT in SMC (after the expansion of the insurance 
coverage). Regarding esophageal cancer (Fig. 2D), NCC has 
currently ongoing institutional clinical trial for esophageal 
cancer, the utilization of PBT for those patients could have 
been encouraged. Recent technological advances in PBT,  
including the recent development of the pencil beam scan-
ning technique and a wider field size, also may be one reason 
for the diversification of PBT indications.

Regarding the determinants for the receipt of PBT, patient 
and tumor characteristics differed significantly between the 
PBT group and patients who received other types of RT. Being 
a patient of male sex, of a very young or old age, with stage 
I-II disease, and who resided in a non-capital area was associ-
ated with a higher OR of receiving PBT versus other types of 
RT. The most common types of cancer related to PBT, such as 
liver cancer or prostate cancer, are male-predominant tumors 
[27], so a significantly higher proportion of cancer patients 
who received PBT was male (71%) in our study. In general, 
previous studies have reported that the closer a residence is 
to a PBT facility, the higher the PBT use rate [17]. However, 
the distance between patients’ residence and a PBT facility 
was not a determinant for the choice of PBT in our study, 
possibly due to the relatively small land area and advanced 
public transportation systems in Korea [28]. Although we 
could not assess the socioeconomic status of the patients 
in this study, several previous studies in other countries 
have shown that PBT use differs significantly according to  
demographics and health insurance type. In the United 
States, being white or male and relatively young, having a 
higher socioeconomic status and Medicare insurance, and 
proximity to a facility were significantly associated with 
PBT use [17]. Ryckman et al. [29] used the National Cancer  
Database (NCDB) to examine patterns of care associated 
with PBT use in adult patients with primary brain tumors 
in the United States. In total, 438 adult brain tumor patients 
were identified as having received PBT. Several patient-relat-
ed and socioeconomic factors were significantly associated 
with the receipt of PBT, including a younger age, being in 
the highest income quartile, treatment at an academic insti-
tution, residence location, diagnosis in more recent years, 
fewer comorbidities, and non-glioblastoma histological  
results. Shen et al. [30] also assessed the determinants of PBT 
use in pediatric cancer in the United States using the NCDB. 
Similar to the results for adults, socioeconomic factors such 
as the type of insurance, household income, and educational 
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attainment were significantly associated with increased PBT 
use. Meanwhile, pediatric cancer patients with metastatic 
disease were less likely to receive PBT in their study. Those 
results may not be the case in Korea, possibly because Korea 
has only one NHIS. 

Our study had some limitations that should be considered 
when interpreting the results. As mentioned above, the study 
was based on the patient registries of only two PBT facilities 
in Korea, which were installed at different times. The regis-
tries assessed in this study collected information on only the 
first course of RT. If PBT was administered in a subsequent 
round of RT, this information would not have been available 
for this analysis. Also, the difference or the lack of informa-
tion such as insurance or clinical trials in two separate regis-
tries in NCC and SMC prevented further analysis. Regard-
ing patient referral from other hospital for PBT, there was an  
ambiguous aspect to identifying the proportion of such  
patients because there can be a variety of reasons other than 
PBT for patients to change their hospitals. Although it was 
not able to evaluate in this study, the proportion of patient 
who came from other hospitals only for PBT is presumed 
to be not large except pediatric cancer. Despite these limita-
tions, this is the first pattern-of-care study to examine PBT 
use for all cancer types in Korea. The results can be used as 
reference material for decision-making regarding the future 
introduction of particle therapy. There have been notable 
changes in PBT use over time in Korea, with PBT use differ-
ing significantly according to several patient- and treatment-
related factors. Constant efforts of medical experts and policy 
makers in society are required to enhance the evidence-based 

use of PBT in clinical practice and minimize the number of 
patients who are marginalized or lack access to this cutting-
edge treatment. 
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Introduction

Cancer incidence and mortality increase rapidly world-
wide, making cancer the leading cause of death in many 
countries. The International Agency for Research on Cancer 
predicts that new cancer cases and cancer deaths in 2018 will 
be 18.1 million and 9.6 million, respectively [1]. One in five 
persons will develop cancer before the age of 75 years and 
on average half of the cancer patient will not survival beyond 
five years from diagnosis [2]. Thus, the finding novel targets 
to improve current cancer treatment is an urgent global need.

Among the six hallmarks of cancers expertly summarized 
by Douglas Hanahan and Robert Weinberg in 2011, it is argu-

ably the ability to proliferate in an uncontrolled manner as the 
most fundamental trait of all cancer cells [3]. Targeting a spe-
cific crucial component of the cell cycle pathway is a strategy 
that may potentially benefit the treatment of many cancers.  
NUF2 component of NDC80 kinetochore complex (NUF2) is 
a component of a conserved protein complex associated with 
the centromere [4]. Our group has recently demonstrated 
that high NUF2 transcript expression is a good prognostic 
biomarker to predict early tumor recurrence post-surgical 
resection in hepatocellular carcinoma (HCC) [5]. Similarly, 
Xu et al. [6] reported NUF2 transcript as a prognostic bio-
marker of breast cancer. NUF2 inhibition has been reported to  
result in reduced tumor cell growth in cancers of the brain [7], 
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colon [8], liver [9], and pancreas [10,11]. The fact that NUF2 
has been implicated in multiple cancers suggests NUF2 plays 
an important role in cell proliferation. However, NUF2 has 
not been comprehensively analyzed in a pan-cancer context 
to reveal its expression patterns and correlation with clinical 
parameters in various cancers.

Large collaborative projects such as the Cancer Genome 
Atlas (TCGA) and the International Cancer Genome Consor-
tium (ICGC) provide a standardized platform to analyze a 
large number of cancer samples across various cancer types 
[12-14]. In this study, we primarily employed TCGA pan-can-
cer data to examine the NUF2 transcript expression in a total 
of 31 cancer types and correlate NUF2 transcript status with 
clinical parameters such as tumor stage and patient survival 
data. We found NUF2 overexpression is a common feature 
of 23 cancer types which are largely confirmed by independ-
ent datasets from various independent single cancer studies. 
High NUF2 transcript level is significantly associated with 
poorer patient overall survival (OS) and disease-free survival 
(DFS) in a subset of cancer types. We proceeded to further 
validate NUF2 overexpression at the protein level in human 
HCC and revealed the functional impact of silencing NUF2 
in HCC cells.

Materials and Methods
 
1. Patient samples and cell lines 

Formalin-fixed paraffin-embedded (FFPE) tissue sections 
of 40 HCC patients were collected from Zhejiang Shangyu 
People’s Hospital, Shaoxing, PR China. All samples were 
clinically confirmed HCC by histopathology.

The HepG2 cells were purchased from ATCC (HB-8065) 
with proof of authenticity. Huh7 cells were bought from 
The Japanese Collection of Research Bioresources (JCRB) 
Cell Bank (Osaka, Tokyo, Japan) and has been validated by  
Genetica DNA Laboratories (Cincinnati, OH).  All cells were 
grown in Dulbecco’s modified Eagle’s medium (DMEM) 
with 4.5 g/L high glucose, 15 mM HEPES buffer and 10% 
fetal calf serum in a humidified incubator at 37℃ with 5% 
CO2. HepG2 cells were grown on collagen-coated surfaces to 
enable monolayer growth.

 
2. NUF2 analysis in TCGA, ICGC, and Gene Expression 
Omnibus datasets

Normalized NUF2 transcript expression in 9,498 tumor 
samples and 5,540 non-tumor samples from 31 distinct  
tumor types from TCGA and the Genotype-Tissue Expres-
sion (GTEx) datasets were extracted using the GEPIA2 web 
resource [15]. Normalized NUF2 transcript expression were 
manually extracted from GSE40355, GSE42568, GSE27678, 

GSE26566, GSE110225, GSE107591, GSE16011, GSE30219, 
GSE28735, and GSE15605 datasets from Gene Expression 
Omnibus (GEO) database. Normalized NUF2 transcript  
expression was manually extracted from LINC-JP dataset 
from the ICGC data portal. Normalized NUF2 transcript 
expression was extracted from 48 cell lines representing 24 
cancer types from the Broad Institute Cancer Cell Line Ency-
clopedia (CCLE).

 
3. Reverse transcription quantitative polymerase chain  
reaction

Reverse transcription quantitative polymerase chain reac-
tion was performed as previously described [16]. Briefly, 
cDNA was synthesized from 200 ng of total RNA using a 
high capacity cDNA archive kit (Applied Biosystems, Fos-
ter City, CA) according to the manufacturer’s instructions.  
Real-time PCR was performed in an Applied Biosystems 
9700 real-time PCR system using the KAPA SYBR FAST 
Universal kit (Kapa Biosystems, Boston, MA). Amplification 
reactions included cDNA template (25 ng), gene-specific pri-
mers (0.25 pmol/μL), and 2× PCR Master Mix (5 μL; Kapa 
Biosystems) in a total volume of 10 μL. Amplification condi-
tions include an initial denaturation at 95°C for 15 minutes, 
followed by 40 cycles at 95°C for 30 seconds, 55°C for 30 sec-
onds, and 72°C for 30 seconds. SYBR Green fluorescence was 
measured after each extension step. The primers used in this  
study were NUF2-F-TATCCAAATCCAAAGCCTGAAGTC; 
NUF2-R-GCAGTCTCAAAGTCATTCACCC; NCAPG-F-AA-
GAAAGAACTCAAGATGGCTG; NCAPG-R-AGCATCAT- 
TCTTCTCTATGTGG; GAPDH-F-CATTTCCTGGTATGACA- 
ACGA; GAPDH-R-CTTCCTCTTGTGCTCTTGCT.

 
4. Immunohistochemistry

Reagents used for immunohistochemistry (IHC) staining 
were obtained from Dako A/S (Glostrup, Denmark) and 
were used according to the manufacturer’s instructions. 
Paraffin sections (5 μm) were dewaxed with xylene and  
rehydrated through ethanol/water dilutions. Antigen retri-
eval was performed with heat-induced epitope retrieval 
using 10 mM citrate buffer, pH 6. Endogenous peroxidase 
activity in the sections was quenched by immersion in 3% 
hydrogen peroxide (Dako #S2023) for 5 minutes. Sections 
were incubated with rabbit polyclonal primary antibody 
against NUF2 (HPA076604, Sigma, St. Louis, MO) and  
diluted in antibody diluent (Dako #S3022) for 30 minutes 
at room temperature. MAbs were detected with mouse/
rabbit Envision+ (Dako #K5007), and the reactions were 
visualized by incubating the sections with DAB+ (Dako 
#K5007) for two periods of 3 minutes. Washes between 
incubations were carried out with TBS containing 0.05% 
Tween 20, pH 7.6 (Dako #S3006). Sections were counter-
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stained with hematoxylin. Evaluation of NUF2 protein  
expression was performed using a 0 to 3+ scale according 
to the intensity of staining from two IHC slides per patient.

5. Measurement of cell growth, migration, and invasion in 
vitro

Cell growth in vitro was measured between HCC cells sta-
bly expressing shRNA against NUF2 or non-targeting con-

Fig. 1.  NUF2 expression in tumor versus non-tumor samples in 31 cancer types. (A) Boxplots showing significant overexpression of NUF2 
in tumor samples compared to non-tumor samples in 23 cancer types. (Continued to the next page)
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Fig. 1.  (Continued from the previous page) (B) Boxplots showing significant under-expression of NUF2 in tumor samples compared to non-
tumor samples in LAML and TGCT. (C) Boxplots showing NUF2 expression is not statistically significantly different between tumor sam-
ples and non-tumor samples in six cancer types. Each dot indicates a sample. The red box on the left represents tumor samples (T) while 
the grey box on the right represents non-tumor (N) samples. The asterisks indicate statistically significant NUF2 differential expression 
between T and N samples with unpaired Student’s t test p < 0.05. ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; 
BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL, cholangiocarci-
noma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM, 
glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell 
carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade glioma; LIHC, liver 
hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; OV, ovarian serous cystadenocarcinoma; 
PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum  
adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; 
THCA, thyroid carcinoma; THYM, thymoma; TPM, transcripts per milion; UCEC, uterine corpus endometrial carcinoma; UCS, uterine 
carcinosarcoma.
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Fig. 2.  High NUF2 level is consistently observed in multiple cancer patient datasets and cell lines. (A) Overexpression of NUF2 transcript 
in tumors versus non-tumor tissues is validated in BLCA (GSE40355), BRCA (GSE42568), CESC (GSE27678), CHOL (GSE26566), COAD 
(GSE110225), HNSC (GSE107591), LGG & GBM (GSE16011), LUAD & LUSC (GSE30219), PAAD (GSE28735), and SKCM (GSE15605). Rela-
tive NUF2 expression is expressed as normalized probe intensity in Log2 scale for microarray data or RPKM for RNA-sequencing data. 
(Continued to the next page)
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trol, using the IncuCyte Zoom Continuous Live-cell Imaging 
& Analysis System (Essen BioScience, Ann Arbor, MI). Five 
thousand cells were seeded in one well of a 96-well plate and 
cell growth measurements were recorded as relative conflu-
ence over time. Relative cell growth was normalized ratio 
against cell confluence at the start of the assay.

Cell migration in vitro was measured using the scratch 
wound assay. HCC cells were seeded into 96 well image lock 
plates. A fixed width wound was made to 100% confluent 
cells using the semi-manual WoundMaker tool (Essen Bio-
science). The plates were imaged hourly for 48 hours. The 
wound healing was measured as relative cell confluency  
inside the wound region over time using the Incucyte soft-
ware.

Cell invasion in vitro was measured using trans-well cham-
bers coated with 1:30 diluted Matrigel Basement Membrane 
Matrix (Corning Life Sciences, Corning, NY). 1×105 cells 
were seeded into upper chambers (8 μm pore size, Corning 
Life Sciences) in serum-free DMEM media while the lower 
chamber was filled with DMEM supplemented with 20% 
FBS. After incubation for 48 hours at 37℃, the cells in the 
upper chamber that did not invade through the pores were 
wiped out with cotton wool. The cells in the lower chamber 
were fixed with methanol and stained with 0.5% crystal vio-
let. Cells are then counted and imaged at ×40 magnification.

 
6. Xenograft tumor growth in vivo

All mice experiments were performed in accordance to 
ARRIVE standards and approved by the SingHealth Insti-
tutional Animal Care and Use Committee (IACUC). NCr-
Foxn1nu nude mice were purchased from InVivos. Huh7 
cells stably expressing shRNA against NUF2 (shNUF2-1 & 
-2) or non-targeting controls (shControl-1 & -2) were trans-
planted subcutaneously with 3 million cells in 10% Matrigel 
per mouse, bilaterally, four mice per group. Tumor weight 
was measured when mice were euthanized 50 days after  

tumor cell implantation.
 

7. Bioinformatic analysis
Students’ t test was used for comparing means between 

two groups. One-way ANOVA was used for comparing 
means between three groups. Fisher exact test in examining 
associations between categorical variables. Ingenuity Path-
way Analysis (IPA) software was used to construct interac-
tion networks among the top 100 NUF2-correlated genes 
(S1 Table). The gene expression data were divided into 
NUF2 high and low expression using median cut-off and 
gene set enrichment analysis (GSEA) was performed using 
GSEA software ver. 4.0.1 with MsigDB database using c2.cp.
kegg.v7.0 gene sets [17,18]. Significantly enriched gene sets 
were chosen with the cutoff of false discovery rate < 0.05. 
Kaplan-Meier survival analysis was used to analyze the  
association of NUF2 status with patient OS and DFS. Kaplan-
Meier survival analysis on TCGA dataset was performed on  
GEPIA2 [15]. Kaplan-Meier survival analysis on independ-
ent datasets from GEO, ICGC, and local IHC datasets were 
performed on SPSS Inc. (Chicago, IL). Multivariate analyses 
of prognostic factors, Cox proportional hazards regression 
was applied. Statistical significance is attained when p < 0.05.

Results

1. NUF2 overexpression in many cancers
We examined NUF2 transcript expression in 9,498 tumor  

samples and 5,540 non-tumor samples from 31 distinct  
tumor types from the TCGA and the GTEx datasets. NUF2 
transcript variants 1 and 2, both encoding the same protein, 
are the most predominant forms seen in all cancers (S2 Fig.). 
NUF2 transcript was found to be significantly overexpressed 
in tumor versus non-tumor samples in 23 cancer types (p < 
0.05) (Fig. 1A). In contrast, NUF2 was significantly under- 

Fig. 2.  (Continued from the previous page) (Continued to the next page)
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Fig. 3.  NUF2 expression is associated with tumor stages in eight cancer types. Violin plots showing higher NUF2 expression in more  
advanced stages (III and IV) in adrenocortical carcinoma (ACC) (A), kidney chromophobe (KICH) (B), kidney renal clear cell carcinoma 
(KIRC) (C), kidney renal papillary cell carcinoma (KIRP) (D), liver hepatocellular carcinoma (LIHC) (E), lung adenocarcinoma (LUAD) (F), 
lung squamous cell carcinoma (LUSC) (G), and  thyroid carcinoma (THCA) (H). 
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Fig. 4.  High NUF2 level is significantly associated with poorer patient survival in multiple cancer types. (A) Top: Overall survival map 
showing log10 (HR) between NUF2 high and NUF2 low tumors based on median NUF2 expression in 31 cancer types. The red box indi-
cates a significant difference at p < 0.05. Bottom: Kaplan-Meier survival curve analysis showing high NUF2 level is significantly associated 
with poorer overall survival in nine cancer types including adrenocortical carcinoma (ACC), kidney renal clear cell carcinoma (KIRC), kid-
ney renal papillary cell carcinoma (KIRP), brain lower grade glioma (LGG), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma 
(LUAD), pancreatic adenocarcinoma (PAAD), sarcoma (SARC), skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD), 
testicular germ cell tumors (TGCT), thyroid carcinoma (THCA), thymoma (THYM), uterine corpus endometrial carcinoma (UCEC), and 
uterine carcinosarcoma (UCS).  HR, hazard ratio; TPM, transcripts per milion. (Continued to the next page)
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expressed in tumor versus non-tumor samples in two can-
cers, acute myeloid leukemia (LAML) and testicular germ cell  
tumors (TGCT) (p < 0.05) (Fig. 1B). In the remaining six can-
cer types, NUF2 expression was comparable between tumor 
and non-tumor samples in kidney chromophobe (KICH) 
(Fig. 1C). NUF2 expression was observed to be generally 
higher in tumor versus non-tumor samples in kidney renal  
clear cell carcinoma (KIRC), kidney renal papillary cell car-
cinoma (KIRP), pheochromocytoma and paraganglioma 
(PCPG), prostate adenocarcinoma (PRAD), and thyroid car-
cinoma (THCA), although the differences were not statisti-
cally significant (Fig. 1C). In 11 independent datasets from 
the GEO and ICGA databases, we successfully validated sig-
nificant NUF2 transcript overexpression in 13 cancer types 
(Fig. 2A). NUF2 transcript expression was the highest in nor-
mal testis tissue, followed by the fetal liver and bone mar-
row tissue. In contrast, NUF2 expression was very low for 
most adult tissues such as the brain, liver, kidney, and colon  
(Fig. 2B, left panel). Furthermore, NUF2 transcript expression 
in 48 cancer cell lines representing 24 cancer types was found 
to be significantly higher than the respective normal tissues 
except testis (Fig. 2B, right panel). This is consistent with the 
previous observation that NUF2 expression was lower in 
TGCT compared to normal testis tissues. In summary, NUF2 
expression is up-regulated in tumor samples compared to 
non-tumor samples in the majority of cancer types, suggest-
ing NUF2 may play an important role in the generic tumori-
genesis process which is common among multiple cancers.

 
2. Association of NUF2 with tumor stage and patient sur-
vival

To evaluate the clinical significance of NUF2 overexpres-
sion in multiple cancers, we correlated NUF2 expression 
with tumor stages as classified according to the American 
Joint Committee on Cancer staging system. As shown in Fig. 

3, high NUF2 transcript expression was significantly corre-
lated with advanced tumor stages (stage III or IV) in cancers 
of the adrenal gland (ACC), kidney (KICH, KIRC, and KIRP), 
liver (LIHC), lung (LUAD and LUSC), and thyroid (THCA).

Moreover, high tumor NUF2 level was significantly asso-
ciated poorer patient OS in ACC, KIRC, KIRP, LGG, LIHC, 
LUAD, PAAD, and SARC with hazard ratios ranging from 
1.6 in LUAD to 8.9 in ACC (Fig. 4A). High NUF2 level was 
also significantly associated with poorer patient DFS in ACC, 
KIRP, LGG, LIHC, PRAD, and SARC with hazard ratios 
ranging from 1.6 in LIHC to 4.3 in ACC (Fig. 4B). The most 
significant difference was observed in ACC dataset. ACC  
patients with high NUF2 transcript expression had a me-
dian OS of approximately 40 months and a median DFS of  
approximately 20 months while ACC patients with low 
NUF2 had median OS and DFS of more than 150 months 
(Fig. 4A and B).

 
3. High NUF2 expression in human HCC

We proceeded to examine NUF2 overexpression in human 
HCC further.  In an independent 337 Japanese patient cohort 
in the ICGC LINC-JP dataset, NUF2 transcript expression 
was significantly higher in tumor compared to non-tumor 
samples (Fig. 5A). High NUF2 transcript level was also  
associated with significantly poorer patient OS in this LINC-
JP cohort (Fig. 5B), consistent with our previous observation 
in the TCGA-LIHC dataset (Figs. 1A and 4A). As both HCC 
datasets only examined NUF2 transcript expression, we per-
formed IHC staining to quantitate NUF2 protein expression 
in FFPE samples from 40 HCC patients. As shown in Fig. 
5C, NUF2 protein expression was consistently found to be 
higher in tumor versus paired adjacent non-tumor of HCC 
patients. High NUF2 protein was associated with significant-
ly poorer patient OS (Fig. 5D). We subsequently correlated 
NUF2 protein levels with clinic-pathological parameters of 

Fig. 4.  (Continued from the previous page) (Continued to the next page)
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these 40 HCC patients (Table 1). High NUF2 protein level 
was significantly associated with tumor recurrence (p < 0.01). 
NUF2 and tumor size are independent prognostic predictors 

of HCC patient OS (Table 2).

Fig. 4.  (Continued from the previous page) (B) Top: Disease-free survival map showing log10 (HR) between NUF2 high and NUF2 low tumors 
based on median NUF2 expression in 31 cancer types. The red box indicates a significant difference at p < 0.05. Bottom: Kaplan-Meier 
survival curve analysis showing high NUF2 level is significantly associated with poorer disease-free survival in six caner types including 
ACC, KIRP, LGG, LIHC, PRAD, and SARC.
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Table 1.  Correlation of NUF2 expression with clinicopathologic parameters of HCC patients

Clinicopathological parameter Total cases (n=40)
                                  NUF2 expression  Fisher exact

  High NUF2 (n=20) Low NUF2 (n=20) p-value

Sex
    Male 40 20 (50.0) 20 (50.0) -
    Female 0 0 ( 0 (
Age (yr)
    ≤ 50 17 7 (41.1) 10 (58.8) 0.52
    > 50 23 13 (56.5) 10 (43.5)
HBsAg
    Positive 35 16 (45.7) 19 (54.3) 0.34
    Negative 5 4 (80.0) 1 (20.0)
Serum AFP (ng/mL)
    ≤ 20 17 8 (47.1) 9 (52.9) > 0.99
    > 20 23 12 (52.2) 11 (47.8)
Tumor multifocality
    Single 31 15 (48.4) 16 (51.6) > 0.99
    Multiple 9 5 (56.6) 4 (44.4)
Tumor size (cm)
    ≤ 5 20 7 (35.0) 13 (65.0) 0.11
    > 5 20 13 (65.0) 7 (35.0)
Tumor stage
    I 30 14 (46.7) 16 (53.3) 0.72
    II and III 10 6 (60.0) 4 (40.0)
BCLC staging
    0 and A 34 15 (44.1) 19 (55.9) 0.18
    B, C and D 6 5 (83.3) 1 (16.7)
Tumor recurrence
    Yes 21 18 (85.7) 3 (14.3) 0.01
    No 19 8 (42.1) 11 (57.9)
 Values are presented as number (%). High and low NUF2 level are determined immunohistochemistry staining. p-value is calculated from 
the Fisher exact test. AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis B virus surface antigen; HCC, hepatocel-
lular carcinoma.

Table 2.  Univariate and multivariate analysis on overall survival of independent prognostic factors in HCC patients using Cox regression

Parameter
  Univariate analysis    Multivariate analysis

 HR 95% CI p-value  HR 95% CI p-value

Age (> 55 yr/< 55 yr) 0.50 0.21-1.20 0.12 0.53 0.23-1.22 0.13
Sex (male:female) 3.71   0.89-15.49 0.07 3.89   0.88-17.23 0.07
HBV (yes/no) 2.30 0.81-6.50 0.12 1.17 0.37-3.73 0.80
Tumor size (> 5 cm/< 5 cm) 2.87 1.11-7.41 0.02 3.03 1.12-8.25 0.03
AFP (> 20 ng/mL /< 20 ng/mL) 2.41 1.22-4.75 0.01 2.07 0.89-4.82 0.09
Multifocality (multi/single) 1.03 0.37-2.93 0.95 0.72 0.23-2.24 0.57
Vascular invasion (yes/no) 1.90 0.99-3.66 0.06 1.63 0.76-3.48 0.21
NUF2 (high/low) 3.03 2.04-4.96 0.02 2.92 1.99-4.57 0.02
AFP, α-fetoprotein; CI, confidence interval; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR, hazard ratio.
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4. NUF2 on HCC growth in vitro and in vivo
To understand the molecular function of NUF2 overexpres-

sion in HCC, we generated modified HCC cells with stable 
inhibition of NUF2 via NUF2-targeting shRNAs (shNUF2-1 
& -2) in two HCC cell lines (HepG2 and Huh7) and com-
pared NUF2 expression, cell growth, migration/invasion 
and in vivo tumor formation between NUF2 knockdown cells 
and mock knockdown cells (shControl-1 & -2). NUF2 expres-
sion was significantly inhibited in HCC cells stably express-
ing shRNAs targeting NUF2 (shControl-1 & -2) compared to 
non-targeting controls (shControl-1 & -2). We also examined 
the expression of NCAPG (non-SMC condensin I complex 
subunit G) which is a gene reported to be related to cell  
cycle but not related to NUF2, to demonstrate the specificity 

of the shRNAs against NUF2. NUF2-targeting shRNAs did 
not significantly perturb the expression of a non-targeting 
gene NCAPG (Fig. 6A). Compared to the non-targeting con-
trols, NUF2 knockdown cells showed significantly reduced 
ability to grow, migrate into a scratch wound and invade 
the 8 μm porous membrane in vitro (Fig. 6B-D). Moreover, 
NUF2 knockdown cells also formed significantly smaller 
tumors than control cells in mouse xenograft assays in vivo 
(Fig. 6E). To gain some insights into the molecular pathways  
associated with NUF2, we performed IPA on the top 100 most 
correlated genes with NUF2 in the TCGA-LIHC datasets. As 
shown in Fig. 6F, NUF2 correlated genes formed a tightly  
interconnected network containing multiple centromere pro-
teins and were predicted to be regulated by FOXM1. NUF2 

Fig. 5.  NUF2 overexpression in HCC. (A) Box dot plot showing significant higher NUF2 transcript in tumor versus non-tumor tissues from 
LINC-JP dataset in ICGC. (B) Kaplan-Meier survival curve analysis showing high NUF2 transcript level is associated with significantly 
poorer overall survival in the same LINC-JP dataset. (C) Immunohistochemistry staining using NUF2 specific antibody in a representative 
HCC patient section from a local cohort of 40 patients. NUF2 protein is found to be significantly higher expressed, compared to the paired 
adjacent non-tumor section. Scale bars=100 μm. (D) Kaplan-Meier survival curve analysis showing high NUF2 transcript level is associated 
with significantly poorer overall survival in this cohort of 40 HCC patients. HCC, hepatocellular carcinoma; ICGC, International Cancer 
Genome Consortium.

C

Log-rank, p=0.008

Low NUF2
High NUF2

Ov
er

al
l s

ur
vi

va
l

×10

Non-tumor, ×20

Tumor, ×20

Time (mo)

0

0.2

1.0

0.4

0.8

0.6

0 20 40 1008060

D

Log-rank, p < 0.001

p < 0.001

Low NUF2
High NUF2

Ov
er

al
l s

ur
vi

va
l

Time (yr)

0

0.2

1.0

0.4

0.8

0.6

0 2 4 121086

B

Re
la

tiv
e 

N
UF

2 
ex

pr
es

si
on

–5

10

5

0

Non-tumor (n=197)Tumor (n=240)

A

Cancer Res Treat. 2021;53(4):944-961

956     CANCER  RESEARCH  AND  TREATMENT



Fig. 6.  NUF2 inhibition significantly reduced HCC cell growth in vitro and in vivo. (A) Significant inhibition of NUF2 transcript level in 
HepG2 (left) and Huh7 (right) cells stably expressing shRNAs against NUF2 (shNUF2-1 & -2) compared with that of shRNA controls 
(shControl-1 & -2), measured using quantitative reverse transcription polymerase chain reaction and normalized against endogenous 
GAPDH. (B) Significant inhibition of in vitro cell growth in HepG2 (left) and Huh7 (right) cells stably expressing shRNAs against NUF2 
(shNUF2-1 & -2) compared with that of shRNA controls (shControl-1 & -2), measured using live-cell imaging with Incucyte Zoom. (C) 
Significant inhibition of in vitro cell migration in Huh7 cells stably expressing shRNAs against NUF2 (shNUF2-1 & -2) compared with that 
of shRNA controls (shControl-1 & -2), measured using scratch wound healing assay. (Continued to the next page)
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Fig. 6.  (Continued from the previous page) (D) Significant inhibition of in vitro cell invasion in HepG2 (top) and Huh7 (bottom) cells stably 
expressing shRNAs against NUF2 (shNUF2-1 & -2) compared with that of shRNA controls (shControl-1 & -2), measured using inva-
sion chamber assay. (E) Significant inhibition of in vivo xenograft tumor growth in Huh7 cells stably expressing shRNAs against NUF2 
(shNUF2-1 & -2) compared with that of shRNA controls (shControl-1 & -2), measured using mouse xenograft assay. Data were expressed as 
wet tumor weight. *p < 0.05. (F) Ingenuity pathway analysis showing the interconnected network formed by the top 100 NUF2-correlated 
genes in TCGA-LIHC dataset. (Continued to the next page)
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associated genes were highly enriched in the cell cycle, DNA 
replication, and p53 signaling pathways (Fig. 6G).

Discussion

The completion of the TCGA project and the availability of 
analysis tools such as GEPIA2 provide a platform for the rap-
id examination of genetic and epigenetic aberrations across 
many cancer types [13-15,19]. Here we reported statistically 
significant NUF2 transcript overexpression in 23 out of the 31 

cancer types in the TCGA datasets while NUF2 overexpres-
sion was observable but not reaching statistical significance 
in an additional five cancer types. A closer examination of 
these five datasets revealed a high proportion of early-stage 
tumors in the overall cohort, e.g., stage I and II samples  
accounts for over 70% of KICH cases, contributing to a  
cohort-specific bias to the observation of NUF2 expression. 
We successfully validated NUF2 transcript overexpression in 
13 cancer types from 11 datasets of primary tumor samples 
and 24 cancer types represented by 48 cell lines from CCLE 
database [20,21]. Taken together, NUF2 overexpression is a 

Fig. 6.  (Continued from the previous page) (G) Gene set enrichment analysis showing cell cycle, DNA replication and p53 signaling pathways 
as the most enriched pathways associated with NUF2. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HCC, hepatocellular carci-
noma; TCGA, The Cancer Genome Atlas.
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common feature for the majority of cancers. Our data were 
consistent with the previously reported NUF2 transcript 
overexpression in cancers of the brain [7], breast [6], colon 
[8], liver [5,9], and pancreas [10,11]. More importantly, this 
is the first study to report NUF2 transcript was also up-reg-
ulated in cancers of the bladder, cervix, esophagus, head and 
neck, lung, ovary, stomach, and skin, as well as some rare 
cancers such as ACC, DLBC, THYM, and UCS (Figs. 1A and 
2A), warranting further characterization of NUF2 in these 
cancer types.

NUF2 overexpression is clinically important as high 
NUF2 correlated with clinical features of many cancers. We  
recently reported that high NUF2 transcript level could  
accurately predict early tumor recurrence post-surgical  
resection in HCC [5]. High NUF2 transcript level was shown 
to be a prognostic biomarker for breast cancer in certain 
datasets in a systematic meta-analysis [6]. In this study, we 
further demonstrated that high NUF2 at the protein level 
was also significantly associated with tumor recurrence and 
negatively associated with patient OS in an independent  
cohort of 40 HCC patient samples (Table 1, Fig. 5C and D). 
Also we reported the novel findings that high NUF2 tran-
script expression was associated with tumor stages in can-
cers of the kidney (KICH, KIRC, and KIRP), liver (LIHC), 
lung (LUAD and LUSC), ACC, and THCA. More important-
ly, high NUF2 transcript expression was shown to be signifi-
cantly associated with poorer patient survival (both OS and 
DFS) in ACC, KIRP, LGG, and SARC, in addition to LIHC 
(Fig. 4). It is of particular interest to further evaluate the prog-
nostic potential of NUF2 in rare cancers such as ACC. NUF2 
up-regulation correlated closely with each tumor stage in 
ACC (Fig. 3A). ACC patients with high NUF2 transcript  
expression had a median OS of approximately 40 months 
and a median DFS of approximately 20 months, compared 
to the median OS and DFS of more than 150 months in 
ACC patients with low NUF2 (Fig. 4A and B). Importantly,  
inhibition of NUF2 in HAC15 cells, an ACC cell line, signifi-
cantly reduced cell proliferation (S3 Fig.), demonstrating that 
NUF2 overexpression is functionally important in ACC too.  
Unfortunately, we could not find suitable datasets to vali-
date these associations at the moment. This very significant  
observation in the relatively small cohort of 75 patients in the 
TCGA datasets should be validated using a larger cohort to 
provide important prognostic biomarkers for ACC which is 
under-studied.

NUF2 overexpression is functionally important in many 
cancers. Silencing of NUF2 in vitro has been reported to  
inhibit tumor cell growths in cell lines of osteosarcoma and 
pancreatic cancers. In this study, we demonstrated that con-
stitutive inhibition of NUF2 via shRNAs reduced the abil-
ity of HCC cells to proliferate, migrate, and invade in vitro. 

NUF2 inhibition also resulted in smaller tumor formation 
in vivo. NUF2 correlated genes include many centromere 
proteins such as CENP-A, CENPF, and CENPH which are  
enriched in the cell cycle, DNA replication, and p53 signaling 
pathways (Fig. 6). This is consistent with NUF2’s reported 
role to mediate kinetochore-microtubule attachment during 
cell division [22-24]. NUF2 expression correlates with the 
number of cell divisions in the tissues. In most adult tissues, 
there are few cell divisions and NUF2 expression is low. In 
tumors arising from these tissues, there is an increase in cell 
divisions and NUF2 expression is found to be significantly 
higher in tumors versus non-tumor samples for most of these 
cancers. In contrast, NUF2 expression is extremely high in 
normal testis tissues where cell divisions are high too while 
NUF2 expression was lower in TGCT where seminomas are 
the most predominant form of testicular cancers and very 
slow-growing tumors [25].

In summary, we reported significant NUF2 transcript over-
expression in 23 TCGA cancer types. High NUF2 was signifi-
cantly associated with poorer patient OS and DFS in selected 
cancer types. We further validated the prognostic potential 
and functional impact of NUF2 overexpression in HCC. 
More international efforts are needed to evaluate NUF2 over-
expression in other relevant cancers such as ACC.
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Introduction

Lymphocytes are critical elements that mediate antitumor 
immune responses. A decrease in the total lymphocyte count 
and lymphocyte infiltration in pathological specimens is 
associated with poor overall survival and progression-free 
survival [1-6]. Both CD8+ T-cells and natural killer cells are 
critical mediators of the antitumor response owing to their 
ability to produce interferon-γ and to directly kill the target 
cells [7,8]. Moreover, T lymphocytes contribute significant-
ly to the efficacy of anticancer immunotherapy, including  
immune checkpoint inhibitors [9].

Lymphocytes and their precursors are very sensitive to 
ionizing radiation [10]. The lethal doses required to reduce 
the surviving fraction of lymphocytes by 50% and 90% are 
2 Gy and 3 Gy, respectively [11]. Although radiotherapy can 
induce lymphopenia by damaging the bone marrow, local 
radiotherapy to non-marrow organs (e.g., the liver, brain,  
esophagus, rectum, and pancreas) can also cause systemic 
lymphopenia due to irradiation of the circulating blood dur-

ing the course of conventional fractionated radiotherapy 
[1-6]. Therefore, novel strategies are urgently needed to pre-
serve the total lymphocyte count during radiotherapy. Iden-
tifying factors associated with radiation-induced lymphope-
nia will be the first step in overcoming the rapid depletion of 
lymphocytes during radiotherapy. However, little is known 
about the physiological response to and predictors of radia-
tion-induced lymphopenia in patients with solid tumors.

Interleukin (IL)-7, IL-15, and IL-2 are cytokines that possess 
a common γ-chain, which are critical for regulating lympho-
cyte homeostasis [12]. Recently, IL-7 has received increasing 
attention because its recombinant form was safely adminis-
tered to cancer patients [13]. Moreover, the use of IL-7 for 
overcoming lymphopenia and enhancing the therapeutic  
effect in cancer patients is being actively explored in several 
clinical trials [10,14]. In a lymphopenic condition, the circu-
lating levels of IL-7 increase, thereby promoting lymphocyte 
development in the thymus and maintaining the homeosta-
sis of peripheral naive and memory T cells [15].

However, few studies have evaluated the effect of IL-7 

Original Article

Cancer Res Treat. 2021;53(4):962-972https://doi.org/10.4143/crt.2020.1053

pISSN 1598-2998, eISSN 2005-9256

Purpose  Radiation-induced lymphopenia is associated with worse outcomes in solid tumors. We assessed the impact of interleu-
kin-7 (IL-7), a key cytokine in lymphocyte homeostasis, on radiation-induced lymphopenia.
Materials and Methods  A post-hoc analysis was performed in a prospective cohort of 98 patients with hepatocellular carcinoma 
who were treated with radiotherapy in 2016-2018. Blood IL-7 levels were assayed before and at the end of radiotherapy. Acute severe 
lymphopenia (ASL) was defined as a total lymphocyte count of < 200/μL during radiotherapy. Cox and logistic regression analyses 
were performed to identify predictors of survival and ASL development, respectively. 
Results  Patients with ASL (n=41) had significantly poorer overall survival than those without (12.0 months vs. 25.3 months, p=0.001). 
Patients with lymphocyte recovery showed significantly longer overall survival than those without (21.8 months vs. 10.3 months, 
p=0.042). ASL was an independent predictor of poor survival (hazard ratio, 2.07; p=0.015). Patients with ASL had significantly lower 
pre-radiotherapy IL-7 levels (2.07 pg/mL vs. 3.01 pg/mL, p=0.010). A high pre-radiotherapy IL-7 level was an independent predictor of 
a reduced risk of ASL development (hazard ratio, 0.40; p=0.004). IL-7 levels reflected a feedback response to ASL, with a higher ΔIL-7 
in patients with ASL and a lower ΔIL-7 in those without ASL (0.48 pg/mL vs. –0.66 pg/mL, p < 0.001). Post-radiotherapy IL-7 levels 
were significantly positively correlated with the total lymphocyte counts at 2 months.
Conclusion  IL-7 is associated with the development of and recovery from ASL, which may impact survival. To overcome radiation-
induced lymphopenia, a novel strategy using IL-7 may be considered.
Key words  Interleukin-7, Lymphocyte count, Lymphopenia, Radiotherapy

Hwa Kyung Byun1, Seung Yeun Chung1,2, Kyoung-Jin Kim1, Jinsil Seong1

1Department of Radiation Oncology, Yonsei Cancer Center, Yonsei University College of Medicine, Seoul, 2Department of Radiation Oncology, 
Ajou University Medical Center, Suwon, Korea

Role of Interleukin-7 in the Development of and Recovery from  
Radiation-Induced Lymphopenia: A Post-hoc Analysis of a Prospective Cohort

Correspondence: Jinsil Seong
Department of Radiation Oncology, Yonsei Cancer Center, Yonsei University College of Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea
Tel: 82-2-2228-8095  Fax: 82-2-2227-7823  E-mail: jsseong@yuhs.ac
Received  October 14, 2020  Accepted  January 25, 2021  Published Online  January 26, 2021



VOLUME 53 NUMBER 4 OCTOBER 2021     963

on radiation-induced lymphopenia, which is characterized 
by the rapid depletion of lymphocytes during radiotherapy. 
Therefore, we aimed to identify the role of IL-7 in radiation-
induced lymphopenia and to determine the risk factors and 
prognostic significance of radiation-induced lymphopenia 
using a prospective patient cohort.

Materials and Methods
 
1. Study population

We performed a post-hoc analysis in a prospective cohort 
of patients with hepatocellular carcinoma who were treated 
with radiotherapy between July 2016 and October 2018. The 
cohort was originally established to determine serum bio-
markers for predicting treatment outcomes after radiother-
apy in patients with locally advanced hepatocellular carci-
noma.

The eligibility criteria were as follows: (1) unresectable pri-
mary hepatocellular carcinoma treated with radiotherapy, 
(2) age > 20 years, (3) Eastern Cooperative Oncology Group 
performance status of 0-2, (4) Child-Pugh class A/B, (5) 
normal liver volume > 1,000 cm3, (6) distance between the 
liver and organs at risk ≥ 0.5 cm, (7) adequate liver function 
(aspartate aminotransferase/alanine aminotransferase < 5 
times the upper limit of normal, total bilirubin < 3.0 mg/dL, 
albumin > 2.5 g/dL, and normal prothrombin time/partial 
thromboplastin time), (8) adequate renal function (creatinine 
< 1.8 mg/dL or creatinine clearance rate > 50 mL/min), and 
(9) bone marrow reserve (absolute neutrophil count ≥ 1,500/
mm3, platelet count ≥ 50,000/mm3; and hemoglobin level  
> 9 g/dL). Patients who received stereotactic body radiother-
apy or previous radiotherapy to the upper abdomen were 
excluded. Ninety-nine patients were enrolled. One patient 
who had received radiotherapy to the head and neck for a 
separate malignancy was excluded, because previous radio-
therapy may have affected the total lymphocyte count. In  
total, 98 patients were analyzed.

Conventional radiotherapy was administered to all pati-
ents, most of whom received the same dose/fractionation. 
Ninety-one patients (92.9%) received 100 Gy in 25 fractions to 
the gross tumor volume and 60 Gy in 25 fractions to the plan-
ning target volume using the simultaneous integrated boost 
technique. Sixty-six patients received combination therapy: 
concurrent hepatic arterial infusion chemotherapy (500 mg/
m2/day of 5-fluorouracil) during the first and fifth week of 
radiotherapy (n=63) [16] or daily tegafur-uracil (n=3). The  
remaining 33 patients received radiotherapy only.

2. Assessment of total lymphocyte count
Peripheral blood counts were measured weekly during  

radiotherapy and then every 1-3 months after radiothera-
py for 1 year. Total lymphocyte count data were classified  
according to the number of months from the initiation of 
radiotherapy. Lymphopenia was graded using the Com-
mon Terminology Criteria for Adverse Events ver. 4.0 [17]. 
A total lymphocyte count from the lower limit of normal to 
800 cells/μL was considered as grade 1; 500-800 cells/μL, 
grade 2; 200-500 cells/μL, grade 3; and < 200 cells/μL, grade 
4. Acute severe lymphopenia (ASL) was defined as a total 
lymphocyte count of < 200 cells/μL during radiotherapy (i.e., 
grade 4 lymphopenia).

3. IL-7 cytokine assays
Blood samples (5-10 mL) were collected in vacutainer 

tubes (BD, Franklin Lakes, NJ) containing ethylenediami-
netetraacetic acid before and at the last day of radiotherapy. 
The blood samples were centrifuged at 3,000 rpm for 10 min-
utes at 4°C to separate the buffy coat and plasma. Additional 
centrifugation for 10 minutes was performed to obtain cell-
free plasma. The plasma aliquots were collected within 1-2 
hours of blood sampling and frozen at –80°C until further 
processing. Plasma IL-7 concentrations were determined 
using a magnetic bead-based 6-plex immunoassay (custom-
ized Procartaplex, Thermo Scientific, Waltham, MA). Briefly, 
standards at different concentrations and patient plasma 
samples were mixed with antibody-linked polystyrene 
beads in 96-well filter-bottom plates and incubated at room 
temperature for 2 hours on an orbital shaker at 500 rpm. The 
plate was inserted into a magnetic plate washer and washed 
twice, followed by incubation with a biotinylated detection 
antibody mixture for 30 minutes at room temperature on an 
orbital shaker at 500 rpm. The samples were washed twice 
and resuspended in streptavidin-phycoerythrin. After incu-
bation for 30 minutes at room temperature, two additional 
washes were performed, and the samples were resuspended 
in reading buffer. Each sample was measured in duplicate 
along with the standards (seven-point dilutions) and buffer 
control. Plates were read on the Luminex MAGPIX System 
(Merck Millipore, Burlington, MA) for quantitative analysis. 
The median fluorescence intensity of the analytes was detect-
ed using the flow-based MAGPIX System (Merck Millipore). 
Cytokine concentrations were calculated using Luminex 
xPONENT 4.2 software. A five-parameter model was used to 
calculate the final concentrations via interpolation.

4. Statistical analysis
Two-sided unpaired or paired t tests were used for statisti-

cal analysis. Survival rates were calculated from the time of 
the initiation of radiotherapy using the Kaplan-Meier meth-
od and compared using the log-rank test. Cox regression 
and binary logistic regression modeling were performed to 
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identify predictors of overall survival and ASL development,  
respectively; backward stepwise selection of variables was 
performed. The predictive value of pre-radiotherapy IL-7 
levels for ASL development was assessed using receiver  
operating characteristic curve analysis. The optimal cut-

off value was determined using Youden’s index. Statistical 
analyses were performed using SPSS ver. 25.0 (IBM Corp.,  
Armonk, NY) and Prism 7 (GraphPad Software, La Jolla, 
CA). Statistical significance was defined as p < 0.05.

 

Results

1. Patient characteristics
The patient, tumor, and treatment characteristics are sum-

marized in Table 1. The median tumor size was 6.5 cm (range, 
1.3 to 21.0 cm), and the median planning target volume 
was 594 cm3 (range, 37 to 5,156 cm3). Most patients (87.8%) 
had Child-Pugh class A disease. Approximately half of the  
patients had Barcelona Clinic Liver Cancer stage C disease. 
The majority of patients had hepatitis B virus infection 
(73.5%). No inflammatory or autoimmune diseases other 
than hepatitis were noted.

2. Changes in total lymphocyte count over time
The mean total lymphocyte count decreased to 27% at 1 

month after the initiation of radiotherapy, recovered to 104% 
of the baseline level at 2 months, and then remained low at 
60%-70% of the initial level from 3-6 months (Fig. 1A). When 
compared to the mean baseline total lymphocyte count (1,122 
cells/μL), the mean total lymphocyte count was significantly 
reduced at 1 month after the initiation of radiotherapy (305 
cells/μL) and at 3 (787 cells/μL), 4 (775 cells/μL), 5 (686 
cells/μL), and 6 months (752 cells/μL) (Bonferroni-adjusted 
p < 0.001). The mean total lymphocyte count at 2 months 
was not significantly different from that at baseline. During  
radiotherapy, 41 of 98 patients (41.8%) developed ASL.

3. Effects of the development of and recovery from radia-
tion-induced lymphopenia on survival outcomes

The median follow-up was 20.5 months (range, 2.8 to 
42.2 months). Patients with ASL had poorer overall survival  
(2-year overall survival rate, 30.3% vs. 50.2%; median, 12.0 
months vs. 25.3 months; p=0.001) and progression-free sur-
vival (2-year progression-free survival rate, 8.1% vs. 20.4%; 
median, 6.4 months vs. 10.2 months; p=0.066) than those 
without. Among patients with ASL, those who recovered 
(total lymphocyte count > 1,000 cells/μL at 2 months, n=20) 
had significantly longer overall survival than those who did 
not (n=21) (2-year overall survival rate, 41.7% vs. 19.0%;  
median, 21.8 months vs. 10.3 months; p=0.042). Patients who 
recovered from ASL had an overall survival similar to that 
of those who initially had no ASL (median, 21.8 months vs. 
25.3 months; p=0.158), while patients who did not recover 
had the poorest overall survival (median, 10.3 months) (Fig. 
1B-E).

Table 1.  Patient characteristics

Characteristic Value (n=98)

Age (yr) 61 (33-80)
Sex 
    Male 78 (79.6)
    Female 20 (20.4)
Viral type 
    B-viral 72 (73.5)
    C-viral 5 (5.1)
    Non-B/Non-C viral 21 (21.4)
Child-Pugh class 
    A 86 (87.8)
    B 12 (12.2)
Liver cirrhosis 
    No 53 (54.1)
    Yes 45 (45.9)
Tumor size (cm) 6.5 (1.3-21.0)
No. of tumors 
    One 43 (43.9)
    Multiple 55 (56.1)
UICC stage 
    Stage II 27 (27.6)
    Stage III 31 (31.6)
    Stage IV 40 (40.8)
BCLC stage 
    Stage A 24 (24.5)
    Stage B 26 (26.5)
    Stage C 48 (49.0)
Portal vein thrombosis 
    No 52 (53.1)
    Yes 46 (46.9)
AFP (ng/mL) 64.4 (1.7-268,408)
PIVKA-II (mAU/mL) 1,616 (15-75,000)
Previous treatment 
    No 51 (52.0)
    Yes 47 (48.0)
Combined treatment  
    Concurrent chemoradiotherapy 66 (67.3)
    Radiotherapy alone 32 (32.7)
Radiation dose (Gy) 100 (60-100)
Planning target volume size (cm3) 594 (37-5,156)
Values are presented as median (range) or number (%). AFP, 
α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; PIVKA-II, 
protein induced by vitamin K absence-II; UICC, Union for Inter-
national Cancer Control.
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In multivariable analysis, Child–Pugh class B disease 
(hazard ratio [HR], 2.27, 95% confidence interval [CI], 1.15 
to 4.49; p=0.018), the Union for International Cancer Control 

stage III/IV (HR, 1.78; 95% CI, 1.27 to 2.50; p=0.001), and ASL  
development (HR, 2.03; 95% CI, 1.24 to 3.31; p=0.005) were 
significant predictors of poor overall survival (Table 2).

Fig. 1.  (A) Changes in the mean (standard deviation) total lymphocyte count (TLC) over time after the initiation of radiotherapy (RT). (B) 
Overall survival according to the presence of acute severe lymphopenia (ASL). (C) Progression-free survival according to the presence of 
ASL. (D, E) Overall survival according to the presence of ASL and the recovery from lymphopenia at 2 months after the initiation of RT.
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4. Effects of IL-7 on the development of and recovery from 
radiation-induced lymphopenia

The median pre- and post-radiotherapy IL-7 levels for all 
patients were 2.22 pg/mL (range, 0.24 to 9.79 pg/mL) and 
2.20 pg/mL (range, 0.20 to 7.33 pg/mL), respectively. Pre-
radiotherapy IL-7 levels were significantly lower in patients 
who developed ASL than in those who did not (mean, 2.07 
pg/mL vs. 3.01 pg/mL; p=0.010) (Fig. 2A). Pre-radiotherapy 
IL-7 levels were significantly positively correlated with the 
total lymphocyte count nadir during radiotherapy (Fig. 2C).

Differences in IL-7 levels before and after radiotherapy 
(post-radiotherapy minus pre-radiotherapy IL-7 levels 
[ΔIL-7]) were significantly higher in patients with ASL than 
in those without (mean, 0.48 pg/mL vs. –0.66 pg/mL; p < 
0.001). The mean IL-7 level was significantly elevated after 
radiotherapy in patients with ASL (pre-radiotherapy vs. 
post-radiotherapy IL-7 levels, 2.07 pg/mL vs. 2.55 pg/mL; 
p=0.029), whereas it was significantly reduced in patients 
without ASL (3.01 pg/mL vs. 2.35 pg/mL, p=0.005) (Fig. 2B). 
The ΔIL-7 was significantly negatively correlated with the 
total lymphocyte count nadir during radiotherapy (Fig. 2D). 
The total lymphocyte count at 2 months after the initiation 
of radiotherapy was significantly positively correlated with 
post-radiotherapy IL-7 levels (Fig. 2E). 

In multivariable analysis, grade ≥ 1 lymphopenia at base-
line (HR, 29.81; 95% CI, 6.54 to 135.82; p < 0.001) and a large 

planning target volume (per 100 cm3 increase; HR, 1.23; 95% 
CI, 1.11 to 1.36; p < 0.001) were significantly associated with 
an increase in the incidence of ASL, while elevated pre- 
radiotherapy IL-7 levels were significantly associated with a 
decrease in the incidence of ASL (per 1 pg/mL increase; HR, 
0.39; 95% CI, 0.22 to 0.69; p=0.001). Hepatitis B virus infec-
tion showed marginal significance (HR, 7.26; 95% CI, 0.98 to 
53.79; p=0.052) (Table 3). In a separate multivariable analysis 
including the mean liver dose instead of the planning target 
volume, pre-radiotherapy IL-7 levels were an independent 
predictor of ASL development as well, along with grade ≥ 1 
lymphopenia at baseline and mean liver dose (S1 Table).

Since pre-radiotherapy IL-7 levels were an independent 
predictor of ASL development, we classified patients into 
high and low pre-radiotherapy IL-7 groups using a cut-off 
value of 2.495 pg/mL (Table 4). The characteristics, except for 
Child-Pugh class and planning target volume, did not dif-
fer significantly between the groups. Twelve of 45 patients 
(26.7%) in the high pre-radiotherapy IL-7 group and 29 of 
53 patients (54.7%) in the low pre-radiotherapy IL-7 group 
developed ASL (p=0.005).

The toxicity profile is shown in S2 Table. Neither pre- nor 
post-radiotherapy IL-7 levels differed significantly according 
to the presence of grade ≥ 2 gastrointestinal or liver toxicity.

 

Table 2.  Analysis of factors associated with overall survival

Variable
                           Univariate analysis                          Multivariate analysis

 HR (95% CI) p-value HR (95% CI) p-value

Age > 60 yr (vs. ≤ 60 yr) 0.63 (0.38-1.02) 0.059 - -
Female (vs. male) 0.86 (0.47-1.59) 0.636 - -
Hepatitis viral infection (vs. no) 1.01 (0.57-1.81) 0.966 - -
Multiple tumors (vs. single tumor) 2.16 (1.30-3.61) 0.003 - -
Liver cirrhosis (vs. no) 1.59 (0.98-2.58) 0.061 1.51 (0.93-2.47) 0.097
Child-Pugh class B (vs. A) 2.74 (1.41-5.31) 0.003 2.27 (1.15-4.49) 0.018
PVTT (vs. no) 1.72 (1.06-2.80) 0.029 - -
Previous treatment (vs. no) 0.75 (0.46-1.23) 0.249 - -
UICC stage III/IV (vs. I/II) 2.24 (1.20-4.20) 0.012 1.78 (1.27-2.50) 0.001
AFP (per 1 ng/mL increase) 1.00 (1.00-1.00) 0.026 - -
PIVKA-II (per 1 mAU/mL increase) 1.00 (1.00-1.00) 0.108 - -
Baseline lymphopenia (≤ 1,000 cells/μL; vs. no) 1.55 (0.95-2.51) 0.079 - -
Combined therapy (vs. radiotherapy alone) 2.25 (1.24-4.08) 0.007 - -
Total radiation dose (per 1 Gy increase) 1.01 (0.97-1.05) 0.788 - -
Pre-radiotherapy IL-7 (per 1 pg/mL increase) 1.00 (0.87-1.14) 0.975 - -
Post-radiotherapy IL-7 (per 1 pg/mL increase) 1.14 (0.96-1.35) 0.146 - -
Acute severe lymphopeniaa) (vs. no) 2.16 (1.33-3.51) 0.002 2.03 (1.24-3.31) 0.005

AFP, α-fetoprotein; CI, confidence interval; HR, hazard ratio; IL-7, interleukin-7; PIVKA-II, protein induced by vitamin K absence-II; PVTT, 
portal vein tumor thrombosis; UICC, Union for International Cancer Control. a)Acute severe lymphopenia was defined as a total lympho-
cyte count of < 200 cells/μL during radiotherapy (i.e., grade 4 lymphopenia). 
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Discussion

We confirmed the previous findings that peripheral local  
radiotherapy can induce systemic lymphopenia and that 
radiation-induced lymphopenia can have detrimental effects  
on survival outcomes [1-6]. Most studies reported these 
findings using retrospective data. Our findings are mean-
ingful because we obtained these results from a prospective  
cohort using a well-controlled blood test protocol and treat-
ment schedule. We also suggest the role of IL-7 in radiation- 
induced lymphopenia based on our findings. 

Emerging evidence suggests that radiation-induced lym-
phopenia has detrimental effects on the pathological respons-
es and survival of patients with various types of cancer [1-6]. 
Since preserving the optimal lymphocyte count in the blood 
may be essential in achieving successful treatment outcomes, 
novel strategies to prevent and reverse radiation-induced 
lymphopenia are urgently needed. To develop these strate-
gies, risk factors for radiation-induced lymphopenia need 
to be identified first. Previous studies have reported various 
radiotherapy-related risk factors, such as photon- vs. proton-
based radiotherapy [18], brain volume receiving 25 Gy [19], 
and conventional vs. stereotactic body radiotherapy [4,20]. A 
previous mathematical model demonstrated that the chance 
of delivering radiation to circulating blood increases as the 
planning target volume and the number of fractions increase 
[21]. In a previous study, we retrospectively evaluated 920 

patients with hepatocellular carcinoma who received radio-
therapy. We found that a low baseline total lymphocyte 
count, large planning target volume, and multiple fractiona-
tions were risk factors for radiation-induced lymphopenia 
[5]. In the current study involving an independent prospec-
tive cohort, a low baseline total lymphocyte count and large 
planning target volume were also risk factors for ASL deve-
lopment, confirming our previous findings. Since most  
patients received the same dose fractionation regimen, we 
were unable to determine the influence of dose fractionation.

In addition to previously known predictors of radiation-
induced lymphopenia, this study also identified an associa-
tion between serum IL-7 levels and radiation-induced lym-
phopenia. To our knowledge, this study is one of the first to 
identify such an association. IL-7 induces lymphocyte prolif-
eration and differentiation by activating various molecular 
pathways [15]. Changes in IL-7 levels precede changes in 
lymphocyte counts. Consistent with this, in our study, pre-
radiotherapy IL-7 levels were significantly positively corre-
lated with the total lymphocyte count nadir during radio-
therapy and were an independent predictor of a reduced risk 
of ASL development. Considering the clinical relevance, we 
focused on the analysis of pre-radiotherapy IL-7 levels.

When patients were divided according to pre-radiothera-
py IL-7 levels (Table 4), the high pre-radiotherapy IL-7 group 
had a significantly lower incidence of ASL, even though 
this group had a larger planning target volume. Consider-

Table 3.  Analysis of factors affecting the development of acute severe lymphopeniaa)

Variable
                           Univariate analysis                          Multivariate analysis

 OR (95% CI) p-value OR (95% CI) p-value

Age > 60 yr (vs. ≤ 60 yr) 0.33 (0.14-0.75) 0.009 - -
Female (vs. male) 0.91 (0.33-2.47) 0.852 - -
Hepatitis viral infection (vs. no infection) 1.22 (0.45-3.28) 0.695 7.26 (0.98-53.79) 0.052
Multiple tumors (vs. single tumor) 1.18 (0.53-2.66) 0.683 - -
Liver cirrhosis (vs. no) 2.42 (1.06-5.51) 0.035 - -
Child-Pugh class B (vs. A) 2.14 (0.63-7.3) 0.224 - -
PVTT (vs. no) 3.86 (1.65-9.01) 0.002 - -
Previous treatment (vs. no) 0.38 (0.16-0.87) 0.022 - -
UICC stage III/IV (vs. I/II) 2.63 (0.99-6.99) 0.053 - -
AFP (per 1 ng/mL increase) 1.00 (1.00-1.00) 0.159 - -
PIVKA-II (per 1 mAU/mL increase) 1.00 (1.00-1.00) 0.012 - -
Baseline lymphopenia (≤ 1,000 cells/μL; vs. no) 11.55 (4.37-30.52) < 0.001 29.81 (6.54-135.82) < 0.001
Combined therapy (vs. radiotherapy alone) 4.89 (1.78-13.44) 0.002 - -
Total radiation dose (per 1 Gy increase) 1.03 (0.96-1.12) 0.384 - -
Planning target volume size (per 100 cm3 increase) 1.08 (1.03-1.12) < 0.001 1.23 (1.11-1.36) < 0.001
Pre-radiotherapy IL-7 (per 1 pg/mL increase) 0.71 (0.54-0.94) 0.015 0.39 (0.22-0.69) 0.001
AFP, α-fetoprotein; CI, confidence interval; IL-7, interleukin-7; OR, odds ratio; PIVKA-II, protein induced by vitamin K absence-II; PVTT, 
portal vein tumor thrombosis; UICC, Union for International Cancer Control. a)Acute severe lymphopenia was defined as a total lympho-
cyte count of < 200 cells/μL during radiotherapy (i.e., grade 4 lymphopenia).
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ing planning target volume as a risk factor for ASL devel-
opment, as shown in other studies [2,5,21], as well as in the 
current study, the high pre-radiotherapy IL-7 group was  
expected to have a higher incidence of ASL. However, it did 
not. Therefore, we assumed that although a large planning 

target volume was associated with an increased risk of ASL 
development, such a risk may be mitigated by a high pre-
radiotherapy IL-7 level.

Furthermore, we observed a complementary feedback 
response of IL-7 on changes in total lymphocyte count dur-

Table 4.  Patient characteristics according to pre-radiotherapy IL-7 levels

Variable 
Low pre-radiotherapy IL-7 High pre-radiotherapy IL-7  

p-value
 (≤ 2.495 pg/mL) (n=53) (> 2.495 pg/mL) (n=45) 

Age (yr) 60±10 62±10 0.489(
Sex   
    Male 39 (73.6) 39 (86.7) 0.109
    Female 14 (26.4) 6 (13.3) 
Viral type   
    B-viral 42 (79.2) 30 (66.7) 0.252
    C-viral 3 (5.7) 2 (4.4) 
    Non-B/Non-C viral 8 (15.1) 13 (28.9) 
Child-Pugh class   
    A 50 (94.3) 36 (80.0) 0.031
    B 3 (5.7) 9 (20.0) 
Liver cirrhosis   
    No 27 (50.9) 26 (57.8) 0.499
    Yes 26 (49.1) 19 (42.2) 
Tumor size (cm) 7.2±4.9 9.1±5.7 0.082
No. of tumors   
    One 26 (49.1) 17 (37.8) 0.262
    Multiple 27 (50.9) 28 (62.2) 
UICC stage   
    Stage II 17 (32.1) 10 (22.2) 0.304
    Stage III 18 (34.0) 13 (28.9) 
    Stage IV 18 (34.0) 22 (48.9) 
BCLC stage   
    Stage A 15 (28.3) 9 (20.0) 0.511
    Stage B 12 (22.6) 14 (31.1) 
    Stage C 26 (49.1) 22 (48.9) 
Portal vein thrombosis   
    No 28 (52.8) 24 (53.3) 0.960
    Yes 25 (47.2) 21 (46.7) 
AFP (ng/mL) 12,311±41,238 8,472±26,004 0.591
PIVKA-II (mAU/mL) 8,927±19,944 10,497±18,939 0.692
Previous treatment   
    No 28 (52.8) 23 (51.1) 0.865
    Yes 25 (47.2) 22 (48.9) 
Combined treatment   
    Concurrent chemoradiotherapy 15 (28.3) 17 (37.8) 0.319
    Radiotherapy alone 38 (71.7) 28 (62.2) 
Highest prescribed radiation dose (Gy) 98±7 99±6 0.272
Planning target volume (cm3) 962±1,140 1,441±1,200 0.045
Mean liver dose (Gy) 38.6±19.9 46.5±22.6 0.072
Values are presented as mean±SD or number (%). AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; IL-7, interleukin-7; PIVKA-II, 
protein induced by vitamin K absence-II; SD, standard deviation; UICC, Union for International Cancer Control.
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ing radiotherapy. The ΔIL-7 was negatively associated with 
total lymphocyte count during radiotherapy. The ΔIL-7 had 
a positive value among patients with ASL and a negative 
value among those without. Changes in serum IL-7 levels 
are known to reflect changes in the population of T-cells that 
consume cytokines [22]. Under lymphopenic conditions, 
T-cells encounter abundant IL-7, leading to homeostatic 
proliferation [23,24]. In contrast, when T-cells over prolifer-
ate, and patients become non-lymphopenic, IL-7 levels are  
reduced due to over consumption, leading to T cell death. 
Our findings are contrary to those of Ellsworth et al. [25]. 
In their study, patients with high-grade glioma treated with 
concurrent chemoradiotherapy showed lymphocyte deple-
tion, but no increase in IL-7 levels. However, in addition to 
the small number of patients (n=11) in that study, IL-7 levels 
were not stratified according to the presence of lymphope-
nia, unlike in the current study. These discrepancies may 
have led to the different interpretations about the role of IL-7 
in radiation-induced lymphopenia.

Our data showed that ASL was an independent predic-
tor of poor overall survival, confirming previous findings  
[1-6]. There were no direct associations between pre- or post-
radiotherapy IL-7 levels and overall survival. Therefore, 
we assumed that high IL-7 levels may indirectly influence 
survival by means of total lymphocyte count preservation. 
The administration of exogenous IL-7 before radiotherapy 
can be a good option to prevent a decline in total lympho-
cyte count during radiotherapy, particularly in patients with 
a high risk of ASL due to a large planning target volume, 
multiple fractionations, or a low baseline total lymphocyte 
count. The effect of exogenous IL-7 on increasing the num-
ber of T lymphocytes has been demonstrated in earlier stud-
ies of human immunodeficiency virus-infected patients and  
patients with melanoma or sarcoma [13,26]. Currently, a clini-
cal study is being conducted to assess the ability of exogenous 
IL-7 to restore the total lymphocyte count after radiotherapy 
[27]. The finding that elevated IL-7 levels after radiotherapy 
were associated with lymphocyte recovery suggests that IL-7 
can also be administered after radiotherapy for lymphocyte 
recovery; this is important because, according to our results, 
ASL recovery mitigated poor survival outcomes. A retro-
spective study of 167 patients with solid tumors treated with  
immune checkpoint inhibitors also showed that rapid  
recovery of the total lymphocyte count is associated with  
improved outcomes [28]. In some patients, IL-7 is not  
secreted despite the low total lymphocyte count during radi-
otherapy, as can be observed in the lower left part of Fig. 2D. 
This may be attributed to the lack of feedback mechanisms.  
Accordingly, those patients may be candidates who may ben-
efit from exogenous IL-7 administration after radiotherapy.

A limitation of our study is that the type of tumor was con-

fined to hepatocellular carcinoma. However, compared with 
other types of tumors, hepatocellular carcinoma has a unique 
feature with regard to radiotherapy-related lymphopenia in 
that the liver harbors a very rich blood supply and the tumor 
itself is hypervascular, leading to a greater amount of blood 
being exposed to radiation, which can maximize the radia-
tion effect and cause lymphopenia [5]. Another limitation, 
considering the dynamic changes in IL-7 levels, is that only 
two samples were obtained. Further studies are needed to 
understand the relationship between the dynamic changes 
in IL-7 levels and radiation-induced lymphopenia. Finally, 
immune reactions during radiotherapy may be related to dif-
ferent types of cytokines and immune cells. However, in this 
study, we only focused on IL-7 levels and total lymphocyte 
counts [29]. Our results should be interpreted with caution, 
and the relationship between various cytokines or immune 
cells and radiation-induced lymphopenia should be addre-
ssed in future studies.

In conclusion, IL-7 levels are associated with the preven-
tion of and recovery from radiation-induced lymphopenia. 
Radiation-induced lymphopenia and no recovery from it 
were associated with poor survival. High IL-7 levels may 
indirectly influence survival by means of total lympho-
cyte count preservation. Therefore, to overcome radiation- 
induced lymphopenia and to enhance the therapeutic effect 
of radiotherapy, a novel strategy using the cytokine IL-7 (e.g., 
the administration of exogenous IL-7) may be considered.
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Introduction

The immune system plays a pivotal role not only in can-
cer recognition but also in monitoring cells for neoantigen 
expression and modulating antitumor activity [1]. Recently, 
the use of immune checkpoint inhibitors (ICIs), such as cyto-
toxic T lymphocyte-associated antigen 4 [2,3], programmed 
cell death receptor-1 (PD-1) and its ligand (PD-L1) [4,5], has 
shown remarkable clinical benefits in the treatment of mela-
noma, lung, renal cell, and prostate cancers [6-8]. However, 
since only a subset of patients respond to ICIs [9], it is of para-
mount importance to identify biomarkers that predict treat-
ment response and outcomes, allowing more efficient and 

timely treatment. 
Defective DNA mismatch repair and PD-L1 expression 

are the only two predictive biomarkers for immunotherapy  
approved by the Food and Drug Administration [10]. Sev-
eral studies have demonstrated that the presence of these 
biomarkers is associated with greater numbers of somatic 
mutations and tumor neoantigens, influencing the sensitiv-
ity of different tumor types (e.g., melanoma, non-small cell 
lung cancer, and mismatch-repair deficient tumors) to ICIs 
[11]. Tumor mutational burden (TMB), an indirect measure of  
tumor-derived neoantigens, is measured through whole-
exome sequencing (WES) or cancer gene panels and is  
another extensively studied biomarker that shows promising 
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potential in predicting treatment response to ICIs [12,13]. The 
homologous recombination DNA damage repair (HR-DDR) 
pathway mutations have also been identified as potential 
indicators of the treatment response to anticancer therapies 
[14]. To date, no research has been conducted to assess the 
correlation between HR-DDR status and TMB or whether 
these biomarkers could jointly better stratify patients regard-
ing their predicted ICI response. 

To better understand the TMB across the spectrum of  
human cancers, we performed a cohort study of 2,332 cancer 
patients who underwent 295- and 1021-gene panel genetic 
testing using a next-generation sequencing (NGS) platform 
at the Sun Yat-sen University Cancer Center (SYSUCC) in 
Guangzhou, China. This study aimed to characterize TMB in 
detail across various cancer types and understand the signifi-
cance of combining TMB and HR-DDR status in predicting 
ICI treatment response using PD-L1 expression as the refer-
ence. 

Materials and Methods
 
1. Patient selection

Data from 2,332 patients who underwent genomic pro-
filing with hybridization capture-based NGS assay from 
January 1, 2017, to January 31, 2020 at the SYSUCC were 
retrospectively retrieved. Eligible patients were defined as 
those with a pathologically confirmed cancer diagnosis. We 
collected clinical data concerning age, sex, smoking status, 

percentage of PD-L1 membranous staining of tumor cells, 
cancer stage, and family history for all patients. 

A subset of patients (n=222) received immunotherapy and 
their treatment response was characterized as complete or 
partial response (CR/PR), stable disease (SD), or progressive 
disease based on the Response Evaluation Criteria in Solid 
Tumor ver. 1.1 criteria (ref). We defined the effectiveness of 
ICI treatment as durable clinical benefit (DCB) or no dura-
ble benefit (NDB). DCB was defined as CR/PR or SD for at 
least one month, whereas NDB was defined as disease pro-
gression within 1 month after the start of ICI treatment. The 
study protocol is summarized in Fig. 1. 

2. Tumor samples and targeted NGS
Paraffin-embedded tumor biopsy or surgical samples were 

retrieved from all patients, with a minimum of 20% tumor 
cells within each tissue for sequencing, which was assessed 
by the examination of hematoxylin and eosin–stained slides 
by a pathologist (Y.-F.F.). We used two targeted sequenc-
ing assays, including the 295 OncoScreen panel containing 
whole exons of 287 genes and selected introns of 22 genes 
(Burning Rock Biotech Ltd., Guangzhou, China) (S1 Table)  
and the 1021-gene panel containing whole exons and  
selected introns of 288 genes and selected regions of 733 
genes (Geneplus-Beijing, Beijing, China) (S1 Table). These 
two gene panels are reliable and have a good correla-
tion in evaluating TMB when compared to TMB assessed  
using WES, respectively (S2 Fig.). Briefly, DNA was extracted 
from the retrieved tumor samples and matched peripheral 
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Fig. 1.  Flowchart illustrating the analytic workflow of the study comprising of TMB calculations from the 295- and 1021-customized  
sequencing panels. HR-DDR, homologous recombination DNA damage repair; NGS, next-generation sequencing; TMB, tumor mutational 
burden.

2,332 Cases between January 2017 and 
January 2020 enrolled in this study

The comprehensive comparison of TMB
based on clinical characteristics

To explore the rational of TMB and
HR-DDR status in use of immunotherapy

using the targeted NGS

OncoScreen 295-Gene panel
(Burning Rock Biotech Ltd. China)

1,740 Cases between January 2017 and 
August 2019 enrolled in this study

1021-Gene panel
(Geneplus-Beijing, Beijing, China)

592 Cases between August 2019 and 
January 2020 enrolled in this study
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blood or adjacent tissue samples and were used for TMB  
assessment and filtering germline mutations across multi-
ple cancer types. DNA fragmentation was conducted using 
a Covaris M220 Focused-ultrasonicator (Woburn, MA), fol-
lowed by end-repair, phosphorylation, and adaptor ligation. 
Barcoded libraries were generated and sequenced for all  

exons, and selected introns of a custom panel of 295 (for 1,740 
patients) and 1,021 (for 592 patients) genes, respectively. All 
indexed libraries were sequenced to a minimal unique cover-
age depth of 100× on a NextSeq 500 platform (Illumina, San 
Diego, CA) and Gene+Seq-2000 (Geneplus-Beijing Institute, 
Suzhou, China). Adaptor sequences and low-quality reads 

Hai-Yun Wang, Pan-cancer Analysis of TMB and HR-DDR

Table 1.  Baseline characteristics of 1,740 and 592 patients across multiple tumor types sequenced with 295- and 1021-gene panels, respec-
tively

Characteristic Total 295-Gene panel 1021-Gene panel p-value

No. of patients 2,332 ( 1,740 ( 592 (
Age, median (range, yr) 55 (1-92) 55 (1-92) 54 (1-86) 
Age at the diagnosis (yr)    
    < 20 60 (2.6) 52 (3.0) 8 (1.4) 0.076
    20-29 87 (3.7) 65 (3.7) 22 (3.7) 
    30-39 226 (9.7) 159 (9.1) 67 (11.3) 
    40-49 424 (18.2) 313 (18.0) 111 (18.8) 
    50-59 668 (28.7) 490 (28.2) 178 (30.1) 
    60-69 602 (25.8) 450 (25.9 152 (25.7) 
    ≥ 70 264 (11.3) 211 (12.1) 53 (9.0) 
    Unknown 1 (  1 ( 
Sex     
    Male 1,253 (53.7) 975 (56.0) 278 (47.0) < 0.001
    Female 1,079 (46.3) 765 (44.0) 314 (53.0) 
Cell differentiationa)    
    Well differentiated  81 (3.5) 67 (3.9) 14 (2.4) 0.001
    Moderately differentiated  824 (35.3) 588 (33.8) 236 (39.9) 
    Poorly differentiated 1,013 (43.4) 750 (43.1) 263 (44,4) 
    Unknown  414 (17.8) 334 (19.3) 79 (13.3) 
TNM stage    
    I 126 (5.4) 85 (4.9) 41 (6.9) 0.007
    II 202 (8.7) 157 (9.0) 45 (7.6) 
    III 424 (18.2) 320 (18.4)  104 (17.6) 
    IV 1,087 (46.6) 835 (48.0) 252 (42.6) 
    Unknown  493 (21.1) 343 (19.7)  150 (25.3) 
Smoking historyb)    
    Never  1,720 (73.8) 1,250 (71.8) 470 (79.4) 0.001
    Current/Former 383 (16.4) 309 (17.8)  74 (12.5) 
    Unknown  229 (9.8) 181 (10.4) 48 (8.1) 
Family tumor history    
    No  1,665 (71.4) 1,191 (68.4) 474 (80.1) < 0.001
    The first degree relatives who had 274 (11.8) 191 (11.0) 83 (14.0) 
    The other relatives who had 50 (2.1) 40 (2.3) 10 (1.7) 
    Unknown  343 (14.7) 318 (18.3) 25 (4.2) 
Patients with tumor history    
    No  585 (25.0) 10 (0.6) 572 (96.6) < 0.001
    Yes 73 (3.1) 53 (3.1) 20 (3.4) 
    Unknown  1,667 (71.9) 1,677 (96.4) 0 ( 
Values are presented as number (%). TNM, tumor-node metastasis. a)Only indicating tumors from epithelial origins, b)Never smoking his-
tory defined as less than 100 cigarettes in lifetime, former smoker defined as more than 10 pack-years and quit more than 15 years ago, 
current smoker defined as using tobacco at the time of study enrollment.
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were removed, and the clean reads in the FASTQ format 
were mapped to the reference human genome (hg19) using 
the Burrows-Wheeler Aligner (ver. 0.7.10-r1039). Local align-
ment optimization, variant calling, and annotation were 
performed using GATK (ver. 3.4-46-gbc02625), MuTect, and 
VarScan, respectively. To normalize the somatic TMB across 
the 295- and 1021-gene panels, the total number of mutations 
was divided by the number of coding regions captured in 
each panel (1.02 and 1.60 mega-bases [Mb], respectively). 

3. TMB assessment
The calculation of TMB was performed using Ion Reporter 

Analysis Software v5.10 (IR) using the Oncomine Tumor 
Mutation Load w2.0 workflow (Thermo Fisher Scientific, 
Waltham, MA). From both the 295- and 1021-gene panel 
targeted profiling samples, we calculated the numbers of 
somatic missense mutations, nonsense mutations, and cod-
ing indels by the number of exonic bases with at least 500× 
coverage, and display the findings as the number of muta-
tions per Mb of captured genome. Fusions, copy number 
variations, and non-coding mutations were not counted [15]. 
The default limit of detection was set at 5% allelic frequency 
and adjusted to 10%, depending on the presence of poten-
tial deamination artifacts. Subsequently, we examined the 
frequency of common oncogenic mutations, such as muta-
tions in TP53, KRAS, and PIK3CA, found in cancers and their  
association with TMB. We also analyzed the mutation status 
of homologous recombination deficiency (HRD) genes, which 
are defined as frame-shift mutations, premature stop codons,  
mutations shown to disrupt natural splicing, and point  
mutations [16] associated with the TMB spectrum in a subset 
of 222 patients.  

4. Immunohistochemistry for PD-L1 expression
Formalin-fixed, paraffin-embedded tissue blocks were 

sectioned at 4 µm for PD-L1 expression using monoclonal 
antibodies against Ventana PD-L1 (SP142 assay on Ven-
tana Benchmark Ultra, Ventana Medical Systems, Tucson, 
AZ), based on previously described methods [17]. The sec-
tions were then dried and adhered to the slides by baking 
at 60°C for 1 hour. Immunohistochemical staining was con-
ducted on automated platforms according to the manufac-
turer’s instructions. According to the current convention for 
PD-L1 expression assessment, the percentage of tumor cells 
with membranous staining was scored using the Olympus  
micro-scope by two pathologists (Y.-F.F. and Y.H.). In cases 
of disagreement, a consensus was reached after joint review  
using a multihead microscope. Different thresholds for PD-L1  
expression were determined to be ≤ 1% and > 1%. 

5. Statistical analysis
Descriptive statistics were used to characterize the demo-

graphic and clinical features of patients using the mean or 
median values for continuous variables. The significance 
of differences in baseline characteristics was assessed using  
the unpaired t test and Fisher exact test among patients 
tested using the two gene panels. The nonparametric Mann-
Whitney U test was used to test for differences in the median 
values of TMB between the 295- and 1021-gene panels. The 
correlations between TMB, HR-DDR status, and ICI treat-
ment response were examined using Spearman rank cor-
relation coefficients. All statistical analyses were performed 
using Stata ver. 14.0 (StataCorp LLC, College Station, TX), 
GraphPad Prism 7.04 (GraphPad Software Inc., San Diego, 
CA), and R ver. 3.3.3 software (http://www.R-project.org). A 
p-value < 0.05 was considered statistically significant.

Results

1. Patient characteristics
The demographic and clinical characteristics of the enrol-

led patients are detailed in Table 1. The median age at diag-
nosis was 55 years (range, 1 to 92 years); 53.7% of patients 
were male and 16.4% were current or former smokers. Smok-
ing status was known for 2,103 patients, including 383 smok-
ers (16.4%). The distribution of cancer types is illustrated in 
Fig. 2A. The most common cancer type was colorectal cancer 
(CRC; n=681, 29.2%), followed by lung cancer (n=510, 21.9%), 
melanoma (n=232, 10.0%), and gastric cancer (n=143, 6.3%). 
Histologically, 1,582 of the cases (67.8%) were adenocarci-
noma, irrespective of tumor origin (Fig. 2B). The other his-
topathological types included mesenchymal tumors, squa-
mous cell carcinoma, and adeno-squamous cell carcinoma. 

2. Landscape of TMB 
In total, 2,332 tumor samples were successfully sequenced 

using the 295- and 1021-gene panels. The overall median 
TMB was 6 (range, 2 to 227) and 7 (range, 2 to 802) mutations 
per Mb for the 295- and 1021-gene panels, respectively (p < 
0.001) (S3 Fig.). This correlation of the TMB value in the 295- 
and 1021-gene panel was similar (R2=0.9655) (S4 Fig.). Not 
surprisingly, sex and smoking status were associated with 
median TMB (p < 0.001 for sex and smoking status) (S5 Fig.).  

Among all cancer types, the median TMB ranged from 3 
to 10 with the lowest median of 3 (range, 2 to 9) noted in 
salivary gland carcinoma (n=46) and the highest median 
of 10 (range, 3 to 41) noted in esophageal carcinoma (n=19) 
(Fig. 3A, S6 Table). The median TMB was 7 (range, 2 to 802) 
among CRC patients, and was greater when using the 1021-
gene panel (median, 8; range, 2 to 802) than when using 
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the 295-gene panel (median, 7; range, 2 to 145) (p < 0.001)  
(Fig. 3B). Among patients with endometrial, gallbladder, 
liver, or gastric cancer, the difference in median TMB was 
also statistically significant when comparing the 295- and the 
1021-gene panels (p < 0.05) (Fig. 3B, S6 Table). Although a 
similar trend was also noted for lung cancer, the difference 
was not statistically significant (median, 6; range, 2 to 37 for 
the 295-gene panel; and median, 7; range, 2 to 55 for the 1021-
gene panel [p=0.3066]) (Fig. 3B). Comparisons of median 
TMB values for other cancer types are shown in S6 Table. 

The most common histological subtype was adenocarci-
noma (67.8%, 1,582/2,332). The median TMB was 6 among 
patients with adenocarcinoma, and there was a statistically 
significant difference between the two gene panels (median, 
6; range, 2 to 145; median, 7; range, 2 to 802; p < 0.001) (Fig. 
3C and D, S7 Table). The median TMB was 10 in squamous 
cell carcinoma when using the 1021-gene panel, which was 
higher than that when using the 295-gene panel (p=0.003) 
(Fig. 3, S7 Table). Relatively low median TMB values were 
found among patients with mesenchymal tumors (median, 
4; range, 2 to 227) and blastoma (median, 4; range, 2 to 12) 
(Fig. 3C), with no significant difference observed between 
the two panels (Fig. 3D). Please refer to S7 Table for more 
details.

In lung cancer, the most common histological subtype was 
adenocarcinoma (401/507, 79.1%). The median TMB was 
higher for squamous cell lung cancer than for adenocarcino-

ma (p=0.014) (S8A Fig.). Regarding CRC, there was no differ-
ence in median TMB between the left- and right-sided colon, 
irrespective of the gene panel used (p=0.129 and p=0.745) 
(S9A and S9B Fig.). 

Mutations in TP53 were observed among 1,241 of the 1,993 
patients analyzed (62.2%) (S10A Fig.). KRAS mutations were 
observed in 517 of the 1,993 patients (26.0%), including 304 
patients with CRC (58.8%), indicating that mutated KRAS 
was probably associated with higher TMB in CRC patients. 
PIK3CA mutations were enriched in nine out of 14 patients 
with a median TMB > 100. The relationship of mutation 
types and frequencies in the other main genes with TMB are 
summarized in S8A Fig. Mutations in ARID1A were most 
frequent among patients with high TMB (25.3%, 191/754), 
followed by BRCA2 (21.4%, 161/754) and ATM (19.0%, 
143/754) (S10B Fig.). 

3. TMB, HR-DDR status, and immunotherapy response
The characteristics of the 222 patients treated with ICIs are 

described in Table 2, mainly comprising patients with mela-
noma (n=107, 48.2%) and lung cancer (n=34, 15.3%). The lists 
of HR-DDR–related genes in each panel are included in S11 
Table, and the detailed mutations are shown in S12 Table. 
The prevalence of HR-DDR mutations was 15.8% (n=35), 
and the proportion of cases with DCB was 46.8% (n=103). We 
did not observe a significant difference in treatment response 
between cancer types in the subset of patients receiving ICIs 

Hai-Yun Wang, Pan-cancer Analysis of TMB and HR-DDR

Fig. 2.  The number of patients was calculated using the 295- and 1021-gene panels, and defined by cancer types (A) and pathological 
subtypes (B), respectively. SCC, squamous cell carcinoma. Unknown cancer types denote the sites of primary tumor were not available. 
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(S13 Table). Among the patients with colorectal cancer, 13 out 
of 16 patients had a DCB response, partially due to the posi-
tive status of the HR-DDR pathway (12/16) and high TMB 
in patients with TMB > 10 (14/16). However, there were no 
positive correlations between ICI treatment and HR-DDR–
positive status and/or high TMB in patients with melano-
ma or lung cancer. We found a higher median TMB among  
patients with HR-DDR mutations than among those without 
HR-DDR mutations (p < 0.001) (Fig. 4). Interestingly, patients 
with HR-DDR mutation and high TMB had better disease 
control than patients with low TMB (p < 0.001) (Fig. 4). Spe-

cifically, in the HR-DDR mutant subgroup, there were two 
CRC patients with Lynch syndrome that had a DCB with a 
median TMB of 79 and 80 Muts/Mb, respectively. Interest-
ingly, we found that 14 patients exhibited a median TMB 
value > 100, of whom eight patients had CRC. More impor-
tantly, 6 of 14 were patients with microsatellite instability–
high (MSI-H) mutations and four patients had POLE/POLD1 
mutations. The genomic landscapes of the remaining four 
patients without MSI-H or POLE/POLD1 mutations are also 
provided in S14 Fig. 

Among the 116 in whom PD-L1 expression could be evalu-

Cancer Res Treat. 2021;53(4):973-982

Fig. 3.  TMB distributions across the different cancer types and pathological subtypes. Overview of the median TMB (log10-transformed) 
across different cancers (A) and pathological types (C). The comparison of TMB value (log10-transformed) defined by two different gene 
panels in cancers (B) and pathological types (D). SCC, squamous cell carcinoma; TMB, tumor mutational burden.
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ated (S15 Fig., S16 Table), 52 patients were defined as hav-
ing PD-L1 expression ≤ 1% and had a median TMB of 5. 
The remaining 64 patients were classified as having PD-L1 
expression > 1% and had a median TMB of 5. There was no 
statistically significant correlation between TMB and PD-
L1 expression. No clear difference was detected in the ICI  
response by PD-L1 expression status, without taking TMB 
into account. 

Hai-Yun Wang, Pan-cancer Analysis of TMB and HR-DDR

Fig. 4.  The efficacy associated with TMB, HR-DDR mutation 
status PD-L1 expression among patients who received ICI treat-
ment. DCB, durable clinical benefit; HR-DDR, homologous 
recombination DNA damage repair; ICIs, immunotherapy  
inhibitors; NDB, no durable benefit; PD-L1, programmed death 
ligand-1; TMB, tumor mutational burden. 
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Table 2.  The characteristics of patients administrated by ICIs 
treatment

Characteristic No. (%)

No. of patients 222 (
Age, median (range, yr) 54 (2-87)
Sex  
    Male 122 (55.0)
    Female 100 (45.0)
Clinical TNM stage 
    I 2 (0.9)
    II 23 (10.4)
    III 43 (19.4)
    IV 98 (44.1)
    Could not be assessed 56 (25.2)
Tumor types  
    Cervical cancer 14 (6.3)
    Colorectal cancer 16 (7.2)
    Endometrial cancer 1 (0.5)
    Esophageal carcinoma 3 (1.4)
    Gallbladder cancer 2 (0.9)
    Gastric cancer 9 (4.1)
    Liver cancer 10 (4.5)
    Lung cancer 34 (15.3)
    Melanoma 107 (48.2)
    Ovarian cancer 3 (1.4)
    Pancreatic cancer  7 (3.2)
    Sarcoma  4 (1.8)
    Carcinoma of other sites 12 (5.4)
Smoking historya) 
    Never  174 (78.4)
    Current/Former 37 (16.7)
    Unknown  11 (4.9)
HR-DDR statusb) 
    Positive 35 (15.8)
    Negative 187 (84.2)
Treatment 
    Camrelizumab 11 (5.0)
    Nivolumab 39 (17.6)
    Nivolumab+Pembrolizumab 19 (8.6)
    Pembrolizumab 119 (53.6)
    Others 34 (15.3)
PD-L1 expression  
    ≤ 1% 55 (24.8)
    > 1% 70 (31.5)
    Unknown  97 (43.7)
Best overall response   
    CR/PR 36 (16.2)
    SD 68 (30.6)
    PD 91 (41.0)
    Unknown  27 (12.2)
(Continued)

Table 2.  Continued

Characteristic No. (%)

Clinical benefit  
    DCB 104 (46.8)
    NDB 92 (41.0)
    Unknown  27 (12.2)
CR, complete response; DCB, durable clinical benefit; HR-DDR, 
homologous recombination DNA damage repair; ICIs, immune 
checkpoint inhibitors; NDB, no durable benefit; PD, progres-
sion disease; PD-L1, programmed death-ligand 1; PR, partial 
response; SD, stable disease; TNM, tumor-node metastasis.  
a)Never smoking history defined as less than 100 cigarettes in 
lifetime; Former smoker defined as more than 10 pack-years 
and quit more than 15 years ago, and current smoker defined as  
using tobacco at the time of study enrollment, b)HR-DDR posi-
tive status defined as frame-shift mutations, premature stop 
codons, mutations shown to disrupt natural splicing, and point 
mutations. 
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Discussion

In this study, we evaluated and compared TMB distri-
butions using two commercially customized NGS panels 
in 2,332 cancer patients and further assessed the treatment 
response in relation to TMB and HRD status in a subset of 
patients who received ICI therapy (n=222). The novelty of 
this study includes a comprehensive description of TMB 
among more than 20 cancer types with detailed information 
on pathological subtypes. The finding of a better treatment 
response in relation to high TMB plus HR-DDR mutant sta-
tus among ICI-treated patients is another novelty. 

The targeted panel size has been linked to the accuracy 
of TMB estimation [15]. A sequencing panel comprising 
more than 300 cancer-related genes can help predict TMB, 
whereas a panel comprising fewer than 150 genes has poor 
performance [18]. However, Ma et al. [19] reported that the 
106-CDS (coding sequencings) mutation panel was also reli-
able in the estimation of TMB. We used both a 1.02-Mb (295 
genes) and a 1.60-Mb (1021 genes) NGS panel, which have 
been used previously in many investigations [14,19-23] and 
are both sufficient for accurate TMB estimation, in the pre-
sent study. The median TMB was similar (6 vs. 7 mutations/
Mb), indicating that diagnostic NGS panels targeting several 
hundred genes could accurately measure TMB and might be 
clinically useful.

The present results show that esophageal carcinoma pati-
ents had comparatively higher median TMB than other can-
cer patients, and most of these patients had squamous cell 
carcinoma. Smokers had a greater TMB than non-smokers. 
Many studies have demonstrated that smokers have high-
er TMB than non-smokers [24] and smoking is a major risk 
factor for lung squamous cell carcinoma [25]. Accordingly, 
we observed a higher TMB in patients with squamous cell 
lung cancer in the present study. Furthermore, a lower TMB 
was found in patients with salivary gland carcinoma than in  
patients with other cancers, in agreement with a previous 
study reporting low TMB (range, 3 to 6) in patients with sali-
vary gland carcinoma [26].

Mutations in a number of genes have been found to be 
responsible for increased TMB [27], which is important to 
better understand this key driver of cancer progression and 
its related molecular mechanisms. Altered microsatellite loci 
and increased TMB are known to correlate positively [28]. 
POLE/POLD1 is a key pathway for DNA replication in which 
defects can lead to an increased somatic mutation rate [29]. 
In the present study, the highest mutation rate was noted 
for TP53. This is similar to other studies showing that loss 
of TP53 following somatic mutation, copy number loss, and 
epigenetic silencing are very common in cancer and can 
be associated with increased mutation frequency [30]. Our 

study showed that KRAS gene mutations mostly occurred in 
CRC patients who commonly had a high TMB, which was 
in line with a previous study demonstrating that the medi-
an TMB was higher among KRAS-mutant patients than in 
KRAS-wild patients [31]. 

In addition to TMB, other molecular features have also 
been hypothesized to affect the treatment response of ICIs. 
For example, HR-DDR deficiency has been associated with 
a better response to platinum-based neoadjuvant therapy 
in breast cancer [32]. Perturbations of HR-DDR are con-
sidered deleterious to genomic integrity [16]. Several stud-
ies have reported that PD-1/PD-L1 expression has limited 
predictive power for treatment response to ICIs, although 
ICIs targeting PD-1/PD-L1 offer a novel treatment avenue 
in some cancer types, such as CRC, lung cancer, metastatic 
urothelial carcinoma, and melanoma [10,33,34]. In a clinical 
trial, TMB was shown to be more strongly associated with 
response to ICIs than PD-L1 expression [35]. To date, little 
has been reported regarding the relationship between altera-
tions of HR-DDR pathways, PD-L1 expression, and TMB. A 
recent study showed that neither TMB nor PD-L1 expression 
correlated with the ICI response and TMB was not signifi-
cantly associated with PD-L1 expression in metastatic renal 
cell carcinoma. However, an enrichment of mutations in 
HR-DDR in patients with disease control was notably dis-
played compared with the progression disease group [36]. 
In the present study, we described the correlations between 
HR-DDR status, PD-L1 expression, and TMB. Patients with 
HR-DDR–positive status had a higher TMB and better treat-
ment response to ICIs than patients with HR-DDR–negative 
status. There was no significant association between PD-L1 
expression and ICI response, indicating that HR-DDR and 
TMB might be better markers for ICI response than PD-L1 
expression. We also found that 11 out of 14 patients with a 
TMB > 100 had HR-DDR gene mutations, corroborating a  
recent study that found alterations in DDR genes were 
strongly associated with a clinical benefit in patients with 
metastatic urothelial carcinoma [33].  

The present study has two limitations. We did not use a 
TMB cutoff value in analyses mainly because it is a continu-
ous variable without a clearly defined cutoff point below 
which responses do not occur and above which a response 
is guaranteed. Each cancer type might have a specific cutoff 
value that may be identified with the accumulation of more 
cases of each cancer type in a subsequent study. The current 
study had a large sample size, whereas a small number of 
patients who lacked follow-up data were analyzed in the 
association of ICI response and TMB and HR-DDR status, 
which may limit the power of conclusions. A large cohort 
size is needed to determine the causal relationship between 
HR-DDR status and TMB. 
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Our findings show that two customized NGS assays target-
ing 1.02- and 1.6-Mb of the coding genome could accurately 
assess TMB in clinical settings, and patients with HR-DDR 
gene alterations are more likely to have higher TMB and  
experience better responses to ICIs. Additional investigation 
is warranted to evaluate the mechanisms that link together 
HR-DDR alterations, TMB, and responses to immunothera-
py, which might represent a useful predictive biomarker for 
ICI therapy. 
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Introduction

Intracranial germinomas are relatively rare tumors, accou-
nting for about 3% of primary pediatric brain tumors world-
wide, but in East Asia show a higher proportion of 10% [1]. 
Although the traditional cure rate is over 95% with radio-
therapy (RT) [2], RT could produce late complications, such 
as hormone insufficiency, secondary malignancy, and neu-
rocognitive dysfunction. For concern over the toxicities, the 

omission of RT was previously attempted, but caused a high 
rate of failure and survival compromise [3]. Thus, previous 
studies have tried to decrease the dose and volume of RT over 
concerns with RT complications [4-15]. However, the optimal 
intensity of RT is still under debate, and various patterns of 
treatments, including craniospinal, whole brain (WB), whole 
ventricle (WV), involved-field RT alone, and with or without 
chemotherapy are applied in the clinics [16].

In the present study, we retrospectively analyzed 189 cas-

Original Article

Cancer Res Treat. 2021;53(4):983-990https://doi.org/10.4143/crt.2020.1052

pISSN 1598-2998, eISSN 2005-9256

Purpose  We aimed to refine the radiotherapy (RT) volume and dose for intracranial germinoma considering recurrences and long-
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es of intracranial germinomas that had been pathologically 
proven. For 25 years, our policy of treatment in intracranial 
germinomas has changed over time from craniospinal RT 
alone, to modified RT with reduced field and upfront chemo-
therapy. From the cohort of intracranial germinomas in this 
institute, we could analyze the pattern of failures and toxici-
ties according to the intensity of RT. The present study aimed 
to find the optimal volume and dose of RT to secure oncologi-
cal safety and minimize late toxicities in intracranial germi-
nomas. 

Materials and Methods
 
1. Patients

The medical records of 195 patients with intracranial ger-
minoma who underwent RT from January 1981 to December 
2015 were retrospectively reviewed. Inclusion criteria were 
as follows: (1) intracranial germinoma, newly diagnosed 

by histologic exam; and (2) RT alone or CRT (radiotherapy 
with upfront chemotherapy). Of these 195 patients, 189 met 
the inclusion criteria. The reasons for exclusion were non-
germinomatous elements on pathologic examination (except 
for nonmalignant teratoma) (n=3), refusal or incompletion of 
radiotherapy (n=2), and incompletion or insufficient docu-
mentation (n=1). 

The median age was 15 years (range, 4 to 47 years)  
(Table 1). Male patients were 151 (79.9%), while females were 
38 (20.1%). The number of patients with Eastern Coopera-
tive Oncology Group score (0-1), 2, and (3-4) was 156, 22, and 
11, respectively. Presenting signs and symptoms were diabe-
tes insipidus (n=64, 33.9%), visual impairment or diplopia 
(n=59, 31.2%), headache (n=40, 21.2%), and vomiting (n=26, 
13.8%). 

The primary tumors in the patients without seeding were 
most frequently located in the suprasellar region (n=61) or 
pineal region (n=63). Also, germinomas arising only in basal 
ganglia or thalamus were found in 29 patients.

Solitary disease was defined as solitary lesion of germino-
ma without evidence of dissemination (negative craniospi-
nal fluid [CSF] cytology and negative imaging). Bifocal dis-
ease was defined as radiological detection of bifocal tumors 
in the pineal or the suprasellar or basal ganglia/thalamus  
regions with negative CSF cytology and imaging. Initial pos-
itive seeding was defined as the presence of an intracranial 
multiple lesions (except bifocal disease), spinal metastases, 
or tumor cells in CSF. According to this definition of disease, 
of 189 patients, 119 had solitary disease, and 25 had bifocal 
disease. Initial positive seeding in the ventricle or spine was 
detected in 45, as determined by magnetic resonance imag-
ing (n=22), cerebrospinal fluid cytology (n=10), and both 
(n=13) (Table 1). 

The tumor marker level was unavailable in three patients. 
The serum human chorionic gonadotropin level was unde-
tectable in 133 patients, ≤ 50 mIU/mL in 46 patients, and > 
50 mIU/mL in seven patients. The α-fetoprotein (AFP) level 
was considered normal when it was ≤ 11 ng/mL; however, 
the AFP level was greater or fluctuating in patients with 
chronic hepatitis. The AFP level was ≤ 5 ng/mL in 177 pa-
tients, 7-11 ng/mL in six patients, and 22-30 ng/mL in three 
hepatitis B virus carrier.

2. Treatment
Of the 189 patients, 50 underwent RT alone, and 139  

underwent CRT. RT alone was applied to 40 patients bet-
ween 1982 and 1999, and CRT was introduced from 1992. 
CRT was applied to 11 patients between 1992 and 1999. After 
1999, the main treatment policy had been changed to CRT 
(n=136). However, 10 patients (20% of RT alone) received RT 
alone after 1999 due to comorbidities (n=3), patients’ refusal 
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Table 1.  Patient characteristics

Factor Value

Age (yr) 15 (4-47)
Sex 
    Male    151 (79.9)
    Female    38 (20.1)
ECOG PS 
    0-1   156 (82.6)
    2     22 (11.6)
    3-4     11 (5.8)
Tumor site 
    Solitary 
        Suprasellar    41 (21.7)
        Pineal    46 (24.3)
        BG/Thalamus    29 (15.3)
        Othersa)     3 (1.6)
    Bifocal 
        Suprasellar and pineal    15 (7.9)
        Suprasellar and other     5 (2.6)
        Pineal and other     2 (1.1)
        Othersb)     3 (1.6)
    Seeding (+) 
        CSF cytology (+)     10 (5.3)
        Multiple lesions in MRI (+)     22 (11.6)
        CSF cytology and MRI (+)     13 (6.9)
Values are presented as median (range) or number (%). BG, basal 
ganglia; CSF, craniospinal fluid; ECOG PS, Eastern Cooperative 
Oncology Group performance status; MRI, magnetic resonance 
imaging. a)Including frontal lobe and temporal lobe, b)Including 
temporal lobe, and midbrain.
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of chemotherapy (n=5) or other reasons (n=2). 
In the RT alone group (n=50), craniospinal RT was fol-

lowed by involved-field RT boost, except for five patients 
with poor performance (Table 2). The craniospinal axis dose 
was 24 Gy (range, 20 to 30 Gy) for those with initial negative 
seeding, but 30 Gy (range, 24 to 36 Gy) for those with initial 
positive seeding. The primary tumor dose was 54 Gy (range, 
45 to 57 Gy).

In the CRT group (n=139), upfront chemotherapy was 
undertaken with two cycles (range, one to four) of bleomy-
cin, etoposide, and cisplatin or etoposide and cisplatin for 
66 patients > 18 years old, five cycles (range, 1 to 5) of cis-
platin, etoposide, cyclophosphamide, and vincristine (CCG 
9921A or 9931A) for 67 patients, and “8-in-1” (solumedrol, 
vincristine, lomustine, procarbazine, hydroxyurea, cispl-
atin, cytosine arabinoside, and cyclophosphamide) for four  
patients. In the CRT group (n=139), extended-field RT,  
including craniospinal RT, WB RT, and WV RT, was followed 
by involved-field RT boost, of which the extent depended on 
the initial tumor extent or preferences of physicians (Table 
2). Involved-field RT alone without extended-field RT after 
upfront chemotherapy was performed in 28 patients. Of the 
28 patients, three patients had initial positive seeding in the 
periventricular area, although after upfront chemotherapy, 
the seeding lesions were disappeared in the magnetic reso-
nance imaging. Extended-field dose was 23 Gy (range, 16 to 
39 Gy). The radiation dose to the primary tumor depended 
on the response to upfront chemotherapy. To the primary 
tumor, patients showing complete response (CR) to upfront 
chemotherapy received 45 Gy (range, 25 to 50 Gy), and  
patients not showing CR received 50 Gy (range, 45 to 55 Gy) 

(p < 0.001). The patients in the RT-alone group had a signifi-
cant tendency to undergo craniospinal RT, rather than cra-
nial RT or involved-field RT alone, and high dose of both the 
extended-field and involved-field RT (p < 0.001, p < 0.001, 
and p < 0.001, respectively). 

Germinoma located only in the basal ganglia or thalamus 
without initial seeding were found in 29 patients. Of the 29 
patients, six patients underwent RT alone with craniospinal 
RT, and 23 patients underwent CRT with involved-field RT 
alone (n=7), WV RT (n=10), WB RT (n=4), and craniospinal 
RT (n=2).

3. Toxicities
Patients with initial hormone deficiency at diagnosis 

(n=67) were excluded from counting the number of patients 
requiring hormone-replacement therapy for the analysis 
of toxicities. Patients with insufficient follow-up duration 
lower than 36 months (n=10) were excluded from count-
ing the number of patients in the analysis of the secondary 
malignancy. For the analysis of school activity, we excluded 
69 adult patients and counted the number of patients who 
could return to their own grade of school without flunking 
after the completion of radiotherapy among the school-aged 
child or adolescent.

Neurocognitive dysfunction was defined as a subjective 
report of having a severe disability in learning memory, 
attention, processing, and executive functioning limiting 
school performance at school-age, or occupational activities 
at adult age. Neurocognitive dysfunction was assessed regu-
larly with subjective questionnaire in the outpatient clinics 
of the department of radiation and pediatric oncology or 

Joo Ho Lee, Radiotherapy for Intracranial Germinoma

Table 2.  Field of radiotherapy and pattern of recurrence

     Recurrence

Tumor site CTx RT field No.                              Intracranial  
Spinal

    In-field Out-field

Solitary/Bifocal   (–) WB 5 1 - 2
  CSA 36 2 - -
 (+) IF only 25 1a) 4+1a) -
  WV 54 - - 1
  WB 3 - - -
  CSA 21 - - -
Multifocal/Seeding (–)  CSA 9 - - -
 (+) IF only 3 - 2 -
  WV 2 - - -
  WB 1 - - -
  CSA 30 - - -

CSA, craniospinal axis followed by involved-field boost; CTx, chemotherapy; IF, involved-field; RT, radiotherapy; WB, whole brain fol-
lowed by involved-field boost; WV, whole ventricle followed by involved-field boost. a)Combined intracranial in-field and out-field recur-
rences in a case.
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the pediatric clinic of long-term survivors. We excluded 10  
patients in pre-school age, 18 patients inaccessible to the 
medical records of regular neurocognitive questionnaire, 
and 11 patients with poor performance, Eastern Cooperative 
Oncology Group (ECOG) 3-4 at diagnosis.  

4. Statistical analysis
Analyses were performed using SPSS ver. 18 (SPSS Inc., 

Chicago, IL). We used the chi-square test for categorical vari-
ables, and a Student’s t test for continuous variables. Overall 
survival (OS) and recurrence-free survival (RFS) were calcu-
lated as the interval from the date of diagnosis to the date of 
death, and to the date that death or progression was detect-
ed, respectively. Survival curves were generated using the 
Kaplan-Meier method, and univariate survival comparison 
was performed using the log-rank test. A value of p < 0.05 
was considered statistically significant. 

Results

1. Response to RT and upfront chemotherapy
In the RT-only group, 30 patients (60.0%) had a CR and 20 

(40.0%) a partial response (PR) at 3 months after RT. All the 
PR patients had a CR by 21 months, and no progression was 
observed. In the CRT group, the response to upfront chemo-

therapy was a CR in 74 patients (56.5%), a PR in 57 (43.5%), 
and stable/progressive disease in eight patients, according 
to an imaging study before radiotherapy. After radiotherapy 
following chemotherapy, all patients except one were trans-
ited to a CR at 3 months after RT. One case of a delayed CR 
was observed at 9.5 months.  

2. Failures and survival patterns 
The median follow-up duration was 116 months (range, 3 

to 358 months), from the date of diagnosis. In the RT alone 
group, the median follow-up duration was 112 months 
(range, 3 to 358 months), while in the CRT group, 117 months 
(range, 8 to 308 months) (p=0.470). The relapses developed 
in five patients (10.0%) in the RT alone, and eight patients 
(5.8%) in the CRT group (Table 2). Regarding the RT field, 
the out-field recurrence was in two patients in the RT alone 
group, who did not receive spinal irradiation. The other 
three patients of recurrence after RT alone showed in-field 
recurrence at the periventricular area. Otherwise, in the CRT 
group, all of the eight patients showing recurrence experi-
enced out-field recurrence. Except for one patient of spinal 
recurrence, seven patients of eight received the involved-
field RT alone, without any extended-field RT. 

Regarding the radiation dose in CRT group, low dose down 
to 18 Gy to cranial field exhibited no cranial recurrence (Table 
3). For positive seeding, low dose down to 23 Gy showed 
no spinal recurrence. For the involved-field boost after the 
upfront chemotherapy, low dose down to 30 Gy (range, 26 to 
30 Gy) in the patients with CR to the upfront chemotherapy 
showed no primary recurrence (n=9).

Low dose down to 45 Gy in the patients with partial or sta-
ble response showed one recurrence of 19 patients. However, 
the recurrence of one patient extended from multiple intrac-
ranial recurrences to the primary site after the involved-field 
RT alone. 

The OS rate at 10 years was 85.2% in the RT alone, and 
92.8 % in the CRT group (p=0.066). The RFS at 10 years was 
79.5% in the RT alone group, and 89.3 % in the CRT group 
(p=0.083). OS and RFS were not affected by any clinical  
parameter. 

After the development of recurrence in 13 patients, 10  
patients received salvage treatment, and three with poor 
performance did not. Of the 10 patients, five underwent 
CRT, four underwent chemotherapy only, and one patient 
underwent radiotherapy only. All radiotherapy for salvage 
aim was performed with craniospinal irradiation. Salvage 
treatment rescued five patients (50%) with disease-free sta-
tus. All rescued patients received re-irradiation as a salvage 
treatment. 

Cancer Res Treat. 2021;53(4):983-990

Table 3.  In-field recurrence according to radiation dose after  
upfront chemotherapy

Dose, median (range) No.a)

Cranial field (WB/WV) 
    18 Gy (16-19) 0/34
    23 Gy (20-27) 0/60
    36 Gy (30-39) 0/16
Spinal field to positive seeding 
    9 Gy (9) 0/1
    23 Gy (19-24) 0/24
    36 Gy (30-36) 0/5
Involved field 
    Complete response 
        30 Gy (26-30) 0/9
        39 Gy (36-43) 0/18
        45 Gy (45-46) 0/31
        50 Gy (46-50) 0/16
    Not complete response 
        45 Gy (45-49) 1/19
        54 Gy (50-60) 0/46
WB, whole brain followed by involved-field boost; WV, whole 
ventricle followed by involved-field boost. a)Number of recur-
rences/total number of patients.
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3. Basal ganglia and thalamus
Of 29 patients who had germinoma at the basal ganglia 

or thalamus, relapses developed in three patients among a 
total seven patients who underwent CRT with involved-field 
RT alone. Two of the three recurrences were located in the 
periventricular area. Another recurrence developed widely 
from the primary site of the basal ganglia to the periventricu-
lar region in the ipsilateral frontal and temporal lobe. No 
relapse developed in the other 22 patients who underwent 
extended-field RT, including RT to craniospinal axis (n=2), 
WB (n=4), or WV (n=10) after upfront chemotherapy and 

craniospinal RT alone (n=6). The OS and RFS rates at 10 years 
were 86.8% and 84.3%, respectively.

4. Late toxicities and treatment factors
The frequency of hormone-replacement therapy was sig-

nificantly correlated to WB RT rather than WV or involved-
field RT alone (p=0.003), and the high RT dose over 30 Gy 
for extended-field RT (p=0.036) (Table 4). Secondary malig-
nancy developed in 10 patients (5.3%) with a latency period 
of 20 years (range, 4 to 26 years) and caused mortalities in six 
of the 10 patients (Table 5). Solid cancer in the nine patients 
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Table 4.  Late toxicities and treatment factors

Factor
                             Hormone-replacement therapya)              Back to school (%)b)                           NCF (%)c)

 Positive  p-valued) Yes  p-valued) Declined  p-valued)

Treatment
    RT 10/19 (52.6) 0.011 25/31 (80.7) 0.022 8/29 (27.6) 0.002
    CRT 22/93 (23.7)  84/89 (94.4)  9/121 (7.4) 
RT, total dose (Gy)       
    ≤ 50 13/57 (22.8) 0.169 47/51 (92.0) 0.670 4/69 (6.0) 0.051
    > 50 19/55 (34.6)  62/69 (90.0)  13/81 (16.0) 
WB RT       
    WBRT 22/52 (42.3) 0.003 56/65 (86.2) 0.053 12/79 (15.2) 0.116
    WVRT or IFRT only 10/60 (16.7)  53/55 (96.4)  5/71 (7.0) 
WB/WV dose (Gy)       
    ≤ 30 12/85 (44.4) 0.036 75/80 (94.0) 0.120 8/111 (7.2) 0.007
    > 30 20/27 (23.5)  34/40 (85.0)  9/39 (23.1) 
Values are number/total (%). CRT, radiotherapy with upfront chemotherapy; IFRT, involved-field RT; NCF, severe neurocognitive dys-
function (limitation in daily activities, working or school performance); RT, radiotherapy; WB, whole brain; WV, whole ventricle. a)Exclud-
ing initial hormone deficiency, b)Patients in school-age, c)Excluding patients inaccessible to neurocognitive questionnaire in the medical 
records, d)Chi-square test. 

Table 5.  Secondary malignancy and treatment factors

Factor Total Event (%) Incidence ratea) Incidence rate ratio (95% CI)

Treatment
    CRT 135 3 (2.2) 1.6 0.163 (0.027-0.715)
    RT 44 7 (15.9) 10.0 
WB RT    
    WBRT 96 9 (9.4) 6.4 7.208 (0.999-315.915)
    WVRT or IFRT only 83 1 (1.2) 0.9 
Total dose (Gy)    
    > 50 105 9 (8.6) 6.3 7.001 (0.970-306.874)
    ≤ 50 74 1 (1.3) 0.1 
WB/WV RT dose (Gy)    
    > 30 58 8 (13.8) 9.0 7.375 (1.472-71.294)
    ≤ 30 121 2 (1.6) 0.1
CI, confidence interval; CRT, radiotherapy with upfront chemotherapy; IFRT, involved-field RT; RT, radiotherapy; WB, whole brain; WV, 
whole ventricle. a)Per 10,000 person-year.
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was located inside the RT field. Otherwise, another patient 
experienced lymphoma at the distal femur outside of the RT 
field. Glioblastoma was the most common type of secondary  
malignancy (n=5). The incidence rate ratio of secondary  
malignancy was increased to 7.208 (95% confidence interval, 
0.999 to 315.915) in the larger RT volume of extended-field 
with WB RT or craniospinal RT, and 7.375 (95% confidence 
interval, 1.472 to 71.294) in the higher RT dose of extend-
ed-field (Table 5). The rate of neurocognitive dysfunction 
was significantly related to high dose of extended-field RT 
(p=0.027). RT alone rather than upfront chemotherapy fol-
lowed by RT was significantly related to the rates of late tox-
icities including hormone deficiency, school activity, neuro-
cognitive dysfunction, and secondary malignancy. 

Discussion

The optimal RT fields and dose are still controversial, and 
discussion of this issue should consider both maintaining  
tumor control and minimizing late toxicities. The present 
study of 189 patients with pathologically proven germi-
noma has confirmed that radiotherapy with or without  
upfront chemotherapy results in excellent tumor control and 
survival, comparable to previous studies [4-13]. Excellent  
tumor control could be sustained when RT covered the initial 
disease extent with craniospinal RT for patients with initial 
positive seeding, and WV RT for patients with initial nega-
tive seeding. However, the minimum coverage of RT could 
not be further decreased to below the initial disease extent, 
whether chemotherapy is combined or not. We experienced 
high rates of periventricular recurrence in the brain as the 
out-field recurrences after the involved-field RT alone with 
chemotherapy, similar to the previous studies using the  
involved-field RT alone after chemotherapy or chemotherapy 
alone [3-5,7,9,14]. Chemotherapy could not sterilize the dis-
ease spread along the CSF. Otherwise, without chemothera-
py, two of five patients with initial negative seeding showed 
spinal recurrence after cranial RT alone. Although Yen et al. 
[17] and Byun et al. [4] reported fairly good outcomes after 
the omission of spinal RT without chemotherapy, they both 
reported one case of spinal failure. Upfront chemotherapy 
might be beneficial for patients with initial negative seed-
ing to omit spinal irradiation safely. Therefore, with upfront 
chemotherapy, the pattern of recurrences will conservatively 
support WV for initial negative seeding, and craniospinal RT 
for initial positive seeding. 

Moreover, the volume and dose of the extended-field RT 
were also important for the development of late toxicities. 
To the best of our knowledge, the present study is the first 
report to show the statistical correlation between the RT fac-

tors and late toxicities in patients with intracranial germi-
noma. We found that WB RT, rather than WV or involved-
field RT alone, significantly increased the rate of hormone 
deficiencies and secondary malignancy, and the high dose of 
extended-field RT to the brain increased the rate of hormone 
deficiencies, secondary malignancy, and neurocognitive dys-
function. In particular, the patients receiving low dose under 
30 Gy to the brain showed quite good quality of life. Moreo-
ver, median 18 Gy to cranial field in the CRT group showed 
excellent in-field control in 34 patients of our studies, which 
were also observed in the previous studies using low-dose 
of cranial RT ranging 19 to 24 Gy [5,8,18]. Our study further 
supported low-dose cranial RT with WV RT, rather than WB 
RT, to deal with late toxicities, as well as tumor control. 

Adequate RT field in the germinoma originating from 
the basal ganglia or thalamus, a distinct entity located in 
the brain parenchyma nearby ventricle, has also been a 
critical issue [5,19]. For the patients, the involved-field RT 
alone with upfront chemotherapy resulted in high rates of  
intracranial recurrences outside the RT field. In contrast, the 
extended-field with WB or WV, followed by involved-field 
boost, showed no recurrence in or outside the RT field. The 
previous studies also showed insufficient disease control in 
the involved-field RT alone, and no recurrence with WB or 
craniospinal RT [5,19]. Notably, we employed WV RT as the 
extended-field RT after upfront chemotherapy in 10 patients, 
and experienced no recurrence. Modern magnetic resonance 
imaging and RT technique enable delineation of the tumor 
location, and safely covered the possible tumor infiltration 
with RT [20]. Also, considering the toxicities related to WB 
RT in our study, WV RT with focal boost after upfront chem-
otherapy might be adequate for the germinoma in the basal 
ganglia or thalamus.

Concerning the total RT dose to the involved-field, the pre-
sent study showed that median 30 Gy ranging 26 to 30 Gy 
can prevent in-field recurrence after CR to upfront chemo-
therapy. In contrast, one patient among 19 patients showing 
partial or stable response to chemotherapy showed in-field 
recurrence after median 45 Gy (range, 36 to 49 Gy). For CRT, 
Aoyama et al. [13] previously reported that 24 Gy WV RT 
without further involved-field RT boost resulted in no failure 
in six patients who showed CR to upfront chemotherapy. For 
RT alone, Cho et al. [8] previously suggested that RT dose to 
the involved site can be decreased to 39.3 Gy with RT alone. 
Although the optimal RT dose is still controversial, the pre-
sent study suggests that dose adaptation according to the  
response of chemotherapy could decrease the RT dose low to 
30 Gy in the subgroup showing CR to upfront chemotherapy. 
Moreover, in the future, further optimization of the RT dose 
should be followed to test the minimal limit of the RT dose.

However, this study is not free from limitations. First, in 
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this retrospective study, no systematic and scoring assess-
ment of neurocognitive function had been performed. To 
minimize the uncertainty of assessing neurocognitive func-
tion, we narrowed the criteria to severe limitation in neu-
rocognitive function of school activity under 18 years, and 
occupational activity in the adult. Systematic assessment of 
neurocognitive function will be necessary to define the RT 
factor affecting specific function in the patients with germi-
noma. Second, although the number of patients in this study 
is relatively large, we confirmed the pattern of relapse in a 
small-sized subgroup, especially around the low margin of 
RT dose. Prospective evaluation of oncologic safety should 
be verified in future clinical trials. Third, although the CRT 
group showed the lower rate of late toxicities than RT lone in 
the analysis of late toxicities, the intensity of extended-field 
radiotherapy in CRT group were significantly lower than 
RT alone group. Therefore, from the results of this study, the 
combination of chemotherapy alone cannot guarantee the 
lower toxicities without taking care of extended-field RT. The 
potential benefit of upfront chemotherapy will be the onco-
logically safe de-intensity of extended-field RT without com-
promising the tumor control rate. 

De-intensifying extended-field rather than involved-field 
or total scheme of RT will be critical to decrease the late tox-
icities. Upfront chemotherapy could be beneficial for patients 
with negative seeding to omit the spinal RT and for patients 
with CR to minimize the RT dose down to 30 Gy. WV RT with 
upfront chemotherapy can be recommended for intracranial 

germinoma arising from basal ganglia or thalamus. Prospec-
tive trials focused on de-intensification of the extended-field 
RT are warranted.
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the most preva-
lent malignancies in Southern China and Southeast Asia, with 
approximately 20-30 new cases reported per 100,000 per year 
[1,2]. Concurrent chemoradiotherapy with or without adju-
vant chemotherapy is considered the standard modality. In 
addition to intensity-modulated radiation therapy (IMRT), 
early-stage NPC has now reached a high rate of curability. 
However, the survival of patients with locoregionally advan-
ced NPC remains unsatisfactory [3]. Therefore, the identifica-
tion of new prognostic factors is of great importance for the 
recognition of high-risk patients.

Numerous efforts have been made in recent years to iden-
tify tumor-related prognostic factors and the relationship  

between clinical stages of NPC in patients. Several studies 
have reported that the most significant factor is the pretreat-
ment plasma Epstein-Barr virus (EBV) DNA level. High levels 
of EBV DNA are closely associated with NPC risk classifica-
tion and prognosis [4-7]. Studies have also reported an associ-
ation between serum viral capsid antigen–immunoglobulin A 
(VCA-IgA) and early-antigen–IgA (EA-IgA) titers and TNM 
classification in NPC: high serum titers were closely associat-
ed with advanced TNM classifications [8-10]. However, while 
serum IgA antibodies against EA-IgA and VCA-IgA may not 
be prognostic biomarkers in patients with NPC and unde-
tectable plasma EBV (pEBV) DNA levels [11], the prognostic 
values of IgG antibodies against replication and transcrip-
tion activator (Rta-IgG), IgA antibodies against Epstein-Barr 
nuclear antigen 1 (EBNA1-IgA), and BamH1 Z transactiva-
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tor (Zta-IgA) are less clear. Most of these findings were based 
on previous versions of the International Union for Cancer/
American Joint Committee on Cancer (UICC/AJCC) staging 
system for NPC, and these associations have not yet been sys-
tematically defined in accordance with the new eighth edi-
tion of the UICC/AJCC staging system for NPC. Therefore, 
we conducted a retrospective study in patients with locore-
gionally advanced NPC to determine the prognostic value of 
Rta-IgG, EBNA1-IgA, and Zta-IgA and their correlations with 
the TNM classifications according to the eighth edition of the 
UICC/AJCC staging system.

Materials and Methods
 
1. Patient selection

A total of 435 patients from the Sun Yat-sen University Can-
cer Center (SYSUCC) were enrolled in this study between 
November 2014 and October 2015. The eligibility criteria 
were as follows: (1) histologically confirmed NPC; (2) locore-
gionally advanced NPC with no evidence of distant meta-
stases; (3) treated with radiotherapy with curative intent;  
and (4) absence of secondary malignancy or pregnancy.

All patients underwent a complete pretreatment evalua-
tion, including complete medical history, complete blood 
sampling (cell counts, biochemical profile, and EBV serol-
ogy), fiber-optic endoscopy, pathologic biopsy, magnetic res-
onance imaging (MRI) of the neck and nasopharynx, chest 
radiography, abdominal ultrasonography, and bone scan 
or positron emission tomography/computed tomography 
scans. All medical records and imaging results were retro-
spectively analyzed, and all patients were restaged accord-
ing to the eighth edition of the AJCC staging system.

2. Treatment strategies
All patients received IMRT as the primary treatment. The 

gross tumor volume (GTV), including the nasopharynx GTV 
(GTVnx) and positive neck lymph nodes GTV (GTVnd), 
was delineated based on clinical, endoscopic, and MRI find-
ings. The cumulative radiation doses were 68-72 Gy to the  
GTVnx and 66-70 Gy to the involved neck area (GTVnd). All 
patients were treated following a routine schedule (one frac-
tion daily, 5 days per week). Other details of the IMRT plan 
were consistent with the principles described in previous 
studies [12,13]. During the study period, we followed our 
institutional guidelines, which recommended concurrent 
chemoradiotherapy±neoadjuvant/adjuvant chemotherapy 
for locoregionally advanced NPC. Neoadjuvant chemothera-
py was given when tumors were bulky, or when the waiting 
time for radiotherapy was too long. The neoadjuvant or ad-
juvant chemotherapy was mostly cisplatin (80 mg/m2) with 

5-fluorouracil (800 mg/m2/day over 120 hours), or cisplatin 
(80 mg/m2) with taxanes (80 mg/m2) administered at 3-week 
intervals for 2-3 cycles. Cisplatin-based concurrent chemo-
radiotherapy was the most common treatment method, 
which included cisplatin 80-100 mg/m2 every 3 weeks for 2-3  
cycles. Patients who had severe toxic effects during neoad-
juvant chemotherapy were given radiotherapy alone in the 
follow-up treatment. And patients who were not suitable 
for chemotherapy, including those who were too old or had  
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Table 1.  Clinicopathological features of 435 patients

Characteristic No. (%)

Age (yr) 
    < 50 227 (52.2)
    ≥ 50 208 (47.8)
Sex 
    Male 309 (71.0)
    Female 126 (29.0)
Histology 
    WHO II 10 (2.3)
    WHO III 425 (97.7)
History of smoking 
    No 284 (65.3)
    Yes 151 (34.7)
EBV DNA 
    ≤ 1,500 239 (54.9)
    > 1,500 196 (45.1)
T category 
    T1 12 (2.7)
    T2 45 (10.3)
    T3 262 (60.2)
    T4 116 (26.7)
N category 
    N0 23 (5.3)
    N1 120 (27.6)
    N2 203 (46.7)
    N3 89 (20.4)
Clinical stage 
    III 252 (57.9)
    IVA 183 (42.1)
Chemotherapy 
    CCRT alone 172 (39.5)
    NACT+CCRT 197 (45.3)
    CCRT+AC 1 (0.2)
    No chemotherapy 27 (6.2)
    NACT alone 38 (8.7)
The TNM stage is based on the eighth edition of the Union for 
International Cancer Control/American Joint Committee on 
Cancer staging system. AC, adjuvant chemotherapy; CCRT, 
concurrent chemoradiotherapy; EBV, Epstein-Barr virus; NACT, 
neoadjuvant chemotherapy; WHO, World Health Organization.
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underlying diseases, were given radiotherapy alone.

3. Serologic tests for EBV antibodies and EBV DNA
The Rta-IgG, EBNA1-IgA, and Zta-IgA antibody levels 

were measured using commercial enzyme-linked immuno-
sorbent assay (ELISA) kits by the same technicians in the 
same laboratory of the SYSUCC [14,15]. The EBNA1-IgA 
and Zta-IgA levels were assessed according to the ELISA OD 
values according to the manufacturers’ instructions (Shang-
hai Jining Shiye Co., Ltd., Shanghai, China; Zhongshan Bio-
technology Co., Ltd., Zhongshan, China). The Rta-IgG level 
was also assessed according to the manufacturer’s instruc-
tions (TARCINE, Beijing, China). Patient pEBV DNA levels 
were measured using a real-time QPCR technique based on 
a proven system at the Department of Molecular Diagnosis, 
SYSUCC, as described previously [9].

4. Follow-up
The follow-up duration of our patients was calculated from 

the first day of therapy to the last day of death or checkup. 
The patients were regularly checked once every 3 months in 
the first year and once every 3-6 months or annually dur-
ing the subsequent years according to the results of the last 
checkup. The primary endpoint was progression-free sur-
vival (PFS), while the secondary endpoints included overall 

survival (OS), distant metastasis–free survival (DMFS), and 
local recurrence–free survival (LRFS). 

5. Statistical analyses
IBM SPSS Statistics for Windows, ver. 25.0 (IBM Corp.,  

Armonk, NY) was used for data analysis. Receiver operating 
characteristic (ROC) curves were used to evaluate different 
cutoff points for the EBV antibodies. The area under the ROC 
curve (AUC) was used to assess the prognostic value of each 
serum EBV antibody. The relationships between Epstein–
Barr virus antibody levels and clinicopathological charac-
teristics were evaluated using Pearson’s chi-square or Fisher 
exact tests, as indicated. The correlations between EBV bio-
markers and the eighth AJCC staging system were estimated 
using Spearman correlation analysis. Kaplan-Meier meth-
ods were used to analyze survival outcomes, while log-rank 
tests were used to compare the differences between survival 
curves. Univariate and multivariate analyses employed the 
Cox proportional hazards model to determine significant 
prognostic factors. All statistical tests were two-sided, and  
p-values < 0.05 were considered significant.

Wan-Ru Zhang, Prognostic Value of Serum EBV Antibodies

Table 2.  Baseline characteristics of patients according to EBV antibody levels

Characteristic 
Low High   

p-value 
Low High   

p-value 
Low High   

p-value
 Rta-IgG Rta-IgG  Zta-IgA Zta-IgA  EBNA1-IgA EBNA1-IgA

Age (yr)         
    < 50 74 153 0.007 64 163 0.767 66 161 0.356
    ≥ 50 44 164  56 152  69 139 
Sex         
    Male 80 229 0.364 84 225 0.769 90 219 0.178
    Female 38 88  36 90  45 81 
Histology         
    WHO II 3 7 > 0.990 3 7 > 0.990 3 7 > 0.990
    WHO III 115 310  117 308  132 293 
History of smoking         
    No 80 204 0.502 89 195 0.016 95 189 0.135
    Yes 38 113  31 120  40 111 
EBV DNA         
    ≤ 1,500 77 162 0.008 78 161 0.009 69 170 0.281
    > 1,500 41 155  42 154  66 130 
Chemotherapy         
    No 4 23 0.207 11 16 0.114 14 13 0.016
    Yes 114 294  109 299  121 287 

p-values were calculated using the chi-square test. High Rta-IgG, > 29.07 U/mL; Low Rta-IgG, ≤ 29.07 U/mL. High Zta-IgA, > 1.19 signal-
to-cutoff (S/CO); Low Zta-IgA, ≤ 1.19 S/CO. High EBNA1-IgA, > 1.84 S/CO; Low EBNA1-IgA, ≤ 1.84 S/CO. EBNA1, Epstein-Barr nuclear 
antigen 1; EBV, Epstein-Barr virus; Rta, replication and transcription activator; Zta, BamH1 Z transactivator.
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Results

1. Patients and clinicopathological features
The median follow-up duration was 53 months (range, 1 to 

69 months). By the last follow-up examination, 19.5% (n=85) 
of the patients had experienced disease progression, 8.5% 
(n=37) had died, and 9.7% and 6.9% had developed distant 
metastases and local-regional recurrence, respectively. The 
clinicopathological characteristics of the 435 patients, includ-
ing 309 (71%) men and 126 (29%) women, are presented in 
Table 1. The median age at diagnosis was 49 years (range, 7 
to 80 years). Based on the World Health Organization (WHO) 
criteria, 97.7% and 2.3% of patients had type III and II disease, 
respectively. The TNM stage distribution based on the eighth 
edition of the AJCC staging system included stage III (252 
patients, 57.9%) and IVA (183 patients, 42.1%). A total of 408 
patients received chemotherapy. Of these, 48.3% (197/408) 
received neoadjuvant+concurrent chemotherapy and 42.2% 
(172/408) received concurrent chemotherapy. 

2. Correlations between EBV antibody levels and clinico-
pathological characteristics

ROC curves were used to evaluate different cutoff points 
for EBV antibody levels. The optimal PFS cutoffs for Rta-
IgG, Zta-IgA, and EBNA1-IgA were 29.07 U/mL (sensitiv-
ity, 0.75; specificity, 0.332; AUC, 0.491), 1.19 signal-to-cutoff 
(S/CO) (sensitivity, 0.852; specificity, 0.386; AUC, 0.609), and 
1.84 S/CO (sensitivity, 0.556; specificity, 0.602; AUC, 0.557), 
respectively. Examination of the correlations between these 
antibody levels and various clinicopathological features 
revealed that patients with high EBV-DNA levels (> 1,500 
copies/mL) were more likely to have high Rta-IgG (> 29.07 
U/mL) and high Zta-IgA levels (> 1.19 S/CO) (all p < 0.05) 
(Table 2). Patients aged ≥ 50 years were more likely to have 
high Rta-IgG levels, while patients with a history of smoking 
were more likely to have high Zta-IgA levels. However, there 
was no significant difference in sex or histology between  
patients with high and low EBV antibody levels (all p > 0.05). 

3. Correlations between EBV biomarker levels and the 
eighth edition of the AJCC staging system

The relationships between high EBV antibody levels and 
T staging were not statistically significant (all p > 0.05).  
Patients with advanced N category (N2/3) and clinical stage 
IVA were more likely to have high Rta-IgG levels (> 29.07 U/
mL, all p < 0.05) (Table 3). The Spearman rank correlation 
coefficients for advanced N category and clinical stage IVA 
were 0.129 (p=0.007) and 0.324 (p=0.035), respectively. High 
Zta-IgA levels were more likely to occur among patients with 
advanced N category (N2/3) and clinical stage IVA (all p < 
0.05; Spearman rank correlation coefficients 0.148 [p=0.002] 
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and 0.120 [p=0.013], respectively). The EBV-DNA level was 
more likely to be high with increasing N and clinical staging 
(Spearman correlation coefficients 0.211 [p < 0.001] and 0.22 
[p < 0.001], respectively).

4. Correlations between EBV biomarkers and EBV DNA 
levels

We did not observe a statistically significant relationship 
between EBNA1-IgA and EBV DNA levels (p=0.282). Pati-
ents with high EBV-DNA levels were more likely to have 
high Rta-IgG (correlation coefficient, 0.126; p=0.008) and Zta-
IgA levels (correlation coefficient, 0.125; p=0.009).

5. Prognostic value of EBV antibody levels in patients with 
NPC

The results of univariable analyses are shown in Table 4. 
In log-rank tests, high Zta-IgA levels were not associated 
with inferior PFS (hazard ratio [HR], 1.213; 95% confidence 
interval [CI], 0.741 to 1.986; p=0.443), OS (HR, 0.904; 95% CI, 
0.447 to 1.830; p=0.780), DMFS (HR, 1.442; 95% CI, 0.690 to 
3.013; p=0.331), and LRFS (HR, 1.616; 95% CI, 0.660 to 3.955; 
p=0.293). Likewise, we did not observe any difference in 

survival between patients with high EBNA1-IgA and low 
EBNA1-IgA levels regarding PFS (HR, 1.509; 95% CI, 0.914 
to 2.491; p=0.108), OS (HR, 0.933; 95% CI, 0.469 to 1.858; 
p=0.844), DMFS (HR, 1.468; 95% CI, 0.722 to 2.987; p=0.289), 
and LRFS (HR, 2.272; 95% CI, 0.869 to 5.937; p=0.094). How-
ever, patients with high Rta-IgG levels had a significantly 
inferior prognosis in terms of PFS (77% vs. 89.8%, p=0.004), 
DMFS (88.3% vs. 95.8%, p=0.021), and LRFS (91.2% vs. 98.3%, 
p=0.009) than that in patients with low Rta-IgG level (Fig. 1). 
Thus, the Rta-IgG level may be a better predictor than levels 
of the other two EBV anti-bodies for patients with locore-
gionally advanced disease.

We also found that patients with high levels of all three 
antibodies had a significantly inferior prognosis in terms of 
PFS (75.9% vs. 84.2%, p=0.026) and LRFS (89.2% vs. 96.3%, 
p=0.003) compared to the other patients.

The combination of EBV DNA and Rta-IgG levels impro-
ved prognostic stratification.

The aforementioned analysis showed that the EBV DNA 
level is an independent prognostic factor for PFS and DMFS 
(Table 5). The Rta-IgG level was an independent prognostic 
factor for PFS and LRFS. Therefore, we stratified the entire 

Cancer Res Treat. 2021;53(4):991-1003

Fig. 1.  Kaplan-Meier curves for 435 patients with nasopharyngeal carcinoma, stratified by IgG a tibodies against replication and transcrip-
tion activator (Rta-IgG) levels (≤ 29.07 U/mL vs. > 29.07 U/mL): progression-free survival (A), overall survival (B), distant metastasis–free 
survival (C), and locoregional relapse–free survival (D).
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population into four groups using the two prognostic factors 
of pretreatment EBV DNA level and Rta-IgG level: low-lev-
el EBV DNA and low-level Rta-IgG group (LLE and LLR), 
low-level EBV DNA and high-level Rta-IgG (LLE and HLR), 
high-level EBV DNA and low-level Rta-IgG group (HLE and 
LLR), and high-level EBV DNA and high-level Rta-IgG (HLE 
and HLR). Among these patients, the proportions of LLE and 
LLR, LLE and HLR, HLE and LLR, and HLE and HLR were 
17.7% (77 of 435), 37.2% (162 of 435), 9.4% (41 of 435), and 
35.6% (155 of 435), respectively. In the low-level EBV DNA 
group,patients with high-level Rta-IgG had a significantly 
inferior prognosis in terms of PFS (80.9% vs. 93.5%, p=0.013) 
(Fig. 2A) and DMFS (91.4% vs. 98.7%, p=0.028) (Fig. 2C) than 
patients with low Rta-IgG. In the high-level EBV DNA group, 
there was no significant difference in survival between pa-
tients with high Rta-IgG and low Rta-IgG in terms of PFS 
(72.9% vs. 82.9%, p=0.244), OS (88.4% vs. 87.8%, p=0.792), 

DMFS (85.2% vs. 90.2%, p=0.483), or LRFS (91% vs. 100%, 
p=0.063). As shown in Fig. 2, the HLE and HLR group had 
the poorest survival outcomes, while the LLE and LLR group 
had the best survival outcomes. Compared with the LLE and 
LLR group, the HLE and HLR group had poor PFS (72.9% 
vs. 93.5%, p < 0.001), DMFS (85.2% vs. 98.7%, p=0.001), and 
LRFS (91% vs. 97.4%; p=0.038). The HLE and HLR groups 
also had worse PFS (72.9% vs. 80.9%, p=0.028) and DMFS 
(85.2% vs. 91.4%, p=0.049) than the LLE and HLR groups.

6. Prognostic value of Rta-IgG in NPC patients with early 
or advanced T/N category 

We further analyzed the prognostic value of Rta-IgG in 
the subgroups of NPC patients with early and advanced T 
categories. In the advanced T category (T3-4) subgroup, we  
observed a significant difference in survival between patients 
with high and low Rta-IgG levels in terms of PFS (75.9% vs. 
90.7%, p=0.002), DMFS (87% vs. 96.3%, p=0.010), and LRFS 
(91.9% vs. 99.1%, p=0.009) (Fig. 3). There was no significant 
difference in survival between patients with high Rta-IgG 
and low Rta-IgG in terms of PFS (83% vs. 80%, p=0.046), OS 
(95.7% vs. 90%, p=0.473), DMFS (95.7% vs. 90%; p=0.934), or 
LRFS (87.2% vs. 90%, p=0.506) among patients with early T 
category (T1-2).

In the early N category (N0-1) subgroup, there was a sig-
nificant difference in survival between patients with high 
Rta-IgG and low Rta-IgG in terms of PFS (77.1% vs. 95.7%, 
p=0.010) and LRFS (90.6% vs. 100%, p=0.038) (Fig. 4). How-
ever, Rta-IgG level was not associated with PFS (76.9% vs. 
85.9%, p=0.087), OS (89.6% vs. 90.1%, p=0.939), DMFS (87.8% 
vs. 94.4%, p=0.105), or LRFS (91.4% vs. 97.2%, p=0.077) 
among patients with advanced N category (N2-3).

7. Prognostic value of Rta-IgG in NPC patients with advan-
ced T category and low EBV DNA levels

We screened the group of patients with both advanced T 
category and low EBV DNA level (a total of 208 patients). 
In this subgroup, patients with high-level Rta-IgG had a sig-
nificantly inferior prognosis in terms of PFS (78.4% vs. 94.2%, 
p=0.006), DMFS (90.6% vs. 98.6%, p=0.038), and LRFS (90.6% 
vs. 98.6%, p=0.036) than patients with low Rta-IgG.

8. Prognostic value of Rta-IgG in NPC patients with early 
N category and low EBV DNA levels

We also screened the group of patients with both early N 
category and low EBV DNA level (a total of 100 patients). In 
this subgroup, we observed a significant difference in sur-
vival between patients with high and low Rta-IgG levels in 
terms of PFS (73.8% vs. 97.1%, p=0.006) and LRFS (87.7% vs. 
100%, p=0.034) (Fig. 5).

Wan-Ru Zhang, Prognostic Value of Serum EBV Antibodies

Table 5.  Multivariate analysis of prognostic factors for the 
whole cohort of patients with nasopharyngeal carcinoma

Variable HR (95% CI) p-value

Progression-free survival
    EBV-DNA 1.590 (1.013-2.496) 0.044
    T category 1.224 (0.827-1.813) 0.313
    N category 1.219 (0.850-1.748) 0.282
    Clinical stage 1.333 (0.719-2.473) 0.362
    Rta-IgG 2.112 (1.141-3.910) 0.017
Overall survival 
    Sex 0.541 (0.205-1.431) 0.216
    Smoking 1.346 (0.656-2.762) 0.418
    EBV-DNA 1.447 (0.722-2.898) 0.298
    T category 1.499 (0.829-2.713) 0.181
    N category 1.785 (1.003-3.176) 0.049
    Clinical stage 1.845 (0.668-5.096) 0.238
Distant metastasis–free 
  survival 
    EBV DNA 1.957 (1.013-3.782) 0.046
    T category 1.797 (0.950-3.397) 0.071
    N category 1.393 (0.832-2.333) 0.208
    Clinical stage 1.037 (0.407-2.639) 0.940
    Rta-IgG 2.418 (0.944-6.199) 0.066
Locoregional relapse–free 
  survival 
    Smoking 0.295 (0.103-0.846) 0.023
    Rta-IgG 5.432 (1.292-22.844) 0.021
    EBNA1-IgA 2.208 (0.844-5.776) 0.107
p-values were calculated with an adjusted Cox proportional haz-
ards model. CI, confidence interval; EBNA1-IgA, IgA antibodies 
against Epstein-Barr nuclear antigen 1; EBV, Epstein-Barr virus; 
HR, hazard ratio; Rta-IgG, IgG antibodies against replication and 
transcription activator.
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9. Prognostic value of Rta-IgG in NPC patients with  
advanced T category, early N category, and low EBV DNA 
levels

In this subgroup (a total of 100 patients), there was a sig-
nificant difference in survival between patients with high 
Rta-IgG and low Rta-IgG in terms of PFS (73.8% vs. 97.1%, 
p=0.006) and LRFS (87.7% vs. 100%, p=0.034).

Discussion

The results of previous studies showed that the prognos-
tic value of EBV antibodies in patients with NPC is far from 
clearly defined. In endemic areas, previous studies [11,16-
18] mainly focused on the impact of EA-IgA and VCA-IgA 
in NPC. To our knowledge, our study is the first large-scale 
study to determine the impact of Rta-IgG, EBNA1-IgA, and 
Zta-IgA levels on the prognosis of patients with locoregion-
ally advanced NPC. Since the seventh edition of the AJCC/

UICC staging system for NPC was published in 2009, several 
studies have demonstrated the relationship between EBV  
antibodies and the staging system [8,10,19]. This retrospec-
tive review of 435 patients with locoregionally advanced 
NPC is the first to explore the correlations between the levels 
of serological biomarkers of EBV and the TNM classifications 
of the eighth edition of the UICC/AJCC staging system. Our 
results showed that serological biomarkers of EBV can be 
used as independent indicators of disease stage and survival 
outcome in patients with locoregionally advanced NPC.

1. Significance of studying EBV antibodies
The detection of pEBV DNA in NPC has created new pos-

sibilities for the early detection of tumor progression [20-
22]. EBV-encoded RNA signals are present in all NPC cells 
and induce lytic infection by triggering capillary expansion,  
altered protein localization, gene activation, DNA damage 
responses, and mutations during viral replication [23,24]. 
NPC progression may induce EBV to enter the replication 

Cancer Res Treat. 2021;53(4):991-1003

Fig. 2.  Kaplan-Meier curves for 435 patients with nasopharyngeal carcinoma stratified by EBV DNA (≤ 1,500 copies/mL vs. > 1,500 cop-
ies/mL) and Rta-IgG (≤ 29.07 U/mL vs. > 29.07 U/mL) levels: progression-free survival (A), overall survival (B), distant metastasis–free 
survival (C), and locoregional relapse–free survival (D). EBV, Epstein-Barr virus; HLE and HLR, high-level EBV DNA and high-level Rta-
IgG group; HLE and LLR, high-level EBV DNA and low-level Rta-IgG group; LLE and HLR, low-level EBV DNA and high-level Rta-IgG 
group; LLE and LLR, low-level EBV DNA and low-level Rta-IgG group; Rta-IgG, IgG antibodies against replication and transcription 
activator. 
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phase and express EBV antibodies. Therefore, the titers of 
antibodies against EBV may represent the level of EBV repli-
cation. The serum EBV antibody level in patients with NPC 
also reflects the tumor burden. Therefore, the measurement 
of serum EBV antibody levels in patients with NPC contrib-
utes to the early diagnosis of the disease and provides reli-
able indexes for clinical TNM staging [25,26]. However, the 
role of serum Rta-IgG, EBNA1-IgA, and Zta-IgA in the dis-
ease evaluation of NPC is not commonly discussed.

2. Correlation between EBV antibody levels and clinico-
pathological characteristics 

A positive association has been reported between EBV  
antibody (VCA-IgA and EA-IgA) levels and histological 
subtype [8]. However, we failed to detect this association, 
which may be due to the lower proportion of WHO II (2.3%) 
or the relatively small sample size (435 patients). Previ-
ous studies reported that patients aged > 50 years at initial  
diagnosis were more likely to show high EBV antibody titers 
[11]. We also observed high Rta-IgG levels in patients aged  
> 50 years. This may be due to the potentially longer expo-
sure time to EBV in these older patients. We also observed a 

positive relationship between smoking and serum Zta-IgA 
level, consistent with that reported by He et al. [27]. This 
finding suggests that smoking might indirectly contribute to 
NPC risk by synergistically elevating anti-IgA levels [27]. We 
also observed that Rta-IgG and Zta-IgA levels were positive-
ly related to EBV DNA levels. The relatively small sample 
size may explain the negative result for the association with 
EBNA1-IgA levels.

3. Correlation between EBV antibodies and clinical TNM 
staging

The associations between serum EBV antibodies and clini-
cal TNM staging have been reported previously, in which 
pretreatment serum VCA-IgA and EA-IgA titers increased 
with disease stage in the AJCC staging system, seventh edi-
tion [8,26]. The results of the present study showed that Rta-
IgG, Zta-IgA, and EBV-DNA levels were related to N and 
clinical stages (eighth edition of the AJCC staging system) in 
NPC, with increasing titers associated with increasing stage. 
Rta is one of the most important activators that regulate the 
switch from latency to the lytic cycle [28]. The expression of 
Zta-IgA indicates that EBV is activated to enter the lytic infec-

Wan-Ru Zhang, Prognostic Value of Serum EBV Antibodies

Fig. 3.  Kaplan-Meier curves for patients with advanced T category (T3-4) stratified by IgG antibodies against replication and transcription 
activator (Rta-IgG) level (≤ 29.07 vs. > 29.07 U/mL): progression-free survival (A), overall survival (B), distant metastasis–free survival (C), 
and locoregional relapse–free survival (D).
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tion phase. As the range of lymph node metastasis increases, 
the antibody level also increases [28,29]. No significant dif-
ferences in the serum level of Rta-IgG were observed among 
T category classifications of NPC, contrary to the findings 
reported by Xu et al. [28].

4. Predictive validity of serum EBV antibodies
Our findings demonstrated that a high Rta-IgG level may 

be a risk factor for survival. High Rta-IgG level was signifi-
cantly associated with inferior PFS, DMFS, and LRFS in log-
rank tests, and was also significantly associated with inferior 
PFS and LRFS in multivariable analyses. Because of the pre-
dictive validity of pEBV DNA, we also stratified the entire 
population into four groups using the two prognostic fac-
tors of pretreatment EBV DNA and Rta-IgG levels. We found 
that patients with high levels of EBV DNA (> 1,500 copies/
mL) and Rta-IgG (> 29.07 U/mL) had the poorest survival 
outcomes, while those with low levels of EBV DNA (≤ 1,500 
copies/mL) and Rta-IgG (≤ 29.07 U/mL) had the best sur-
vival outcomes. Among patients with low EBV DNA levels, 
those with high Rta-IgG levels had a significantly inferior 

prognosis in terms of PFS and DMFS compared to patients 
with low Rta-IgG levels. However, among patients with high 
EBV DNA levels, we did not observe significant differences 
between those with high and low Rta-IgG levels. This result 
may be due to the poor prognosis of patients with high EBV 
DNA levels overall. Combined stratification was an inde-
pendent and negative factor for PFS and DMFS. Thus, the 
combination of factors improved the prognostic ability. 

In this study, we measured serum EBV antibody levels  
in 435 stage III-IVA NPC patients. Summarizing the eighth 
AJCC staging system, stage III includes T3anyN and 
TanyN2, while stage IVA dose T4anyN and TanyN3. So all 
patients with N0-1 categories should have had T3-4 cat-
egories, while those with N2-3 categories may have any-T 
categories. In other words, the patients with early N cat-
egory may have had advanced T categories more frequently 
than those with advanced N categories. Subgroup analyses  
revealed a significant difference in survival between patients 
with high and low Rta-IgG levels in terms of PFS, DMFS, 
and LRFS in patients with advanced T category and PFS and 
LRFS in patients with early N category. And subgroup analy-

Cancer Res Treat. 2021;53(4):991-1003

Fig. 4.  Kaplan-Meier curves for patients with early N category (N0-1) stratified by IgG antibodies against replication and transcription 
activator (Rta-IgG) level (≤ 29.07 U/mL vs. > 29.07 U/mL): progression-free survival (A), overall survival (B), distant metastasis–free sur-
vival (C), and locoregional relapse–free survival (D).
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ses of combined EBV DNA level and T/N category showed 
the same result. We did not observe a significant difference 
in patients with early T category or advanced N category. 
This difference may be due to the poor prognosis of patients 
with advanced N category disease. The results of this study  
revealed that, among patients with advanced T category, 
early N category, and low EBV DNA level, those with high 
Rta-IgG levels had a significantly inferior prognosis in terms 
of PFS and LRFS compared to patients with low Rta-IgG lev-
els. In summary, we guessed that Rta-IgG levels have better 
prognostic stratification value in patients with low EBV level 
and advanced T category. 

The predictive validity of serum EBV antibodies has been 
previously reported. Xu et al. [28] reported decreased serum 
concentrations of Rta-IgG in NPC patients after effective  
radiation therapy, suggesting that Rta-IgG might be a prom-
ising tool to determine the prognosis of NPC in individual-
ized therapy. However, Cai et al. [29] reported no association 
between serum EBV antibody levels and survival outcomes. 
These contrary results may be due to highly heterogene-
ous study cohorts. In the present study, we also found that  

patients with high levels of all three antibodies had a signifi-
cantly inferior prognosis in terms of PFS and LRFS compared 
to other patients. However, further investigation is required 
to fully determine the predictive validity of serum EBV anti-
body levels in patients with NPC.

5. Predictive validity of pEBV DNA level
Previous studies reported the pretreatment EBV DNA level 

to be an important prognostic factor for NPC [4,5,20]. Some 
study findings indicated that the pretreatment pEBV DNA 
level reflects the NPC gross tumor burden and that the pEBV 
DNA level is strongly correlated with the TNM classification 
and overall stage [9,27]. Many studies have demonstrated 
that a pretreatment cutoff EBV DNA level of 1,500 copies/
mL has a better prognostic value [30]. The present study also  
applied this optimal cutoff and found that high EBV DNA 
level predicted high risk and worse survival outcomes. High 
EBV DNA level was significantly associated with inferior 
PFS, OS, and DMFS by log-rank tests and was also signifi-
cantly associated with inferior PFS and DMFS in multivari-
able analyses. According to our stratification of locoregion-

Fig. 5.  Kaplan-Meier curves for patients with early N category (N0-1) and low Epstein-Barr virus DNA level (≤ 1,500 copies/mL) strati-
fied by IgG antibodies against replication and transcription activator (Rta-IgG) level (≤ 29.07 U/mL vs. > 29.07 U/mL): progression-free 
survival (A), overall survival (B), distant metastasis–free survival (C), and locoregional relapse–free survival (D).
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ally advanced NPC, patients with high EBV DNA levels  
(> 1,500 copies/mL) had worse survival outcomes than those 
with low EBV DNA level (≤ 1,500 copies/mL). Moreover, 
among patients with low EBV DNA levels, those with high 
Rta-IgG levels had worse survival outcomes compared to 
patients with low Rta-IgG levels. However, the exact mecha-
nism associated with poor survival in the high-risk group is 
not clear and further investigation is required. However, the 
intensity of therapy can be adjusted according to our clas-
sification.

6. Limitations and future directions of study
The first limitation of our study is that the measurement 

of serum EBV antibodies is not yet globally standardized. 
Another limitation is that the data were obtained exclusively 
at one center; thus, additional population-based studies are 
required to confirm our conclusions.

Our future research is dedicated to determining the chang-
es in antibody levels before and after treatment. We would 
also like to compare the prognostic value of Rta-IgG with 
EA-IgA and VCA-IgA.

The results of this study provide evidence of the correlation 
between EBV serological markers and TNM classification 
in NPC, according to the eighth edition of the UICC/AJCC 

staging system. Both serum EBV antibody (Rta-IgG/Zta-IgA) 
and pEBV DNA levels were strongly correlated with TNM 
classifications. Otherwise, the Rta-IgG level was a negative 
prognostic factor in locoregionally advanced NPC patients, 
especially in the subgroup with advanced T category or low 
EBV DNA levels (≤ 1,500 copies/mL).
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Introduction

The incidence of oropharyngeal cancer (OPC) associated 
with human papillomavirus (HPV) has increased around 
the world and has recently been staged separately [1]. Data  
released in 2010 by the Centers for Disease Control and Pre-
vention showed that the incidence of HPV-positive tonsil 
cancer is growing faster than that in the 1990s [2]. The inci-
dence of HPV-positive (HPV(+)) is on the rise according to 
data published in the United States and the United Kingdom 

[3,4]. Many studies have been conducted on prognosis and 
treatment and have shown significantly better outcomes 
in these patients than in HPV-negative (HPV(–)) patients  
[5-7]. There are no statistical data confirming the incidence 
of HPV(+) OPC in the Republic of Korea, but the disease has 
a relatively higher overall incidence than that in other East 
Asian countries [8].

To achieve an increased cure rate and lower complication 
rate with these good prognostic diseases, proper multidis-
ciplinary treatment guidelines are mandatory [9,10]. How-
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ever, currently, there is heterogeneity among treatments 
and no appropriate consensus guidelines for multidiscipli-
nary treatment according to HPV status [10]. Considering 
the high accessibility of multidisciplinary treatment in the  
Korean medical environment, appropriate evidence-based 
clinical guidelines for OPC according to HPV status are 
needed.

The purpose of this study was to investigate the current 
nationwide treatment policies for OPC and suggest opinions 
for preparing multidisciplinary consensus guidelines that 
are evidence-based and appropriately fit to the Korean medi-
cal environment. Since the amount is vast to investigate the 
treatment policy for entire OPC, this study focused on find-
ing out the initial treatment decision for OPC, which may 
have disagreements among interdisciplinary. Therefore, the 
scenario was limited to T2 category and treatment policy  
according to the N category was reflected.

Materials and Methods
 
1. Study design and questionnaire

The survey was developed by the Subcommittee on Oro-
pharyngeal Treatment Guidelines of the Korean Society for 
Head and Neck Oncology (KSHNO). The questionnaires 
asked about treatment policies for five scenarios depending 
on the stage or status of HPV infection. All cases were staged 
according to the American Joint Committee on Cancer 
(AJCC) 8th edition for both clinical and pathologic staging. 
Questionnaires were sent to all board-certified expert mem-
bers of KSHNO who practice multimodal treatment of head 
and neck cancer in Korea. The questionnaire was sent via  
e-mail twice from July to August 2019, and the results were 
collected and analyzed in October 2019. The images and 
clinical summaries for the five scenarios are shown in Fig. 1.

2. Five scenarios
1) Case 1
A 61-year-old male patient without underlying disease vis-

Fig. 1.  Maximum intensity projection images of PET and clinical stage for five scenarios. AJCC, American Joint Committee on Cancer; 
HPV(+), human papillomavirus positive; HPV(–), human papillomavirus negative; PET, positron-emission tomography; PPY, pack-per-
year.

Case 1. HPV(+) T2N0M0 Case 2. HPV(+) T2N1M0 Case 3. HPV(+) T2N3M0
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ited with a sore throat. His performance status was Eastern 
Cooperative Oncology Group performance status (ECOG 
PS) 1, and he had a 10 pack-per-year (PPY) smoking his-
tory. After imaging study and biopsy, he was diagnosed 
with HPV(+) squamous cell carcinoma (SCC) with clinical 
stage T2N0M0, and there was no base of tongue invasion. 
The choice of the first treatment method for this patient was  
investigated.

2) Case 2
A 52-year-old female patient, ECOG PS 1, was a non-smok-

er without underlying disease admitted for a 3.3-cm-sized 
mass in the right tonsil and multiple metastatic lymph nodes 
on the right level II-III, and there was no tongue base inva-
sion. The final diagnosis was HPV(+) SCC, and the clinical 
stage was T2N1M0. The questionnaire asked about the first 
treatment modality of choice.

3) Case 3
A 49-year-old female non-smoker and ECOG PS 1 without 

underlying disease visited for a sore throat and a palpable 
huge mass on the left neck. A 4-cm-sized mass without base 
of tongue invasion in the left tonsil and metastatic lymph 
nodes in the ipsilateral upper, middle, and lower internal 
jugular chain were observed. A biopsy confirmed HPV(+) 
SCC, and the clinical stage was T2N3M0. The questionnaire 
asked about the first treatment for this patient.

4) Case 4
A 69-year-old man, ECOG PS 1, with a 30-PPY smoking 

history visited the hospital with a sore throat. On magnetic 
resonance imaging, a mass of 2.2 cm, with the longest diam-
eter in the left tonsil, was suspicious of tongue base invasion, 
and a 1.7-cm-sized lymph node metastasis was seen at ipsi-
lateral cervical level II. He was diagnosed with HPV(–) SCC, 
and the clinical stage was T2N1M0. The first treatment for his 
cancer was queried.

5) Case 5
A 59-year-old male 20-PPY smoker visited the hospital 

for a sore throat. His pretreatment performance status was 
ECOG PS 1. HPV(–) SCC was diagnosed as clinical stage 
T2N2bM0 with a 2-cm-sized mass without tongue base inva-
sion in the right tonsil and several lymph node metastases 
at ipsilateral cervical level II-III. The first treatment for his 
cancer was queried.

3. Data management and analysis
The questionnaires were sent to experts in treating head 

and neck tumors from 86 institutions in Korea with more 
than 300 beds, and responses were received from individu-

als or multidisciplinary teams representing the institutions. 
Multidisciplinary team gathered together in each depart-
ment to derive the consensus opinion and submit the answer. 
The content of the returned data was anonymized and ana-
lyzed. In the questionnaire, the professional medical depart-
ment, the period elapsed since board certification, the status 
of multidisciplinary consultation, and the method of surgery 
and radiation therapy in the institutions were surveyed. A 
chi-square test was performed to evaluate the relationship 
between treatment choice and each factor, such as HPV sta-
tus, number of nodal metastases, department of experts, 

Table 1.  Characteristics of the respondents

Characteristic No. (%) (n=65)

Department 
    Otolaryngology 16 (24.6)
    Radiation oncology 35 (53.8)
    Medical oncology 8 (12.3)
    Multidisciplinary team 6 (9.2)
Board certification (yr) 
    < 5 6 (9.2)
    5-10 13 (20.0)
    11-20 22 (33.8)
    > 20 17 (26.2)
    N/A 7 (10.8)
Hospital volume (beds) 
    > 1,000 21 (32.3)
    > 500 and ≤ 1,000 38 (58.5)
    > 300 and ≤ 500 5 (7.7)
    N/A 1 (1.5)
Patients number per year 
    < 50 54 (83.1)
    50-100 8 (12.3)
    > 100 3 (4.6)
Academic university hospital 
    Yes 61 (93.8)
    No 4 (6.2)
Consultation type 
    Regular conference 45 (69.2)
    Meeting if necessary 7 (10.8)
    Interdepartmental referral 12 (18.5)
    N/A 1 (1.5)
Robotic surgery 
    Available 44 (67.7)
    Not used 18 (27.7)
    N/A 3 (4.6)
IMRT technique 
    Available 61 (93.8)
    Not used 1 (1.5)
    N/A 3 (4.6)
IMRT, intensity-modulated radiotherapy; N/A, not available.
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Fig. 2.  Graphs for the proportion of responses according to the experts’ specialty in five scenarios (A-E, cases 1-5). The numbers in the 
stacked bar chart indicate each percentage of respondents who chose the treatment modality. CCRT, concurrent chemoradiotherapy; CTx, 
chemotherapy; HPV(+), human papillomavirus positive; HPV(–), human papillomavirus negative; RT, radiotherapy.
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hospital beds, robotic surgery availability, and consultation 
meeting, and a p-value of less than 0.05 was considered 
statistically significant. Statistical analyses were performed  
using SPSS ver. 24 (IBM Corp., Armonk, NY).

 

Results

1. The population surveyed
A total of 59 individuals and six multidisciplinary teams 

from 45 institutions responded. The nationwide response 
rate was 52.3% (45/86 institutions). Thirteen out of 16 insti-
tutions with > 1,000 hospital beds (81.3%), 29 out of 60 insti-
tutions with 500-1,000 hospital beds (48.3%), and three out 
of 10 institutions with > 300 and ≤ 500 hospital beds (30%) 
replied to the survey, indicating a high response rate in  
institutions with a high number of hospital beds. The most 
responses were from experts from the department of radia-
tion oncology (n=35, 53.8%), followed by head and neck sur-
geons (n=16, 24.6%), medical oncologists (n=8, 12.3%), and 
multidisciplinary teams (n=6, 9.2%).

The institutional surveys reported that 69.2% decided 
treatment modalities through regular head and neck con-
ferences, 10.8% held meetings if necessary, and 18.5% deci-
ded through interdepartmental patient referrals. Robotic 
surgery was available in 67.7% of the institutions, and most  
respondents (93.8%), except for one, performed radiothera-
py for head and neck tumors using the intensity-modulated  
radiotherapy technique. Data on the characteristics of the  
respondents are summarized in Table 1.

2. Summary of treatment patterns for each case
A survey of the first treatment was conducted for both 

HPV(+) and HPV(–) OPC cases. The selection of the first 

treatment for each case is presented in Fig. 2. For the respons-
es to HPV(+) case 1 (T2N0M0), 67.7% of the respondents  
selected surgery as the first treatment followed by defini-
tive concurrent chemoradiotherapy (CCRT) or radiotherapy 
alone. In the responses to the first treatment for resectable 
case 2 (HPV(+) T2N1M0 with multiple cervical lymph node 
metastases in the ipsilateral region), surgery was favored by 
53.9% and definitive CCRT by 39.8%. In the more advanced 
stage of case 3 (HPV(+) T2N3M0), CCRT was preferred by 
50.0% of the respondents, followed by induction chemother-
apy in 33.3% and surgery in 16.7%.

The results of the questionnaire for the primary treatment 
of HPV(–) OPC cases (cases 4 and 5) are shown in Fig. 2D 
and E. In the T2N1M0 HPV(–) OPC case (case 4), surgery 
was preferred by 64.5% of the respondents, and in case of 
multiple metastatic lymph nodes observed in the ipsilateral 
cervical lymph node (case 5, HPV(–) T2N2bM0), definitive 
CCRT was the most preferred, by 42.9% of the respondents.

3. Comparison of treatment modalities according to HPV 
status

For four scenarios, excluding case 1 without metastatic 
lymph nodes, a chi-square test was performed on the asso-
ciation between selection of treatment method and HPV sta-
tus. CCRT and induction chemotherapy was more frequently 
chosen for the HPV(+) cases than for the HPV(–) cases, and 
the difference was significant (p=0.010; odds ratio, 9.276) 
(Fig. 3).

4. Analysis of factors affecting the selection of treatment 
modalities

The difference in the treatment options selected accord-
ing to specialty was remarkable in each scenario. In Fig. 
2, the treatment methods selected by the different expert  

Fig. 3.  Graphs for the proportion of responses according to HPV status. CCRT, concurrent chemoradiotherapy; CTx, chemotherapy; HPV, 
human papillomavirus.
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Fig. 4.  Graphs for the proportion of responses according to nodal stage. CCRT, concurrent chemoradiotherapy; CTx, chemotherapy.

N1
N1 vs. N2-3, p < 0.001
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Table 2.  Factors affecting the choice of treatment modalities in node-positive cases

Characteristic 
Surgerya) CCRTa)  Induction 

p-value
 (n=96) (n=88) chemotherapya) (n=39)

HPV status    
    Positive 37 (38.5) 49 (55.7) 25 (64.1) 0.010
    Negative 59 (61.5) 39 (44.3) 14 (35.9) 
Regional nodal metastasis   
    N1 65 (67.7) 35 (39.8) 7 (17.9) < 0.001
    N2-N3  31 (32.3) 53 (60.2) 32 (82.1) 
Department    
    Otolaryngology 29 (30.2) 11 (12.5) 13 (33.3) < 0.001
    Radiation oncology 37 (38.5) 67 (76.1) 16 (41.0) 
    Medical oncology 17 (17.7) 8 (9.1) 6 (15.4) 
    Multidisciplinary team 13 (13.5) 2 (2.3) 4 (10.3) 
Hospital beds    
    > 1,000 27 (28.1) 35 (39.8) 12 (30.8) 0.149
    > 500 and ≤ 1,000 57 (59.4) 52 (59.1) 24 (61.5) 
    > 300 and ≤ 500 8 (8.3) 1 (1.1) 3 (7.7) 
    N/A 4 (4.2) 0 ( 0 ( 
Robotic surgery availability   
    Available 63 (65.6) 59 (67.0) 31 (79.5) 0.280
    Not used 27 (28.1) 28 (31.8) 7 (17.9) 
    N/A 6 (6.3) 1 (1.1) 1 (2.6) 
Consultation meeting    
    Regular conference 71 (74.0) 61 (69.3) 27 (69.2) 0.781
    Meeting if necessary 8 (8.3) 10 (11.4) 5 (12.8) 
    Interdepartmental referral 13 (13.5) 17 (19.3) 7 (17.9) 
    N/A 4 (4.2) 0 ( 0 ( 
Values are presented as number (%). CCRT, concurrent chemoradiotherapy; HPV, human papillomavirus; N/A, not available. a)Respond-
ents who only selected one of treatment modalities were included.
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departments by case are shown as a graph. Among them, 
for case 2 (HPV(+) T2N1M0 with multiple cervical lymph 
node metastases in the ipsilateral region), inter-department 
variability clearly appeared. The head and neck surgeons 
and medical oncologists favored surgery (63.3% and 68.8%), 
whereas 54.3% of the radiation oncologists selected definitive 
CCRT (Fig. 2B). The difference in treatment policy between  
departments was statistically significant, with an odds ratio 
of 30.911 and a p-value less than 0.001. Table 2 summarizes 
the results of the treatment modalities and factors related to 
the scenarios and respondents.

A significant difference was found according to the stage 
of the metastatic lymph node (Fig. 4). Compared to that for 
the N1 stage, CCRT and induction chemotherapy were more 
frequently selected for advanced lymph node N2 or N3 cat-
egories. This difference was statistically significant (odds  
ratio, 31.437; p < 0.001).

The number of hospital beds, the availability of robotic 
surgery, and the status of the consultation meeting were 
analyzed to determine trends by scenario (Table 2). Graphs 

for the proportion of responses according to these factors 
are shown in S1 Fig. Number of hospital beds showed a 
difference in practice patterns. In institutions with a higher 
number of beds, a high proportion of respondents from  
institutions with more than 500 beds selected CCRT for both 
HPV(+) and HPV(–) cases compared to those from institu-
tions with less than 500 beds. Additionally, in case 3 (HPV(+) 
T2N3M0 with ipsilateral bulky upper and lower neck node 
metastases), a more advanced stage, approximately 50% 
of respondents from institutions with ≤ 500 beds selected  
induction chemotherapy; however, respondents from insti- 
tutions with > 500 beds more frequently selected CCRT  
(Fig. 5). Nevertheless, these factors did not show a statisti-
cally significant difference in treatment choice (> 1,000 vs.  
> 500 and ≤ 1,000 vs. > 300 and ≤ 500, p=0.149). When ana-
lyzed based on 500 beds, there were marginally significant 
differences (> 500 vs. ≤ 500, p=0.067). There was no signifi-
cant difference in the availability of robotic surgery and the 
status of the consultation meeting according to treatment  
options (p=0.280 and p=0.781, respectively).

Fig. 5.  Graphs for the proportion of responses according to hospital beds: T2N1M0 cases (A) and T2N2bM0 or T2N3M0 cases (B). CCRT, 
concurrent chemoradiotherapy; CTx, chemotherapy.
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5. Survey of chemotherapeutic regimen and schedule
The regimens and schedules of chemotherapeutic agents 

used in definitive CCRT were queried. Forty-four experts  
answered these questions, 41 of the respondents (93.2%) 
used cisplatin alone, and most of them used a weekly low-
dose dosing schedule.

Discussion

This study is meaningful as the first multidisciplinary sur-
vey study of OPC in Korea. The purpose of this study was 
to survey the current treatment patterns of OPC which may 
have disagreements interdisciplinary and suggest the need 
for evidence-based multidisciplinary consensus guidelines 
suitable for the Korean medical environment. We investi-
gated initial treatment selection limited to T2, according to N 
category where various treatment strategies can be selected.

The mainstay treatment for OPC includes surgery and 
definitive chemoradiation or radiation alone. Recently, the 
de-intensification of treatment according to HPV status was 
proposed [11]. However, the proposal was based on retro-
spective studies, and the study periods were generally short. 
Thus, the evidence is insufficiently powered to change the 
treatment paradigm [12,13]. The current OPC treatment 
guidelines are not quite different for HPV-negative and 
HPV-positive patients, even suggested treatment according 
to risk stratification in HPV(+) disease. The initial stages of 
T1-2 and N0-1 OPC are treated with resection of the primary 
tumor and neck dissection or definitive radiotherapy. The 
French Head and Neck Cancer Group (GORTEC) trial and a 
retrospective study of the National Cancer Database (NCDB) 
reported that definitive CCRT could be used as a treatment 
option in P16-negative N1 disease, and for advanced-stage 
OPC, curative CCRT was recommended because of the high 
morbidity risk due to trimodality treatment including adju-
vant CCRT after surgery [14,15]. In particular, for T4 or N3 
disease, definitive CCRT is definitely preferred. Therefore, 
treatments for HPV(+) OPC of stage T2N0-2 and HPV(–) 
OPC of stage T2N1-2, where options for both surgery and 
definitive CCRT are available, vary widely between individ-
uals and institutions. In addition, induction chemotherapy 
has been provided for indications based on RTOG 9111 in  
hypopharyngeal or laryngeal cancer as organ preservation 
aim, but the consensus in OPC is still insufficient to improve 
treatment outcomes [16]. This diversity in treatment guide-
lines has become a factor increasing the gap between experi-
enced experts and institutions, making it difficult to improve 
the quality of treatment for OPC.

The results of this study showed differences in treatment 
policy according to HPV status and extent of nodal stage. 

Clinical studies on the treatment method for HPV(+) OPC 
are currently being actively conducted. In definitive CCRT, 
cetuximab was inferior in overall survival and progression-
free survival (PFS) and had increased locoregional and dis-
tant failure rates compared to cisplatin in the phase III ran-
domized clinical studies RTOG 1016 and De-ESCALaTE, 
in which cetuximab was substituted for cisplatin [17,18]. 
In the NCT01530997 phase 2 study, patients with T0-3N0-
2c HPV(+) OPC with less than 10 PPY of smoking history 
were studied and the radiation dose and the dose of chemo-
therapeutic regimens in definitive CCRT were lowered; 86% 
showed pathologic complete response and relatively com-
parable locoregional control and overall survival [19]. In the 
phase 2 study NRG-HN002, CCRT and radiotherapy alone 
(60 Gy radiotherapy) were compared in T1-2N1-N2bM0 or 
T3N0-N2bM0 HPV(+) OPC patients with ≤ 10 PPY of smok-
ing history, and the 2-year PFS was 90.5% in the CCRT group 
and 87.6% in the radiotherapy alone group [20]. Other phase 
2 and 3 studies (NCT01855451, NCT03077243, NCT04106362, 
and NCT03822897) on the de-intensification of definitive 
CCRT are currently in progress.

The preferred treatment method for each specialty showed 
different trends. Head and neck surgeons responded that  
advanced surgical techniques could be used and various sur-
gical instruments have been developed, so surgical treatment 
was possible in OPC even at advanced stages [21]. However, 
radiation oncologists favored definitive CCRT, noting that it 
could achieve good tumor control while preserving organ 
function. These perspectives were also revealed by differ-
ences between departments in surveys of treatment methods 
for other cancers [22]. This debate is inevitable because each 
treatment has its pros and cons and will continue until the 
results of a large-scale clinical study show whether one treat-
ment is definitively superior in terms of the long-term out-
comes and toxicities. In our survey, depending on whether 
or not a consultative meeting was held, the treatment policy 
could be different. Therefore, the treatment policy should 
be determined through more multidisciplinary meetings in 
the future. In addition, it is necessary to establish a consen-
sus among societies to provide optimal therapy and reduce 
differences in each institution. A detailed questionnaire on  
radiation therapy was additionally conducted, and its analy-
sis will be published in another paper in the near future.

The reason why the treatment choice is different is due to 
concerns about complications. Definitive CCRT for OPC is 
associated with increased toxicity, such as long-term dyspha-
gia. A gastrostomy insertion rate of 24% at one year and 14% 
at 2 years after CCRT has been reported, and xerostomia is 
one of the leading causes associated with radiation-related 
complications [23]. On the other hand, the reduction of swal-
lowing function and fear of the sacrifice of functional and 
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aesthetic organs from surgery are the reasons for choosing 
induction chemotherapy or radiation therapy [24]. The rea-
son why there are so many debates in each specialty may 
be due to the different viewpoints of concern about these 
treatment-related complications.

The interesting point of this study is that induction chemo-
therapy was chosen as the first treatment in the cT2N3M0 
HPV(+), even in the National Comprehensive Cancer Net-
work (NCCN) guideline category 3 [25]. Nevertheless, it was 
analyzed that about half of surgeons and medical oncologists 
preferred induction chemotherapy in OPC with relatively 
high lymph node stage. Expected role of induction chemo-
therapy was for reduction of distant metastases as causes of 
treatment failure. From previous studies, the role of induc-
tion chemotherapy in the treatment of locally advanced OPC 
is still highly debated [26-28]. Taxane-based induction chem-
otherapy showed superior effects over non-taxane-based 
combinations in a randomized phase III trial [29,30]. How-
ever, induction chemotherapy followed by CCRT or surgery 
did not show any clinical advantage compared to CCRT or 
sequential surgery followed by CCRT. Therefore, induc-
tion chemotherapy should not be regularly treated in OPC  
patients. However, if the multidisciplinary team decided the 
case was difficult to perform surgery or chemoradiotherapy 
initially, such as bulky matted N3 disease or extensive prima-
ry tumor with adjacent structure invasion, induction chemo-
therapy followed by surgery or chemoradiotherapy might 
be a careful treatment option. And also, the potential role of 
induction chemotherapy as de-escalation regimen in HPV(+) 
OPC would be defined in the future.

There were several limitations to this survey study. First, 
there were insufficient questions on surgical techniques for 
OPC. Although the questions on treatment method selec-
tion were surveyed by stage, opinions on surgical techniques 
were not objectively surveyed, as the differences were likely 
to vary depending on the surgical environment and equip-
ment in the institution or the head and neck surgeon’s  
experience and perspectives. In addition, the treatment pol-
icy according to the N category was reflected, but questions 
according to the T category were insufficient. This is because, 
in general, surgery is recommended for T1, and induction 
chemotherapy or definitive CCRT is preferred for T3-4. Thus, 
the approaches are fairly consistent, so the scenario was lim-
ited to T2. However, there will be limitations in establishing 
an algorithm for the overall treatment of OPC.

The results of the expert questionnaire study reflected that 
the debate on the choice of treatment method was based on 
the perspective of the professional field and showed that 
this could be an obstacle to the preparation of clinical evi-
dence. The 2019 American Society of Clinical Oncology and 
2017 American Society for Radiation Oncology guidelines 

for OPC did not address the consensus of primary treat-
ment [9,10]. The NCCN guidelines also recommend various 
options as primary treatments for each stage, so there are 
no definite guidelines for each treatment method [25]. The 
prospects for the omission and de-escalation of adjuvant 
treatment in HPV(+) OPC patients will be discussed in the 
near future. In HPV(+) OPC, a good prognosis and a better  
response to radiation and chemotherapy may lead to changes 
in treatment options. We propose to plan a prospective study 
on the treatment strategies of OPC in the future, comparing 
treatment outcomes based on HPV status and stage.

In summary, the current survey of the clinical practice pat-
terns of OPC in Korea showed that surgery was preferred 
for lymph node-negative OPC, and as lymph node metas-
tasis progressed, CCRT tended to be preferred, and induc-
tion chemotherapy was also applied. A treatment consensus 
among multidisciplinary departments through active com-
munication in academic societies like the KSHNO is needed 
to provide optimal therapy and reduce differences at each 
institution.

We observed different treatment policies between HPV-
positive and HPV-negative patients in this survey. In addi-
tion, this survey will serve as the basis for creating a uni-
fied treatment guideline that takes into account differences 
in each hospital size or among experts. This will be the basis 
for treating OPC, considering both tumor control and com-
plications, and establishing a treatment protocol that can be 
delivered at a reasonable social cost.
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Introduction

Innovative advances in the treatment of cancer are begin-
ning a new era in the field of oncology. With such great 
changes, the overall survival of cancer patients is increasing-
ly prolonged; therefore, it has become necessary to consider 
and manage the associated medical conditions [1]. Acute kid-
ney injury (AKI) is a common and critical problem in cancer 
patients [2,3]. The incidence, severity, and causes of AKI in 
cancer patients depend on the type and stage of cancer, treat-
ment modalities, and co-morbidities [2]. In a Danish study 
on AKI in cancer patients, the 1-year risk of AKI was 17.5%, 
with 27% risk over 5 years [4]. There are various reported 
mechanisms of AKI in cancer patients, including: (1) prerenal 
causes due to volume depletion related to nausea, vomiting, 
or diarrhea resulting from treatments such as chemotherapy 

or the cancer itself, (2) intrinsic causes including tumorous 
infiltration of the kidney, cast nephropathy, and tumor lysis 
syndrome, and (3) post-renal causes represented by obstruc-
tive nephropathy [5-7]. Regardless of the cause of AKI, the 
presence of AKI in cancer patients is associated with substan-
tial morbidity and mortality and can disturb the dose and 
timing of appropriate systemic chemotherapy [8].

Previous studies showed that hematologic malignancy, 
hepatocellular carcinoma, pancreatic cancer, biliary tract 
cancer, and kidney and urinary tract cancer had a higher 
incidence of AKI than other types of cancer [4,9]. However, 
there have been few studies on the incidence and risk factors 
for AKI in patients with lung cancer [10-12]. Older age, use 
of radiocontrast, receiving nephrotoxic chemotherapeutic 
agents, and multiple cycles of chemotherapy are known to 
be associated the development of AKI in patients with lung 
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Purpose  Acute kidney injury (AKI) in cancer patients is associated with increased morbidity and mortality. The incidence of AKI in 
lung cancer seems to be relatively higher compared with other solid organ malignancies, although its impact on patient outcomes 
remains unclear.
Materials and Methods  The patients newly diagnosed with lung cancer from 2004 to 2013 were enrolled in this retrospective cohort 
study. The patients were categorized according to the presence and severity of AKI. We compared all-cause mortality and long-term 
renal outcome according to AKI stage.
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cancer, as in other AKI-prone malignancies [10,11]. Only one 
study exploring the impact of AKI on mortality in lung can-
cer patients receiving chemotherapy has demonstrated that 
most AKI developed to a mild degree, thus its prognosis was 
favorable [10]. Considering the small number of patients  
included in the analysis, their non-significant result should 
be supported further by large scale studies.

In our previous studies, we reported an unexpectedly 
higher incidence of AKI in lung cancer patients than other 
malignancies [13-15]. Therefore, in the present study, we 
aimed to determine the clinical significance of AKI in lung 
cancer patients with a focus on the impact on both patient 
and kidney prognosis.

Materials and Methods
 
1. Study population

This retrospective cohort study was conducted at Seoul 
National University Hospital, which is a tertiary referral 
hospital in Seoul, South Korea. We used data from electronic 
medical records and the cancer registry system. In Korea, 
The Ministry of Health and Welfare generated a nationwide 
registry called the Korea Central Cancer Registry (KCCR), 
beginning in 1980, to register cancer patients and provide 
medical insurance benefits to them. All patients diagnosed 
with any type of cancer in Korea were registered on the 
KCCR based on the International Classification of Diseases 
10th revision (ICD-10) [14].

We included patients who were diagnosed with cancer 
between January 1, 2004, and December 31, 2013 based on 
the KCCR registration in Seoul National University Hos-
pital. From a total of 106,004 patients who were registered 
on the KCRR, we excluded patients having the following 
exclusion criteria after electronic medical record review: (1) 
aged less than 18 years, (2) registered with more than two 
types of cancer, (3) no measured serum creatinine (sCr) or 
checked only once, (4) initial estimated glomerular filtration 
rate (eGFR) < 15 mL/min/1.73 m2 or undergoing dialysis  
before cancer diagnosis, and (5) no accurate data for death 
and follow-up duration, as previously reported [14]. There-
fore, 67,986 patients were eligible for this study, and among 
them, 5,855 were patients diagnosed with respiratory tract 
cancer. We selected the final study subjects who had been 
diagnosed with lung cancer and by setting additional exclu-
sion criteria: (1) no accurate data for demographic informa-
tion, laboratory findings, and treatment history, (2) develop-
ment of AKI within 2 weeks before death, and (3) initial sCr 
< 0.6 mg/dL.

2. Data collection
We reviewed and collected data from the electronic medi-

cal records. Demographic characteristics included the age, 
sex, body mass index (BMI), and smoking history. Systolic 
and diastolic blood pressure was measured at the time of 
the first hospital admission. The data regarding a history of 
diabetes mellitus (DM) was also gathered. Initial laboratory 
findings including initial sCr, anemia, and serum level of cal-
cium, phosphorus, sodium, potassium, chloride, total CO2, 
uric acid, albumin, and alkaline phosphatase (ALP) were col-
lected at the time of cancer diagnosis. The eGFR was calcu-
lated using the CKD-EPI (Chronic Kidney Disease Epidemi-
ology Collaboration) formula [16].

Like other solid organ cancers, lung cancer consists of vari-
ous histological subtypes and the cancer stage determines the 
treatment strategy. Both histological subtypes and the cancer 
stage could affect AKI occurrence. Therefore, we investigat-
ed cancer-specific factors, such as the pathological subtype, 
cancer stage, and treatment modality. Pathological subtypes 
were divided into four groups: adenocarcinoma, squamous 
cell carcinoma, small cell carcinoma, and others. Most of the 
“others” group included non-small cell carcinoma, which 
was difficult to classify into more detailed pathological sub-
types such as adenocarcinoma or squamous cell carcinoma. 
Carcinoid, neuroendocrine tumor, and sarcoma were also  
included in the “others” group. We used the cancer stag-
ing system provided by National Institutes of Health in the 
United States, which is named the Surveillance, Epidemiol-
ogy, and End Results (SEER) stage [17]. The SEER stage is the 
most basic way of categorizing how far a cancer has spread 
from its point of origin. It consists of nine codes: in situ, local-
ized only, regional by direct extension only, regional lymph 
nodes involved only, regional by both direct extension and 
lymph node involvement, regional not otherwise specified, 
distant site(s)/node(s) involved, and unknown if extension 
or metastasis (un-staged, unknown, or unspecified) [17]. 
Treatment modalities were divided into four groups: sur-
gery only, surgery and chemotherapy, chemotherapy only, 
and neither surgery nor chemotherapy, respectively. Radia-
tion therapy was excluded from our analysis because it was 
thought that radiation had little effect on the kidney func-
tion [18]. We investigated whether the chemotherapeutic 
agents known to have nephrotoxicity including cisplatin, 
carboplatin, ifosfamide, gemcitabine, and pemetrexed were 
administered during the study period [19]. We reviewed the 
guidelines and chose the drugs based on the chemotherapy 
regimen of lung cancer used in our institution [20]. A count 
of radiocontrast-enhanced computed tomography per year 
was also explored to consider possible contrast-induced AKI.
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3. AKI definition
The definition of AKI was applied in the same way as in 

our previous study [14]. Initial sCr was defined as the first 
measured sCr within 2 months before or after the KCCR reg-
istration date. Considering possible fluctuating kidney func-
tion during cancer diagnosis and treatment in lung cancer 
patients, we defined the baseline sCr as the minimum value 
of sCr from the current time to the previous 3 weeks by shift-
ing the reference point every 3 weeks based on the KCCR 
registration date for a more precise analysis.

We defined AKI and the stage of AKI based on the Kid-
ney Disease: Improving Global Outcomes (KDIGO) AKI 
guidelines [21] using sCr levels. Urine output criteria could 
not be considered due to lack of complete urine output data.  
Patients were classified according to the presence and its  
severity of AKI into three groups as no AKI, AKI stage 1, and 
AKI stage 2/3.

4. Study outcomes
The primary outcome was to identify the incidence of 

AKI and its impact on all-cause mortality in patients with 
lung cancer. In the mortality analysis, we analyzed the pati-
ents who survived for > 1-year after lung cancer diagnosis  
because we intended to determine the direct impact of AKI 
on mortality. If a patient died within 1 year of the cancer  
diagnosis, even if they had AKI, we could not presume that 
the incident AKI affected the death. Subgroup analysis was 
performed according to age, sex, pathologic subtype, and 
SEER stage to determine the effect of advanced AKI on mor-
tality.

The secondary outcome was long-term kidney outcomes. 
The last eGFR was calculated as the mean value of eGFRs 
based on the last three sCr measurements. The average of 
the last three eGFRs was categorized in five groups: (1) 60 or 
more, (2) 45 or more and less than 60, (3) 30 or more and less 
than 45, (4) 15 or more and less than 30, and (5) less than 15. 
In the same way, the initial eGFR was also classified, and the 
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Table 1.  Baseline characteristics according to AKI stage

Characteristic
 Total No AKI AKI stage 1 AKI stage 2/3 

p for trend
 (n=3,202) (n=1,783) (n=1,351) (n=68)

Age (yr) 63.8±10.3 62.9±10.7 64.8±9.8 66.0±8.7 < 0.001
Female sex (%) 31.4 36.6 24.6 28.6 < 0.001
BMI     
    Normal weighta) 68.7 68.4 69.3 67.6 0.612
    Underweighta)   3.5   3.2   4.0   2.9 
    Overweighta) 25.7 26.5 24.6 25.0 
    Obesitya)   2.1   2.0   2.1   4.4 
SBP (mmHg) 123.7±16.5 123.0±16.2 124.3±16.6 126.4±18.8 0.038
DBP (mmHg) 76.0±11.3 76.0±11.2 76.0±11.4 74.5±10.2 0.531
Diabetes mellitus (%) 13.8 10.7 17.4 22.9 < 0.001
Smoking history (%) 32.9 30.6 35.6 37.1 0.010
Initial eGFR < 60 (mL/min/1.73 m2) (%) 11.0   7.4 15.4 16.2 < 0.001
Anemia (%)b) 31.9 26.4 38.6 44.1 < 0.001
Calcium (mg/dL) 9.1±0.6 9.1±0.6 9.0±0.6 8.9±0.6 < 0.001
Phosphorus (mg/dL) 3.4±0.6 3.5±0.6 3.4±0.6 3.4±0.8 < 0.001
Sodium (mmol/L) 138.8±3.5 139.0±3.2 138.6±3.8 138.7±3.5 0.001
Potassium (mmol/L) 4.2±0.4 4.2±0.4 4.3±0.5 4.2±0.5 < 0.001
Chloride (mmol/L) 102.9±3.7 103.0±3.4 102.9±4.0 102.5±3.9 0.433
Total CO2 (mmol/L) 26.0±3.1 26.2±2.9 25.8±3.2 25.5±3.4 < 0.001
Uric acid (mg/dL) 4.9±1.6 4.8±1.5 5.1±1.7 4.9±1.8 0.001
Albumin (g/dL) 4.0±0.5 4.0±0.5 3.9±0.5 3.8±0.5 < 0.001
Alkaline phosphatase (IU/L) 86.0±69.4 83.4±64.7 89.3±76.1 85.1±40.9 0.061
CT count/yr 4.3±3.9 3.7±3.6 5.0±4.0 5.3±3.8 < 0.001
Values are presented as mean±SD unless otherwise indicated. AKI, acute kidney injury; BMI, body mass index; CT, computed tomography; 
DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; SBP, systolic blood pressure. a)Underweight: 
BMI < 18 kg/m2, normal weight: 18 ≤ BMI < 25 kg/m2, overweight: 25 ≤ BMI < 30 kg/m2, obesity: ≥ 30 kg/m2, b)Anemia: Hb < 12 g/dL (if 
female), Hb < 13 g/dL (if male). 
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change of the stage was examined. We defined a reduction 
of the eGFR to less than 60 mL/min/1.73 m2 as new-onset 
chronic kidney disease (CKD). In addition, we explored cases 
of progression to end-stage kidney disease (ESKD) requiring 
maintenance renal replacement therapy such as hemodialy-
sis and peritoneal dialysis. To assess long-term outcomes, we 
divided the proportions of early and last eGFR into quartiles 
and looked at their distribution.

5. Statistical analysis
We presented continuous variables as mean±standard  

deviation, and categorical variables as percentage. We used 
the student t test, one-way analysis of variance (ANOVA), 
and chi-square test to investigate the differences among the 
no AKI group, AKI stage 1 group, and AKI stage 2/3 group. 
A multivariable logistic model was developed to identify the 
independent risk factors of AKI using the odds ratio (OR) and 
95% confidence interval (CI). Cox regression analyses were 
used to calculate the hazard ratio (HR) and 95% CI for the 
risk of all-cause mortality. The Kaplan-Meier survival curve 
was used to compare the cumulative mortality among the no 
AKI group, AKI stage 1 group, and AKI stage 2/3 group with 
the p-value calculated from the log-rank method. The SPSS 
ver. 25 (IBM Corp., Armonk, NY) and R software ver. 3.6.1 
(R Software, R Foundation for Statistical Computing, Vien-
na, Austria) were used to perform the statistical analysis. A  
p-value < 0.05 was considered statistically significant.

Results

1. Baseline characteristics
A total of 3,202 patients were enrolled in this study (S1 

Fig.), and the mean follow-up duration was 2.6±2.2 years. 
The mean age was 63.8±10.3 years, and 31.4% of the pati-
ents were female as shown in Table 1. Patients with DM 
and CKD with an initial eGFR < 60 mL/min/1.73 m2 were 
13.8% and 11%, respectively. A total of 3,061 patients (95.6%)  
underwent radiocontrast exposure by computed tomogra-
phy more than once; the mean annual number of radiocon-
trast exposures in these patients was 4.3±3.9. Overall, the 
most common pathological subtype was adenocarcinoma 
(56%), followed by squamous cell carcinoma (23.1%), small 
cell carcinoma (10.6%), and others (10.1%). We found that 
35.9% of the patients were at the “regional” SEER stage at the 
initial diagnosis, and “distant” (27.6%), “localized or in situ” 
(23.3%), and “unknown” (13.1%) SEER stages following that. 
Chemotherapeutic agents were used in 63.5% of the enrolled 
patients (Table 2).

2. Clinical characteristics of lung cancer patients with AKI
According to the severity of AKI, three groups were cat-

egorized as the no AKI group, AKI stage 1 group, and AKI 
stage 2/3 group, and accounted for 55.7%, 42.1%, and 2.1%, 
respectively. After diagnosis of lung cancer, it took 0.64±1.10 
years to develop first AKI. The more severe AKI was, the 
older the patients were. Males were predominant in all 
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Table 2.  Cancer specific characteristics according to AKI stage

 Total No AKI AKI stage 1 AKI stage 2/3 
p for trend

 (n=3,202) (n=1,783) (n=1,351) (n=68)

Pathology (%)
    Adenocarcinoma 56.2 60.9 50.3 50.0 < 0.001
    Squamous cell carcinoma 23.1 20.0 27.3 21.4 
    Small cell carcinoma 10.6   8.1 13.5 15.7 
    Others 10.1 10.9   8.9 12.9 
SEER stage (%)     
    0, 1 (localized or in situ) 23.3 26.5 19.2 21.4 < 0.001
    2, 3, 4, 5 (regional) 35.9 34.4 28.2 32.9 
    7 (distant) 27.6 25.6 30.1 31.4 
    9 (unknown) 13.1 13.5 12.5 14.3 
Treatment (%)     
    Surgery yes, chemotherapy no 25.8 31.0 19.2 18.6 0.008
    Surgery yes, chemotherapy yes 24.9 21.7 29.2 20.0 
    Surgery no, chemotherapy yes 38.6 32.7 45.7 51.4 
    Surgery no, chemotherapy no 10.8 14.5   5.9 10.0 
Nephrotoxic chemotherapeutic agents (%)a) 53.6 53.1 54.0 58.8 0.589
Values are presented as percentage. AKI, acute kidney injury; SEER, Surveillance, Epidemiology, and End Results. a)Nephrotoxic chemo-
therapeutic agents: cisplatin, carboplatin, ifosfamide, gemcitabine, pemetrexed.
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AKI groups. The severity of AKI was correlated with high-
er systolic blood pressure, increased annual radiocontrast  
exposure, a higher proportion of DM and anemia, and higher 
proportion of initial eGFR < 60 mL/min/1.73 m2. Among the 
pathological subtypes, small cell carcinoma was more sig-
nificantly associated with AKI than other subtypes. Patients 
receiving chemotherapy tend to develop AKI, although,  
unexpectedly, the use of nephrotoxic chemotherapeutic 
agents including cisplatin, carboplatin, ifosfamide, gemcit-
abine, and pemetrexed seemed not to be associated with AKI 
risk elevation.

A total of 68 patients experienced severe AKI (stage 2/3); 
their clinical characteristics are shown in Table 3. The most 
common cause of severe AKI was sepsis (44.1%), followed 
by ischemia (11.8%), nephrotoxic drugs (8.8%), cardio-renal 
syndrome (2.9%), and others (10.3%). The majority of these 
patients recovered from AKI (92.6%); however, the remain-
ing 4.4% of patients experiencing severe AKI eventually 

progressed to kidney failure requiring maintenance renal 
replacement therapy. Ten patients (14.7%) died after the  
development of AKI. The mean duration from the develop-
ment of AKI to death was 48.4±50.6 days.

3. Risk factors of incident AKI
We describe the clinical risk factors of AKI occurrence in 

lung cancer patients during their cancer diagnosis and treat-
ment in S2 Table. Among the clinical characteristics, older 
age, male sex, higher systolic blood pressure, presence of 
DM, anemia, and hyponatremia, lower initial eGFR < 60 
mL/min/1.73 m2, and lower serum albumin were independ-
ent risk factors of AKI development after lung cancer diag-
nosis. Increased annual radiocontrast exposure and receiv-
ing chemotherapy were also correlated with an elevated risk 
of incident AKI, although SEER stage was not.

Among the pathological subtypes, squamous cell carci-
noma (adjusted OR, 1.29; 95% CI, 1.047 to 1.590; p=0.017) 
and small cell carcinoma (adjusted OR, 1.57; 95% CI, 1.188 to 
2.067; p=0.001) were associated with AKI occurrence. When 
comparing baseline characteristics according to the patho-
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Table 3.  Characteristics of lung cancer patients with severe AKI

 No. (%) (n=68) 

Pathology 
    Adenocarcinoma 33 (48.5)
    Squamous cell carcinoma 15 (22.0)
    Small cell carcinoma 11 (16.2)
    Others 9 (13.2)
Cause of AKI 
    Septic 30 (44.1)
    Ischemic 15 (22.1)
    Postoperative 8 (11.8)
    Toxica) 6 (8.8)
    Cardiorenal 2 (2.9)
    Others 7 (10.3)
Renal replacement therapy 3 (4.4)
Admission to intensive care unit 11 (16.2)
Improvement of AKI 63 (92.6)
Death 10 (14.7)
AKI, acute kidney injury. a)Contrast-induced nephropathy (2), 
platinum (2), gemcitabine (1), vancomycin (2).

Table 4.  Cox proportional hazard analysis for all-cause mortality in lung cancer patients

                      Univariate                     Model 1a)                    Model 2b)                     Model 3c)

 HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

No AKI 1 (reference)  1 (reference)  1 (reference)  1 (reference)
AKI stage 1 1.32 (1.179-1.476) < 0.001 1.19 (1.058-1.330) 0.004 1.18 (1.047-1.322) 0.006 1.15 (1.022-1.292) 0.020
AKI stage 2, 3 1.88 (1.304-2.715) < 0.001 1.78 (1.230-2.567) 0.002 1.76 (1.217-2.551) 0.003 1.73 (1.194-2.505) 0.004
AKI, acute kidney injury; CI, confidence interval; HR, hazard ratio. a)Model 1: age, sex adjusted, b)Model 2: model 1+BMI, smoking, initial 
eGFR, anemia, hyponatremia adjusted, c)Model 3: model 2+pathologic subtype adjusted. 

Fig. 1.  Kaplan-Meier curve. AKI, acute kidney injury. 
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logical subtypes, the proportion of patients with risk factors 
of AKI in small cell carcinoma and squamous cell carcinoma 
was statistically significantly higher (S3 Table).

4. Impact of AKI on all-cause mortality
To elucidate whether AKI affected lung cancer patient sur-

vival, we analyzed the effect of AKI on mortality only among 
patients who survived > 1 year after cancer diagnosis. During 
the study period, 1,251 patients (53.7%) were died, and over-
all 5-year survival rate was 46.9%. The Kaplan-Meier curve 
showed that more severe AKI was related to a lower survival 
rate (Fig. 1). As shown in Table 4, the incident AKI elevated 
all-cause mortality in a dose-responsive manner (AKI stage 
1: adjusted HR, 1.15; 95% CI, 1.022 to 1.292; p=0.020 and AKI 
stage 2/3: adjusted HR, 1.73; 95% CI, 1.194 to 2.505; p=0.004), 
even after the adjustment of age, sex, BMI, smoking history, 
initial eGFR < 60 mL/min/1.73 m2, presence of anemia and 
hyponatremia, and pathological subtypes.

 Subgroup analyses showed that even mild AKI (stage 
1) was associated with increased mortality, especially in 
women and adenocarcinoma cancer type. Severe AKI (stage 
2/3) was associated with elevated mortality in every sub-
group except women, small cell carcinoma, and distant and  
unknown SEER stage shown in S4 Fig.

5. Impact of AKI on long-term kidney outcomes
The effect of AKI on long-term kidney outcomes was 

shown in Table 5 and S5 Table. The incidence rate of the new-
onset CKD was 7.1% and it was associated with AKI expe-
riences with dose-responsive manner. When comparing the 
CKD stage of the last eGFR with the initial eGFR, most lung 
cancer patients experienced worsening kidney function. 
Particularly, patients suffered from more severe AKI tended 
to face more worsening CKD stages. Among the enrolled  
patients, we found that 21 patients (0.7%) progressed to 
ESKD requiring maintenance renal replacement therapy  
after lung cancer diagnosis during the study period, and all 
of them experienced prior AKI (Table 5). Their median time 
to ESKD progression was 2.16±2.71 years. Furthermore, the 

ratio of initial eGFR and the average of the last three eGFRs 
(last three eGFRs/initial eGFR) was lower in patients with 
more advanced AKI (stage 2/3) (S5 Table).

Discussion

With the growing importance of kidney function in cancer 
patients, the field of oncology is gaining attention. Unfortu-
nately, there are no large cohort studies regarding the clini-
cal significance of AKI in lung cancer patients. In this study, 
we found that incident AKI was more commonly found in 
lung cancer patients than previously reported and is associ-
ated with a high mortality rate. In addition, we showed that 
both the presence and severity of AKI were associated with 
higher mortality and worse long-term kidney outcomes in 
lung cancer patients.

In addition to our previous study, there have been few 
studies that have aimed to determine the relationship bet-
ween incident AKI and mortality in cancer patients. Two 
studies showed that kidney dysfunction was related to 
higher mortality in cancer patients admitted to the intensive 
care unit [22,23]. In our study, we analyzed a total of 2,331 
patients who survived > 1 year after lung cancer was diag-
nosed. We hypothesized that incident AKI will be negatively 
associated with mortality and long-term kidney outcomes, 
which was supported by our results. A total of 1,251 deaths 
were observed; 601 (46.2%), 620 (62.6%), and 30 (75%) deaths 
were observed in the no AKI, AKI stage 1, and AKI stage 
2/3 groups, respectively. Considering the Cox proportional 
hazard analysis, these results suggest that not only the pres-
ence of AKI but also the severity of AKI may affect mortality 
in lung cancer patients. However, in the subgroup analysis, 
statistically significant results were not obtained in patients 
with small cell carcinoma and with SEER stage 7. Even in 
patients with SEER stage 7, mild AKI was found to be protec-
tive against all-cause mortality. Small cell carcinoma in the 
lung is known to have a poorer prognosis than other sub-
types [24]. It is also clear that patients with distant metasta-
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Table 5.  Long-term kidney outcome according to incident AKI

 No AKI AKI stage 1 AKI stage 2/3 Total 
p-value

 (n=1,783) (n=1,351) (n=68) (n=3,202)

CKD occurrencea) 18 (1.0) 192 (14.2) 16 (23.5) 226 (7.1) < 0.001
CKD worseningb) 1,397 (78.4) 1,108 (82.0) 59 (86.8) 2,564 (80.1) < 0.001
ESKD progression 0 ( 18 (1.3) 3 (4.4) 21 (0.7) < 0.001
Values are presented as number (%). AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; 
ESKD, end-stage kidney disease. a)CKD occurrence: initial eGFR ≥ 60 mL/min/1.73 m2 and last eGFR < 60 mL/min/1.73 m2, b)CKD wors-
ening: last CKD stage worse than initial CKD stage.
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sis have a poorer prognosis than those who do not. Further 
analysis with more subjects may be needed, but these results 
suggest that other factors beyond the incidence of AKI may 
have a greater impact on mortality.

In terms of long-term kidney function, we found that 
7.1% of lung cancer resulted in de novo CKD. Furthermore, 
the proportion of the patients who deteriorated their CKD 
stage and who progressed to ESKD were higher in the more  
advanced AKI group, although its absolute ESKD incidence 
was rare. The relationship between cancer and kidney seems 
to be a circular, but previous studies usually limited to acute 
kidney damage in cancer patients or cancer development in 
CKD patients [25,26]. By virtue of the recent advancement 
in early detection and cancer treatment, the numbers of can-
cer survivors are increasing. Keeping pace with it, the late  
sequelae of cancer treatment such as cardiovascular diseases, 
metabolic syndrome, diabetes, and osteoporosis increases, 
although it is easy to be overlooked [27-30]. However, there 
are only rare data on CKD development or worsening kid-
ney function which is one of the important sequelae in cancer 
patients after treatment. CKD incidence or worsening kidney 
function raises the nihilistic approach to cancer treatment, 
leading the patients to frequent under-treatment and sequen-
tial loss of opportunity to gain prolonged survival [31]. As 
shown in our results, the development of AKI in lung cancer 
patients does not end with the occurrence of simple acute 
complications but may lead to a decrease in long-term kid-
ney function, eventually leading to CKD. Clinicians should 
pay attention to this and try to detect AKI earlier and to pre-
vent it.

In order to prevent AKI development in lung cancer pati-
ents, it is necessary to evaluate the possibility of occurrence 
and to adjust the risk factors. We intended to determine what 
characteristics of lung cancer were involved in a higher than 
expected rate of incident AKI compared with other types of 
malignancy. Few studies have identified risk factors for AKI 
in lung cancer patients. Predictive factors for AKI after lung 
cancer surgery were presented: hypertension, sCr eleva-
tion, low forced vital capacity, high N-terminal pro-B-type 
natriuretic peptide, pneumonectomy, and blood loss during 
surgery [11]. In another study, the number of chemotherapy 
cycles was independently associated with AKI in lung cancer 
patients with palliative chemotherapy [10]. Several factors 
including old age, higher systolic blood pressure, presence of 
DM and anemia, lower initial eGFR < 60 mL/min/1.73 m2, 
and receiving chemotherapy could be considered predictive 
risk factors for AKI in this study. Based on these results, we 
would like to provide a basis for selecting patients with a 
high probability of AKI and carefully tracking kidney func-
tion when treating lung cancer patients. However, among 
the chemotherapy group, the use of nephrotoxic chemo-

therapeutic agents was no significantly different among AKI 
groups. We presumed that these results were due to the ten-
dency of physicians to be less likely to prescribe drugs with 
nephrotoxicity to patients predicted with impaired kidney 
function.

There are several limitations in this study. First, this is the 
retrospective study conducted in a single medical center. 
Second, despite the revised method for sCr, we only used 
the sCr to evaluate the kidney function. If an evaluation of 
proteinuria or urine volume is added, more accurate kidney 
function can be assessed. Third, we excluded the patients 
with initial sCr less than 0.6 mg/dL and limited to patients 
with sCr within the normal range. Since sCr is dependent on 
muscle mass, in patients with low muscle mass, the eGFR 
can be overestimated [32,33]. Also, we concerned that low 
sCr could cause a sharp change in eGFR even with a small 
change, resulting in severe AKI. In actual clinical settings, it 
was often difficult to trust the severity of AKI in these cas-
es. Fourth, we did not determine the causes of all AKI that  
occurred in this study. In practice, AKI in the clinical setting 
is caused by a combination of multiple factors [34]. Initially, 
we intended to find out the specific causes of AKI in lung 
cancer; however, we only identified the causes of severe AKI 
through chart review, and that findings were also not very 
different from those in other settings. Fifth, we could not  
review all medications administered to study subjects; in  
addition to the chemotherapeutic agents we analyzed, there 
are drugs such as antibiotics, anti-hypertensive drugs, DM 
treatments, and new drugs such as immune checkpoint  
inhibitors that known to affect kidney function [35]. Suffi-
cient analysis of all drugs will help to predict the cause of 
AKI.

Although there are some limitations, this study aimed to 
identify the incidence of AKI and the association of AKI and 
mortality in patients with lung cancer. We found that inci-
dent AKI is a risk factor of mortality in patients with lung 
cancer, and more advanced AKI is related to higher mortal-
ity than no AKI and mild AKI. Incident AKI affects not only 
death but also long-term deterioration of kidney function. 
Advances in the treatment of cancer will prolong the lifespan 
of cancer patients, which also require the consideration of 
kidney function and efforts to preserve it. Therefore, further 
research is needed to determine which characteristics of can-
cer patients are linked to kidney function.
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Introduction

Patients diagnosed with advanced non-small cell lung 
cancer (NSCLC) generally have a very poor prognosis. The  
median overall survival of patients with unresectable dis-
ease is 10-13 months when treated with standard platinum-
doublet chemotherapeutic regimens, and 22 months when 
immune checkpoint inhibitor is combined with cytotoxic 
chemotherapy [1-4]. Nevertheless, NSCLC treatment has 
been revolutionized by the discovery of oncogenic driver 
mutations and the development of matched selective and 
targeted inhibitors. For epidermal growth factor receptor 
(EGFR) tyrosine kinase inhibitor therapy, survival outcomes 
have been significantly improved, and anaplastic lymphoma 
kinase (ALK) inhibitors demonstrate even better results in 
metastatic lung cancer patients harboring these targetable 
oncogenic molecular alterations [5,6]. Therefore, identifying 
driver mutations and developing matching selective inhibi-
tors is a key strategy in the treatment of these specific subsets 
of lung cancer. 

Mesenchymal-epithelial transition factor (MET) is a recep-

tor tyrosine kinase that initiates multiple signaling cascades 
upon activation through binding of hepatocyte growth fac-
tor. Pathways activated by MET activation include mitogen-
activated protein kinase, phosphoinositide 3-kinase/AKT-
axis, signal transducer and activator of transcription, and 
nuclear factor-κB complex, which are all key signaling path-
ways in tumorigenesis [7]. Accordingly, MET dysregulation 
has been validated as an oncogenic driver in many types of 
malignancies, including NSCLC [8,9].

MET dysregulation is known to be caused by various 
mechanisms, including overexpression or genetic altera-
tion. However, gene amplification or mutations that lead to 
functional activation of kinase activity are widely accepted 
indices for clinically defining MET dysregulations in patients 
with these molecular alterations, and have been associated 
with poor clinical prognosis and response to selective MET 
inhibition [10-13].

Previous studies have assessed MET amplification by 
utilizing gene copy number (GCN) in surgically resected 
NSCLC samples, and found that high GCN levels are asso-
ciated with worse survival [10,11,14]. In addition, positive 
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responses to MET inhibitors have been reported in patients 
with de novo MET amplification [15,16]. Mutations caus-
ing skipping of exon 14 (METex14) are another well-known 
mechanism of MET dysregulation. Exon 14 encodes the 
binding site for casitas B-lineage lymphoma, the E3 ubiquitin 
ligase that degrades MET [17]. Thus, mutations that result in 
deletion of exon 14 invariably enhance MET stability, caus-
ing signaling dysregulation. Exon 14-skipping mutations are 
also reported to be associated with poor clinical outcome in 
NSCLC [10,18]. Importantly, small molecule MET inhibitors 
have been shown to be effective in patients harboring these 
genetic mutations [12,13,19-22]. And recently, crizotinib has 
been demonstrated to be a potent therapeutic option in lung 
cancer patients with METex14 in a prospective clinical trial 
[23]. The incidence of MET dysregulation is relatively rare 
in newly diagnosed NSCLC, with MET amplification report-
edly occurring in 2%-3% of newly diagnosed cases [11,24,25], 
and mutations leading to exon 14 skipping occurring in 3%-
4% of NSCLCs [12,22,25,26]. Nevertheless, identifying lung 
cancer patients with MET dysregulation is a priority as novel 
therapeutic agents become available. 

Capmatinib (INC280) is a highly potent MET inhibitor that 
has been validated in preclinical research [27]. We partici-
pated in the phase 2 trial of capmatinib (GEOMETRY mono-
1, NCT02414139) and screened locally advanced/metastatic 
NSCLC patients for eligibility [28]. The study was designed 
to evaluate the efficacy of MET inhibition in six different  
cohorts based on MET GCN levels or the presence of  
METex14. We tested these two profiles in addition to per-
forming immunohistochemical (IHC) staining of MET for 
patients who participated in the screening. 

In this retrospective study, we aimed to delineate the clini-
cal characteristics and prognostic effect of MET dysregula-
tion in advanced NSCLC by utilizing clinical data from  
patients who were screened for eligibility in the capmatinib 
trial. We also determined whether capmatinib affects the sur-
vival of patients with MET dysregulation, defined as either 
the presence of METex14 or GCN of at least 10 copies per cell. 

Materials and Methods
 
1. Patients

Patients who were screened for eligibility for a phase 2 trial 
of capmatinib (INC280) at the National Cancer Center Hos-
pital (Goyang, Korea) from December 2015 to January 2019 
were included in this retrospective analysis (NCT02414139). 
All the patients were diagnosed with locally advanced (stage 
IIIB) or metastatic (stage IV) NSCLC, with no document-
ed molecular alteration of EGFR or ALK genes. Data were 
mainly collected by review of electronic medical records. For  

patients enrolled in the trial, capmatinib was given at the 
dose of 400 mg twice a day in tablet formulation. Response 
to capmatinib was assessed by the Response Evaluation Cri-
teria in Solid Tumors ver. 1.1. 

2. Gene copy number 
MET GCN was analyzed by fluorescence in situ hybridi-

zation (FISH) using the Vysis MET FISH kit (Abbott Molecu-
lar, Des Plaines, IL). In brief, 4-μm thick sections prepared 
from formalin-fixed paraffin-embedded (FFPE) tissue sam-
ples were deparaffinized, hybridized with probes targeting 
MET, and counterstained with 4′,6-diamidino-2-phenylin-
dole (DAPI). At least 50 non-overlapping nuclei of tumor 
cells were selected using DAPI, and the average count of 
MET signals was determined for each specimen. 

3. Detection of MET exon 14-skipping mutation
MET exon 14-skipping mutation was assessed by real-time 

quantitative polymerase chain reaction (RT-qPCR). RNA was 
extracted from FFPE samples, and cDNA was synthesized 
for use as the template. TaqMan probes spanning the exon 13 
and 15 junction (Applied Biosystems, Foster City, CA) were 
used to detect exon 14 skipping in RT-qPCR. 

4. IHC staining 
All pathology slides were examined and reviewed by 

a board-certified pathologist with expertise in thoracic  
malignancies. IHC staining for MET (CONFIRM anti-Total 
c-MET (SP44), Ventana Medical Systems, Tucson, AZ) was 
performed on FFPE tissue sections using the Benchmark XT 
instrument (Ventana Medical Systems). Results were scored 
based on the intensity and proportion of the staining. Inten-
sity was scored in a semiquantitative manner from 0 (absent) 
to 3 (strong). A proportion of the stained area was scored as 
either < 25%, 25%-50%, or ≥ 50%. By combining the inten-
sity and proportion scales, IHC results were classified into 
three groups, modifying the previously reported scoring 
system [29,30]. High expression was defined as an intensity 
score greater than 3 and proportion ≥ 50%. An intermediate 
expression was defined as an intensity score of 2 and a pro-
portion ≥ 50%, or an intensity score of 3 and a proportion 
between 25 and 50%. All other cases were classified as low 
expression. 

5. Statistical analyses
Statistical analyses were performed using R (ver. 3.5.1, 

R Foundation for Statistical Computing, Vienna, Austria).  
Descriptive statistics were reported as numbers and percent-
ages of patients. Continuous variables were compared using 
a t test, or analysis of variance (ANOVA) test. Categorical 
variables were analyzed using the chi-square test or Fisher 
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exact test. Overall survival (OS) was determined from the 
date the patient was diagnosed of locally advanced or meta-
static NSCLC to the date of death or last follow-up. Survival 
was analyzed with the Kaplan-Meier method and compared 
using a log-rank test, and multivariable analysis was per-
formed with the Cox regression method. Statistical signifi-
cance was defined as a two-sided p-value < 0.05. 

Results

1. Clinical characteristics
A total of 72 patients who participated in the screening 

for a phase 2 capmatinib trial were enrolled in this study. 
Data cutoff was August 19, 2019, and the median follow-up  
period was 10.0 months (with a range of 1.0-68.6 months). 

Table 1.  Clinical characteristics of patients

 Total  Group A (GCN ≥ 10 Group B (others) 
p-value

 (n=72) or METex14) (n=14, 19.4%) (n=58, 80.6%)

Age, mean (range, yr) 62.2 (32-79) 67.7 (57-79) 60.8 (32-79) 0.014
Sex    
    Male 60 (83.3) 14 (100) 46 (79.3) 0.106
    Female 12 (16.7) 0 ( 12 (20.7) 
Histology    
    Adenocarcinoma 58 (80.6) 13 (92.9) 45 (77.6) 0.663
    Squamous cell carcinoma 10 (13.9) 1 (7.1) 9 (15.5) 
    Other 4 (5.5) 0 ( 4 (6.9) 
Smoking history    
    Never 8 (11.1) 2 (14.3) 6 (10.3) 
    Current or former 64 (88.9) 12 (85.7) 52 (89.7) 0.648
    Pack years 36.2 (0.1-120.0) 30.2 (1.0-94.0) 37.5 (0.1-120.0) 0.380
Stage    
    III 7 (9.7) 3 (21.4) 4 (6.9) 0.128
    IV 65 (90.3) 11 (78.6) 54 (93.1) 
ECOG PS    
    0  24 (33.3) 4 (28.6) 20 (34.5) 0.762
    1 48 (66.7) 10 (71.4) 38 (65.5) 
Values are presented as mean (range) or number (%). ECOG PS, Eastern Cooperative Oncology Group performance status; GCN, gene 
copy number; METex14, MET exon 14 skipping mutation.

Table 2.  Assessments of the MET status

 
Total

   Group A (GCN ≥ 10 Group B
  or METex14) (others)

GCN 72 ( 14 ( 58 (
    Mean (range) 5.9 (1.8-22.8) 11.9 (4.1-22.8) 4.5 (1.8-8.5)
    GCN ≥ 10 10 (13.9) 10 (71.4) 0 (
    GCN < 10 62 (86.1) 4 (28.6) 58 (100)
Exon 14 skipping mutation 64 ( 12 ( 52 (
    Present 5 (7.8) 5 (41.7) 0 (
    Absent 59 (92.2) 7 (58.3) 52 (100)
Immunohistochemistrya)  66 ( 13 ( 53 (
    High 32 (48.5) 8 (61.5) 24 (45.3)
    Intermediate 17 (25.8) 1 (7.7) 16 (30.2)
    Low 17 (25.8) 4 (30.8) 13 (24.5)
Values are presented as number (%) unless otherwise indicated. GCN, gene copy number; METex14, MET exon 14 skipping mutation.  
a)High: intensity 3+ and proportion > 50%; Intermediate: intensity 2+ and proportion > 50%, or intensity 3+ and proportion 25%-50%; Low: 
intensity 1+ or proportion < 25%. 
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In the phase 2 trial, participants were enrolled through vari-
ous cohorts based on different GCN cutoff values and the 
presence of METex14. Nevertheless, to scrutinize the clinical  
impact of MET dysregulation, study participants were divi-
ded into two groups based on the GCN cutoff level of 10 
and the presence of METex14. Fourteen patients were clas-
sified as group A (GCN ≥ 10, or METex14), and the other 58  
patients as group B (Table 1, S1 Fig.). The majority of patients 
were male and had a history of adenocarcinoma histology 
and smoking. Patients in group A were significantly older 
than group B, with a mean age of 67.7 and 60.8 years, respec-
tively (p=0.014). Although the difference was not statistically 
significant, all the patients in group A were male (Table 1).

2. Correlation of MET assessments
We analyzed MET status using GCN, METex14, and IHC. 

These data were available in 72, 64, and 66 patients, respec-
tively (Table 2). Among patients in group A, 10 had high 

GCN levels (GCN ≥ 10), and five had METex14. These two 
alterations occurred simultaneously in one patient (S2 Fig.). 

IHC for MET protein expression is a feasible assay that 
might reflect the level of MET amplification. Therefore, we 
sought whether MET IHC results have correlation with GCN 
values or METex14 mutations. Patients with high protein 
expression had significantly higher GCN values (ANOVA, 
p=0.015), and were also enriched for MET-amplified subjects 
(GCN ≥ 10). However, METex14 did not show a correla-
tion with IHC. Among the five patients with METex14, two 
showed low expression, one showed intermediate, and two 
showed high expression results in IHC (Fig. 1). 

3. Responses to capmatinib 
For the capmatinib clinical trial (NCT02414139), patients 

were enrolled through six cohorts with varying degrees of 
MET GCN levels and treatment histories. Thirteen patients 
in our study population were enrolled in the trial, and of 
these, eight patients were classified as group A and five were 
group B (S3 Table, S1 Fig.). All 13 patients were male. Three 
patients had stage 3B cancer, and 10 patients had stage 4. 
Among the patients in group A, five patients had high GCN, 
two had METex14, and one patient had alterations in both 
GCN and METex14.

Capmatinib responses were different between the two 
groups. For patients in group A, the objective response rate 
(ORR) was 50%, with four partial responses (PR), one stable 
disease (SD), and three progressive diseases. Median dura-
tion of response was 16.1 months (range, 5.3 to 36.4 months). 
However, there was no PR in group B. Only one patient 
showed SD (Table 3). 

4. Prognostic impact of MET dysregulation
In order to assess the prognostic impact of MET dysregu-

lation in advanced NSCLC, we compared OS between the 
two groups of our study population. The median OS was 
20.2 months (95% confidence interval [CI], 6.9 to not applica-
ble [NA]) for patients in group A, and 11.3 months (95% CI, 
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Fig. 1.  Correlation of MET immunohistochemistry and gene 
copy numbers. Scatter plot of MET gene copy number values 
classified by immunohistochemistry staining results. A dotted 
line indicates the gene copy number threshold value of 10 copies 
per cell. Statistical analyses were performed using an ANOVA 
test. METex14, MET exon 14 skipping mutation. 

Table 3.  Best overall response to capmatinib

 Total  Group A (GCN ≥ 10 Group B (others)
 (n=13) or METex14) (n=8, 61.5%) (n=5, 38.5%)

Best response, n (%)
    Complete remission  0 ( 0 ( 0 (
    Partial response  4 (30.8) 4 (50.0) 0 (
    Stable disease  2 (15.4) 1 (12.5) 1 (20.0)
    Progressive disease  7 (53.8) 3 (37.5) 4 (80.0)
Overall response rate (%) 30.8 ( 50.0 ( 0 (

GCN, gene copy number; METex14, MET exon 14 skipping mutation.
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8.2 to 20.3) for group B. Although survival time was greater 
in group A, this difference was not statistically significant 
(log-rank test, p=0.457) (Fig. 2A). Because eight out of 14  
patients in group A were enrolled in the capmatinib trial, we 
compared the OS according to capmatinib treatment among 
group A patients. The clinical characteristics of these patients, 
including histologic subtype, smoking history, clinical stage, 
and Eastern Cooperative Oncology Group performance sta-
tus, were similar between the two subgroups (Table 4). Cap-
matinib was given as first-line therapy in one patient, and 
second-line therapy in seven patients. Patients who were 
not enrolled in the trial were treated with standard cytotoxic 
chemotherapy regimens. The median OS was 21.5 months 
(95% CI, 20.8 to NA) for patients treated with capmatinib, 
and 7.5 months (95% CI, 3.2 to NA) for patients without cap-
matinib (log-rank test, p=0.025) (Fig. 2B). 

As capmatinib was beneficial to patients with GCN ≥ 10 
and METex14, we investigated whether it would have led to 
a survival benefit in patients with lower GCN values. How-
ever, capmatinib treatment did not significantly prolong the 
OS of patients in subgroups with GCN values higher than 4 
or 6 (S4A and S4B Fig.). Likewise, we also attempted to see 
whether IHC high expression could be a predictive biomark-
er for capmatinib treatment, but the OS also did not signifi-
cantly differ within this subgroup (S4C Fig.). 

To corroborate whether capmatinib treatment is a predic-
tive biomarker for better clinical outcome in NSCLC patients 
with GCN ≥ 10 or METex14, we analyzed various clinical 
characteristics that are known to be associated with survival. 
In multivariable analyses, capmatinib treatment was the only 
factor associated with better clinical outcome (hazard ratio, 
0.09; 95% CI, 0.01 to 0.73) (S5 Table).  

Next, we compared OS among patients untreated with 
capmatinib (n=59) to determine whether MET dysregula-
tion, defined as GCN ≥ 10 or METex14, was indeed associ-
ated with poor clinical outcome. The median OS for patients 
in group B and untreated with capmatinib (n=53) was 11.3 
months (95% CI, 7.9 to 29.4), similar to the result for all  
patients in the whole group B patients. Since the median 
OS for group A patients untreated with capmatinib was 7.5 
months (Fig. 2B), we observed a tendency towards poorer 
clinical outcome in advanced NSCLC patients harboring 
MET amplification or activating mutation (log-rank test, 
p=0.123) (Fig. 2C). 

 
Discussion

In this study, we retrospectively analyzed the clinical 
characteristics and prognosis of advanced NSCLC patients 
screened for enrollment in a phase 2 trial of capmatinib, a 
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Fig. 2.  Kaplan-Meier plots for overall survival. Kaplan-Meier 
plots for overall survival in all study patients (n=72) stratified 
by study groups (log-rank test, p=0.457) (A), patients with MET 
gene copy number (GCN) ≥ 10 or MET exon 14 skipping mutation  
(METex14) (n=14) stratified by capmatinib treatment (log-rank 
test, p=0.025) (B), and patients untreated with capmatinib (n=59) 
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ex14 (log-rank test, p=0.123) (C). mOS, median overall survival. 
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potent and selective MET inhibitor [28]. These patients had 
no EGFR or ALK mutations, reflecting the population treated 
with platinum-doublets as standard therapy. The median 
OS of patients without METex14 and GCN < 10 was 11.3 
months, which is consistent with results of previous land-
mark studies [1,2]. OS of all patients in group A (GCN ≥ 10 
or METex14) was comparable to group B (GCN < 10 without 
METex14). However, considering that ORR of capmatinib 
was 50% among group A patients, we subdivided this group 
based on capmatinib treatment. In group A patients untreat-
ed with capmatinib, the median OS was 7.5 months, indicat-
ing that MET dysregulation defined by GCN ≥ 10 or the pres-
ence of METex14 may cause worse clinical outcome in locally  
advanced or metastatic NSCLC. However, the median OS 
was significantly longer in patients treated with capmatin-
ib, and was independent of other clinical factors that could  
affect survival. These results imply that MET inhibition could 
be a compelling treatment option for appropriately selected 
patients. The definition of MET dysregulation is still contro-

versial, and there is no established consensus. This is largely 
due to a lack of studies examining subgroups of patients that 
best respond to selective MET inhibition. Although defin-
ing METex14 is relatively clear using RT-qPCR or next gen-
eration sequencing, the definition MET amplification varies 
according to the study. Many researchers have used GCN 
values with a threshold of 3 or 5 copies per cell [31]. These 
previous studies used a cutoff value that split the progno-
sis of their study cohort, rather than a robust, scientifically 
determined value that would assure true activation of MET 
signaling [28]. However, in order to scrutinize the clinical  
impact of MET dysregulation in advanced NSCLC, we ap-
plied the highest cutoff value (GCN 10) to enrich for patients 
with the strongest MET activity [22].

In the phase 2 trial of capmatinib, study subjects were  
recruited into various cohorts based on GCN and METex14. 
The cutoff values of GCN for cohort entry were 4, 6, or 10. 
A recent biomarker analysis from the phase 1 trial of cap-
matinib showed that patients with MET GCN ≥ 6 showed 

Table 4.  Clinical characteristics of patients with c-MET GCN ≥ 10 or METex14

 Total  Capmatinib (–) Capmatinib (+) 
p-value

 (n=14) (n=6, 42.9%) (n=8, 57.1%)

Age (yr) 69.5 (57-79) 68.0 (57-74) 70.0 (57-79) 0.559
Sex    
    Male 14 (100) 6 (100) 8 (100) > 0.99
    Female 0 ( 0 ( 0 ( 
Histology    
    Adenocarcinoma 13 (92.9) 6 (100) 7 (87.5) > 0.99
    Squamous cell carcinoma 1 (7.1) 0 ( 1 (12.5) 
    Other 0 ( 0 ( 0 ( 
Smoking history    
    Current or former 12 (85.7) 5 (83.3) 7 (87.5) > 0.99
    Never 2 (14.3) 1 (16.7) 1 (12.5) 
Stage    
    III 3 (21.4) 1 (16.7) 2 (25.0) > 0.99
    IV 11 (78.6) 5 (83.3) 6 (75.0) 
ECOG PS    
    0 4 (28.6) 2 (33.3) 2 (25.0) > 0.99
    1 10 (71.4) 4 (66.7) 6 (75.0) 
First-line treatment    
    Platinum-doubleta) 13 (92.9) 6 (100) 7 (87.5) 
    Capmatinib 1 (7.1) 0 ( 1 (12.5) 
Second-line treatment    
    Platinum-doubleta) 3 (21.4) 2 (33.3) 1 (12.5) 
    Pemetrexed 1 (7.1) 1 (16.7) 0 ( 
    Capmatinib 7 (50.0) 0 ( 7 (87.5) 

Values are presented as median (range) or number (%). ECOG PS, Eastern Cooperative Oncology Group performance status; GCN, gene copy 
number; METex14, MET exon 14 skipping mutation. a)Platinum-doublet regimens include pemetrexed+platinum, gemcitabine+platinum, 
or taxane+platinum.
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a high response rate (ORR 47%, 7 out of 15) [32]. Yet, in the 
phase 2 GEOMETRY mono-1 trial, capmatinib showed sub-
stantial antitumor activity in patients with METex14 or GCN 
≥ 10 [28]. Overall response for patients with METex14 was 
41% for second- or third-line therapy, and 68% for first-line 
therapy. And in patients with GCN ≥ 10, overall response 
was 29% for second- or third-line therapy, and 40% for first-
line therapy. In this study, only one patient was treated with 
capmatinib as first-line; thus, it is difficult to compare the  
efficacy according to the presence of prior therapy. Response 
rates were lower in patients with MET GCN levels below 10, 
and these cohorts were closed at the interim analysis. Results 
from our analyses are in line with these data which supports 
that capmatinib should be indicated for patients with MET-
ex14 or GCN ≥ 10.

Of note, high MET GCN and METex14 activity was con-
currently observed in one patient (1 out of 5 with MET-
ex14). This observation is in line with a previous study that  
detected concurrent MET amplification in 15%-20% of  
patients with METex14 [22,26]. Since the majority of patients 
with MET amplification or activating mutations had only 
one of these alterations, both GCN levels and mutational sta-
tus of MET should be tested to determine whether patients 
would benefit from selective MET inhibition. 

Immunohistochemical staining was not considered for  
enrollment in this study, but is widely used in clinics due to 
its feasibility. In addition, protein expression levels reflected 
in IHC results may be correlated with amount of gene ampli-
fication. Hence, we examined whether IHC was correlated 
with GCN levels, and found that MET-amplified patients 
were enriched in patients with positive IHC results. This 
finding was consistent with previous reports demonstrating 
that high IHC scores correlated with MET gene amplifica-
tion measured by the FISH technique [24,32,33]. However, 
IHC did not seem to correlate with METex14, as only two out 
of five patients with the mutation had positive IHC results. 
Additionally, IHC was not a good predictive biomarker for 
response to capmatinib in our data (S4C Fig.), and also in the 
analysis of the phase 1 trial [32]. Therefore, IHC alone cannot 
be employed as a single screening tool for MET dysregula-
tion, and additional gene amplification or mutational pro-
files must be performed for accurate molecular assessment. 

Notably, METex14 mutations are reported to be relatively 
frequent in pulmonary sarcomatoid carcinoma (PSC) which 
is a rare but highly aggressive subtype of NSCLC. Sequenc-
ing results have revealed that it ranges from 13.6% to 31.8% 
in PSC, varying from study to study, but still higher than  
adenocarcinoma or squamous cell carcinoma [10,34,35]. 
None of our patients with METex14 were PSC, but this may 
be because there were only five patients in our cohort. Since 
METex14 is a druggable oncogenic mutation, efforts to search 

potential candidates are especially required in these patients.
This study has several limitations such as the retrospective 

nature and the small number of patients. Nevertheless, our 
key findings are in line with the results from the prospec-
tive multi-cohort phase 2 trial (GEOMETRY mono-1), and 
strengthens its conclusion [28]. Also, this is the first report 
demonstrating that in patients with MET GCN ≥ 10 and 
METex14, treatment with capmatinib led to an improved 
OS compared to those that were treated only with standard 
chemotherapy.

In conclusion, in this study, we showed that patients with 
MET GCN ≥ 10 or METex14 tend to show worse clinical 
outcome in locally advanced or metastatic NSCLC. Nev-
ertheless, MET inhibitors could be a compelling treatment  
option for carefully selected patients. Although the defini-
tion of MET dysregulation is still controversial, stringent cri-
teria could be used to refine the target population that would 
benefit the most from selective MET inhibition. 
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Introduction

Lung cancer is the leading cause of cancer-related deaths 
worldwide and causes a substantial socio-economic bur-
den [1]. Non–small cell lung cancer (NSCLC) accounts for 
more than 85% of all lung cancer cases, and stage III disease  
accounts for approximately one-third of patients with 
NSCLC at initial diagnosis [2]. However, stage III NSCLC is 
highly heterogeneous [3] and is divided into stage IIIA, IIIB, 
and IIIC according to the recent eighth edition of American 
Joint Committee on Cancer (AJCC) staging system [4]. 

Despite recent advances in this field, including immuno-
therapy, in the treatment and management of lung cancer 
[5], optimal management for stage III NSCLC remains con-
troversial [6]. Traditionally, concurrent chemotherapy and 
radiation therapy (CCRT) has been recommended in these 
patients, especially in unresectable stage III NSCLC cases [7]. 
However, the beneficial role of surgical treatment has been 
reported in select patients with stage III NSCLC [8]. Moreo-
ver, upfront surgery for stage III NSCLC has been more com-

monly performed in Asian population than in populations 
of Western countries [9]. Indeed, a recent expert consensus 
statement in Asia suggested a proposed clinical algorithm 
for stage III NSCLC, which divided patients as resectable, 
potentially resectable, and unresectable cases [10]. 

Despite these previous lines of evidence, little is known 
about the clinical characteristics and treatment patterns of  
patients with stage III NSCLC in the real-world setting 
among Asian population. In this study, we aimed to inves-
tigate prognostic factors and clinical outcome in stage III 
NSCLC using real-world clinical data in the Korean popula-
tion. 

Materials and Methods
 
1. Study populations and methods

During 2014-2016, the Korean Central Cancer Registry 
(KCCR) registered the data of patients who were newly  
diagnosed with lung cancer (24,354 patients in 2014, 24,502 
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patients in 2015, and 25,780 patients in 2016). Among the 
eligible patients, the final survey population comprised 13  
regional cancer centers and 39 hospitals in Korea, from 
which a significant number of registrations were made. In 
total, 8,110 patients with lung cancer were selected from each 
of the 52 hospitals using a systematic sampling method [11], 
and only patients with clinical information which could be 
converted to the 8th edition of the TNM International Stag-
ing System were analyzed in this study.

A standardized protocol was used to collect information 
about clinical characteristics including age, sex, body mass 
index (BMI), smoking history, histopathologic tumor type, 
symptoms, performance status (PS), Eastern Corporative 
Oncology Group (ECOG) score, clinical stage (according to 
the 8th edition of the TNM International Staging System) 
[4], treatment modality, results of molecular tests including 
epidermal growth factor receptor (EGFR) mutation and ana-
plastic lymphoma kinase (ALK) translocation, and survival 
status. Information on BMI and PS was obtained on the ini-
tial date of visit at the time of diagnosis. Patients were fol-
lowed up until December 2018. 

2. Statistical analysis
All data of continuous variables are expressed as mean± 

standard deviation or median (interquartile range [IQR]), 
and the data of categorical variables are expressed as per-
centages. One-way analysis of variance was used to compare 
continuous variables, while Pearson’s chi-square test was 
used to compare categorical variables. Cox proportional haz-
ards models were used to identify risk factors for mortality, 
and variables with a p-value of < 0.20 on univariate analysis 
were used for the multivariate analysis. Survival was ana-
lyzed using the Kaplan-Meier method and compared using 
log-rank tests. All p-values were two-tailed, with statistical 
significance set at p < 0.05. All statistical analyses were per-
formed using SPSS ver. 20.0 (IBM Corp., Armonk, NY). 

Results

1. Patient characteristics 
A total of 1,383 patients with stage III NSCLC were  

enrolled at 52 sites in South Korea. The baseline character-
istics of the study patients are presented in Table 1. Median 
patient age was 70 years (IQR, 61 to 76 years), and 79.4% of 
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Table 1.  Baseline characteristics of the study patients

Characteristic Total  Stage IIIA Stage IIIB Stage IIIC p-value

No. of patients  1,383 ( 548 (39.6) 517 (37.4) 318 (23.0)
Age (yr) 70 (62-75) 70 (62-76) 69 (61-75) 70 (61-76) 0.578
Male sex 1,098 (79.4) 434 (79.2) 412 (79.7) 252 (79.2) 0.978
Ever-smoker (n=1,365) 1,012 (74.1) 393 (72.5) 381 (74.6) 238 (76.3) 0.462
BMI (kg/m2) 23.1±13.3 22.6±4.1 23.4±15.8 23.4±18.2 0.579
Symptoms     
    Asymptomatic 180 (13.0) 79 (14.4) 73 (14.1) 28 (8.8) 0.039
    Cough 568 (41.1) 216 (39.4) 208 (40.2) 144 (45.3) 0.212
    Sputum 335 (24.2) 130 (23.7) 123 (23.8) 82 (25.8) 0.759
    Dyspnea 259 (18.7) 111 (20.3) 93 (18.0) 55 (17.3) 0.483
    Hoarseness 36 (2.6) 12 (2.2) 14 (2.7) 10 (3.1) 0.684
    Hemoptysis 141 (10.2) 41 (7.5) 64 (12.4) 36 (11.3) 0.023
    Weight loss 89 (6.4) 20 (3.6) 38 (7.4) 31 (9.7) 0.001
    Pain 214 (15.5) 83 (15.1) 73 (14.1) 58 (18.2) 0.269
Performance status (n=1,044)     
    0-1 916 (87.7) 361 (86.8) 346 (89.9) 209 (86.0) 0.265
    2-4 128 (12.3) 55 (13.2) 39 (10.1) 34 (14.0) 
Histopathology      
    Squamous cell carcinoma 643 (46.5) 238 (43.4) 256 (49.5) 149 (46.9) 0.137
    Adenocarcinoma 565 (40.9) 226 (41.2) 209 (40.4) 130 (40.9) 0.964
    Large cell carcinoma 6 (0.4) 0 ( 3 (0.6) 3 (0.9) 0.102
    NSCLC, NOS 154 (11.1) 69 (12.6) 53 (10.3) 32 (10.1) 0.377
Values are presented as median (interquartile range), number (%), or mean±standard deviation. BMI, body mass index; NOS, not otherwise 
specified; NSCLC, non–small cell lung cancer.
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them were male. According to histopathology, 46.5% had 
squamous cell carcinoma and 40.9% had adenocarcinoma. 
Among the study patients, 548 (39.6%) had stage IIIA, 517 
(37.4%) had stage IIIB, and 318 (23.0%) had stage IIIC. There 
were no significant differences in age, sex, smoking history, 
PS, and histopathology between stage groups. The propor-
tion of patients who experienced weight loss was higher in 
stage IIIC (9.7%) than in stage IIIB (7.4%) or stage IIIC (3.6%, 
p=0.001).

2. Risk factor for mortality according to baseline character-
istics

The median follow-up period for the study patients was 16 
months (IQR, 7 to 39 years), and 1,052 patients (76.1%) died 
during follow-up period. In patients with squamous cell 

cancer, univariate Cox analysis revealed that old age, poor 
PS, and clinical stage IIIC (compared to stage IIIA) were sig-
nificant predictors of mortality (Table 2). In multivariate Cox 
analysis, old age (hazard ratio [HR], 1.031; 95% confidence 
interval [CI], 1.019 to 1.043; p < 0.001), poor PS (HR, 1.353; 
95% CI, 1.010 to 1.813; p=0.043), and stage IIIC (compared 
with stage IIIA; HR, 1.720; 95% CI, 1.328 to 2.229; p < 0.001) 
were independently associated with mortality.

Among patients with adenocarcinoma, univariate Cox 
analysis revealed that old age, male sex, ever-smoker, lower 
BMI, poor PS, and clinical stage IIIC (compared with stage 
IIIA) were significant predictors of mortality (Table 3). On 
multivariate Cox analysis, lower BMI (HR, 0.944; 95% CI, 
0.917 to 0.972; p < 0.001), and clinical stage IIIC (compared 
with stage IIIA; HR, 1.848; 95% CI, 1.390 to 2.457; p < 0.001) 
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Table 2.  Risk factors for mortality in patients with squamous cell carcinoma assessed using the Cox proportional hazards model

Risk factor
  Univariate analysis   Multivariate analysis

 Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

Age 1.039 1.028-1.050 < 0.001 1.031 1.019-1.043 < 0.001
Male sex 1.293 0.904-1.850 0.160   
Ever-smoker 1.035 0.775-1.383 0.815   
BMI 0.994 0.971-1.018 0.646   
Performance status      
    0-1 (reference) 1.000   1.000  
    2-4  1.618 1.219-2.147 0.001 1.353 1.010-1.813 0.043
Clinical stage      
    IIIA (reference) 1.000   1.000  
    IIIB 1.216 0.993-1.490 0.059 1.212 0.962-1.527 0.103
    IIIC 1.689 1.345-2.121 < 0.001 1.720 1.328-2.229 < 0.001
BMI, body mass index; CI, confidence interval.

Table 3.  Risk factors for mortality in patients with adenocarcinoma assessed using the Cox proportional hazards model

Risk factor
  Univariate analysis   Multivariate analysis

 Hazard ratio 95% CI p-value Hazard ratio 95% CI p-value

Age 1.009 1.000-1.019 0.057
Male sex 1.334 1.082-1.645 0.007   
Ever-smoker 1.385 1.131-1.697 0.002   
BMI 0.953 0.930-0.976 < 0.001 0.944 0.917-0.972 < 0.001
Performance status      
    0-1 (reference) 1.000     
    2-4  1.450 0.999-2.104 0.050   
Clinical stage      
    IIIA (reference) 1.000   1.000  
    IIIB 1.097 0.871-1.381 0.433 0.971 0.743-1.268 0.827
    IIIC 1.729 1.346-2.220 < 0.001 1.848 1.390-2.457 < 0.001
EGFR mutation 0.849 0.675-1.066 0.159   
BMI, body mass index; CI, confidence interval; EGFR, epidermal growth factor receptor.
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were independently associated with mortality.

3. Initial treatment modality 
The initial treatment modality among the study patients is 

listed in Table 4. Among patients with squamous cell carci-
noma, 17.4% received surgery as the initial treatment (9.3% 
of the patients underwent surgery after neoadjuvant chemo-
therapy, and 8.1% of the patients received upfront surgery). 
In addition, 11.5% of the patients received radiation thera-
py, 32.3% of the patients received chemotherapy, 25.3% the  
patients received CCRT, and 9.3% received no specific anti-
cancer treatment as the initial treatment. 

Among patients with adenocarcinoma, 27.1% underwent 
surgery as the initial treatment (13.3% of patients under-
went surgery after neoadjuvant chemotherapy, and 13.8% 
of patients underwent upfront surgery). Moreover, 4.6% 
of patients received radiation therapy, 31.9% were treated 
with chemotherapy, 21.9% were received CCRT, and 10.1% 
received no specific anti-cancer treatment as the initial treat-
ment. 

4. Survival analysis
Among the total subjects, patients with stage IIIC (me-

dian survival period, 12 months) had worse survival com-
pared to patients with stage IIIA (median survival period, 
20 months) or patients with stage IIIB (median survival  
period, 18 months; p < 0.001) (Fig. 1). According to the ini-
tial treatment method in patients with stage IIIA, the surgery 

group (median survival period, 36 months) showed better 
survival than the non-surgical treatment group (median sur-
vival period, 18 months; p=0.001) (Fig. 2A). These results 
were consistent for squamous cell carcinoma (Fig. 2B), and 
the surgery group tended to have better survival than the 
non-surgical treatment group in adenocarcinoma (Fig. 2C). A 
comparison of baseline characteristics between the surgery 
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Fig. 1.  Overall survival of patients according to clinical stage. 

Ov
er

al
l s

ur
vi

va
l (

%
)

Follow-up (mo)

0

40

20

100

80

60

0 40 8020 60

Stage IIIA
Stage IIIB
Stage IIIC
p < 0.001

    

Stage IIIA
Stage IIIB
Stage IIIC

24-month
survival

(%)

45.3
39.3
27.0

12-month
survival

(%)

62.8
57.6
45.6

Median 
survival

time (mo)

20
18
12

Event/No.

387/548
388/517
277/318

Table 4.  Initial treatment modality for study patients 

 Total  Stage IIIA Stage IIIB Stage IIIC p-value

Squamous cell carcinoma (n=643)  238 (37.0) 256 (39.8) 149 (23.2)
    Surgery 112 (17.4) 58 (24.4) 40 (15.6) 14 (9.4) < 0.001
        After neoadjuvant chemotherapy 60 (9.3) 30 (12.6) 24 (9.4) 6 (4.0) 0.019
        Upfront surgery 52 (8.1) 28 (11.8) 16 (6.3) 8 (5.4) 0.031
    RT only 74 (11.5) 31 (13.0) 33 (12.9) 10 (6.7) 0.112
    Chemotherapy 208 (32.3) 61 (25.6) 82 (32.0) 65 (43.6) 0.001
    CCRT 163 (25.3) 57 (23.9) 69 (27.0) 37 (24.8) 0.735
    Best supportive care 60 (9.3) 24 (10.1) 21 (8.2) 15 (10.1) 0.726
    Unknown 25 (3.9) 6 (2.5) 11 (4.3) 8 (5.4) 0.336
Adenocarcinoma (n=565)  226 (40.0) 209 (37.0) 130 (23.0) 
    Surgery 153 (27.1) 84 (37.2) 48 (23.0) 21 (16.2) < 0.001
        After neoadjuvant chemotherapy 75 (13.3) 41 (18.1) 25 (12.0) 9 (6.9) 0.009
        Upfront surgery 78 (13.8) 43 (19.0) 23 (11.0) 12 (9.2) 0.012
    RT only 26 (4.6) 13 (5.8) 9 (4.3) 4 (3.1) 0.494
    Chemotherapy 180 (31.9) 59 (26.1) 67 (32.1) 54 (41.5) 0.011
    CCRT 124 (21.9) 43 (19.0) 51 (24.4) 30 (23.1) 0.376
    Best supportive care 57 (10.1) 19 (8.4) 22 (10.5) 16 (12.3) 0.483
    Unknown 24 (4.2) 8 (3.5) 11 (5.3) 5 (3.8) 0.651
Values are presented as number (%). CCRT, concurrent chemoradiation therapy; RT, radiation therapy.
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group and the non-surgical treatment group is shown in S1 
Table. Patients in the surgery group had younger age, higher 
BMI, and better PS than those in the non-surgical treatment 
group. Although, stage N1 group tended to have better sur-
vival than stage N2 group among stage IIIA who have under-
gone surgery on stage IIIA, there were no significant statisti-
cal difference in survival time between nodal stages N1 and 
N2 (median survival, 41 months vs. 30 months; p=0.703). In 

addition, there was no significant statistical difference in sur-
vival time between pneumonectomy group (n=7) and lobec-
tomy group (n=84) in who have undergone surgery on stage 
IIIA (median survival, 55 months vs. not reached; p=0.773). 
Among patients with stage IIIB or stage IIIC, those who  
received CCRT (median survival period, 24 months) showed 
better survival than those who received chemotherapy  
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Fig. 2.  Overall survival of stage IIIA patients according to ini-
tial treatment: in total stage IIIA patients (A), in squamous cell 
carcinoma stage IIIA patients (B), and in adenocarcinoma stage 
IIIA patients (C).
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Fig. 3.  Overall survival of stage IIIB and IIIC patients according 
to initial treatment: in total stage IIIB and IIIC patients (A), in 
squamous cell carcinoma stage IIIB and IIIC patients (B), and in 
adenocarcinoma stage IIIB and IIIC patients (C). CCRT, concur-
rent chemoradiation therapy.
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(median survival period, 11 months), radiation therapy  
(median survival period, 10 months; p < 0.001) (Fig. 3A). 
These results were also consistent for squamous cell carci-
noma and adenocarcinoma (Fig. 3B and C). A comparison of 
patients’ baseline characteristics according to the treatment 
modality is shown in S2 Table. Patients in the CCRT group 
had younger age and better PS than those in the chemother-
apy group or the radiation therapy group.

Discussion

Our study investigated prognostic factors and clinical out-
comes in stage III NSCLC. Baseline characteristics such as 
age, PS, BMI, clinical stage according to the AJCC 8th edition, 
and treatment modality were associated with the prognosis 
of the study patients irrespective of histopathology. Moreo-
ver, while surgical treatment was associated with better sur-
vival outcomes in patients with stage IIIA, CCRT showed 
clinical benefit in patients with stage IIIB and IIIC. To the best 
of our knowledge, the present study is the first nationwide-
based study in Asia to focus on stage III NSCLC. 

Several previous studies reported the clinical character-
istics of patients with stage III NSCLC. Morgensztern et al. 
[12] conducted a study in 12,315 patients with unresectable 
NSCLC stage III according to the TNM staging 6th edition 
and showed that tumor size was independently associated 
with poor prognosis, after adjusting for age, sex, and histo-
pathology. Additionally, Vinod et al. [13] conducted a study 
in 2,153 patients with stage III NSCLC according to the TNM 
classification 6th edition and reported that male sex, older 
age, higher ECOG score, and stage IIIB (vs. stage IIIA) were 
independently associated with mortality. In addition, Ade-
muyiwa et al. [14] conducted a study in 203 patients with 
stage III NSCLC and reported that preserved lung function 
and higher pretreatment hemoglobin were independent 
prognostic factors, rather than age and stage (stage IIIA vs. 
stage IIIB). In the present study, older age, poor PS (in squa-
mous cell carcinoma), and lower BMI (in adenocarcinoma) 
were independent prognostic factors, a finding that is com-
parable to those reported in previous studies [15,16]. 

Several previous studies showed prognostic difference  
according to the TNM classification system of lung cancer 
8th edition [17]. Goldstraw et al. [17] conducted a study on 
stage III NSCLC and reported that the 5-year survival of  
patients with clinical stage IIIA, IIIB, and IIIC was 36%, 26%, 
and 13%, respectively. Chansky et al. [18] conducted a study 
in 780,294 cases of NSCLC using data from the National Can-
cer Database, validating the eighth edition of the TNM stage; 
they showed different median survival time between clinical 
stages (37.8 months for stage IIIA, 22.2 months for stage IIIB, 

and 13.8 months for stage IIIC, respectively). However, these 
previous studies were performed in the Western population, 
and only few studies validated the TNM classification sys-
tem eighth edition in the Asian population [19,20]. Although, 
previous studies showed correlation and prognostic infor-
mation between the seventh and eighth editions of the TNM 
classification system in Asia (Korea and Japan) [19,20], these 
studies focused only on surgical cases. In the present study, 
although there was no significant prognostic difference  
between stage IIIA and stage IIIB (median survival period, 
20 months vs. 18 months; p=0.080), patients with stage IIIC 
had worse survival compared to the patients with stage IIIA  
(median survival period, 12 months vs. 20 months; p < 
0.001) or patients with stage IIIB (median survival period, 12 
months vs. 18 months; p < 0.001). Future studies with larger 
populations in Asia will be needed to validate the eighth edi-
tion of the TNM classification system and determine prog-
nostic difference.

In the present study, surgical treatment played a beneficial 
role in patients with stage IIIA NSCLC. Although, surgery 
group tended to have better survival than the non-surgical 
treatment group in adenocarcinoma, there was no statisti-
cally significant difference. Among patients with stage IIIA 
adenocarcinoma who did not receive surgery, about 14.1% of 
patients were treated with EGFR tyrosine kinase inhibitors, 
which might have induced these results. In patients with 
T3N1 or T4N1 NSCLC (stage IIIA), surgery might be con-
sidered in feasible cases [21]. However, there remains contro-
versy about the role of surgery, especially in patients with N2  
involvement. Albain et al. [8] conducted a study in 396 pati-
ents with stage T1-3pN2M0 NSCLC and reported that there 
was no significant survival benefit of surgery after chemo-
radiation therapy but showed improved progression-free 
survival in the surgery group. Van Meerbeeck et al. [22] con-
ducted a study in 332 stage IIIA (N2) patients who received 
induction chemotherapy and reported that surgical treat-
ment did not show any association with better survival out-
come than radiation therapy. However, approximately 47% 
of patients of the surgery group received pneumonectomy 
in that study, which might have caused a negative clinical 
outcome in the surgery group. Although currently there are 
no data available about the definitive benefit of surgery in  
patients with stage III NSCLC, several studies have suggest-
ed the potential role of surgery in these patients. Eberhardt 
et al. [23] conducted a study in 246 patients who received  
induction chemotherapy with stage IIIA and IIIB NSCLC 
and reported that the 5-year overall survival and progres-
sion-free survival were not different between the surgery 
group and the chemoradiation therapy boost group. Yun et 
al. [24] conducted a study in 706 patients with pathologic N2 
disease who underwent upfront surgery and reported that 
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the median survival time of study patients was 52 months, 
which was comparable to that reported in a previous study. 
McElnay et al. [25] performed a systematic review and  
meta-analysis and reported that surgery, as part of trimodal-
ity treatment led to better overall survival than chemoradio-
therapy alone despite no significant differences. However, 
there may be selection bias in these results. In the present 
study, the surgery group had younger age and better PS than 
the non-surgical treatment group, which might have influ-
enced a better clinical outcome. Considering these findings, 
surgical treatment can be considered in select patients with 
stage III NSCLC. 

According to the initial treatment methods, the CCRT 
group showed favorable outcome compared to the chemo-
therapy or radiation therapy group in patients with stage 
IIIB and IIIC NSCLC. These findings were consistent with 
those of previous studies [26-28]. Several randomized phase 
III trials conducted among patients with stage III NSCLC 
have shown that the CCRT group had better survival than 
the sequential treatment group [26,28]. However, there is a 
lack of data for real-world treatment outcome in patients 
with stage III NSCLC. Although Ryan et al. [29] showed that 
most stage III NSCLC patients received CCRT in the clinical 
setting, the prognosis according to the treatment modality 
was not shown in their study. Horinouchi et al. [30] conduct-
ed a study in 214 patients with unresectable stage III NSCLC 
who received CCRT and reported that the median overall 
survival of the study patients from completing CCRT was 
36.4 months. Although the CCRT group had younger age 
and better PS than the chemotherapy alone or radiation ther-
apy alone group, our study showed a beneficial role of CCRT 
using real-world data. Thus, CCRT should be considered in 
eligible stage III patients.

There were several limitations in our current study. First, 
the present study had a retrospective study design and was 
conducted in Korea. However, the subjects were recruited 
from 52 centers in Korea, which might have reduced selec-
tion bias. Second, although a standardized protocol was 
used to collect information, missing some clinical informa-
tion was inevitable. For example, the reason 37 patients with 
stage IIIC underwent surgery is still unclear. Third, the study 
population was enrolled between 2014 and November 2016, 
at which time, the clinical effect of immunotherapy could 
not be analyzed. Fourth, there are a lot of missing data about 
exact date of disease progression in each patient, so we did 
not perform analysis about progression-free survival results. 
Finally, although this is the largest series of stage III NSCLC 
cases in Asia reported to date, the numbers are still relatively 
small to perform a meaningful subgroup analysis. Especially, 
it is hard to perform meaningful subgroup analysis about N 
category because there was no accurate information about 

exact lymph node involvement in many cases. Despite these 
limitations, we believe that our study will serve as the basis 
to understand the clinical characteristics of stage III NSCLC 
patients in the Asian population.

In conclusion, clinical stage according to the eighth edition 
of TNM staging was associated with the prognosis of stage 
III NSCLC patients. While surgery might be suitable as an 
appropriate first-line treatment in select patients with stage 
IIIA NSCLC, CCRT might be important in patients with 
stage IIIB or IIIC NSCLC.
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Introduction

Lung cancer is one of the most common malignant tumors  
and has the highest incidence and mortality rates of all  
tumors type in the world [1]. Lung cancer includes small 
cell lung cancer (SCLC) and non–small cell lung cancer 
(NSCLC), and SCLC accounts for approximately 13%-15% of 
all lung cancer cases [2,3]. SCLC is the most aggressive type 
of lung cancer. Although some SCLC patients initially have 
a good response to chemotherapy drugs, they will develop 
chemotherapy drug resistance eventually. The poor progno-
sis of SCLC patients is largely related to chemotherapy drug  
resistance [4,5]. Therefore, a deep understanding of the 
mechanisms of chemotherapy drug resistance is urgently 
needed to develop the effective therapeutic strategies of 

SCLC patients.
The human transcriptome consists of 2% protein-coding 

RNAs and 98% non–protein-coding RNAs (ncRNAs) [6]. 
ncRNA are divided into short ncRNA and long-ncRNA 
(lncRNAs) according to the size. LncRNAs are a class of tran-
scripts that are longer than 200 nucleotides in length with no 
ability to encode proteins [7]. Extensive studies have dem-
onstrated that lncRNAs are involved in various biological 
processes, such as regulating cell proliferation, cell metas-
tasis, cell differentiation and apoptosis [8-10]. With the fur-
ther understanding of lncRNAs, it is reasonable to believe 
that the abnormal expression of lncRNAs is related to the 
occurrence and development of malignant tumors includ-
ing lung cancer. Recent studies showed that some lncRNAs 
such as HOTAIR, HOTTIP, and Linc00173 were involved in 
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SCLC chemoresistance. HOTAIR appeared to affect SCLC 
chemoresistance by regulating HOXA1 DNA methylation 
[11]. HOTTIP induced SCLC chemoresistance by sponging 
miR-216a [12,13]. Linc00173 promotes chemoresistance and 
progression of SCLC by sponging miR-218 to regulate Etk 
expression [14]. Therefore, analysis of lncRNAs related to 
chemoresistance in SCLC is important for understanding 
SCLC chemoresistance.

The purpose of this study was to find the lncRNA related to 
chemotherapy drug resistance of SCLC cells and determine 
the underlying molecular mechanism. LncRNA microarray 
data indicated that lncRNA KCNQ1OT1 was upregulated in 
chemotherapy drug-resistant SCLC cell lines H69AR. Fur-
ther research identified the function of KCNQ1OT1 in SCLC 
and revealed a potential mechanism by which KCNQ1OT1 
contributes to chemotherapy drug resistance. We also ana-
lyzed the expression and prognosis of KCNQ1OT1 in SCLC 
patients. Our findings thus will provide new insights into the 
regulatory mechanisms of KCNQ1OT1 in SCLC tumorigen-
esis and chemotherapy drug resistance.

Materials and Methods
 
1. Patients and specimens

A total of 84 lung cancer tissues were obtained from pati-
ents who had underwent bronchofiberscopy, biopsy or lobec-
tomy for SCLC diagnosis or surgery during January 2013 to 
December 2016 at Fujian Medical University Union Hospital 
and Fujian Provincial Hospital. The non-tumoral lung tissues 
were obtained from the lung benign diseases including bron-
chiectasis and pulmonary bulla by thoracoscopic lobectomy. 

2. Cell culture 
The human SCLC cell lines H69 and H446 and the drug-

resistant subline H69AR obtained from the American Type 
Culture Collection (ATCC). The H446DDP cell was obtained 
by culturing H446 cell in gradually increasing doses of cis-
platin (cDDP) up to 0.8 μM after a total of 14 months in our 
laboratory according to literature report. All cells lines were 
cultured in RPMI 1640 containing 10% fetal bovine serum 
(Gibco, Carlsbad, CA) at 37°C and 5% CO2. The drug-resist-
ant cells were maintained in drug-free medium for at least 2 
weeks before any experiment. 

3. Microarray analysis
LncRNA microarray analyses were compared between 

H69AR and H69 cells. Global gene expression in H446DDP 
stably transfected with shRNA for the knockdown of KCN-
Q1OT1 or control were evaluated using cDNA microarray 
analysis.

4. RNA extraction and quantitative reverse transcription 
polymerase chain reaction

Total RNA was extracted from cells and tumor tissues  
using the Trizol reagent (Invitrogen, Carlsbad, CA) accord-
ing to the manufacturer’s instruction. Prime Script RT rea-
gent kit (TIANGEN, Beijing, China) was used to synthesize 
cDNA from total RNA. Quantitative reverse transcription 
polymerase chain reaction (RT-qPCR) was used to detect the  
expression of KCNQ1OT1 and other genes, and performed 
on an Applied Biosystems StepOne Plus Real-Time PCR 
System (Takara, Otsu, Japan). Glyceraldehyde 3-phosphate  
dehydrogenase (GAPDH) was used as an endogenous con-
trol. Relative quantification method 2–ΔΔCt was utilized to  
detect the relative expression of different genes. The sequenc-
es of siRNA and shRNA as well as primers were presented 
in S1 Table.

5. Western blot analysis
Cell proteins were extracted using radioimmunoprecipita-

tion assay buffer. Protein concentrations in lysate were meas-
ured by BCA protein assay kit (CoWin Biosciences, Beijing, 
China). Subsequently, protein sample (60 μg) was separated 
on 10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transferred onto Amersham Protran nitrocellu-
lose membrane (GE Healthcare Life Sciences, Fairfield, CT). 
After blocking with block buffer at room temperature for 1 
hour, the membrane was incubated with primary antibod-
ies at 4°C overnight. Finally, the membranes were incubated 
with secondary antibody for 1 hour. GAPDH was used as 
control. The proteins were detected by BIO-RAD ChemiDoc 
XRS+ system (Bio-Rad, Hercules, CA). 

6. Cell Counting Kit 8 assay
For Cell Counting Kit 8 (CCK-8) assay, SCLC cells were 

seeded in a 96-well plat at 5×103 cells per well for 24 hours. 
Cells were treated with three kinds of chemotherapy drugs 
(adriamycin [ADM], Yifei Biotech, Jiangsu, China), cisplatin 
(cDDP; Qilu Pharma, Shandong, China), etoposide (VP-16; 
Qilu Pharma) for 24 hours respectively. Each of the test sam-
ple was incubated with 10 μL CCK-8 (Dojindo, Kumamato, 
Japan) solution and measured at 450 nm. The SCLC cells  
incubated without chemotherapeutic drug were set as con-
trol and were utilized to assess the IC50 concentration of each 
drug. 

7. Colony formation assay
For clone formation assay, SCLC cells were seeded in 

6-well plates at a density of 200 cells per well for 2 weeks. 
Then the culture medium was removed, and the cells were 
stained with 0.1% crystal violet.
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8. Flow cytometric analysis
Cells were treated with drugs for 10 hours and then 

washed twice in cold phosphate buffered saline (PBS) and 
fixed with 70% ethanol. Apoptosis was detected by Annexin 
V-fluorescein isothiocyanate according to the manufacturer’s 
protocol. The samples were all analyzed by flow cytometry 
(BD FACSVerse, BD Biosciences, San Jose, CA) using FAC-

Suite software (BD Biosciences).

9. Wound healing assay
Wound healing assay was performed to confirm the mi-

gration ability. SCLC cells were seeded into a 6-well plates 
at 1.5×105 cells per well. When cells reached 90% confluence, 
a wound field was made using a 200 μL pipette tip. Subse-

Fig. 1.  High level of KCNQ1OT1 was a poor prognosis factor for patients with small cell lung cancer (SCLC). The expression of KCN-
Q1OT1 in H69 and H69AR (A), in H446 and H446DDP (B) cells. (C) The expression of KCNQ1OT1 in SCLC tissues and non-tumoral lung 
tissues. (D) The role of KCNQ1OT1 in the prognosis of SCLC patients. **p < 0.01.
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Table 1.  Association of KCNQ1OT1 with clinical parameters

Characteristic No. Average expression of KCNQ1OT1 p-value

Age (yr)
    ≤ 60  40 0.47 0.180
    > 60  44 0.36 
Sex   
    Male  76 0.42 0.340
    Female    8 0.36 
Smoking history   
    Yes  65 0.40  0.450
    No  19 0.42 
Disease stage   
    Limited disease  44 0.29 0.024
    Extensive-stage disease 40 0.54 
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quently, all cells were cultured in medium without serum for 
24 hours. Images of cells were captured to record the repair 
process.

10. Transwell assay
To confirm the invasion ability, a transwell invasion assay 

was carried out. SCLC cells were seeded in the interior of the 
insert chamber (Corning, New York, NY) with the matrigel-

coated membrane. After fixation and staining with 0.1% 
crystal violet, five random fields were selected and counted.

11. Tumor formation assay
BALB/c nude mice (male, 5 weeks old) were purchased 

from Sun Yat-Sen University Laboratory Animal Center 
(Guangzhou, China). All procedures were performed accor-
ding to the guidelines of the Association for the Assessment 

Fig. 2.  Knockdown of KCNQ1OT1 expression inhibited proliferation, migration and invasion of small cell lung cancer cells. (A) siRNA-
mediated knockdown of KCNQ1OT1 expression in H69, H69AR, H446, and H446DDP cells. (B) shRNA-mediated knockdown of KCN-
Q1OT1 expression in H69, H69AR, H446, and H446DDP cells. The effect of KCNQ1OT1 knockdown on proliferation in H69 (C), H446 (D), 
H69AR (E), and H446DDP (F) cell using Cell Counting Kit 8 assay. (Continued to the next page)
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Fig. 2.  (Continued from the previous page) The effect of KCNQ1OT1 knockdown on colony formation (G), migration (H), and invasion (I) in 
H446, H446DDP, and H69AR cells. *p < 0.05, **p < 0.01. (Continued to the next page)
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and Accreditation of Laboratory Animal Care International. 
The mice were randomly separated into four groups. Expo-
nentially growing SCLC cells were injected subcutaneous-
ly into the flanks of mice (5×106 cells in 100 μL of PBS per 
animal). Tumor volume was calculated using the formula 
V=(L×W2)×1/2, where V=volume, L=length, W=width.  
Tumor size was monitored every 2 days. When the tumors 
had reached an average volume of about 150 mm3, the mice 
were treated with cDDP (3 mg/kg, every week) and VP16 
(7 mg/kg, every 2 days). The mice were euthanized 28 days 
after injection.

12. Oligonucleotides and transfections
The siRNA targeting KCNQ1OT1 mRNA (si KCNQ1OT1), 

siCtrl were synthesized from GenePharma (Shanghai, Chi-
na). Cells were seeded at a density of 3×105 cells per well 
in 6-well plates with Dulbecco’s modified Eagle’s medium 
containing 10% fetal bovine serum for 24 hours. The trans-
fection was performed using lipofectamine 2000 (Invitrogen) 
according to the manufacturer’s guidelines. The lentiviral 
particles of shKCNQ1OT1 and sh-control were also synthe-
sized from GenePharma. 

13. Statistical analysis
All experiment was performed at least triplicate. Results 

are presented as the mean±standard deviation of three  
independent experiments. The difference between the means 
were tested by the Student’ s t test or One-way ANOVA test. 
All p < 0.05 were considered statistically significant.

Results

1. Clinical value of KCNQ1OT1 expression in SCLC
In order to identify lncRNA involved in the progression 

or development of chemoresistance in SCLC, we compared 
lncRNA profiles of H69AR cell and H69 cell. In total, 1,521 
significant lncRNAs expression differences were observed 
with up-regulation of 1,024 lncRNAs and down-regulation 
of 497 lncRNAs in H69AR cell compared with H69 cell. 
Previous studies have showed that KCNQ1OT1 was abnor-
mally expressed in a variety of tumors [15-18]. Based on the 
analysis of lncRNA microarray, KCNQ1OT1 expression was  
upregulated in H69AR cell. Then we found that the expres-
sion of KCNQ1OT1 in H69AR cell and H446DDP cell were 
higher than that in H69 cell and H446 cell by RT-qPCR,  
respectively (Fig. 1A and B). Meanwhile, the expression of 
KCNQ1OT1 was detected in SCLC tissues and non-tumor-
al lung tissues by RT-qPCR. KCNQ1OT1 expression was 
significantly upregulated in SCLC tissues compared with 
non-tumoral lung tissues (Fig. 1C). In addition, we further  
investigated the association between KCNQ1OT1 and clini-
cal features of SCLC patients. Our results indicated that 
SCLC patients with high KCNQ1OT1 expression had a sig-
nificantly poor prognosis than those with low KCNQ1OT1 
expression (Fig. 1D). 

Examination of the correlation between KCNQ1OT1  
expression and clinical pathological features showed that 
a high KCNQ1OT1 expression was correlated with SCLC 
disease stage, but KCNQ1OT1 expression was not associ-

Fig. 2.  (Continued from the previous page) 
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Fig. 3.  Knockdown of KCNQ1OT1 expression promoted small cell lung cancer cell apoptosis. Flow cytometric analysis was used for cell 
apoptosis detection after KCNQ1OT1 knockdown in H69, H69AR, H446, and H446DDP cells. (A) A bar graph demonstrating the rate of 
apoptosis using flow cytometry analysis. (B) Representative flow cytometry analysis graphs. PI, propidium iodide. *p < 0.05, **p < 0.01.
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ated with sex, age or smoking history of patients (Table 1). 
Compared with the patients for high level of KCNQ1OT1, 
those with low level of KCNQ1OT1 had a good prognosis at 
limited disease (S2A Fig.). However the expression of KCN-
Q1OT1 was not associated with prognosis for SCLC patients 
at extensive-stage disease (S2B Fig.). These results strongly 
suggested that the upregulated expression of KCNQ1OT1 
was a potential prognostic biomarker and may be useful in 
the development of chemoresistance progression for SCLC.

2. The biological functions of KCNQ1OT1 in SCLC
To explore the biological functions of KCNQ1OT1 in 

SCLC, KCNQ1OT1-siRNA and shRNA were used to manip-
ulate KCNQ1OT1 level in SCLC cells. We designed two spe-
cific siRNAs of KCNQ1OT1 and transfect them into SCLC 
cells, respectively. KCNQ1OT1 expression was measured by  
RT-qPCR at 24-hour post-transfections. In H69, H69AR, H446 
and H446DDP cells, KCNQ1OT1 expression was effectively 
50%, 56%, 54%, and 56% knocked down by KCNQ1OT1-
si1, 48%, 54%, 68%, and 66% by KCNQ1OT1-si2 compared 
with negative control cells (Fig. 2A). For stable KCNQ1OT1 
RNAi effects, the RNAi sequences were constructed on the 

KCNQ1OT1 shRNA1 and KCNQ1OT1 shRNA2 vectors,  
respectively. The knockdown effects were verified by RT-qPCR  
(Fig. 2B). CCK8 assay showed that knockdown of KCN-
Q1OT1 expression inhibited proliferation of H69, H69AR, 
H446, and H446DDP cells (Fig. 2C-F). Next, we found that 
knockdown of KCNQ1OT1 significantly inhibited the col-
ony formation of H69AR, H446 and H446DDP cells (Fig. 
2G). Furthermore, we analyzed the effect of KCNQ1OT1 on 
the migration and invasion behavior of H69AR, H446, and 
H446DDP cells. The results showed that knockdown of KC-
NQ1OT1 were able to inhibit the migration and invasion of 
H69AR, H446, and H446DDP cells (Fig. 2H and I). 

Flow cytometry assay was performed to identify the  
effect of KCNQ1OT1 expression on SCLC cells apoptosis. 
As expected, down-regulation of KCNQ1OT significantly 
promoted H69, H69AR, H446, and H446DDP cells apoptosis 
compared with negative control cells, respectively (Fig. 3A 
and B). 

3. The relationship between KCNQ1OT1 and chemoresist-
ance in SCLC

Apoptosis usually affects the resistance of tumor cells to 

Fig. 4.  Knockdown of KCNQ1OT1 expression resulted in increased chemosensitivity in small cell lung cancer cells. Cells were treated 
with the indicated dose of drug. IC50 values are as showed for ADM, DDP, VP-16 in H69, H69-NC, H69-si1, and H69-si2 cells (A), in 
H69AR, H69AR-NC, H69AR-si1, and H69AR-si2 cells (B), in H446, H446-NC, H446-si1, and H446-si2 cells (C), in H446DDP, H446DDP-
NC, H446DDP-si1, and H446DDP-si2 cells (D). *p < 0.05, **p < 0.01.
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chemotherapy. So we investigated the effect of KCNQ1OT1 
expression on the sensitivity of SCLC cells to chemotherapy. 
H69, H69AR, H446, and H446DDP cells were initially tran-
siently transfect with KCNQ1OT1 siRNA or siRNA NC. Sub-
sequently, the sensitivity of each cell line to ADM, cDDP, or 
VP-16 was assayed individually. Knockdown of KCNQ1OT1 
expression has been proved to significantly improve H69, 
H69AR, H446, and H446DDP cells chemotherapy sensitiv-
ity to ADM, cDDP, and VP-16 (Fig. 4A-D). Cells transfected 
with siRNA and knockdown was confirmed by RT-qPCR (S3 
Fig.). In addition, our data showed that ADM, cDDP, and 
VP-16 can significantly induce the apoptosis of H69, H69AR, 
H446, and H446DDP cells after knocking down KCNQ1OT1 
expression compared to negative control cells (Fig. 5, S4 and 
S5 Figs.).

The effect of KCNQ1OT1 to confer chemoresistance was 
further explored via an in vivo tumor model. As showed in 
Fig. 6A-C, KCNQ1OT1 knockdown resulted in smaller mice 
subcutaneous tumor sizes, and intraperitoneal injection of 
VP-16+cDDP into these mice with KCNQ1OT1 knockdown 
further restrained the growth of the tumor (Fig. 6D-F).

4. The potential mechanism of KCNQ1OT1-mediated 
chemoresistance

To identify pathways regulated by KCNQ1OT1 and to un-
derstand the potential mechanism of its chemoresistance ef-
fects in SCLC, gene expression profiles of H446DDP cells with 
or without KCNQ1OT1 knockdown were analysed by cDNA 
microarray. The heatmap was displayed in S6 Fig. We found 
that E-cadherin gene, the typical epithelial-to-mesenchymal 
transition (EMT) molecular marker, was significantly upreg-
ulated in KCNQ1OT1 knockdown H446DDP cells. Accord-
ingly, three mesenchymal genes (VIM [vimentin], TWIST1 
[twist family bHLH transcription factor 1], and ZEB-2 [zinc 
finger E-box binding homeobox 2]) and three key genes of 
transforming growth factor-β (TGF-β) signaling pathway 
(TGFB1 [transforming growth factor, beta 1], SMAD2 [SMAD 
family member 2], and SMAD3 [SMAD family member 3]) 
were down-regulated in KCNQ1OT1 knockdown H446DDP 
cells (Table 2). The results were subsequently detected using  
RT-qPCR and western blotting on H69AR cell (Fig. 7A-C) and 
H446DDP cell (Fig. 7D-F). As expected, knockdown of KCN-
Q1OT1 resulted in EMT, as evidenced by repression of the 
mesenchymal genes VIM, TWIST1, and ZEB-2 and induction 

Fig. 5.  Knockdown of KCNQ1OT1 increased apoptosis of cells treated with chemotherapy drugs. Flow cytometric analysis was used for 
cell apoptosis detection for KCNQ1OT1 knockdown cells treated with chemotherapy drugs. A bar graph demonstrating the rate of apopto-
sis using flow cytometry analysis in KCNQ1OT1 knockdown H69 (A), H69AR (B), H446 (C), and H446DDP (D) cells. *p < 0.05, **p < 0.01.
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of the epithelial marker E-cadherin. Recent studies have sug-
gested that activated TGF-β pathway could facilitate EMT. 
To elucidate the molecular mechanism through which KCN-
Q1OT1 leads to the EMT activating phenotype, we examined 
TGF-β pathways participated. Addition of exogenous TGFB1 
significantly increased the expression of SMAD2, SMAD3, 
TWIST, ZEB-2, and VIM, and decreased the expression of  
E-cadherin in H69 (Fig. 8A-C) and H446 (Fig. 8D-F) cells. 

In summary, our results indicated that KCNQ1OT1 could 
emerge as important regulators of EMT, enabled by TGF-β 
pathway activation, which ultimately endows SCLC cell 
chemoresistant. And a reciprocal regulation between KCN-
Q1OT1 and TGF-β pathway could exist in SCLC cells.

Discussion

The rapid emergence of drug resistance limits the benefits 
of SCLC treatment, resulting in poor survival and progno-
sis. Numerous studies revealed that lncRNAs were involved 
in the development and progression of multiple cancers.  
Recently, aberrant expression of lncRNAs has been observed 
in chemoresistant cancer cells, making them a promising tar-
get for cancer chemotherapy. In order to investigate the role 
of lncRNA in the development of chemoresistant in SCLC 
cells, we compared lncRNA expression profiles in SCLC 
chemoresistant cells by lncRNA microarray. Compared 
with the H69 cell, KCNQ1OT1 expression was significantly  
upregulated in H69AR cell, and has not been reported on 
SCLC. Therefore, KCNQ1OT1 was selected for further  
research.

Recently, high levels of KCNQ1OT1 were detected in a 
variety of tumors. In colorectal cancer, KCNQ1OT1 expres-
sion increased and promoted gastrointestinal metastasis [17]. 
Guo et al reported that KCNQ1OT1 promoted tumor growth 
and metastasis in melanoma. Luo et al. [15] demonstrated 
that KCNQ1OT1 enhanced ovarian cancer cells prolifera-
tion, as well as migration. Zheng et al. [19] and Sun et al. [20]  

reported that the expression of KCNQ1OT1 was upregulated 
in NSCLC and stage I Lung cancer patients respectively. In 
addition, the drug resistance of cancer cells was also associat-
ed with KCNQ1OT1 expression. For instance, the enhanced 
resistance to oxaliplatin in colon cancer and hepatocellular 
carcinoma was associated with increased level of KCN-
Q1OT1 [21,22].

In this study, we found that KCNQ1OT1 expression was 
increased in H69AR cell and H446DDP cell compared with 
H69 cell and H446 cell, respectively. Furthermore, high level 
of KCNQ1OT1 was also confirmed in SCLC tissues com-
pared with non-tumoral lung tissues, and high levels of 
KCNQ1OT1 indicated poor prognosis in SCLC patients. In 
addition, silencing of KCNQ1OT1 expression reduced SCLC 
cell proliferation, invasion and migration and induced cel-
lular apoptosis.

Previous studies showed that cell apoptosis played an  
important role in tumor treatment [23]. The reason for tumor 
drug resistance is mainly due to the anti-apoptotic pathway 
of cancer cells and the sensitivity to cancer cell apoptosis 
induced by chemotherapy drugs [24,25]. In this study, we 
found that knockdown of KCNQ1OT1 expression increased 
the sensitivity of SCLC cells to the chemotherapeutic drug 
ADM, cDDP and VP-16, and that knockdown of KCNQ1OT1 
significantly increased apoptosis of SCLC cells. These results 
illustrate that KCNQ1OT1 is involved in chemotherapy drug 
resistance in SCLC treatment.

Some recent studies showed that KCNQ1OT1 was invol-
ved in the progression of multiple cancers by targeting multi-
ple miRNAs [26,27]. In NSCLC cells, KCNQ1OT1 promoted 
cell migration and invasion by regulating miR-27b-3p [25]. In 
cholangiocarcinoma, KCNQ1OT1 promoted cells prolifera-
tion, invasion, and migration by regulating miR-140-5p [26]. 
In addition, KCNQ1OT1 promoted the progression of ovar-
ian cancer through miR-142-5p [27], which suggested that  
KCNQ1OT1 could regulate numerous genes by target-
ing multiple miRNAs. Therefore, we choose not to look at 
miRNAs regulated by KCNQ1OT1, but instead, we utilized 
cDNA microarray to determine genes regulated by KCN-
Q1OT1 in SCLC. In this study, we found that KCNQ1OT1 
knockdown inhibited the TGF-β and EMT signaling path-
ways. EMT has been reported to enhance resistance to chem-
otherapy in cancer cells in a variety of tumors, including 
breast cancer, pancreatic cancer, and non-SCLC [28]. TGF-β is 
considered to be the most important factor that induces EMT 
in developmental processes, cancer and other pathological 
conditions [29,30]. In some epithelial cell lines cultured in vit-
ro, TGF-β stimulation can induce EMT. We further found that 
TGF-β can regulate EMT in SCLC cells. Based on the above 
results, we believe that KCNQ1OT1 might regulates chem-
otherapy drug resistance of SCLC cells through the TGF-β  

Table 2.  Changes in gene expression after knockdown of  
KCNQ1OT1

Gene Id Log2FC p-value

E-CAD 0.466781074 0.029809636
TWIST1 –0.0599418 0.477872819
ZEB1 –0.732119998 1.04E-40
ZEB2 –0.634441333 2.43E-21
N-CAD –0.113228561 0.010006974
TGFB1 –0.575819785 3.27E-19
SMAD2 –0.557860465 1.63E-37
SMAD3 –0.261259289 0.000200333
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mediated EMT pathway.
The findings presented in the research have allowed us to 

conclude that the expression of KCNQ1OT1 was increased 
in SCLC, and the high level of KCNQ1OT1 is a novel bio-
marker with poor prognosis in SCLC patients. In addition, 
KCNQ1OT1 was found to inhibit tumor cell apoptosis, pro-

mote proliferation, invasion and migration, and enhance cell 
chemotherapy drug resistance. Although the oncogene role 
of KCNQ1OT1 has been reported on some tumors, such as 
NSCLC, ovarian cancer, the role of KCNQ1OT1 in SCLC is 
still unknown. More importantly, our study suggests that 
KCNQ1OT1 may play an important role in SCLC chemo-

Fig. 8.  Exogenous TGFB1 increased KCNQ1OT1 expression and activated epithelial-to-mesenchymal transition pathway in small cell lung 
cancer cells. Exogenous TGFB1 stimulated H69 cell lines, and the mRNA level of KCNQ1OT1, SMAD2, SMAD3, TWIST1, ZEB-2, VIM, and 
CDH1 were detected at 12 hours (A), 36 hours (B), and 60 hours (C), respectively. Exogenous TGFB1 stimulated H446 cell lines, and the 
mRNA level of KCNQ1OT1, SMAD2, SMAD3, TWIST1, ZEB-2, VIM, and CDH1 were detected at 12 hours (D), 36 hours (E), and 60 hours 
(F), respectively. *p < 0.05, **p < 0.01.
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therapy drug resistance by regulating the TGF-β mediated 
EMT signaling pathway. In summary, our research suggests 
that KCNQ1OT1 silencing may be considered as a new ther-
apeutic application in SCLC patients, and lead to a better  
understanding of combination therapy based on chemother-
apy.

Electronic Supplementary Material
Supplementary materials are available at Cancer Research and 
Treatment website (https://www.e-crt.org). 

Ethical Statement
The study was performed with the approval of the Ethics Commit-
tee of Fujian Provincial Hospital (k2017-12-024). The implement of 
the current study adhered to the tenets of the Declaration of Helsinki 
of the World Medical Association with regard to scientific research 
on human subjects. The written informed consent forms for partici-
pation and publication were obtained for all study participants.

Author Contributions
Conceived and designed the analysis: Liu Z, Liu H, Guo L. 
Collected the data: Li D, Liu H, Guo L.
Contributed data or analysis tools: Tong Q, Lian Y.
Performed the analysis: Tong Q, Lian Y, Chen Z, Huang W, Wen Y, 
Wang Q, Liang S, Li M, Zheng J.
Wrote the paper: Li D.
Validation: Zhu Y, Huang W, Wang Q.

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This research was funded by Natural Science Foundation of Guang-
dong Province (2016A030313137) and Special Grant for Education 
and Scientific Research of Fujian Provincial Department of Finance 
(Fujian Finance Document (2019) 926).

1.  Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo 
M, et al. Cancer incidence and mortality worldwide: sources, 
methods and major patterns in GLOBOCAN 2012. Int J Can-
cer. 2015;136:E359-86.

2.  Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboy-
ans V, et al. Global and regional mortality from 235 causes 
of death for 20 age groups in 1990 and 2010: a systematic 
analysis for the Global Burden of Disease Study 2010. Lancet. 
2012;380:2095-128.

3.  Sabari JK, Lok BH, Laird JH, Poirier JT, Rudin CM. Unravel-
ling the biology of SCLC: implications for therapy. Nat Rev 
Clin Oncol. 2017;14:549-61.

4.  Faivre-Finn C, Snee M, Ashcroft L, Appel W, Barlesi F, Bhat-
nagar A, et al. Concurrent once-daily versus twice-daily 
chemoradiotherapy in patients with limited-stage small-cell 
lung cancer (CONVERT): an open-label, phase 3, randomised, 
superiority trial. Lancet Oncol. 2017;18:1116-25.

5.  Gaspar LE, McNamara EJ, Gay EG, Putnam JB, Crawford J, 
Herbst RS, et al. Small-cell lung cancer: prognostic factors 
and changing treatment over 15 years. Clin Lung Cancer. 
2012;13:115-22.

6.  Wolin SL, Maquat LE. Cellular RNA surveillance in health 
and disease. Science. 2019;366:822-7.

7.  Slack FJ, Chinnaiyan AM. The role of non-coding RNAs in 
oncology. Cell. 2019;179:1033-55.

8.  Li Z, Zhang J, Liu X, Li S, Wang Q, Di C, et al. The LINC01138 
drives malignancies via activating arginine methyltransferase 
5 in hepatocellular carcinoma. Nat Commun. 2018;9:1572.

9.  Zhuo W, Liu Y, Li S, Guo D, Sun Q, Jin J, et al. Long noncoding 
RNA GMAN, up-regulated in gastric cancer tissues, is associ-
ated with metastasis in patients and promotes translation of 

ephrin A1 by competitively binding GMAN-AS. Gastroenter-
ology. 2019;156:676-91.

10.  Mendell JT. Targeting a long noncoding RNA in breast cancer. 
N Engl J Med. 2016;374:2287-9.

11.  Fang S, Gao H, Tong Y, Yang J, Tang R, Niu Y, et al. Long non-
coding RNA-HOTAIR affects chemoresistance by regulat-
ing HOXA1 methylation in small cell lung cancer cells. Lab  
Invest. 2016;96:60-8.

12.  Sun Y, Hu B, Wang Q, Ye M, Qiu Q, Zhou Y, et al. Long 
non-coding RNA HOTTIP promotes BCL-2 expression and  
induces chemoresistance in small cell lung cancer by spong-
ing miR-216a. Cell Death Dis. 2018;9:85.

13.  Sun Y, Zhou Y, Bai Y, Wang Q, Bao J, Luo Y, et al. A long non-
coding RNA HOTTIP expression is associated with disease 
progression and predicts outcome in small cell lung cancer 
patients. Mol Cancer. 2017;16:162.

14.  Zeng F, Wang Q, Wang S, Liang S, Huang W, Guo Y, et al. 
Linc00173 promotes chemoresistance and progression of 
small cell lung cancer by sponging miR-218 to regulate Etk 
expression. Oncogene. 2020;39:293-307.

15.  Luo ZP, Jin H. Effects of LncRNA KCNQ1OT1 on proliferation 
and migration of ovarian cancer cells by Wnt/beta-catenin. 
Eur Rev Med Pharmacol Sci. 2019;23:8788-94.

16.  Guo B, Zhang Q, Wang H, Chang P, Tao K. KCNQ1OT1 pro-
motes melanoma growth and metastasis. Aging (Albany NY). 
2018;10:632-44.

17.  Xian D, Zhao Y. LncRNA KCNQ1OT1 enhanced the metho-
trexate resistance of colorectal cancer cells by regulating miR-
760/PPP1R1B via the cAMP signalling pathway. J Cell Mol 
Med. 2019;23:3808-23.

18.  Wang J, Zhang H, Situ J, Li M, Sun H. KCNQ1OT1 aggravates 

References

Deyu Li, KCNQ1OT1 Improves Chemotherapy Response in SCLC

VOLUME 53 NUMBER 4 OCTOBER 2021     1055



cell proliferation and migration in bladder cancer through 
modulating miR-145-5p/PCBP2 axis. Cancer Cell Int. 2019; 
19:325.

19.  Zheng L, Zhang FX, Wang LL, Hu HL, Lian YD. LncRNA  
KCNQ1OT1 is overexpressed in non-small cell lung cancer 
and its expression level is related to clinicopathology. Eur Rev 
Med Pharmacol Sci. 2019;23:6944-50.

20.  Sun X, Xin Y, Wang M, Li S, Miao S, Xuan Y, et al. Overexpres-
sion of long non-coding RNA KCNQ1OT1 is related to good 
prognosis via inhibiting cell proliferation in non-small cell 
lung cancer. Thorac Cancer. 2018;9:523-31.

21.  Li Y, Li C, Li D, Yang L, Jin J, Zhang B. lncRNA KCNQ1OT1  
enhances the chemoresistance of oxaliplatin in colon can-
cer by targeting the miR-34a/ATG4B pathway. Onco Targets 
Ther. 2019;12:2649-60.

22.  Hu H, Yang L, Li L, Zeng C. Long non-coding RNA KCN-
Q1OT1 modulates oxaliplatin resistance in hepatocellular car-
cinoma through miR-7-5p/ABCC1 axis. Biochem Biophys Res 
Commun. 2018;503:2400-6.

23.  Fujita K, Iwama H, Oura K, Tadokoro T, Samukawa E, Saka-
moto T, et al. Cancer therapy due to apoptosis: galectin-9. Int 
J Mol Sci. 2017;18:74.

24.  Park JH, Kim YH, Park EH, Lee SJ, Kim H, Kim A, et al.  
Effects of metformin and phenformin on apoptosis and epi-
thelial-mesenchymal transition in chemoresistant rectal can-
cer. Cancer Sci. 2019;110:2834-45.

25.  Rouhrazi H, Turgan N, Oktem G. Zoledronic acid overcomes 
chemoresistance by sensitizing cancer stem cells to apoptosis. 
Biotech Histochem. 2018;93:77-88.

26.  Sun H, Li Y, Kong H, Dai S, Qian H. Dysregulation of KCN-
Q1OT1 promotes cholangiocarcinoma progression via miR-
140-5p/SOX4 axis. Arch Biochem Biophys. 2018;658:7-15.

27.  Liu H, Chen R, Kang F, Lai H, Wang Y. KCNQ1OT1 promotes 
ovarian cancer progression via modulating MIR-142-5p/
CAPN10 axis. Mol Genet Genomic Med. 2020;8:e1077.

28.  Du B, Shim JS. Targeting epithelial-mesenchymal transition 
(EMT) to overcome drug resistance in cancer. Molecules. 
2016;21:965.

29.  Zhu L, Fu X, Chen X, Han X, Dong P. M2 macrophages induce 
EMT through the TGF-beta/Smad2 signaling pathway. Cell 
Biol Int. 2017;41:960-8.

30.  Xu J, Lamouille S, Derynck R. TGF-beta-induced epithelial to 
mesenchymal transition. Cell Res. 2009;19:156-72.

1056     CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2021;53(4):1042-1056



     1057│ https://www.e-crt.org │ Copyright ⓒ 2021    by  the Korean Cancer Association
  This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction

Lung cancer is the most common cancer worldwide, with 
2.1 million new incident cases as of 2018 [1]. While the sur-
vival of lung cancer is still low, there is increasing numbers 
of lung cancer survivors due to the early detection and  
advancement of treatments. Therefore, survivorship man-
agement of them becomes more important than ever.

Survival probability is critical information for the clini-
cians to guide cancer patients and their families for balanced 
healthcare decisions. Currently, 5-year (5Y) recurrence-free 
survival (RFS) and overall survivor (OS) rates, which mean 
cumulative survival probability of being alive or disease-free 

from the time of diagnosis (or treatment) to 5 years respec-
tively, are most commonly used survival estimates avail-
able from the literature or consumer information source. In 
addition, relative survival (RS) is calculated as the ratio of 
observed survival to that of the expected survival of a gen-
eral population with same period, age, and sex [2]. RS is an 
approximation of disease-specific survival, and could over-
come the limitation of inaccuracy of cause of death data on 
death certificates [3]. 

However, these survival probabilities could be misleading 
or become less meaningful for survivors who have survived 
for some time. In this respect, conditional recurrence-free sur-
vival (CRFS) and conditional overall survival (COS), which 
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describes the probability of a patient remaining disease free 
and surviving a given additional time at different time points 
after cancer diagnosis respectively, reflects the updated can-
cer prognosis and would be more relevant indicator [4]. Also, 
RS is calculated as the ratio of observed survival to that of the 
expected survival of a general population with same period, 
age, and sex [2]. RS is an approximation of disease-specific 
survival, and could overcome the limitation of inaccuracy of 
cause of death data on death certificates [3]. Conditional rela-
tive survival (CRS) rates, which takes into account changes 
in prognosis over time, therefore offer more useful estimates 
for the survivors and clinicians for their medical and person-
al life decisions, such as duration of disease surveillance [5].

Several studies reported COS and CRS in non-small cell 
lung cancer (NSCLC) cancer patients using the population-
based multi-cancer registry in the United States [3,6] and  
Europe [7]. However, these studies are limited by absence of 
CRFS estimates due to lack of clinical data and stratification 
by only a few characteristics such as age, sex, and stage. In 
addition, they are outdated and included all NSCLC patients 
regardless of treatment, and are therefore limited for clinical 
use. Other studies involving U.S. Surveillance, Epidemiolo-
gy, and End Results data reported conditional cancer-specific 
survival, which is limited by the inaccuracy of cause of death 
data [8,9]. 

There are a few study which investigated conditional sur-
vival of lung cancer who underwent surgery for NSCLC: 
one Japanese study involving 859 patients showed COS by 
age, sex, stage, histology, and smoking, but they had only 50 
months of follow-up [10]; one Korean study involving 723 
patients with only adenocarcinoma showed 3-year CRFS 
and COS according to stage and performance status, but 
had only 3.8 years of follow-up (max 9.8 years) [11]. These 
institution-based studies are limited by its patients’ number, 
limited follow-up information, and short follow-up period 
[10,11]. Recently, a nationwide Korean study using insurance 
claims data reported CRS, but was limited by absence of can-
cer stage data [12].

Thus, this study aims to estimate 5-year CRFS, COS, and 
CRS of NSCLC patients receiving surgery with curative  
intent using a comprehensive cancer center registry. 

Materials and Methods
 
1. Study population 

Patients with NSCLC who received pulmonary resection 
for curative purpose between September 1994 and December 
2016 were included in this study (n=10,852). Among these, 
those who were < age of 20 (n=10), had synchronous dou-
ble primary cancer (n=677), who received chemo- or radio-

therapy before surgery (n=1,090), who had stage IV disease 
(n=145), and who did not have R0 resection (n=132) were  
excluded resulting in 8,798 patients in the final analyses. 

2. Data collection and follow-up
Data was obtained from the lung cancer registry which 

is based on electronic medical records. Information on age, 
sex, tumor histologic type, pathologic stage (TNM classifi-
cation and American Joint Committee on Cancer [AJCC] 
stage), smoking history, comorbidities, preoperative pulmo-
nary function, surgical procedure and other treatment were  
obtained. 

The postoperative patients in our institution were sched-
uled for routine follow-up every 3 months for the first 2 
years and every 6 months during the next 3 years or even 
longer for higher risk patients at surgeon’s discretion. Most 
patients were transferred back to regional hospital usually 
after 5 years, but those who wanted to stay in our center were 
followed up once per year. Routine follow-up tests to detect 
recurrence include chest computed tomography scan, serum  
carcinoembryonic antigen levels. When recurrence was sus- 
pected, additional imaging evaluation were performed mos-
tly by bone scan, positron emission tomography/computed 
tomography, and brain magnetic resonance imaging. 

Recurrence or death status of patients were regularly  
updated through electronic medical records and linkage to 
mortality data from the Korean National Statistical Office,  
respectively up to December 31, 2017. Specifically, recurrence 
was defined by any clinical or pathologic evidence of local 
or distant recurrence documented in the hospital record. We 
distinguished recurrence from a second primary lung cancer 
using the criteria established by Martini and Melamed [13], 
which was revised by Antakli et al. [14], and a second prima-
ry lung cancer was not considered a recurrence. Vital status 
was ascertained by linkage to death registration database of  
Korean National Statistical Office. 

3. Statistical analysis
Study outcomes of this study are CRFS, COS, and CRS 

which are conditional on years already survived. RFS was 
defined as the time from the date of surgery to the time of  
recurrence. Patient records were censored at the time of 
death or last follow-up, at which time they were known to be 
recurrence-free, as used in previous studies [10,15]. Although 
RFS was also defined as the time to recurrence or death in 
some literature, our primary interest was to report the prob-
ability of “recurrence” after a certain period of survival.

For conditional survival, only those who survived a cer-
tain amount of time are included in the analysis. The survival 
time is defined as the already survived time to the occurrence 
of recurrence or death. Therefore, conditional survival for  
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another y years is calculated by dividing the survival at (x+y) 
years by the survival at x years:  

CS(y|x)= S(x+y)
                    S(x)

For example, 5Y CS conditional on surviving 3 years are 
calculated by dividing 8-year survival by 3-year survival. In 
our study, we presented the 5Y CSs from baseline to 10 years 
by 1-year interval. 95% confidence intervals was also calcu-
lated assuming that conditional survival follows a normal 
distribution. 

To calculate RS of our NSLCL patients in comparison to 
survival of general population, expected mortality rate in the 
general population was obtained from the population from 
the National Statistics Korea. CRS for another y years was 
calculated by dividing the RS at (x+y) years by the RS at x 
years. 

For the stratified analyses, patients were categorized into 
five groups by age at cancer diagnosis: 20-39, 40-49, 50-59, 
60-69, and ≥ 70 years. Stages at diagnosis were classified as 
I, II, and III using the AJCC VII staging scheme. Histology 
of NSCLC was categorized as adenocarcinoma, squamous 
cell carcinoma, large cell carcinoma, and others or mixed. 
Smoking status at the time of diagnosis was categorized as 
non-smoker, past smoker, and current smoker (defined by 
current smoking or quitting within 1 month at the time of 
survey administration) and the latter was further classified 
by amount of smoking (< 10, 10-19, and 20 cigarettes). The 
years of diagnosis were classified as three groups: 1994-1999, 
2000-2010, and 2011-2016. Stratified analyses were also made 
based on the presence of major comorbidities (hypertension, 
diabetes mellitus, cardiovascular disease, and lung disease) 
and preoperative pulmonary function (forced expiratory vol-
ume in 1 second [FEV1] and single-breath carbon monoxide 
diffusion capacity [DLCO], dichotomized at 80% of predic-
tive value).

All analyses were conducted using Stata ver. 15.0 (Stata-

Dong Wook Shin, Conditional Relative Survival of Lung Cancer

Table 1.  Characteristics of study population at the time of sur-
gery

Characteristic  No. (%)

Age (yr) 
    Mean±SD 61.7±9.8
    20-49 918 (10.4)
    50-59 2,428 (27.6)
    60-64 1,718 (19.5)
    65-69 1,673 (19.0)
    ≥ 70  2,061 (23.4)
Sex 
    Male 5,732 (65.2)
    Female 3,066 (34.8)
Year of diagnosis 
    1994-1999 497 (5.6)
    2000-2009 2,815 (32.0)
    2010-2016 5,486 (62.4)
Smokinga) 
    Never smoker 2,975 (40.8)
    Ex-smoker 2,249 (30.9)
    Current smoker 2,064 (28.3)
Comorbidities 
    Hypertension 2,905 (33.0)
    Diabetes mellitus 1,282 (14.6)
    Cardiovascular disease 809 (9.2)
    Lung disease 623 (7.1)
Histology (ICD-O-3) 
    Adenocarcinoma 5,536 (62.9)
    Squamous cell carcinoma 2,475 (28.1)
    Large cell carcinoma 210 (2.4)
    Others/Mixed 577 (6.6)
Pathologic stage  
    I 5,617 (63.8)
    II 1,943 (22.1)
    III 1,238 (14.1)
Surgical approach 
    VATS 4,202 (47.8)
    Open 4,596 (52.2)
Surgical procedure 
    Pneumonectomy 471 (5.4)
    Bilobectomy 448 (5.1)
    Lobectomy 6,856 (77.9)
    Segmentectomy 406 (4.6)
    Wedge resection 617 (7.0)
(Continued)

Table 1.  Continued

Characteristic  No. (%)

Preoperative pulmonary functiona) 
    FEV1 (%), mean±SD 94.4±18.5
    FEV1 < 80% of predicted 1,652 (19.2)
    DLCO (%), mean±SD 90.9±18.7
    DLCO < 80% of predicted 1,609 (26.1)
Cardiovascular disease includes a history of ischemic heart dis-
ease, heart failure, and cerebrovascular disease. Lung disease 
includes a history of chronic pulmonary obstructive disease, 
asthma, and diffuse interstitial lung disease. Numbers of each 
category might not sum up to the total number due to missing 
information: n=7,288 for smoking, n=8,592 for FEV1, n=6,173 for 
DLCO. DLCO, single-breath carbon monoxide diffusion capac-
ity; FEV1, forced expiratory volume in 1 second; ICD-O-3, Inter-
national Classification of Diseases for Oncology, 3rd edition; SD, 
standard deviation. 

VOLUME 53 NUMBER 4 OCTOBER 2021     1059



Cancer Res Treat. 2021;53(4):1057-1071

Ta
bl

e 
2.

  F
iv

e-
 a

nd
 1

0-
ye

ar
 re

cu
rr

en
ce

-fr
ee

, o
ve

ra
ll,

 a
nd

 o
ve

ra
ll 

re
la

tiv
e s

ur
vi

va
l o

f l
un

g 
ca

nc
er

 p
at

ie
nt

s 

 
   

   
   

   
   

   
   

   
   

   
   

   
 R

ec
ur

re
nc

e-
fr

ee
 su

rv
iv

al
 (%

)a)
    

   
   

   
   

   
   

   
   

  O
ve

ra
ll 

su
rv

iv
al

 (%
)   

   
   

   
   

   
   

   
   

   
 O

ve
ra

ll 
re

la
tiv

e 
su

rv
iv

al
 (%

) 

 
5 

Ye
ar

s (
95

%
 C

I)
 

10
 Y

ea
rs

 (9
5%

 C
I)

 
5 

Ye
ar

s (
95

%
 C

I)
 

10
 Y

ea
rs

 (9
5%

 C
I)

 
5 

Ye
ar

s (
95

%
 C

I)
 

10
 Y

ea
rs

 (9
5%

 C
I)

To
ta

l 
65

.5
 (6

4.
3-

66
.8

) 
58

.8
 (5

7.
0-

60
.5

) 
72

.7
 (7

1.
6-

73
.7

) 
56

.7
 (5

5.
2-

58
.1

) 
79

 (7
8.

8-
79

.1
) 

67
.8

 (6
7.

6-
68

.0
)

A
ge

 (y
r)

 
 

 
 

 
 

 
   

 2
0-

49
 

70
.1

 (6
6.

5-
73

.5
) 

68
.6

 (6
4.

8-
72

.1
) 

85
.7

 (8
3.

0-
88

.0
) 

76
.5

 (7
2.

8-
79

.9
) 

88
.3

 (8
8.

2-
88

.4
) 

81
.4

 (8
1.

2-
81

.5
)

   
 5

0-
59

 
69

.3
 (6

7.
0-

71
.5

) 
63

.2
 (6

0.
1-

66
.2

) 
82

.4
 (8

0.
6-

84
.0

) 
70

.6
 (6

7.
9-

73
.1

) 
84

.4
 (8

4.
3-

84
.4

) 
75

.4
 (7

5.
4-

75
.5

)
   

 6
0-

64
 

68
.5

 (6
5.

7-
71

.2
) 

61
.9

 (5
8.

0-
65

.6
) 

75
.1

 (7
2.

7-
77

.3
) 

61
.5

 (5
8.

2-
64

.7
) 

80
.3

 (8
0.

2-
80

.3
) 

69
.5

 (6
9.

4-
69

.6
)

   
 6

5-
69

 
63

.4
 (6

0.
5-

66
.2

) 
53

.6
 (4

9.
0-

57
.9

) 
66

.6
 (6

4.
0-

69
.0

) 
46

.1
 (4

2.
7-

49
.5

) 
74

.3
 (7

4.
2-

74
.3

) 
61

.1
 (6

0.
9-

61
.2

)
   

 ≥
 7

0 
56

.0
 (5

2.
8-

59
.0

) 
42

.0
 (3

5.
1-

48
.7

) 
57

.9
 (5

5.
5-

60
.4

) 
33

.2
 (2

9.
8-

36
.7

) 
71

.2
 (7

1.
1-

71
.3

) 
56

.9
 (5

6.
8-

57
.1

)
Se

x 
 

 
 

 
 

 
   

 M
al

e 
63

.3
 (6

1.
8-

64
.9

) 
57

.3
 (5

5.
2-

59
.3

) 
66

.1
 (6

4.
8-

67
.4

) 
50

.1
 (4

8.
3-

51
.8

) 
78

.3
 (7

8.
2-

78
.5

) 
66

.9
 (6

6.
7-

67
.1

)
   

 F
em

al
e 

69
.3

 (6
7.

1-
71

.5
) 

61
.1

 (5
7.

7-
64

.3
) 

85
.6

 (8
4.

1-
87

.0
) 

70
.6

 (6
8.

0-
73

.1
) 

80
.2

 (8
0.

0-
80

.4
) 

69
.6

 (6
9.

3-
69

.9
)

H
is

to
lo

gy
 (I

C
D

-O
-3

) 
 

 
 

 
 

 
   

 A
de

no
ca

rc
in

om
a 

66
.4

 (6
4.

8-
68

.0
) 

58
.2

 (5
5.

6-
60

.7
) 

80
.0

 (7
8.

7-
81

.2
) 

63
.7

 (6
1.

6-
65

.7
) 

79
.7

 (7
9.

5-
79

.9
) 

68
.9

 (6
8.

7-
69

.1
)

   
 S

qu
am

ou
s c

el
l c

ar
ci

no
m

a 
62

.6
 (6

0.
2-

64
.9

) 
56

.8
 (5

3.
7-

59
.7

) 
59

.1
 (5

7.
0-

61
.1

) 
43

.3
 (4

0.
9-

45
.7

) 
76

.9
 (7

6.
7-

77
.2

) 
64

.9
 (6

4.
6-

65
.3

)
   

 L
ar

ge
 ce

ll 
ca

rc
in

om
a 

49
.3

 (4
1.

7-
56

.5
) 

43
.6

 (3
5.

0-
51

.9
) 

47
.8

 (4
0.

6-
54

.6
) 

36
.8

 (2
9.

6-
44

.0
) 

77
.9

 (7
7.

1-
78

.7
) 

66
.3

 (6
5.

1-
67

.4
)

   
 O

th
er

s/
M

ix
ed

 
70

.5
 (6

6.
1-

74
.5

) 
67

.3
 (6

2.
4-

71
.7

) 
74

.4
 (7

0.
5-

78
.0

) 
63

.5
 (5

8.
7-

68
.0

) 
80

.9
 (8

0.
3-

81
.5

) 
70

.7
 (6

9.
8-

71
.5

)
St

ag
e 

at
 d

ia
gn

os
is

  
 

 
 

 
 

 
   

 I 
78

.2
 (7

6.
7-

79
.6

) 
71

.2
 (6

9.
0-

73
.4

) 
84

.5
 (8

3.
4-

85
.6

) 
69

.6
 (6

7.
8-

71
.4

) 
79

.3
 (7

9.
1-

79
.4

) 
68

.3
 (6

8.
0-

68
.5

)
   

 II
 

50
.6

 (4
7.

8-
53

.2
) 

43
.9

 (4
0.

4-
47

.4
) 

58
.0

 (5
5.

6-
60

.4
) 

41
.7

 (3
8.

8-
44

.5
) 

78
.3

 (7
8.

0-
78

.5
) 

66
.8

 (6
6.

4-
67

.2
)

   
 II

I 
31

.3
 (2

8.
0-

34
.5

) 
26

.5
 (2

3.
0-

30
.1

) 
45

.0
 (4

1.
8-

47
.9

) 
27

.4
 (2

4.
1-

30
.8

) 
78

.7
 (7

8.
3-

79
.1

) 
67

.5
 (6

7.
0-

68
.0

)
Ye

ar
 o

f d
ia

gn
os

is
 

 
 

 
 

 
 

   
 1

99
4-

19
99

 
51

.5
 (4

6.
7-

56
.1

) 
46

.7
 (4

1.
8-

51
.5

) 
53

.5
 (4

9.
0-

57
.8

) 
39

.0
3 

(3
4.

7-
43

.3
) 

80
.0

 (7
9.

5-
80

.5
) 

69
.3

 (6
8.

6-
70

.1
)

   
 2

00
0-

20
09

 
63

.3
 (6

1.
4-

65
.2

) 
56

.6
 (5

4.
3-

58
.3

) 
68

.1
 (6

6.
4-

69
.8

) 
53

.7
 (5

1.
8-

55
.6

) 
79

.1
 (7

8.
9-

79
.3

) 
68

.0
 (6

7.
7-

68
.4

)
   

 2
01

0-
20

16
 

68
.5

 (6
6.

6-
70

.3
) 

 
78

.0
 (7

6.
6-

79
.3

) 
 

78
.8

 (7
8.

6-
79

.0
) 

67
.6

 (6
7.

4-
67

.8
)

Sm
ok

in
g 

st
at

us
 

 
 

 
 

 
 

   
 N

ev
er

 sm
ok

er
 

69
.3

 (6
7.

2-
71

.3
) 

60
.9

 (5
7.

6-
63

.9
) 

84
.6

 (8
3.

1-
86

.0
) 

70
.3

 (6
7.

8-
72

.7
) 

88
.9

 (8
8.

8-
88

.9
) 

77
.9

 (7
7.

8-
80

.0
)

   
 E

x-
sm

ok
er

 
62

.9
 (6

0.
4-

65
.2

) 
57

.5
 (5

4.
0-

60
.8

) 
66

.2
 (6

4.
0-

68
.3

) 
49

.6
 (4

6.
6-

52
.5

) 
74

.6
 (7

4.
3-

75
.0

) 
62

.7
 (6

2.
2-

63
.2

)
   

 C
ur

re
nt

 sm
ok

er
 

64
.2

 (6
1.

7-
66

.7
) 

58
.5

 (5
5.

1-
61

.8
) 

67
.8

 (6
5.

6-
69

.9
) 

50
.8

 (4
7.

7-
53

.7
) 

73
.7

 (7
3.

3-
74

.0
) 

61
.5

 (6
1.

0-
62

.0
)

C
om

or
bi

di
tie

s 
 

 
 

 
 

 
   

 H
yp

er
te

ns
io

n 
 

 
 

 
 

 
   

   
  N

o 
65

.3
 (6

3.
8-

66
.8

) 
58

.5
 (5

6.
4-

60
.5

) 
72

.5
 (7

1.
2-

73
.8

) 
57

.8
 (5

6.
0-

59
.5

) 
78

.0
 (7

7.
8-

78
.2

) 
67

.5
 (6

7.
3-

67
.8

)
   

   
  Y

es
 

66
.0

 (6
3.

7-
68

.2
) 

59
.5

 (5
6.

2-
62

.7
) 

73
.1

 (7
1.

2-
74

.9
) 

53
.8

 (5
1.

0-
56

.6
) 

80
.6

 (8
0.

5-
80

.8
) 

68
.1

 (6
7.

9-
68

.4
)

   
 D

ia
be

te
s m

el
lit

us
 

 
 

 
 

 
 

   
   

  N
o 

65
.8

 (6
4.

4-
67

.1
) 

58
.8

 (5
6.

9-
60

.6
) 

73
.9

 (7
2.

7-
75

.0
) 

57
.9

 (5
6.

3-
59

.5
) 

79
.9

 (7
9.

8-
80

.0
) 

69
.3

 (6
9.

1-
69

.4
)

   
   

  Y
es

 
64

.1
 (6

0.
5-

67
.4

) 
59

.2
 (5

4.
5-

63
.6

) 
65

.7
 (6

2.
6-

68
.6

) 
48

.9
 (4

4.
8-

52
.9

) 
73

.9
 (7

3.
4-

74
.3

) 
59

.8
 (5

9.
2-

60
.5

)
(C

on
tin

ue
d 

to
 th

e n
ex

t p
ag

e)

1060     CANCER  RESEARCH  AND  TREATMENT



Corp LP, College Station, TX). All statistical tests were two-
sided, and p-values < 0.05 were considered significant.

Results

1. Baseline characteristics 
The mean age (standard deviation) of the study population 

was 61.7 (9.8) and two-thirds were male. About 28.2% and 
25.9% of the patients were ex-smokers and current smokers 
at diagnosis, respectively. Adenocarcinoma was most com-
mon histologic type (63%), followed by squamous cell carci-
noma (28%). Of total, 63.8% and 22.1% were pathologic stage 
I and II cancer. Around half of the patients received video-
assisted thoracoscopic surgery, and 78% received lobectomy 
(Table 1). 

2. Traditional RFS, OS, and RS from baseline 
Median follow-up durations (interquartile range) for RFS 

and OS were 2.0 (1.0-4.7) and 4.1 (2.1-7.3) years, respective-
ly. 5Y RFS, OS, and RS calculated from were 65.6, 72.7, and 
79.0%, respectively. Ten-year estimates were 58.5, 56.7, and 
67.8% for each (Table 2). 

3. Conditional RFS, OS, and RS 
In total study population, 5Y CRFS increase from 65.6% 

at baseline to 90.9% after 10 years after surgery. 5Y COS  
increased from 72.7 to 78.3% at 8 years, but then decreased to 
75.4% at 10 years. 5Y CRS increased from 79.0% at baseline to 
86.8% at 10 years (Fig. 1).

5Y CRFS was lower in older patients at baseline and the 
gap remained significantly even after 5 years. There was no 
significant difference between sex. Patients who received 
surgery in 1990s showed lower CRFS at baseline, but the gap 

Dong Wook Shin, Conditional Relative Survival of Lung Cancer
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Fig. 1.  Conditional survival estimates in all patients who under-
went curative surgery for non-small cell lung cancer. Events for 
recurrence-free survival included recurrence only and deaths 
were censored.

0

80

50

30
40

70
60

20
10

90

0 3 4 5 7 81 2 106 9

100

Conditional recurrence-free survival
Conditional overall survival
Conditional relative survival5-

Ye
ar

 c
on

di
tio

na
l s

ur
vi

va
l

Survival time after surgery (yr)

79.0

65.5
72.7

72.7
73.8

80.2 81.7
83.5 84.9 85.6 85.9 86.2 86.4 86.6 86.8

75.4 76.3 77.3 77.9 77.9 77.1 78.3 76.5 75.4
80.1

84.4
87.9 89.7 90.6 90.9 91.3 90.1 90.9

VOLUME 53 NUMBER 4 OCTOBER 2021     1061



Cancer Res Treat. 2021;53(4):1057-1071

Fi
g.

 2
.  

Co
nd

iti
on

al
 su

rv
iv

al
 e

st
im

at
es

 in
 a

ll 
pa

tie
nt

s w
ho

 u
nd

er
w

en
t c

ur
at

iv
e 

su
rg

er
y 

fo
r n

on
-s

m
al

l c
el

l l
un

g 
ca

nc
er

 st
ra

tifi
ed

 b
y 

pa
tie

nt
 ch

ar
ac

te
ris

tic
s: 

co
nd

iti
on

al
 re

cu
rr

en
ce

-
fre

e s
ur

vi
va

l (
A

, D
, G

, J
, M

, P
), 

co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 (B

, E
, H

, K
, N

, Q
), 

an
d 

co
nd

iti
on

al
 re

la
tiv

e s
ur

vi
va

l (
C,

 F,
 I,

 L
, O

, R
). 

Ev
en

ts
 fo

r r
ec

ur
re

nc
e-

fre
e s

ur
vi

va
l i

nc
lu

de
d 

re
cu

r-
re

nc
e o

nl
y 

an
d 

de
at

hs
 w

er
e c

en
so

re
d.

 (C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

20
-4

9
65

-6
9

50
-5

9
≥ 

70
60

-6
4

A

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By age group

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

20
-4

9
65

-6
9

50
-5

9
≥ 

70
60

-6
4

B

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

20
-4

9
65

-6
9

50
-5

9
≥ 

70
60

-6
4

C

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

D

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By sex

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

M
al

e
Fe

m
al

e

E

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

F

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

1062     CANCER  RESEARCH  AND  TREATMENT



Dong Wook Shin, Conditional Relative Survival of Lung Cancer

Fi
g.

 2
.  

(C
on

tin
ue

d 
fro

m
 th

e p
re

vi
ou

s p
ag

e) 
(C

on
tin

ue
d 

to
 th

e n
ex

t p
ag

e)

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

G

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By stage

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

H

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

I II III

I II III

I II III

I

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

J

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By histologic type

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

K

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

L

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

Ad
en

oc
ar

ci
no

m
a

Sq
ua

m
ou

s 
ce

ll 
ca

rc
in

om
a

La
rg

e 
ce

ll 
ca

rc
in

om
a

Ot
he

rs
, m

ix
ed

Ad
en

oc
ar

ci
no

m
a

Sq
ua

m
ou

s 
ce

ll 
ca

rc
in

om
a

La
rg

e 
ce

ll 
ca

rc
in

om
a

Ot
he

rs
, m

ix
ed

Ad
en

oc
ar

ci
no

m
a

Sq
ua

m
ou

s 
ce

ll 
ca

rc
in

om
a

La
rg

e 
ce

ll 
ca

rc
in

om
a

Ot
he

rs
, m

ix
ed

VOLUME 53 NUMBER 4 OCTOBER 2021     1063



Cancer Res Treat. 2021;53(4):1057-1071

Fi
g.

 2
.  

(C
on

tin
ue

d 
fro

m
 th

e p
re

vi
ou

s p
ag

e)

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

M

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By smoking status

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
ev

er
 s

m
ok

er
Fo

rm
er

 s
m

ok
er

Cu
rr

en
t s

m
ok

er

N
ev

er
 s

m
ok

er
Fo

rm
er

 s
m

ok
er

Cu
rr

en
t s

m
ok

er

N
ev

er
 s

m
ok

er
Fo

rm
er

 s
m

ok
er

Cu
rr

en
t s

m
ok

er

O

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

P

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By year of diagnosis

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

Q

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

19
94

-1
99

9
20

00
-2

00
9

20
10

-2
01

6

19
94

-1
99

9
20

00
-2

00
9

20
10

-2
01

6

19
94

-1
99

9
20

00
-2

00
9

20
10

-2
01

6

R

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

1064     CANCER  RESEARCH  AND  TREATMENT



Dong Wook Shin, Conditional Relative Survival of Lung Cancer

Fi
g.

 3
.  

Co
nd

iti
on

al
 su

rv
iv

al
 e

st
im

at
es

 in
 a

ll 
pa

tie
nt

s w
ho

 u
nd

er
w

en
t c

ur
at

iv
e 

su
rg

er
y 

fo
r n

on
-s

m
al

l c
el

l l
un

g 
ca

nc
er

 st
ra

tifi
ed

 b
y 

co
m

or
bi

di
tie

s a
nd

 p
re

op
er

at
iv

e 
lu

ng
 fu

nc
tio

n:
 

co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 su
rv

iv
al

 (A
, D

, G
, J

, M
, P

), 
co

nd
iti

on
al

 o
ve

ra
ll 

su
rv

iv
al

 (B
, E

, H
, K

, N
, Q

), 
an

d 
co

nd
iti

on
al

 re
la

tiv
e s

ur
vi

va
l (

C,
 F,

 I,
 L

, O
, R

). 
Ev

en
ts

 fo
r r

ec
ur

re
nc

e-
fre

e 
su

rv
iv

al
 in

cl
ud

ed
 re

cu
rr

en
ce

 o
nl

y 
an

d 
de

at
hs

 w
er

e 
ce

ns
or

ed
. D

LC
O

, s
in

gl
e-

br
ea

th
 ca

rb
on

 m
on

ox
id

e 
di

ffu
sio

n 
ca

pa
ci

ty
; F

EV
1, 

fo
rc

ed
 e

xp
ira

to
ry

 v
ol

um
e 

in
 1

 se
co

nd
. (

Co
nt

in
ue

d 
to

 th
e n

ex
t p

ag
e)

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
o

Ye
s

N
o

Ye
s

D

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By diabetes mellitus

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
o

Ye
s

E

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

F

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
o

Ye
s

N
o

Ye
s

A

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By hypertension

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
o

Ye
s

B

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

C

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

VOLUME 53 NUMBER 4 OCTOBER 2021     1065



Cancer Res Treat. 2021;53(4):1057-1071

Fi
g.

 3
.  

(C
on

tin
ue

d 
fro

m
 th

e p
re

vi
ou

s p
ag

e) 
(C

on
tin

ue
d 

to
 th

e n
ex

t p
ag

e)

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
o

Ye
s

N
o

Ye
s

J

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By lung disease

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
o

Ye
s

K

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

L

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
o

Ye
s

N
o

Ye
s

G

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By cardiovascular disease

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
o

Ye
s

H

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

I

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

1066     CANCER  RESEARCH  AND  TREATMENT



Dong Wook Shin, Conditional Relative Survival of Lung Cancer

Fi
g.

 3
.  

(C
on

tin
ue

d 
fro

m
 th

e p
re

vi
ou

s p
ag

e)

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
or

m
al

Ab
no

rm
al

N
or

m
al

Ab
no

rm
al

P

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By preoperative DLCO

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
or

m
al

Ab
no

rm
al

Q

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

R

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
or

m
al

Ab
no

rm
al

N
or

m
al

Ab
no

rm
al

M

Ye
ar

Co
nd

iti
on

al
 re

cu
rr

en
ce

-fr
ee

 s
ur

vi
va

l 

By preoperative FEV1

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

N
or

m
al

Ab
no

rm
al

N

Ye
ar

Co
nd

iti
on

al
 o

ve
ra

ll 
su

rv
iv

al
 

07080 60 40 203050 1090

0
3

4
5

7
8

1
2

10
6

9

10
0

O

Ye
ar

Co
nd

iti
on

al
 re

la
tiv

e 
su

rv
iv

al
 

VOLUME 53 NUMBER 4 OCTOBER 2021     1067



disappeared after 4-5 years of survival. Recurrence rate was 
significantly higher with higher stage disease at baseline, 
but difference in 5Y CRFS according to stage at diagnosis  
almost disappeared after 5 years. No significant difference in 
5Y CRFS was observed by histologic type, except for slightly 
higher estimated in other/mixed type. Smoking status at 
baseline did not significantly affect 5Y CRFS throughout the 
period. There were no significant trends based on the pres-
ence of comorbidities or preoperative pulmonary function.

5Y COS showed different pattern by age: in younger age 
group, COS increase with survival time, but in older age 
group, it decreased with survival. By sex, male showed  
initial increase but became stable after 4-5 years, and female 
showed initial decrease but also became stable after 3-4 years. 
Patients who received surgery in 1990 showed increasing OS 
at initial years, while those who received surgery after 2010 
showed stable estimates from the initial years. Patients who 
had stage II and stage III disease showed increment 5Y COS 
until 5 years and then became stable, while stage I disease 
showed stable 5Y COS from the baseline. Adenocarcinoma 
showed stable 5Y COS at around 80%, which was higher 
than that of squamous cell carcinoma through to 10 years. 
Non-smoker showed highest and stable 5Y COS, and past 
and current smoker showed lower 5Y COS. Patients with 
comorbidities and poor FEV1 had worse 5Y COS. Patients 
who had poor DLCO had worse survival at first, but 5Y COS 
increased to a higher rate than patients with normal DLCO 
after 7 years of survival.

5Y CRS was lower in older patients and did not converge 
to that of younger patients even after 10 years. Female has 
higher 5Y CRS at baseline, and while it converged by sex 
at 4-5 years, it diverged again. Those who received surgery  
after 2010 has better 5Y CRS at initially than those who 
were treated before, but the difference disappeared with 
longer survival. Difference in 5Y CRS by stage was slightly 
reduced with longer survival, but persisted through the 10-
year period after diagnosis. 5Y CRS of adenocarcinoma did 
not change much and only slightly increased, while 5Y CRS 
of squamous cell carcinoma was lower but increased upto 
4 years although it began to decrease thereafter. 5Y CRS of 
non-smokers and smokers showed different pattern, the lat-
ter showed initial increase upto 4 years and decrease after 
that. Patients with comorbidities (except for hypertension) 
and poor preoperative pulmonary function had lower 5Y 
CRS throughout the period compared with patients who had 
no comorbidities (Figs. 2 and 3). 

Discussion

In this study, we investigated dynamic prognosis of resec-

ted NSCLC with a large cohort of patients applying condi-
tional survival methodology. We showed that CRFS and CRS 
improved over time, but significant risk of recurrence and 
significant excess mortality compared to general population 
remained even after 5 years. The strength of our study is 
that we presented CRFS and CRS in addition to the COS, the 
formers were rarely found in previous studies. In addition, 
our study has relatively large sample size (8,798 patients) 
compared to previous studies which reported conditional 
survivals in patients with resected NSCLC [10,11]. By limit-
ing the subjects to patients who received curative surgery, 
our conditional survival estimates would be helpful to tho-
racic surgeons and their patients, compared to conditional 
survival estimates from population-based registry, which 
mainly includes unresectable patients. 

Conditional survival estimates are useful to answer the 
question of a survivor’s current prognosis. Lack of informa-
tion on current prognosis could lead to higher level of fear 
of recurrence, resulting in lower quality of life and unnec-
essary medical use. Therefore, it is critical to determine the 
optimal follow-up strategy such as up testing frequency and 
duration of surveillance to be based on a patient’s updated 
risk reflecting change of likelihood of recurrence or survival 
[3,11]. In this study, the 5Y CRFS of lung cancer patients was 
65.5% at baseline, but increased rapidly, and it reached 89.7 
% after 5 years, and then remain stable at around 90% upto 
10 years. This has two-sided messages: the risk of recurrence 
rapidly drops at initial years suggesting that long-term sur-
vivors do not need to worry too much about. However, at the 
same time, it means that long-term survivors (> 5 years) still 
has around 2% of risk of recurrence even after 5 years. This 
is consistent to American Thoracic Society recommendation 
which recommends annual low-dose computed tomography 
(LDCT) scan for all lung cancer survivors up to age of 79 [16]. 

The 5Y CRS of lung cancer patients was 79.0% at baseline 
and improved steadily, however it reached only up to 86.8% 
after 5 years suggesting considerable excess in mortality  
remained compared with the general population even if  
patients live without recurrence for more than 5 years from 
surgery. Comorbidities, such as chronic obstructive pulmo-
nary disease (COPD) or cardiovascular disease, may con-
tribute to the excess mortality [12], as indicated by the lower 
COS and CRS in patients with comorbidities from our strati-
fied analyses. This finding suggests that long-term manage-
ment is warranted for so-called ‘cured’ long-term survivors.

Age had a marked influence on the conditional survival 
of patients with NSCLC. Older patients had worse 5Y CRFS 
throughout the observation period, 5Y COS and CRS even 
diverged with time. This means that higher risk of recurrence 
and death in older patients persist over time. Previous stud-
ies suggested higher risk of recurrence in older person [17]. 

Cancer Res Treat. 2021;53(4):1057-1071
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In addition, while not confined to those with curative resec-
tion, previous studies have shown that age still influenced 
COS of lung cancer patients up to 5 years after diagnosis [5]. 
This is quite different from other types of cancer, which show 
the influence of age on CRS largely disappeared after sur-
vival for 5-10 years [18]. Therefore, age seems to be the main 
factor to influence conditional survival even after survival 
for 5-10 years from surgery. Young survivors persistently 
showed higher CS than older survivors, probably due to ear-
lier detection [19], better endurance with invasive surgery or 
chemotherapy, and lack of competing morbidities [12]. 

There was no difference in 5Y CRFS between two sex. 
However, 5Y CRS and COS was better in women than in 
men. Several studies revealed that female have more favora-
ble survival in lung cancer than men [20,21]. Better survival 
in female might be attributable to differences of younger age 
at diagnosis, histologic type (e.g., more adenocarcinoma), 
genetic factor (such as epidermal growth factor receptor 
[EGFR] mutation, etc.), and lower comorbidity and smoking 
rate [22-24].

The findings of the current study revealed that the prob-
ability of recurrence in patients with pathologic stage II or III 
disease decreases rapidly over time, to the level comparable 
to that of stage I patients at 5 years after surgery. However, 
gaps in COS and CRS decreased but did not converge, stage 
remains an important prognostic factor for overall survival 
after 5 years [6]. There might be several reasons: patients 
with stage II or III disease might have worse baseline health 
status or health behaviors (e.g., smoking) compared to stage 
I patients who had been more likely to be diagnosed with 
LDCT screening [25], long-term effect of more extensive of 
surgery, such as respiratory difficulty [26], or long-term effect 
of chemo or radiotherapy, such as increased risk of cardio-
vascular disease [27], etc.

The conditional survival for patients with adenocarci-
noma, squamous cell carcinoma, large cell carcinoma and 
others showed different curves in the present study. The 
CRFS for patients with adenocarcinoma and squamous cell 
carcinoma increased with succeeding year survived from 
surgery with similar estimates, indicating a similar hazard 
for recurrence. However, COS and CRS were better in pati-
ents with adenocarcinoma than in squamous cell carcinoma 
over 10 years from surgery. This may be due to the different 
approach of patients with lung adenocarcinoma compared 
with patients with squamous cell carcinoma in the era of per-
sonalized medicine: recurred adenocarcinoma is currently 
managed long-term with new anti-cancer therapy targeted 
to EGFR or anaplastic lymphoma kinase, etc. [28]. 

No significant difference was noted in 5Y CRFS by smok-
ing status. This is contrast to the evidence that baseline 
smoking [29] or persistent smoking after surgery [30] are 

known to be a risk factor for recurrence after curative resec-
tion of NSCLC. On the other hand, 5Y COS or CRS remained 
persistently worse in current smoker at baseline, suggest-
ing they are at higher risk of cardiovascular, respiratory, 
and other non-cancer-related death caused by smoking [31].  
Intervention for smoking cessation is warranted for patients 
diagnosed with NSCLC. 

In the current study, 5Y COS, CRFS, and CRS in early survi-
vorship period gradually improved from 1994-1999 periods, 
and 2000-2009 periods to 2010-2016 periods. However, later 
than 5 years from surgery, there was no significant difference 
between patients who underwent surgery in earlier year and 
who had it in later year. Advance in surgical technique and 
peri-operative care might have prevented early mortality, 
and chemo and radiotherapy might prolong survival, exp-
laining improvement of short-term conditional survival. 
However, long-term survivors in earlier years are likely to 
be those who had survived without modern treatment (i.e., 
natural selection), and had similar conditional survival com-
pared to recent survivors.

Patients with lung disease and poor preoperative pulmo-
nary function showed poor COS and CRS, although their 
CRFS was not different. This highlights the importance of 
proper management of comorbid COPD and preoperative 
and postoperative respiratory rehabilitation. However, these 
findings should be confirmed by further studies.

There are several limitations. First, the representativeness 
is limited as this study is an analysis of a retrospective cohort 
from a single institution. Second, although much larger than 
previous studies with resected NSCLC, the size of some of 
the subgroups was too small to yield sufficient number of 
events and stable estimates. Third, information on disease 
status after 5 years might have been insufficient, as most  
patient were routinely followed up for 5 years. Fourth, our 
data might not be generalizable to other countries: Korea 
has universal health coverage, and lung cancer screening by 
LDCT is quite widely available in private health screening 
program [32]. Validation of our results in other ethnic group 
and in other health care system would allow general applica-
tion of our finding.

CRFS improved over time, but significant recurrence risk 
remained even after 5 years. CRS slightly improved over 
time, but did not reach 90% suggesting significant excess 
mortality compared to general population. Conditional sur-
vival estimates were different by age and stage, even sev-
eral years after surgery. Our conditional survival estimates 
would be helpful in the survivorship management in that the 
patients and clinicians to make informed decision based on a 
patient’s current status at a certain point after surgery.

Dong Wook Shin, Conditional Relative Survival of Lung Cancer
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Introduction

Breast cancer is the most commonly occurring cancer with 
the highest cancer mortality among females worldwide. In 
developing countries, locally advanced breast cancer (LABC) 
is a common clinical presentation of breast cancer cases [1]. 
Among breast cancers, LABC leads to a major clinical chal-
lenge. Despite aggressive multimodality treatments, most 
of the LABC patients undergo relapse and eventually die. 
Currently, neoadjuvant chemotherapy (NAC) followed 
by surgery such as mastectomy or breast-conserving sur-
gery is the treatment of choice for patients with LABC [2].  
Administration of this systemic therapy prior to surgery has 
the potential to improve rates of breast-conserving surgery  
options, increase the chance of early measurement of  
response, and preferable outcomes for high-risk patients. Fis-
cher et al. [3] reported a NAC response of 80% with a com-
plete clinical response of 36%. Other study reported that dox-
orubicin combination regiments resulted in 50%-70% clinical 
response and 3%-16% pathological complete response (pCR) 

[4]. The pCR obtained after NAC is a surrogate marker for 
both overall prognosis and disease-free survival in LABC. 
Doxorubicin and its derivatives are one of the most widely 
used chemotherapeutics for NAC and the first-line chemo-
therapy. However, the efficacy of doxorubicin is limited due 
to the mechanism of drug resistance and cardiotoxic effects 
that can cause cardiomyopathy and heart failure. Efforts to 
improve the efficacy of doxorubicin include combinations 
with chemotherapy and targeted therapy such as anti– 
human epidermal growth factor receptor 2 (HER2) and beva-
cizumab. Nevertheless, the regimens are highly toxic, expen-
sive, and not included in Indonesian National Formulary [5]. 
Statins are widely prescribed, and inexpensive cholesterol-
lowering drugs, and is the established therapy for cardio-
vascular disease prevention and treatment, with a favorable 
safety profile. Statins’ mechanism of action is the inhibition 
of 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) 
reductase, which has a role as the mevalonate pathway rate 
limiter [6]. Mevalonate is a precursor of farnesyl pyrophos-
phate and geranyl pyrophosphate, which produces essential 
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substrates for post-translational modification of rat sarcoma 
viral oncogene homolog (RAS) and RAS homologue (RHO). 
These regulate the signal transduction of membrane recep-
tors for the transcription of genes essential for cell angio-
genesis, proliferation, migration, apoptosis, and differentia-
tion [7]. Based on the role of statin on the post-translational 
modifications of RAS and RHO, in vitro studies and animal 
models have demonstrated that statins inhibit tumor growth 
and induce apoptosis in a number of tumor types such as 
colorectal cancer, small-cell lung cancer, and breast cancer 
[8-10]. Research by Garwood et al. [11] confirmed that statin 
induces apoptosis and decreases tumor proliferation based 
on clinical preoperative “window-of-opportunity” trials on 
breast cancer. Moreover, previous research by Yulian et al. 
[12] reported that statin synergistically interacted with anti-
tumor effects (antiproliferative & apoptotic induction) and a 
non-overlapping toxicity profile. Therefore, we desig-ned a 
phase II study of conventional fluorouracil, adriamycin, and 
cyclophosphamide (FAC) NAC plus low-dose simvastatin in 
LABC patients, to evaluate the role of statin in breast can-
cer, especially the combination with doxorubicin in LABC 
patients. This research hopes to improve the FAC’s NAC  
response and is safe for LABC patients.

Materials and Methods
 
1. Trial design and eligibility 

We conducted a prospective, randomized, double-blinded, 
placebo-controlled study in two centers in Jakarta, Indone-
sia. The study protocol was approved by the ethics commit-
tee at the Faculty of Medicine, University of Indonesia. This 
study was registered in ClinicalTrials.gov under identifier 
NCT04418089. The eligibility criteria were as follows: female 
patients attending surgical oncology clinic of Dr. Cipto Man-
gunkusumo General Hospital and Koja District Hospital, 
with a confirmed diagnosis of LABC (stage IIIA-IIIC) prior 
to commencing 3 cycles of FAC neoadjuvant chemotherapy; 
ages ranging from 20-70 years old; normal function of major 
organs (cardiac, renal, and hepatic functions); and ≤ 2 East-
ern Cooperative Oncology Group performance status score. 
Pregnant patients, lactating patients, and patients with a his-
tory of statin or chemotherapy treatments within 30 days 
were excluded. All patients were enrolled between January 
2018 and June 2019. All procedures were double-blinded. 
Hence neither oncologists nor participants know which type 
of treatment was administered. 

In the beginning, patients’ baseline characteristics were 
recorded. For the breast cancer molecular subtype, we used 
St. Gallen criteria for the classification as the following:  
Luminal A: estrogen receptor (ER) and/or progesterone  

receptor (PR) positive, HER2 negative, Ki-67 < 14%; Luminal 
B: (HER2 negative): ER and/or PR positive, HER2 negative, 
Ki-67 ≥ 14%; (HER2 positive): ER and/or PR positive, any  
Ki-67, HER2 positive;  HER2 positive: ER and PR absent, 
HER2 positive; Triple-negative: ER and PR absent, HER2 
negative.

Moreover, the HER2 positivity was evaluated through  
immunohistochemistry (IHC) assessment based on 2013 
American Society for Clinical Oncology and College of 
American Pathologists Guideline as the following:
HER2 score 0 (negative): no staining is observed/incom-
plete membrane staining and barely perceptible within  
≤ 10% of tumor cells.
HER2 score 1+ (negative): incomplete membrane staining 
and barely perceptible within ≥ 10% of tumor cells.
HER2 score 2+ (equivocal): incomplete/weak/moderate 
circumferential membrane staining within > 10% of tumor 
cells or complete/intense circumferential membrane stain-
ing within ≤ 10% of tumor cells.

The equivocal result in this study is followed by in situ  
hybridization (ISH) analysis using chromogenic ISH meth-
od. HER2/CEP17 ratio ≥ 2.0 with average HER2 copy num-
ber ≥ 4.0 signals/cell or < 4.0 signals/cell and HER2/CEP17  
ratio < 2.0 with average HER2 copy number ≥ 6.0 signals/
cell were considered as ISH positive. HER2/CEP17 ratio  
< 2.0 with average HER2 copy number ≥ 4.0 and < 6.0 sig-
nals/cell were considered ISH equivocal, hence need to be 
re-test with a new specimen if available. However, HER2/
CEP17 ratio < 2.0 with average HER2 copy number < 4.0 sig-
nals/cell was considered ISH negative.
HER2 score 3+ (positive): complete/intense/> 10% of tumor  
cells with circumferential membrane staining.

TOP2A expression was detected from IHC staining as 
modified from the previous study by An et al. [13]. We con-
sidered nuclear staining (active isoform of TOP2A) in five 
microscopic fields at ×200 magnification and 100 tumor cells 
per field to assess the positive cells percentage. In our study, 
> 15% positive cells were regarded as positive expression.

Primary endpoints were objective response rate (ORR), 
and the secondary endpoint was pCR and tolerability of sim-
vastatin. 

2. Treatment protocol 
Statin and placebo were provided in the outpatient setting. 

Patients were assigned to each treatment group (FAC plus 
simvastatin or placebo) using block randomization. Simvas-
tatin 40 mg and placebo were provided in boxes of identical 
shape and were sequentially numbered. The chemotherapy 
regimen was conducted as sandwich NAC therapy method 
every 3 weeks according to the hospital protocol as follows: 
cyclophosphamide 500 mg/m2, doxorubicin 50 mg/m2, and 
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5-fluorouracil (5-FU) 500 mg/m2. The treatment cycles were 
repeated every 3 weeks. Simvastatin and matching place-
bos 40 mg/day were orally administered on day 1 until day 
21 during the period of chemotherapy continuously. Treat-
ment continued until another termination criteria was met, 
including unacceptable toxicity, consent withdrawal, or loss 
to follow-up. All researchers and patients were blinded to 
the statin and placebo therapy. Pretreatment examinations 
consisted of history taking, physical examination, complete 
blood cell (CBC) test and differential counts, blood chemis-
try, lipid profile, creatinine kinase (CK), chest X-ray, abdomi-
nal ultrasonography (USG), pelvic USG, and other indicat-
ed procedures. During treatment, history taking, physical  
examination, toxicity examination, chemistry test, and CBC 
were performed every 2 weeks prior to each cycle. Imaging 
examinations (chest X-ray, abdomen, and pelvis USG) were 
performed after 3 cycles to evaluate treatment response and 
when indicated.

3. Response and toxicity assessment
The initial evaluation was conducted 1 week before com-

mencing the treatment for each patient. Examinations during 
treatment were performed every 2 weeks prior to each cycle. 
Tumor progression assessment by conducting the physical 
examination at baseline and after every 3 cycles. Abdominal 
USG, chest X-ray, and bone scan were conducted at the end 
of the third cycle. Treatment responses were classified based 
on the solid tumor response evaluation of World Health  
Organization (WHO)/Union for International Cancer Con-
trol (UICC) criteria [14]. Complete response (CR) is a com-
plete disappearance of all known disease for minimally 4 
weeks, partial response is a 50% or more of two perpendicu-
lar dimensions decrease in tumor size for at least four weeks, 
stable disease (SD) refers to no significant change for at least 
4 weeks, estimated decrease of less than 50% or lesions with 
an estimated increase of less than 25% in the product of the 
tumor dimensions, progressive disease (PD) is estimated as 
an increase of 25% or more in current lesions and the appear-
ance of any new lesions. Then, CR and partial response were 
grouped as responders and SD and PD as non-responders. 
ORR was calculated based on both CR+partial response. 
Pathological tumor response was evaluated according to 
Miller-Payne (MP) system. The response was evaluated 
based on the tumor cellularity reduction between biopsy 
and mastectomy specimens [1]. The system included: grade 
1 (no change and no significant cell decrement), grade 2  
(tumor cells minor loss [≥ 30%]), grade 3 (30%-90% of tumor 
cells eduction), and grade 4 (> 90% disappearance of tumor 
cells), and grade 5 (none of identified cancer cells and ductal 
carcinoma in situ might be detected). Partial pathological 
response includes grade 1-4, and pCR includes grade 5 [1]. 

Adverse events were assessed throughout the treatment and 
14 days after the last treatment dose. Adverse events were 
graded using Common Terminology Criteria for Adverse 
Events (CTCAE) ver. 4.03.

4. Statistical analysis 
The statistical analysis was conducted per protocol by  

using SPSS ver. 20.0 (IBM Corp., Armonk, NY). Descrip-
tive analysis was used to summarize the patients’ baseline 
characteristics. The efficacy of simvastatin prior therapy was  
divided into two groups: responders and non-responders. 
The primary endpoint was the ORR, which was the ratio 
of the responders to the total patients assessed for tumor 
response. The ORR data were analyzed using the Pearson 
chi-square test. The secondary endpoints were pathologi-
cal responses based on the MP system, which were then 
analyzed by using Fisher exact test. Adverse events were 
graded according to the CTCAE ver. 4.03. Bivariate analy-
sis of clinicopathological variables and molecular biology 
of both subject’s groups with the therapeutic response was 
conducted using the continuity correction test and Fisher 
exact test. Then, a multivariate logistic regression analysis 
was performed to analyze the patient variables and therapy 
response associations. All p-values were two-sided. p < 0.05 
was considered statistically significant. 

 
Results

1. Patient characteristics 
Between January 2018 and June 2019, 70 patients were  

assessed for eligibility. Four patients were excluded. Sixty-six 
LABC patients were randomly assigned and received treat-
ment with either FAC-simvastatin (n=33) or FAC-placebo 
(n=33). Three patients in the FAC-simvastatin group were 
excluded due to loss to follow up, and three patients in the 
FAC-placebo group were ineligible because one was diag-
nosed with lung metastasis, and the other two were lost to 
follow up. The complete flow chart of patients recruitment in 
this study is provided in Fig. 1. All patients were assessable 
for efficacy and safety.

In terms of baseline characteristics, the two subjects groups 
were well balanced, as shown in Table 1. The median age was 
46 years (range, 28 to 66 years), 53.3% of the patients were 
premenopausal, and 56.7% of the patients had a body mass 
index (BMI) ≤ 25.0. Sixty-three-point-three percent of the  
patients were in stage IIIB. Moreover, the grading demogra-
phy of the tumors was different between the FAC-simvasta-
tin group and the FAC-placebo group. The mean tumor size 
of patients in FAC-simvastatin and FAC-placebo group was 
10.4 and 10.1, respectively. The majority of patients (76.7%) 
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had invasive non-specific type carcinoma and had planned 
to do modified radical mastectomy (70%). Demographic 
baseline characteristics of immunohistochemistry, lipid pro-
file, and molecular subtype were generally balanced between 
the two groups. The patient’s lipid profile was assessed  
before and after the neoadjuvant chemotherapy. Based on 
the lipid profile results, both groups have mean total cho-
lesterol before the intervention of < 200 (simvastatin, 196.07 
and placebo, 195.13), and mean low-density lipoprotein level 
in both groups was > 100 (simvastatin, 124.23 and placebo, 
126.13). Hormonal receptors, ER/PR were positive in > 80% 
in both groups (simvastatin, 83.3% and placebo, 80%). HER2 
expression amplification in placebo group was higher than 
in simvastatin group (43.3% and 20%, respectively), and the 
Ki-67 expression was > 14% higher in placebo groups than in 
simvastatin group (76.6% and 63.3, respectively). The molec-
ular subtype that was commonly found in this study was the 
Luminal B subtype (simvastatin, 46.7% and placebo, 56.7 %) 
with the expression of Top2A > 15% (simvastatin, 36.7% and 
placebo, 53.3%). The surgical procedure mostly conducted in 
both groups was mastectomy (76.7% in simvastatin group 
and 43.3% in placebo group).

2. Treatment outcomes and efficacy 
In total, three cycles of NAC were administered to each 

patient. From 70 patients enrolled in our study, 66 patients 
(97.6%) received at least 1 cycle of NAC. Sixty of 66 patients 
(90.9%) were assessed for response evaluation. No patient 
achieved complete clinical response; however, 48 patients 
showed partial clinical responses, which were listed in  

Table 2. In the FAC-Simv group, no patient had a complete 
response, 27 patients had a partial response, and the ORR 
was 90% (95% confidence interval [CI], 0.99 to 1.67). Similar-
ly, no patient had a CR in the FAC-placebo group; 21 patients 
had a partial response, and the ORR was 70% (95% CI, 0.10 
to 1.11). There was no significant difference between the two 
treatment groups concerning the clinical response assess-
ment result (p=0.103). Detailed data is provided in Table 2. 

pCR, represented as grade 5 of MP criteria, was found in 
only three patients (6.25% of total samples), including two 
patients from simvastatin group and one patient from pla-
cebo group. Detailed data listed in Table 3. There was no 
significant difference in the pathological responses between 
both groups (p=0.330). The histopathology findings in pCRs 
in this study showed a picture of atypical cells, including 
foam and giant cells. Representative histological images of 
grade 5 MP system are provided in Fig. 2A and B.

3. Safety and tolerability (adverse events)
The safety and tolerability profiles of both treatment arms 

were similar. Predefined adverse events of special interest 
in response to the statin listed in Table 4. The same number 
of patients completed three treatment cycles in both groups 
(30 patients in simvastatin group and 30 patients in placebo 
group). Common adverse events were mild to moderate, 
including nausea (96.7% in both groups), vomiting (86.7% 
in simvastatin group and 83.3% in placebo group), alopecia 
(76.7% both group), and fatigue (43.4% in simvastatin group 
and 46.7% in placebo group). Significant toxicity (grade 3 or 
4) was presented as leucopenia (26.6% in simvastatin group 

Fig. 1.  Consort flow chart of this study. From 70 eligible patients, 60 patients completed the trial and were evaluated in this study.
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Table 1.  Baseline characteristics 

Variable Simvastatin group (n=30) Placebo group (n=30) p-value

Age (yr)   
    Mean (range) 49.4 (36-66) 46.9 (28-65) 0.293
BMI (kg/m2) 
    ≤ 25.0 17 (56.7) 19 (63.3) 0.598
    > 25.0 13 (43.3) 11 (36.7) 
Menopausal status 
    Premenopausal 16 (53.3) 18 (60.0) 0.602
    Postmenopausal 14 (46.7) 12 (40.0) 
Staging 
    IIIA 11 (36.7) 10 (33.3) 0.592
    IIIB 19 (63.3) 19 (63.3) 
    IIIC 0 ( 1 (3.3) 
Grade 
    Low 13 (43.3) 17 (56.7) 0.302
    High 17 (56.7) 13 (43.3) 
Tumor size (cm) 
    Mean (range) 10.4 (4-22) 10.1 (2.6-24) 0.737
Histology 
    Invasive NST carcinoma 24 (80.0) 23 (76.7) 0.838
    Invasive lobular carcinoma 1 (3.3) 2 (6.7) 
    Others 5 (16.7) 5 (16.7) 
Lipid profile 
    LDL 
        Mean (range) 124.23 (71-212) 126.13 (79-276) 0.824
Cholesterol 
    Mean (range) 196.07 (134-273) 195.13 (138-266) 0.908
ER/PR status 
    Positive 25 (83.3) 24 (80.0) 0.739
    Negative 5 (16.7) 6 (20.0) 
HER2 
    Positive 6 (20.0) 13 (43.3) 0.052
    Negative 24 (80.0) 17 (56.6) 
Ki-67 (%) 
    ≤ 14 19 (63.3) 23 (76.7) 0.259
    > 14 11 (36.7) 7 (23.3) 
Molecular subtype 
    Luminal A 11 (36.6) 7 (23.4) 0.418
    Luminal B 14 (46.7) 17 (56.7) 
    Triple negative 4 (13.3) 2 (9.8) 
    HER2 enriched 1 (3.4) 3 (10.0) 
TOP2A 
    Positive (> 15%) 11 (36.7) 16 (53.3) 0.194
    Negative (≤ 15%) 19 (63.3) 14 (46.7) 
Type of surgery 
    MRM 23 (76.7) 13(43.3) 0.028
    CRM 3 (10.0) 9 (30.0) 
    Core biopsy 4 (13.3) 8 (26.7) 

Values are presented as number (%) unless otherwise indicated. BMI, body mass index; CRM, classic radical mastectomy; ER, estrogen 
receptor; HER2, human epidermal growth factor receptor 2; LDL, low-density lipoprotein; MRM, modified radical mastectomy; NST, no 
special type; PR, progesterone receptor.
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and 20% placebo group). There was no significant differ-
ence in the incidence of serious adverse events between the 
two groups. However, a clinically significant increase in the  
incidence of leukopenia was found in the simvastatin group, 
compared to the placebo group (26.6% vs. 20%), respectively. 
Eight leukopenia (grade 3-4) cases were reported for simvas-
tatin, and six cases were reported for placebo. Five patients 
in the two groups (2 in simvastatin group and 3 in placebo 
group) experienced treatment delays, from cycle 2 onwards. 
These were mostly caused by prolonged hematologic toxici-
ties. Two patients experienced grade 1-2 CK elevation, which 
was considered to be related to the use of simvastatin. There 
were also patients with grade 1-2 elevated liver enzyme levels 
(4 patients with alanine aminotransferase [ALT] increment 

and 3 patients with aspartate aminotransferase [AST] incre-
ment). However, abnormal elevations of CK, ALT, and AST 
were eventually normalized with supportive management. 
There was no significant difference for simvastatin-specific 
adverse events between the two treatment groups. In this 
study, the incidence of myotoxicity that dominantly occurred 
was myalgia grade 1-2 (36.7%) and muscle cramps grade 1-2 
(3.3%). Detailed data on adverse events were listed in Table 
4. There were mild increases of CK in two patients (simvas-
tatin groups), but no increase of CK and rhabdomyolysis due 
to the use of simvastatin was observed. There were no cases 
of elevated CK level ≥ five times of the upper limit or ALT  
≥ three times of the upper limit. Hence, the administration of 
simvastatin did not cause a significant increase in treatment-

Table 2.  Clinical response (WHO criteria)

Response FAC+simvastatin 40 mg (n=30) FAC+placebo 40 mg (n=30) p-value

Complete response (CR) 0 ( 0 ( 
Partial response (PR) 27 (90.0) 21 (70.0) 
Stable disease  1 (3.3) 6 (20.0) 
Progressive disease  2 (6.6) 3 (10.0) 
Overall response rate (CR+PR)  27 (90.0) 21 (70.0) 
95% Confidential interval 0.99-1.67 0.10-1.11 0.103
Values are presented as number (%). Odds ratio, 2.571 (range, 0.83 to 7.99); p=0.103. FAC, 5-fluorouracil, adriamycin, and cyclophospha-
mide; WHO, World Health Organization.

Table 3.  Pathological response MP system

Response FAC+simvastatin (n=27) FAC+placebo (n=21) p-value

Complete response 2 (4.2) 1 (2.1) 
Partial response 25 (52.1) 20 (41.7) 0.33
Total 27 ( 21 ( 
Values are presented as number (%). FAC, 5-fluorouracil, adriamycin, and cyclophosphamide; MP, Miller-Payne.

Fig. 2.  Histological image representative of grade 5 Miller-Payne system as a pathological complete response. H&E staining was used in 
the histopathological evaluation: (A) atypic cells (×100) and (B) foam and giant cells (×100).
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Table 5.  Clinicopathological variables factors influenced response treatment of both groups of subjects

Variable
                               Bivariate                     Multivariate

 OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age (< 50 yr vs. ≥ 50 yr) 1.400 (0.394-4.979) 0.650 - -
Menopause status (preM vs. postM) 0.543 (0.144-2.049) 0.364 - -
BMI (≤ 25 vs. > 25) 4.231 (0.837-21.397) 0.100 3.559 (0.602-21.032) 0.161
Staging (operable vs. inoperable) 1.645 (0.392-6.904) 0.743 - -
LDL (normal vs. high) 3.000 (0.442-20.371) 0.243 5.433 (0.621-47.540) 0.126
Cholesterol (high vs. normal) 0.657 (0.183-2.363) 0.519 - -
Grade (low vs. high) 1.000 (0.282-3.544) > 0.99 - -
ER/PR status (positive vs. negative) 0.306 (0.035-2.638) 0.428 - -
HER-2 (non-amplified vs. amplified) 4.200 (1.121-15.731) 0.026 2.753 (0.605-12.524) 0.190
TNBC (yes vs. not) 1.286 (1.115-1.483) 0.333 - -
Ki-67 (< 14% vs. ≥ 14%) 3.270 (0.379-28.214) 0.428 - -
TOP II alpha (> 15% vs. ≤ 15%) 0.510 (0.141-1.841) 0.299 - -
NACT (Plb+FAC vs. Simv+FAC) 3.857 (0.927-16.048) 0.053 3.826 (0.770-19.022) 0.101

BMI, body mass index; CI, confidence interval; ER, estrogen receptor; FAC, fluorouracil, adriamycin, and cyclophosphamide; HER2,  
human epidermal growth factor receptor 2; LDL, low-density lipoprotein; NACT, neo-adjuvant chemotherapy; OR, odds ratio; Plb, pla-
cebo; PR, progesterone receptor; Simv, simvastatin; TNBC, triple-negative breast carcinoma.

Table 4.  Adverse event results based on the CTCAE ver. 4.03

Toxicity
                                       FAC+simvastatin 40 mg (n=30)                      FAC+placebo 40 mg (n=30)

 Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4

Hematological
    Anemia   10 (33.3) 0 ( 11 (36.6) 1 (3.3)
    Leukopenia 10 (33.3) 8 (26.6) 14 (46.6) 6 (20.0)
    Thrombocytopenia 3 (10.0) 0 ( 5 (16.0) 0 (
    Febrile neutropenia 0 ( 0 ( 0 ( 0 (
Non-hematological
    Nausea  29 (96.7) 0 ( 29 (96.7) 0 (
    Vomiting 26 (86.7) 0 ( 25 (83.3) 0 (
    Diarrhea  1 (3.3) 0 ( 1 (3.3) 0 (
    Constipation  10 (33.3) 0 ( 7 (23.3) 0 (
    Mucositis  3 (10.0) 0 ( 0 ( 0 (
    Fatigue  13 (43.3) 0 ( 14 (46.7) 0 (
    Alopecia 23 (76.7) 0 ( 23 (76.7) 0 (
    Peripheral neuropathy  2 (6.7) 0 ( 2 (6.7) 0 (
Cardiac function
    Decrease EF 1 (3.3) 0 ( 3 (10.0) 0 (
Muscle toxicities
    Myalgia   11 (36.7) 0 ( 11 (36.7) 0 (
    Muscle cramp      1 (3.3) 0 ( 2 (6.7) 0 (
    Rhabdomyolysis 0 ( 0 ( 0 ( 0 (
Statin toxicities
    Elevated AST 2 (6.7) 0 ( 1 (3.3) 0 (
    Elevated ALT 2 (6.7) 0 ( 2 (6.7) 0 (
    Elevated CK 2 (6.7) 0 ( 0 ( 0 (
Values are presented as number (%). ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatinine phosphokinase; 
CTCAE, Common Terminology Criteria for Adverse Events; EF, ejection fraction; FAC, fluorouracil, adriamycin, and cyclophosphamide.
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related toxicities. FAC and simvastatin combination ther-
apy was well tolerated throughout the study, as shown in  
Table 4. There were differences in the incidence of cardiac 
adverse events between the two treatment groups. In heart 
function toxicity, reductions in heart function were observed 
in 3.3% cases of simvastatin group and 10% of placebo group. 
Nevertheless, the reduction of left ventricle ejection fraction 
(LVEF) in this study did not exceed normal limits (LVEF < 
55%).

4. Analysis of clinicopathological variables influences
Univariate analysis between clinicopathological param-

eters, treatment variables including age, menopause sta-
tus, BMI, staging, lipid profile, tumor grade, ER/PR status, 
HER2 status, Ki-67, and Top2A and treatment response was 
observed, and no significant correlation between variables 
and the treatment response was found (Table 5). A logistic 
regression model was utilized to analyze the influence of 
the clinicopathological variables on the treatment response 
in a multivariate analysis. The multivariate analysis yield-
ed only one independent predictor of treatment response: 
HER2 (p=0.033) with odds ratio 4.2 (95% CI, 1.121 to 15.731).  
Patients with HER2 amplification showed a better response 
to FAC and simvastatin. Univariate and multivariate analy-
ses of clinicopathological factors are summarized in Table 5. 

Discussion

To the best of our knowledge, this study the first rand-
omized, double-blind, placebo-controlled study to prove 
the anti-tumor activity efficacy and the safety of an HMG-
CoA reductase inhibitor simvastatin (40 mg) combined with 
the cytotoxic chemotherapy regimen FAC in patients with 
LABC. We choose FAC because it is a widely used chemo-
therapy for NAC and the first-line chemotherapy based on 
National Formulary in Indonesia. HER2 blockage agents 
was not combined in this study because they have not been 
included in Indonesian National Formulary and may con-
found the adverse event analysis in this study. Indonesian 
national insurance only covers treatments listed in national 
formulary; hence we only prescribed FAC without any tar-
geted therapy considering the low financial majority condi-
tion of our subjects. However, we also realize that this may 
cause undertreatment and affect the therapeutic response 
of our subjects. Moreover, we chose to conduct sandwich 
neo-adjuvant chemotherapy (NACT) using FAC regimen in 
this study. After finishing the first 3 cycles, the therapeutic  
responses of subjects were evaluated prior to mastectomy 
surgeries. This adhered to our hospital protocol and exp-
lained why sandwich therapy was chosen instead of total 

preoperative therapy. Previous study by Pathak et al. [15] 
proved that the sandwich NACT has no difference from the 
total preoperative NACT in terms of overall survival, dis-
ease-free survival, and time to distant recurrence. 

The results of this study demonstrated that statin usage led 
to a good response in LABC patients given NAC using the 
FAC regimen. The study yielded superior outcomes for FAC 
and simvastatin combination over FAC and placebo in terms 
of ORR. In this study, the clinical ORR in simvastatin group 
was 90% (95% CI, 0.99 to 1.67), while the ORR in placebo 
group was only 70% (95% CI, 0.10 to 1.11). Hence, the odds 
ratio was 2.571, although there was no significant difference 
between the two treatment groups concerning the clinical  
response assessment result (p=0.103) (Table 3). The precise 
molecular mechanism responsible for a better response in sta-
tin combination with chemotherapy is not completely clear. 
Based on the phenomenon observed in the present study, 
we found that increased response rate depicts the potential  
cytotoxic effect (apoptosis stimulation and proliferation inhi-
bition) of the simvastatin combination therapy. Based on the 
currently available literature, we propose potential mecha-
nisms that might explain how simvastatin enhances doxoru-
bicin activity in terms of clinical and pathological response: 
(1) The chemotherapy induces apoptosis and cell cycle arrest 
by suppressing cell cycle and regulating the protein RAC1 
signaling pathway resulting in decreased of activity of RAC1 
in mRNA expression [16]. Then, a study by Sadeghi et al. [17] 
reported the combination of simvastatin and doxorubicin on 
HeLa cells (cervix) in longer period could induce apoptosis 
more than each drug alone through G and G2/M arrests. (2) 
Cholesterol is an important component for cell growth as 
well as for lipid rafts that replace the transduction of cellular 
signaling. Yun et al. [18] found a new pathway that shows 
doxorubicin inhibiting mevalonate conversion to cholesterol 
by decreasing Hmgcr downregulation. This leads to cellular 
cholesterol reduction and lipid raft redistribution that can 
change cells through the EGFR/Src/HMGCR pathway. (3) 
Werner et al. [19] reported that simvastatin and doxorubicin-
induced apoptosis on human rhabdomyosarcoma cells by 
enhancing caspase 3 and 9 activity synergistically, translocat-
ing from the cytosol into the nucleus, and translocation of 
Bax from the cytosol into mitochondria. Moreover, lovastatin 
is able to increase the tumor cells’ vulnerability to chemo-
therapeutic agents by specifically targeting the tumor cells 
which express drug-resistant P-glycoprotein. (4) Werner et 
al. [20] described the intracellular compartmentalization of 
simvastatin induction on the topoisomerase II nuclear doxo-
rubicin inhibition in human rhabdomyosarcoma cells. It is 
a new therapeutic concept in overcoming multidrug resist-
ance mediated by ABCB1 through direct inhibition and regu-
lation of ABCB1, enhancement of intracellular doxorubicin 
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concentrations, which might be translated into augmented 
topoisomerase II inhibition and strengthened further by 
the replacement of double-stranded DNA. Moreover, statin 
might also enhance 5-FU chemotherapeutic agent in cancer 
treatment. Cerivastatin can inhibit nuclear factor-κB DNA-
binding activity in chemoresistant colorectal cancer cell lines 
to increase the cytotoxicity of 5-FU [6]. Moreover, a study by 
Osman et al. [21] reported the increment of cytotoxic and  
apoptotic effect of 5-FU combined with simvastatin through 
the increment of arrested cells in Sub G1. This could be  
explained by the ability of simvastatin in the modulation of 
p21 (cip/Waf1) and survivin, including also p53 phospho-
rylation and acetylation [21].

In our study, there was no patient who achieved a clinical 
complete response which is not consistent with most of the 
published reports. There were 48 patients (80%) who showed 
a partial clinical response, where three (6.25%) of them showed 
a complete pathological response, and the other 45 patients 
(93.75%) had residual disease histologically. In the simvasta-
tin group, pCR was achieved in 4.16% of patients. However, 
different from our study design, they considered pCR based 
on the histopathology of the operative specimen if there was 
no residual invasive tumor [6]. Results from other previous 
study showed pCR was achieved in 20% of all patients after 
no special type, but pCR rate was largely depended on the 
breast cancer subtype and stage [22]. The possible reasons are 
insufficient chemotherapeutic cycles and severe local symp-
toms, making it difficult to achieve pCR from chemotherapy. 
In this study, the pathological response of residual inva-
sive tumor in breast tissue according to MP criteria (grade 
5 GMP) was observed in only three patients (6.25%) while 
the clinical response was obtained in 80% of patients; which 
consisted of two patients in the simvastatin group and one 
patient in the placebo group (Table 4). Pathological response 
was lower than in the previous studies (26%) in a study by 
Rastogi et al. [23]. There were differences in clinical response 
and pathological response due to maximum tumor diameter 
being measured on physical examination using calipers, and 
not using imaging modalities. Evaluations of the clinical  
response using imaging modalities are recommended, such 
as computed tomography scan, ultrasound, and magnetic 
resonance imaging (MRI) before and after treatment. Never-
theless, none of MRI examinations conducted were used for 
the assessment of NACT. From our perspective, this imaging 
technique is expensive to conduct. Furthermore, we choose 
to use WHO criteria to evaluate the tumor response due to 
this physical examination tumor size measurement. Moreo-
ver, WHO criteria have been validated and widely used in 
prospective randomized clinical trials.

In our study, we found three cases with partial clinical  
responses but had a complete pathological response. This 

finding is supported by previous studies suggesting that 
clinical responses are not correlated to pathological respons-
es. Hence, to assess the therapeutic response, pathological 
examination on specimens obtained from mastectomy is 
crucial [24]. There still might be residual tumor which could 
be palpated in patients who achieve a complete pathological  
response. The whole tumor cell loss does not always corre-
late to the size of the tumor. Destroyed tumor cells can still be 
palpable due to fibrous stromal tissue. Changes in the stro-
ma of specimens after chemotherapy, such as fibromyxoid, 
stromal fibrosis, microcalcification, and fibroelastotic stroma 
might cause the bias in clinical response evaluation. Other 
explanation for the palpable masses in patients with pCR are 
the general patterns of NAC response. These patterns of a 
scattergun/honeycomb response or a concentric shrinkage, 
where the residual carcinoma may present as multiple, scat-
tered foci over an ill-defined tumor bed [25]. The response 
to NAC is a prognostic factor. The complete pathological 
response is a marker of increased progression-free survival 
and increased overall survival [23].

There were no side effects during the study, which  
required aggressive treatment in the hospital. In this study, a 
grade 1-2 decrease in hemoglobin (Hb) was obtained > 30% 
in both groups (simvastatin, 33.3% and placebo, 36.6%), but 
a grade 3-4 decrease in Hb was only obtained in one case 
(3.3%) in the placebo group. The grade 1-2 decrease in white 
blood cell (WBC) (simvastatin 23.3% and placebo 43.3%) 
was higher in the placebo group; however, greater grade 3-4  
decreases in WBC was observed in the simvastatin group 
than in the placebo group (43.3% and 16.6%). The results 
were not found to represent the incidence of fever neutro-
penia in both groups. There were 14 patients who received 
stimulation factors but five patients were rescheduled for 
chemotherapy (simvastatin, 2 and placebo, 3). The most 
common side effects of using simvastatin involved muscle 
tissue with severity ranging from myalgia to severe rhab-
domyolysis. Based on the research of Parkin et al. [26] the 
incidence of rhabdomyolysis was found in 0.1% in patients 
with simvastatin consumption. In this study, we found no 
significant differences in side effects from patients using sim-
vastatin and placebo. The incidence of muscle toxicity that 
predominantly occurred was grade 1-2 myalgia in 36.7% of 
both groups, followed by grade 1-2 muscle cramps in 3.3% 
of the cases in the simvastatin group and 6.7% in the placebo 
group. The occurrence of side effects on muscles is known 
to be due to apoptotic events [27]. There was no significant  
increase in CK levels and the incidence of rhabdomyolysis 
due to the use of simvastatin, and although there was an  
increase in CK levels in two patients in the simvastatin group 
(6.7%), the increase was not more than twice the initial base-
line level. Myalgia is the most common side effect due to sta-
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tin use, with an incidence of around 5%. Doxorubicin is one 
of the most widely used anticancer drugs with high cardio-
toxicity. Preservation of cardiomyocyte function during dox-
orubicin chemotherapy might help to maintain cardiac func-
tion and reduce the development of congestive heart failure. 
In this study, the two intervention groups (simvastatin and 
placebo) did not provide a significant change in the fraction-
ejection values which might be due to the short follow-up 
period of the study and the limited measurements of cardiac 
dysfunction. Ejection fraction reduction in this study was 
found to be as much as 3.3% in the simvastatin group and 
6,1% in the symptomless placebo group. Consistent with the 
results of the study by Riad et al. [28], fluvastatin pretreatment  
attenuated doxorubicin-induced cardiomyopathy through 
antioxidative enzyme mitochondrial superoxide dismutase 
2 expression enhancement, oxidative stress reduction, and 
cardiac inflammation reduction shown by decreased tumor 
necrosis factor-α expression. In research by Seicean et al. [29], 
where cardiomyocyte cell cultures are treated with anthracy-
cline, statins reduced oxidative stress by inhibiting the pro-
duction of RAC1 synthesis and other small G proteins. This 
is also consistent with a study by Bobrowski et al. [30] which 
states that statin usage after anthracycline and trastuzumab 
chemotherapy in early-stage breast cancer is correlated with 
a lower risk of heart failure that requires hospital care. 

There were not any multiple clinicopathological factors 
and molecular biology that had significant correlations with 
the response therapy of FAC and simvastatin in this study 
(Table 5). On the other hand, the cell lines in breast cancer 
that were the most sensitive in statin therapy were ones with 
aggressive groups such as ER-negative, HER2-positive, or 
triple-negative [31]. Moreover, based on a previous study by 
Yulian et al. [12], it is recommended to use simvastatin as  
metastases prevention therapy in patients with high choleste- 
rol level, receptor ER/PR negative, and HER2 positive. TOP-
2A expression was one of a potential factor that play a crucial 
role in chromosome instability and tumorigenesis which also 
as a direct target of anthracycline in causing DNA damage. 
However, the TOP2A expression also resulted in insignifi-
cant correlation to chemotherapy response in this study.

The main strengths of this clinical trial are the randomized 
blind, double-blind methodology, and a well-tolerated place-
bo control to be the first clinical study in LABC patients. This 
study also met the safety and applicability criteria. The pre-
sent study had limitations, including firstly, a relatively low 
sample size (n=30) treated with statins—secondly, changes 
in insurance policies for the sample patients in the hospital. 
As a result, we do not provide anti-Her2 neu (trastuzumab) 
therapy in patients with positive HER2, which was positive-
ly associated with the increased clinical response when given 
simvastatin. Lastly, the evaluation of the NAC response in 

this study was carried out after 3 cycles (sandwich) and not 
completing up to 6 cycles (total preoperative). In the end, 
although it was not statistically significant, patients treated 
with FAC and simvastatin combination showed a trend of 
improved ORR and pCR compared with patients in placebo 
group. Although the sample size might be too small, these 
clinical observations may support the preclinical evidence of 
the effective apoptotic stimulation and proliferative activity 
inhibition of statins in LABC. Besides, simvastatin possesses 
both anticancer potential and can work as a cardioprotective 
agent. 

Moreover, the combination treatment of FAC and sim-
vastatin was generally well tolerated. The adverse events  
observed were similar to those reported in the FAC and pla-
cebo arm. Another consideration for future treatment plans 
might be reducing the dose of doxorubicin to reduce toxicity 
without reducing the cytotoxic effectiveness.

The results of the present study suggest that the addition 
of simvastatin to FAC may improve the ORR and pathologi-
cal response in patients with LABC, although it has not been 
proven statistically. HER2 status is a clinicopathological fac-
tor related to the clinical response. This combination pos-
sesses both anticancer and cardioprotective actions and can 
be tolerated without any side effects on the patient. 
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Introduction

Mutations in germline breast cancer susceptibility genes 
1 or 2 (gBRCA1/2) result in a compromised ability to repair 
DNA double-strand breaks by homologous recombination, 
rendering cancer cells highly sensitive to the poly(ADP- 
ribose) polymerase (PARP) enzyme pathway for DNA repair 
[1-4]. Consequently, tumors harboring gBRCA1/2 mutations 
are highly sensitive to targeted treatment with PARP inhibi-
tors, which cause cell death due to accumulation of unre-
paired DNA damage [1,3].

Talazoparib is a second generation, orally available PARP 
inhibitor that inhibits catalytic activity and traps PARP on 
DNA, disrupting DNA damage repair and causing death 
in cells with deleterious mutations in BRCA1/2 [4]. Talazo-
parib has been shown to have equivalent catalytic activity 

compared with other PARP inhibitors, but is approximately 
100-fold more potent at trapping PARP–DNA complexes, a 
mechanism that appears to be more cytotoxic than catalytic 
inhibition of PARP alone [5-7]. In the phase III EMBRACA 
trial (NCT01945775), involving 431 patients with human epi-
dermal growth factor 2 (HER2)–negative locally advanced/
metastatic breast cancer and a gBRCA1/2 mutation, treatment 
with talazoparib 1 mg/day significantly improved progres-
sion-free survival (PFS) compared with physician’s choice of 
single-agent chemotherapy treatment (median, 8.6 months 
vs. 5.6 months; hazard ratio [HR], 0.54; 95% confidence  
interval [CI], 0.41 to 0.71; p < 0.001) [8]. Talazoparib showed 
a manageable safety profile, and significantly improved 
patient-reported outcomes compared with chemotherapy. 
Based on these results, talazoparib has been approved in the 
United States, European Union, and other countries for the 
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treatment of patients with gBRCA1/2 mutations who have 
HER2-negative locally advanced/metastatic breast cancer 
and a gBRCA1/2 mutation [9,10]. 

The prevalence of BRCA1 and BRCA2 mutations in unse-
lected Asian populations with breast cancer is reported to 
be similar to that observed in most Western patient popula-
tions, ranging from approximately 1.5% to 2.0% and 1.5% to 
4.0% for each gene, respectively [11,12]. However, the appar-
ent higher prevalence of BRCA2 mutations compared with 
BRCA1 mutations is a distinct feature in East Asian patients 
[13-15]. The spectrum of gBRCA1/2 variants also varies across 
different ethnic groups; importantly, there is a relatively 
high frequency of variants of uncertain significance in Asian  
patients [15]. To investigate this further, a recent study ana-
lyzed over 78,000 samples from cancer patients and 40,000 
samples from non-cancer patients in Indian, Chinese, Kore-
an, and Japanese populations, and found that over half of the 
BRCA variants identified were Asian specific [16]. Currently, 
there is also a paucity of data regarding the use of PARP  
inhibitors, including talazoparib, in Asian patients, owing to 
the predominance of Western patients in some breast cancer 
clinical trials [17-19]. Subgroup analysis from the EMBRACA 
study showed prolonged PFS with talazoparib versus chem-
otherapy in all clinically relevant patient subgroups, includ-
ing non-White populations [17]. However, there are reports 
of epidemiologic and clinicopathologic differences between 
Asian and Western women with breast cancer, such as a 
higher incidence at younger age among Asian women and 
age-specific disparities in hormone receptor positivity bet-
ween Asian and Western populations [20]. Nonetheless, the 
PFS improvement with talazoparib compared with chemo-
therapy was consistent regardless of age or hormone recep-
tor status within the full intent-to-treat (ITT) population [17]. 
Despite these findings, it is important to characterize the  
efficacy and safety of talazoparib specifically in patients from 
within Asia, due to additional differences (e.g., genetic back-
ground, socio-economic profile, culture) observed between 
patients from Asian and Western countries that may have 
clinical implications for breast cancer treatment [15,21]. This 
subgroup analysis reports efficacy and safety outcomes from 
33 patients enrolled at Asian sites (Korea and Taiwan) in the 
EMBRACA trial.

Materials and Methods
 
1. Study design and patients

EMBRACA was an open-label, randomized, multicenter, 
phase III trial comparing the efficacy and safety of talazopar-
ib with chemotherapy (capecitabine, eribulin, gemcitabine, 
or vinorelbine) in patients with HER2-negative advanced 

breast cancer and a gBRCA1/2 mutation, who had received 
prior chemotherapy for metastatic disease. 

The study design has been published previously [8,22]. 
Briefly, eligible patients were at least 18 years old, with 
HER2-negative locally advanced/metastatic breast cancer 
with documentation of a deleterious, suspected deleterious, 
or pathogenic gBRCA1/2 mutation by central testing. Pati-
ents must have received no more than three previous cyto-
toxic regimens for advanced breast cancer, and have received 
previous treatment with a taxane and/or anthracycline, un-
less contraindicated. Previous neoadjuvant or adjuvant plati-
num-based therapy was allowed, providing patients had not 
relapsed within 6 months of the last dose. Exclusion criteria 
included disease progression on platinum-based chemother-
apy for locally advanced/metastatic breast cancer; cytotoxic 
chemotherapy, radiation therapy, antihormonal therapy, 
or other targeted anticancer therapy within 14 days before 
randomization; and untreated central nervous system (CNS) 
metastases (patients with stable, adequately treated CNS  
metastases were allowed). 

Patients were randomized in a 2:1 ratio to talazoparib or 
single-agent chemotherapy, stratified by the number of prior 
cytotoxic chemotherapy regimens (0 vs. 1, 2, or 3), triple-
negative breast cancer status (hormone receptor-negative 
and HER2-negative) based on the most recent biopsy (yes vs. 
no), and history of CNS metastases (yes vs. no). Talazoparib 
1 mg was administered orally once daily. The chemotherapy 
group received protocol-specified chemotherapy (capecit-
abine, eribulin, gemcitabine, or vinorelbine) in continuous 
21-day cycles, with the choice of chemotherapy determined 
before randomization. Laboratory values were monitored 
every 3 weeks and patients were required to have adequate 
counts (hemaglobin ≥ 8.0 g/dL, absolute neutrophil count  
≥ 1,500/mm3, platelets ≥ 50,000/mm3) to continue treatment 
with talazoparib; further details can be found in Litton et al. 
[8]. Treatment continued until radiographic disease progres-
sion, unacceptable toxicity, withdrawal of consent, or until 
the physician decided to end treatment. 

The current exploratory analysis comprises patients who 
were enrolled at sites in Korea and Taiwan (referred to as the 
Asian subgroup or Asian ITT/safety population).

2. Outcomes and assessments
The primary endpoint was radiologic PFS, determined by 

blinded independent central review per Response Evaluation 
Criteria in Solid Tumors ver. 1.1 (RECIST v1.1). Secondary  
efficacy endpoints included objective response rate (ORR) per 
investigator review (RECIST v1.1) in patients with measur-
able disease, and overall survival (OS). Duration of objective 
response was an exploratory endpoint. Tumor assessments 
were performed every 6 weeks until week 30, and every  
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Fig. 1.  Patient disposition: Asian and EMBRACA ITT populations. From The New England Journal of Medicine, Litton JK et al, Talazoparib 
in patients with advanced breast cancer and a germline BRCA mutation, 379:753-63 [8]. Copyright © (2020) Massachusetts Medical Society. 
Reprinted with permission from Massachusetts Medical Society. AE, adverse event; ITT, intent-to-treat; PD, progressive disease. a)Includ-
ing patients who died, withdrew consent or were lost to follow-up, b)Preferred terms included anemia, neutropenia, thrombocytopenia, 
vomiting, fatigue, general physical health deterioration, mucosal inflammation, edema peripheral, accidental overdose, glioblastoma mul-
tiforme, metastases to meninges, cerebral hemorrhage, headache, transient ischemic attack, dyspnea, obstructive airways disorder, rash, 
and rash generalized. 
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9 weeks thereafter until progressive disease per central  
review or the start of a new antineoplastic therapy. After 
treatment discontinuation, patients were followed every 12 
weeks for survival status and use of subsequent antican-
cer treatment. Safety was assessed based on adverse events 
(AEs), graded according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events, ver. 4.03, 
and clinically relevant changes in laboratory values. 

3. Statistical analyses
With the exception of OS, efficacy and safety data are based 

on the first data cutoff (September 15, 2017); final OS data are 
based on a data cutoff date of September 30, 2019. 

Details of the statistical analyses have been described 
previously [8]. Median PFS and OS were estimated using 
Kaplan-Meier methodology, with stratified log-rank test 
and HRs estimated via a stratified Cox regression model 
used to compare treatment groups. Efficacy analyses were 
performed in the ITT population, which included all rand-
omized patients. Exposure and safety were evaluated in the 
safety population, comprising all patients who received at 
least one dose of study drug.

Results

1. Patients and treatment 
Between October 2013 and April 2017, 33 patients were 

enrolled at sites in Asia and were randomly assigned to tala-
zoparib (n=23) or chemotherapy (n=10) (Fig. 1). At data cut-
off (September 15, 2017), 20 patients (87%) in the talazoparib 
arm and all patients in the chemotherapy arm had discon-
tinued treatment, predominantly due to progressive disease.

Demographic and baseline disease characteristics were 
generally similar between the Asian ITT population and 
the overall EMBRACA ITT population (Table 1). Exceptions  
included patients in the Asian subgroup tending to be slight-
ly younger versus the overall population in both the tala-
zoparib and chemotherapy arms, and more chemotherapy-
treated patients in the Asian subgroup had BRCA2 mutations 
than in the overall chemotherapy-treated population. In the 
chemotherapy group, there was also a slightly lower propor-
tion of patients with visceral disease in the Asian subgroup 
compared with the overall population. 

2. Efficacy 
In total, 24 PFS events by blinded central review occurred 

among patients enrolled in Asia (18/23 [78%] in the talazo-
parib arm and 6/10 [60%] in the chemotherapy arm) (Fig. 

Table 1.  Baseline demographic characteristics: Asian ITT and EMBRACA ITT populations 

                                            Asian, ITT                                           EMBRACA, ITTa)

 Talazoparib (n=23) Chemotherapy (n=10) Talazoparib (n=287) Chemotherapy (n=144)

Age, median (yr) 41 ( 45 ( 45 ( 50 (
    < 50  17 (73.9) 6 (60.0) 182 (63.4) 67 (46.5)
Female sex 23 (100) 10 (100) 283 (98.6) 141 (97.9)
Weight, median (kg) 58.6 ( 52.0 ( 65.6 ( 66.0 (
Race    
    Asian 23 (100) 10 (100) 31 (10.8) 16 (11.1)
    White  0 ( 0 ( 192 (66.9) 108 (75.0)
    Otherb)/Not reported 0 ( 0 ( 64 (22.3) 20 (13.9)
Visceral disease 17 (73.9) 6 (60.0) 200 (69.7) 103 (71.5)
HR status    
    TNBC 10 (43.5) 4 (40.0) 130 (45.3) 60 (41.7)
    HR-positive 13 (56.5) 6 (60.0) 157 (54.7) 84 (58.3)
BRCA status    
    BRCA1 mutation 11 (47.8) 3 (30.0) 133 (46.3) 63 (43.8)
    BRCA2 mutation 12 (52.2) 7 (70.0) 154 (53.7) 81 (56.3)
Disease-free interval 10 (43.5) 1 (10.0) 108 (37.6) 42 (29.2)
  (initial diagnosis to ABC) < 12 mo

Values are presented as number (%) unless otherwise indicated. ABC, advanced breast cancer; BRCA1/2, breast cancer susceptibility genes 
1 or 2; HR, hormone receptor; ITT, intent-to-treat; TNBC, triple-negative breast cancer. a)From The New England Journal of Medicine, Litton JK 
et al., Talazoparib in patients with advanced breast cancer and a germline BRCA mutation, 379:753-63 [8]. Copyright © (2020) Massachu-
setts Medical Society. Reprinted with permission from Massachusetts Medical Society, b)Includes Black or African American. 
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2A). Median PFS by blinded central review in the Asian ITT 
population was 9.0 months (95% CI, 3.0 to 15.2) for talazo-
parib and 7.1 months (95% CI, 1.2 to not reached) for chemo-
therapy (HR, 0.74 [95% CI, 0.22 to 2.44]). PFS in the overall 
ITT population is shown for comparison in Fig. 2B. Median 

PFS per investigator assessment in the Asian ITT popula-
tion was 7.0 months (95% CI, 4.0 to 13.0) for talazoparib and 
4.8 months (95% CI, 1.2 to 8.8) for chemotherapy (HR, 0.70 
[95% CI, 0.23 to 2.08]) (Fig. 2C). PFS results for the overall 
ITT population based on investigator assessment are shown 
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in Fig. 2D.
For patients in the Asian ITT population with measurable 

disease, the ORR was numerically higher in the talazoparib 
arm than in the chemotherapy arm (62.5% [95% CI, 35.4 to 
84.8] vs. 25.0% [95% CI, 3.2 to 65.1]; odds ratio, 1.88 [95% 
CI, 0.07 to 117.85]) (Table 2). Median duration of objective  
response was 9.5 months (95% CI, 1.0 to 14.4) for talazoparib 
and 5.2 months (95% CI, 2.8 to 7.6) for chemotherapy. ORR 
results for the overall ITT population are also shown in Table 
2. 

At data cutoff for OS (September 30, 2019), 25 patients 
in the Asian ITT population had died (17/23 [74%] in the 
talazoparib arm and 8/10 [80%] in the chemotherapy arm).  
Median OS in the Asian ITT population was 20.7 months 
(95% CI, 9.4 to 40.1) for talazoparib and 21.2 months (95% CI, 
2.7 to 35.0) for chemotherapy (HR, 1.41 [95% CI, 0.49 to 4.05]) 
(Table 3). OS results for the overall ITT population are also 
shown in Table 3. 

3. Exposure and safety 
All patients in the Asian subgroup (n=33) received at least 

one dose of study drug and were included in the safety pop-
ulation. Patients in the talazoparib and chemotherapy arms 
received a median (range) of 5.7 months (1.9 to 23.5) and 4.9 
months (1.2 to 13.1) of treatment, respectively (Table 4). The 
median relative dose intensity of talazoparib was higher in 
the Asian subgroup versus the overall safety population 
(99.7% [n=23] vs. 87.2% [n=286]). The median relative dose 
intensity of chemotherapy was similar between the Asian 
subgroup and the overall safety population (eribulin, 93.8% 
[n=3] vs. 96.4% [n=50]; vinorelbine, 65.0% [n=3] vs. 64.3% 
[n=9]; no patients received gemcitabine), with the exception 
of a higher relative dose intensity of capecitabine in Asian 
patients (Asian subgroup, 99.6% [n=4]; overall safety popu-
lation, 87.9% [n=55]) (Table 4). In the talazoparib arm, five  
patients (21.7%) in the Asian safety population and 149 pati-
ents (52.1%) in the overall safety population had at least one 
dose reduction due to AEs (Table 4). Most patients in the 

Table 2.  ORR in patients with measurable disease at baseline 

                                             Asian, measurable disease                                EMBRACA, measurable diseasea)

 Talazoparib (n=16) Chemotherapy (n=8) Talazoparib (n=219) Chemotherapy (n=114)

Best overall response, n (%)b)

    CR  0 ( 0 ( 12 (5.5) 0 (
    PR 10 (62.5) 2 (25.0) 125 (57.1) 31 (27.2)
    SD 4 (25.0) 4 (50.0) 46 (21.0) 36 (31.6)
    PD 2 (12.5) 2 (25.0) 32 (14.6) 28 (24.6)
    NE 0 ( 0 ( 4 (1.8) 19 (16.7)
ORR, n (%) 10 (62.5) 2 (25.0) 137 (62.6) 31 (27.2) 
[95% CI] [35.4-84.8] [3.2-65.1] [55.8-69.0] [19.3-36.3]
    Odds ratio (95% CI)                                           1.88 (0.07-117.85)                                               4.99 (2.93-8.83)
    p-valuec)                                               -                                                < 0.001
Median duration of objective 9.5 (1.0-14.4) 5.2 (2.8-7.6) 5.4 (4.2-6.3) 3.1 (2.8-5.6)
  response (95% CI, mo)

CI, confidence interval; CR, complete response; NE, not evaluable; ORR, objective response rate; PD, progressive disease; PR, partial 
response; SD, stable dis ease. a)From The New England Journal of Medicine, Litton JK et al., Talazoparib in patients with advanced breast 
cancer and a germline BRCA mutation, 379:753-63 [8]. Copyright © (2020) Massachusetts Medical Society. Reprinted with permission from 
Massachusetts Medical Society, b)According to Response Evaluation Criteria in Solid Tumors, ver. 1.1, confirmation of complete response 
or partial response was not required, c)2-sided p-value based on stratified Cochran-Mantel-Haenszel test. Stratification factors: number of 
prior cytotoxic chemotherapy regimens, triple-negative status, history of central nervous system metastases. 

Table 3.  OS in the ITT populations 

                                            Asian, ITT                                           EMBRACA, ITTa)

 Talazoparib (n=23) Chemotherapy (n=10) Talazoparib (n=287) Chemotherapy (n=144)

Median OS (95% CI, mo) 20.7 (9.4-40.1) 21.2 (2.7-35.0) 19.3 (16.6-22.5) 19.5 (17.4-22.4)
HR (95% CI)                                              1.41 (0.49-4.05)                                                   0.85 (0.67-1.07)

CI, confidence interval; HR, hazard ratio; ITT, intent-to-treat; OS, overall survival. a)From Litton et al. Ann Oncol. 2020;31:1526-35 [26].
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Table 4.  Study drug exposure 

                                            Asian, safety                                           EMBRACA, safetya)

 Talazoparib (n=23) Chemotherapy (n=10) Talazoparib (n=286) Chemotherapy (n=126)

Duration of treatment (mo) 
    Median overall (range) 5.7 (1.9-23.5) 4.9 (1.2-13.1) 6.1 (0.03-36.9) 3.9 (0.2-18.1)
    Capecitabine, median (n) - 6.2 (4) - 4.1 (55)
    Eribulin, median (n) - 3.7 (3) - 2.9 (50)
    Gemcitabine, median (n) - 0 ( - 5.5 (12)
    Vinorelbine, median (n) - 4.3 (3) - 4.2 (9)
Relative dose intensity (%)b)    
    Talazoparib, median (n) 99.7 (23) - 87.2 (286) -
    Capecitabine, median (n) - 99.6 (4) - 87.9 (55)
    Eribulin, median (n) - 93.8 (3) - 96.4 (50)
    Gemcitabine, median (n) - 0 ( - 87.2 (12)
    Vinorelbine, median (n) - 65.0 (3) - 64.3 (9)
Patients with at least 1 dose  5 (21.7) - 149 (52.1) -
  reduction due to AEs, n (%)
No. of dose reductions 
  due to AEs, n (%)    
    1 3 (13.0) - 70 (24.5) -
    2 1 (4.3) - 58 (20.3) -
    3 1 (4.3) - 20 (7.0) -
    > 3 0 ( - 1 (0.3) -

AE, adverse event. a)From The New England Journal of Medicine, Litton JK et al., Talazoparib in patients with advanced breast cancer and 
a germline BRCA mutation, 379:753-63 [8]. Copyright © (2020) Massachusetts Medical Society. Reprinted with permission from Massa-
chusetts Medical Society, b)Relative dose intensity was defined as actual dose intensity divided by planned dose intensity. The planned 
dose (cycle 1 day 1) for capecitabine was based on actual dose (mg), as the planned dose had to be adjusted to account for fixed capsule 
strengths; other agents used the planned dose.  

Table 5.  Overall summary of TEAEs

                                            Asian, safety                                           EMBRACA, safetya)

 Talazoparib (n=23) Chemotherapy (n=10) Talazoparib (n=286) Chemotherapy (n=126)

Any TEAE 22 (95.7) 9 (90.0) 282 (98.6) 123 (97.6)
    Grade 3 or 4 10 (43.5) 6 (60.0) 193 (67.5) 80 (63.5)
    Seriousb) 3 (13.0) 3 (30.0) 91 (31.8) 37 (29.4)
    Serious, grade 3 or 4  2 (8.7) 2 (20.0) 73 (25.5) 32 (25.4)
    Resulting in dose modificationsc) 10 (43.5) 6 (60.0) 190 (66.4) 75 (59.5)
    Resulting in permanent drug 0 ( 0 ( 17 (5.9) 11 (8.7)
      discontinuationd)

Values are presented as number (%). AE, adverse event; TEAE, treatment-emergent adverse event. a)From The New England Journal of 
Medicine, Litton JK et al., Talazoparib in patients with advanced breast cancer and a germline BRCA mutation, 379:753-63 [8]. Copyright © 
(2020) Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society, b)Serious is defined as any AE that 
results in death, is considered life-threatening or medically important, results in hospitalization/prolonged hospitalization or persistent/
significant disability/incapacity, or is a congenital anomaly/birth defect, c)Includes dose reductions and interruptions, d)Does not include 
progressive disease. 
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Asian safety population had only one dose reduction (n=3, 
13%); only one patient each had two or three dose reductions.

An overall summary of treatment-emergent AEs (TEAEs) 
is shown in Table 5. Among patients in the Asian safety pop-
ulation, fewer grade 3/4 TEAEs, serious AEs (SAEs), grade 
3/4 SAEs, and TEAEs resulting in dose modification (com-
prising both temporary interruptions and dose reductions) 
occurred in the talazoparib arm than in the chemotherapy 
arm. The frequency of these events was also lower in the 
Asian subgroup than in the overall safety population in the 
talazoparib arm but was similar across both populations in 
the chemotherapy arm. SAEs in the Asian safety population 
were all non-hematological (talazoparib: pericardial effu-
sion, foot fracture, and cardiac tamponade; chemotherapy: 
pyrexia, pleural effusion, pathologic fracture, and localized 
edema). None of the Asian patients permanently discontin-
ued treatment due to TEAEs, and there were no deaths due 
to TEAEs among the Asian safety population.

The most common nonhematologic AEs among patients in 

the Asian safety population were nausea (talazoparib arm, 
n=11 [47.8%]; chemotherapy arm, n=4 [40.0%]); and fatigue 
(talazoparib arm, n=10 [43.5%]; chemotherapy arm, n=2 
[20.0%]), occurring in a similar proportion of patients to the 
overall safety population (Table 6). 

Among patients in the Asian subgroup, neutropenia was 
the most common hematologic TEAE reported in the talazo-
parib arm, but was less frequent with talazoparib than with 
chemotherapy (9/23 [39.1%] vs. 5/10 [50.0%]) (Table 6). Most 
neutropenia TEAEs in the talazoparib arm (6/9 patients, 
66.7%) and all neutropenia TEAEs in the chemotherapy arm 
(5/5 patients, 100.0%) were grade 3/4 in intensity. In patients 
treated with talazoparib, grade 3/4 anemia and thrombocy-
topenia were both less common in the Asian subgroup than 
in the overall safety population (Table 6). Median time to  
onset of first treatment-emergent hematologic AE and  
median duration of treatment-emergent hematologic AEs is 
shown in S1 Fig. 

Grade 3/4 laboratory abnormalities for hemoglobin, neu-

Table 6.  Hematologic TEAEs and most common nonhematologic TEAEs (≥ 25% of patients) 

                          Asian, safety                  EMBRACA, safetya)

                                                                   Talazoparib (n=23)      Chemotherapy (n=10)       Talazoparib (n=286)      Chemotherapy (n=126)

 All Grade 3/4 All Grade 3/4 All Grade 3/4 All Grade 3/4

Hematologic toxicity
    Anemia  4 (17.4) 4 (17.4) 1 (10.0) 1 (10.0) 151 (52.8) 112 (39.2)b) 23 (18.3) 6 (4.8)
    Neutropenia 9 (39.1) 6 (26.1) 5 (50.0) 5 (50.0) 99 (34.6) 60 (21.0)c) 54 (42.9) 44 (34.9)
    Thrombocytopenia 6 (26.1) 2 (8.7) 1 (10.0) 0 ( 77 (26.9) 42 (14.7)c) 9 (7.1) 2 (1.6)
    Leukopenia 1 (4.3) 1 (4.3) 0 ( 0 ( 49 (17.1) 19 (6.6) 17 (13.5) 11 (8.7)
    Lymphopenia  0 ( 0 ( 0 ( 0 ( 21 (7.3) 9 (3.1) 4 (3.2) 1 (0.8)
Nonhematologic TEAEs
    Fatigue 10 (43.5) 2 (20.0) 144 (50.3) 54 (42.9)
    Nausea 11 (47.8) 4 (40.0) 139 (48.6) 59 (46.8)
    Headache 5 (21.7) 1 (10.0) 93 (32.5) 28 (22.2)
    Alopeciad) 4 (17.4) 3 (30.0) 72 (25.2) 35 (27.8)
    Diarrhea 4 (17.4) 0 ( 63 (22.0) 33 (26.2)
    Constipation 5 (21.7) 3 (30.0) 63 (22.0) 27 (21.4)
    Decreased appetite 7 (30.4) 1 (10.0) 61 (21.3) 28 (22.2)
    Upper respiratory tract infection 7 (30.4) 3 (30.0) 37 (12.9) 13 (10.3)
    Dyspepsia 6 (26.1) 1 (10.0) 28 (9.8) 9 (7.1)

Values are presented as number (%). a)From The New England Journal of Medicine, Litton JK et al., Talazoparib in patients with advanced 
breast cancer and a germline BRCA mutation, 379:753-63 [8]. Copyright © (2020) Massachusetts Medical Society. Reprinted with permis-
sion from Massachusetts Medical Society, b,c)Number of patients receiving talazoparib who permanently discontinued due to a grade 
3/4 hematologic treatment-emergent adverse event: b)n=2; c)n=1 in overall safety, d)The majority of nonhematologic toxicities were grade 
1 or 2; for the talazoparib arm, alopecia was reported only as grade 1 (17.4%), no grade 2 in the Asian safety population and mostly 
grade 1 (22.7%) in the EMBRACA safety population. Patients with multiple events for a given preferred term were counted only once 
for each preferred term. The anemia category includes preferred terms: anemia, decreased hemoglobin, decreased hematocrit. The neu-
tropenia category includes preferred terms: neutropenia, decreased neutrophil count. The thrombocytopenia category includes preferred 
terms: thrombocytopenia, platelet count decreased. The leukopenia category includes preferred terms: leukopenia, white blood cell count  
decreased. The lymphopenia category includes preferred terms lymphopenia, lymphocyte count decreased. 
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trophils, and platelets reported for talazoparib in the Asian 
subgroup corresponded with the hematologic TEAEs repor-
ted for anemia, neutropenia, and thrombocytopenia, and 
generally occurred at a similar frequency to that observed in 
the overall safety population (Table 7). The use of red blood 
cell (RBC) transfusions in the talazoparib and chemotherapy 
arms was 17.4% and 10.0%, respectively, in the Asian sub-
group, and 38.1% and 5.6%, respectively, in the overall popu-
lation. No patients in the Asian subgroup received platelet 
transfusions; in the overall safety population, platelet trans-
fusions were performed in 3.1% of patients in the talazoparib 
arm and no patients in the chemotherapy arm.

No grade 3/4 post-baseline chemistry toxicities were  
observed among talazoparib-treated patients in the Asian 
subgroup.

Discussion

Differences in the epidemiology, and tumor and host biolo-
gy of breast cancer between Asian and Western patient popu-
lations may have implications for clinical management, par-
ticularly with regard to the tolerability of targeted treatments 
[15,23]. The current analysis, including a small number of 
patients (n=33) enrolled at sites in Asia (Korea and Taiwan) 
as part of the EMBRACA study, suggests that talazoparib is 
effective in Asian patients with HER2-negative advanced 
breast cancer with gBRCA1/2 mutation, showing a median 
PFS by blinded central review of 9.0 months (95% CI, 3.0 to 
15.2), compared with 7.1 months (95% CI, 1.2 to not reached) 

for chemotherapy (HR, 0.74 [95% CI, 0.22 to 2.44]). A simi-
lar trend was also observed in the overall ITT population, 
where the median PFS among patients receiving talazoparib 
was longer compared with patients receiving chemotherapy 
(8.6 months [95% CI, 7.2 to 9.3] vs. 5.6 months [95% CI, 4.2 to 
6.7; HR, 0.54 [95% CI, 0.41 to 0.71]; p < 0.001). As expected, 
median PFS in the talazoparib arms was similar in the Asian 
(9.0 months) and overall ITT populations (8.6 months) [8], 
suggesting that Asian and non-Asian regional patient popu-
lations similarly benefited from talazoparib treatment. In the 
chemotherapy arm, median PFS was longer in the Asian sub-
group than in the overall EMBRACA ITT population (7.1 and 
5.6 months, respectively) [8]. The reason for this is not clear; 
however, it most likely reflects the small number of patients 
in the Asian chemotherapy arm (n=10). In addition, a lower 
prevalence of visceral disease (60% [Asian] vs. 72% [overall]) 
and a relatively high prevalence of BRCA2 mutations (70% 
vs. 56%) may have favored chemotherapy-treated patients in 
the Asian versus overall ITT population. While BRCA1 muta-
tion carriers are more likely to develop triple-negative breast 
cancer (TNBC), BRCA2 mutation carriers are more likely to 
develop hormone receptor-positive disease, which is gener-
ally associated with more favorable outcomes to chemother-
apy than TNBC [24,25]. Patients enrolled at Asian sites also 
tended to be younger that those in the overall ITT population 
(60% vs. 47% were aged < 50 years). 

The ORR was higher in the talazoparib arm than the chem-
otherapy arm in the Asian subgroup, similar to findings in 
the overall EMBRACA population [8]. Likewise, the dura-
tion of objective response was longer for talazoparib than 

Table 7.  Patients with grade 3/4 post-baseline hematologic and chemistry toxicities 

                                            Asian, safety                                           EMBRACA, safety

 Talazoparib (n=23) Chemotherapy (n=10) Talazoparib (n=286) Chemotherapy (n=126)

Hematologic toxicity
    Hemoglobin (g/L) (low) 4 (17.4) 1 (10.0) 111 (38.8) 8 (6.3)
    Leukocytes (×106/L) (low) 4 (17.4) 4 (40.0) 41 (14.3) 31 (24.6)
    Lymphocytes (×106/L) (low) 0 ( 1 (10.0) 50 (17.5) 11 (8.7)
    Neutrophils (×106/L) (low) 6 (26.1) 5 (50.0) 60 (21.0) 48 (38.1)
    Platelets (×109/L) (low) 2 (8.7) 0 ( 42 (14.7) 2 (1.6)
Chemistry toxicity    
    Alanine aminotransferase 0 ( 0 ( 3 (1.0) 3 (2.4)
      (U/L) (high)
    Alkaline phosphatase 0 ( 0 ( 6 (2.1) 2 (1.6)
      (U/L) (high)
    Aspartate aminotransferase 0 ( 1 (10.0) 5 (1.7) 4 (3.2)
      (U/L) (high)
    Bilirubin (µmol/L) (high) 0 ( 0 ( 4 (1.4) 1 (0.8)
Values are presented as number (%).

Cancer Res Treat. 2021;53(4):1084-1095

1092     CANCER  RESEARCH  AND  TREATMENT



for chemotherapy across both the Asian and overall popula-
tions, with a particularly long duration of response observed 
among talazoparib-treated patients in the Asian subgroup 
(median, 9.5 months). Median OS was comparable between 
the talazoparib and chemotherapy arms for both the Asian 
and overall ITT populations [26].

One of the concerns regarding ethnic differences in drug 
safety and tolerability in patients with breast cancer is that 
women in East Asia tend to have a lower body mass, which 
may contribute to greater toxicity with targeted agents that 
are typically administered at fixed doses [15]. In the current 
analysis, patients in the Asian subgroup had a lower median 
body weight compared with the overall ITT population (tala-
zoparib, 58.6 kg vs. 65.6 kg, respectively; chemotherapy; 52.0 
kg vs. 66.0 kg, respectively). Despite this, talazoparib was 
generally well tolerated among patients in the Asian sub-
group, with an overall similar frequency of TEAEs to that 
observed in the overall safety population, but, interesting-
ly, with a lower frequency of grade 3/4 TEAEs, SAEs, and  
TEAEs leading to dose reduction or permanent discontinua-
tion [8]. Although the median duration of talazoparib treat-
ment was similar in the Asian and overall populations (5.7 
months and 6.1 months, respectively) [8], fewer patients in 
the Asian subgroup received dose reductions compared with 
the overall population, inferring that Asian patients were able 
to maintain the 1 mg/day dose for longer than non-Asian 
patients. Compared with the overall safety population [8], 
the frequencies of grade 3/4 anemia and thrombocytopenia 
with talazoparib were also numerically lower in the Asian 
safety population, which translated into a lower rate of RBC 
and platelet transfusions. In a population pharmacokinetic 
analysis of talazoparib in patients with advanced cancers, 
oral talazoparib clearance was 24.7% higher, corresponding 
to a 20% lower exposure in Asian than in non-Asian patients 
[27]. Because the maximum tolerated dose of talazoparib (1 
mg/day) was determined in a phase I study that included 
Asian patients, no dose adjustment is recommended in Asian 
patients, and 1 mg/day is the recommended starting dose, 
regardless of race or ethnicity [7,9,27]. Nonetheless, the high-
er clearance and lower exposure of talazoparib, as well as the 
younger Asian study population compared with the over-
all ITT population may have enabled patients in the Asian 
subgroup to better tolerate talazoparib and thus reduced the 
need for dose reductions compared with non-Asian patients. 

A subgroup analysis of the randomized phase III trial, 
OlympiAD, comparing olaparib monotherapy with chemo-
therapy (capecitabine, eribulin, or vinorelbine) in patients 
with HER2-negative advanced breast cancer and a gBRCA1/2 
mutation was conducted using data from patients enrolled in 
Asia (China, Japan, Korea, and Taiwan) [18]. Similar to our 
findings, the olaparib arm achieved numerically longer PFS 

by blinded central review versus the chemotherapy arm, 
and efficacy and safety findings were consistent with the 
overall OlympiAD population [18]. In contrast with the cur-
rent analysis, the OlympiAD subgroup analysis found that 
grade ≥ 3 anemia in the olaparib arm occurred at a slightly 
higher frequency in the Asian subgroup than in the overall 
study population [18]. However, this is in line with the com-
paratively low frequency of grade ≥ 3 anemia in the overall 
OlympiAD population versus that in the EMBRACA study 
[8,18] and reflective of the different toxicity profiles observed 
with different PARP inhibitors across clinical trial popula-
tions [28]. Overall, the results of the current analysis, togeth-
er with findings from the OlympiAD subgroup analysis [18], 
suggest that the PARP inhibitors talazoparib and olaparib 
are effective in Asian patients with HER2-negative advanced 
breast cancer and a gBRCA1/2 mutation, with comparable  
efficacy and safety to that in non-Asian patients. There were 
no confirmed cases of myelodysplastic syndrome. As report-
ed with the primary data analysis, one case of acute myeloid 
leukemia (AML) was reported in a patient who received 
capecitabine [8], and a previously unreported case of AML 
occurred in a patient who received talazoparib (reported  
after the data cutoff of the safety data herein presented), both 
non-Asian [26].

A limitation of the current study is the small sample size 
of both treatment arms in the Asian subgroup. Safety evalu-
ation may also be subject to reporting by the investigators, 
however, underreporting is unlikely and, if it occurred, it 
is anticipated to be similar to that in the overall EMBRACA 
safety population. Patients from Korea and Taiwan may not 
be necessarily representative of patients from the rest of Asia. 
Moreover, correlation of outcomes with other patient factors 
and/or biomarkers was not explored due to the limited sam-
ple size of this subset, thus limiting the conclusions that can 
be drawn regarding the importance of other clinical factors. 

In conclusion, with all the limitations determined by the 
small sample size, the findings of this subgroup analysis 
still provide valuable information on the use of talazoparib 
in patients from Asian countries. Talazoparib numerically  
improved efficacy outcomes versus chemotherapy in pati-
ents with HER2-negative locally advanced/metastatic breast 
cancer with a gBRCA1/2 mutation enrolled at Asian sites in 
the EMBRACA study. Talazoparib was also generally well 
tolerated in the Asian subgroup, and AEs were manageable 
and consistent with the known safety profile of talazoparib. 
Furthermore, the lower talazoparib exposure in Asian pati-
ents suggests that they can remain on the 1-mg dose for 
longer than other patient populations. The consistency of our 
findings with the results in the overall EMBRACA popula-
tion indicates that previously reported findings with talazo-
parib are also relevant to Asian patients. Nevertheless, there 
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is a need to include more patients from Asia in breast cancer 
global clinical trials to generate solid efficacy and safety data 
that are specific to Asian patient populations, as underlined 
in previous works [15,18].
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Introduction

Pancreatic cancer is a disease with dismal prognosis even 
after curative resection and adjuvant treatments [1]. Most 
patients present with advanced disease at diagnosis, with 
only 10%-20% of patients have resectable disease. With the 
improvement in operative techniques, postoperative com-
plication and mortality has declined significantly, however,  
despite curative resection for pancreatic cancer, the survival 
rate in these patients still remains poor. Five-year overall sur-
vival (OS) for pancreatic cancer is less than 10%, ranked at the 
lowest survival across all cancer types [2].

Chemoradiotherapy with 5-fluorouracil (5-FU) has been 

tested in the adjuvant setting after resection, but results dif-
fer with trials showing positive (GITSG) [3], no (EORTC) [4], 
or negative (ESPAC-1) [5] effects on survival. But ESPAC-1 
trial has been criticized for possible selection bias derived 
from its original 2×2 factorial design, a concern of suboptimal  
radiotherapy without adequate quality assurance, lack of 
post-radiotherapy adjuvant chemotherapy, and allowing 
the final radiotherapy dose to be left to the judgement of the 
treating physician [1,6]. Also, the high risk of local failure  
after resection of pancreatic cancer, which ranges from 19.3% 
to 34.0% [4,7-10], and the high rate of positive retroperitoneal 
margins constitutes the rationale for chemoradiotherapy as 
an adjuvant treatment. Furthermore, the potential therapeu-
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tic benefit of adjuvant chemoradiotherapy has been reported 
[11,12].

Recent trials of adjuvant chemotherapy in pancreatic cancer 
showed prolonged disease-free survival (DFS) and OS with 
intensified multi-agent regimens such as FOLFIRINOX or 
gemcitabine/capecitabine [7,8,13,14]. In the era of the prov-
en benefit of adjuvant chemotherapy, the benefit of chemo-
radiotherapy when added to chemotherapy remains less  
understood [15]. Indeed, recent guidelines still include chem-
oradiotherapy as a viable option for patients with curatively 
resected pancreatic cancer [16,17]. Disease recurrence of pan-
creatic cancer occurs both locally and at the distant sites; thus, 
appropriate combination of local and systemic modalities is 
needed. This study was designed to test the efficacy and safe-
ty of postoperative adjuvant treatment regimen consisting of 
initial gemcitabine plus cisplatin chemotherapy followed by 
chemoradiotherapy with gemcitabine followed by adjuvant 
chemotherapy with gemcitabine. This study was designed 
before the results of intensified chemotherapy as an adjuvant 
treatment are available and the optimal treatment remained 
controversial [7,8,13,14]. Initial chemotherapy was designed 
to eliminate micrometastasis, to spare unnecessary chemora-
diotherapy in patients with early progression who develop 
metastasis shortly after operation, and to allow for recovery 
of nutritional balance and surgical healing. Gemcitabine plus 
cisplatin was chosen based on preclinical data and clinical  
efficacy in pancreatic cancer [18,19]. Concurrent chemoradio-
therapy and adjuvant chemotherapy were intended to pre-
vent both local and systemic recurrences.

Materials and Methods
 
1. Patients

Patients who had R0 resection of a stage IB-IIB pancreatic 
ductal adenocarcinoma according to American Joint Com-
mittee on Cancer staging 6th edition, with 18-75 years of age, 

and of Eastern Cooperative Oncology Group performance 
status grade 0-2 were eligible. 

Treatment had to start within 8 weeks from surgery;  
adequate bone marrow (leukocytes at least 3,000/mm3 or 
absolute neutrophil count at least 1,500/mm3. Platelet count 
at least 100,000/mm3), liver (aspartate aminotransferase 
less than 3 times upper limit of normal [ULN]), and kidney 
(creatinine no greater than 1.5 times ULN) functions were  
required. 

Patients were excluded if they were exposed to prior 
chemotherapy or radiotherapy, had recurrent or metastatic 
pancreatic cancer. Those with previous or concurrent malig-
nancies except for cured basal cell carcinoma of skin and 
carcinoma in situ of the uterine cervix, active infections or 
heart failure, body weight reduction more than 10% from 
pre-morbid baseline, and pregnant or breast feeding women 
were also excluded. 

Patients were enrolled from Seoul National University 
Hospital and Seoul National University Bundang Hospital.

2. Treatment plan
Initial chemotherapy started 4-8 weeks after R0 resection 

of pancreatic cancer. Patients received two cycles of gemcit-
abine 1,000 mg/m2 on days 1 and 8 and cisplatin 60 mg/m2 

on day 1 repeated every 3 weeks. Then concurrent chemora-
diotherapy of 50.4 Gy in 28 fractions (field reduction at 45 Gy 
and boost field radiation 5.4 Gy) with weekly gemcitabine 
300 mg/m2 was given after completion of initial chemother-
apy, no later than 16 weeks after the operation. Chemoradio-
therapy was followed by maintenance chemotherapy with 
four cycles of gemcitabine 1,000 mg/m2 on days 1 and 8 eve-
ry 3 weeks. Overall treatment scheme is as shown in Fig. 1. 

3. Statistical methods
Primary endpoint was the probability of being disease-free 

at 1 year from surgery (1-year DFS rate), and secondary end-
points were 2-year DFS rate, median DFS, OS, and also safety 

Fig. 1.  Treatment scheme. CT, computed tomography; G, gemcitabine 1,000 mg/m2 on days 1 and 8 every 3 weeks; GP, gemcitabine 1,000 
mg/m2 on days 1 and 8 and cisplatin 60 mg/m2 on day 1 repeated every 3 weeks; Weekly gemcitabine, gemcitabine 300 mg/m2 every 
week.
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data. DFS and OS were measured from the date of surgery to 
the date of disease recurrence or death, or to the last follow-
up assessment, as appropriate.

The null hypothesis was 1-year DFS rate of 40%, and the 
alternative hypothesis was that of 55%, and 63 patients were 
needed for significance level of 0.05, statistical power of 0.80 
and a one-sided test. Considering drop-out rate of 10%, cal-
culated accrual goal was 70 patients. The intention-to-treat 
population comprised all eligible patients. The survival anal-
yses were performed by the Kaplan-Meier method. All the 
probability values were from 2-sided tests. 

Relative dose intensity (RDI, %) was calculated as deliv-
ered dose intensity (DDI)/planned dose intensity (PDI)×100. 
DDI was calculated as (delivered total dose, in mg/m2)/
(actual time to complete chemotherapy with imputation for 
missed cycles, in days). PDI was calculated as (planned total 
dose, in mg/m2)/(standard time to complete chemotherapy, 
in days).

Results

1. Patients’ characteristics
Between October 2005 and September 2009, 74 patients 

were enrolled; whose median age was 61 years old (range, 
35 to 76 years). Baseline characteristics of the enrolled  
patients are shown in Table 1. The median time from resec-
tion to the start of adjuvant treatment was 6.4 weeks (range, 

3.4 to 8 weeks). Chemoradiotherapy with gemcitabine 
was given to 68 patients, excluding four patients who had  
relapsed after two cycles of initial chemotherapy and two 
patients who withdrew the consent. Sixty-three patients  
underwent maintenance gemcitabine, as four patients had  
recurrent disease found after the chemoradiotherapy, and 
one patient withdrew consent with grade 3 nausea and vom-
iting during chemoradiotherapy. Finally, 57 patients com-
pleted the planned treatment, as three patients had recur-
rent cancer during maintenance chemotherapy and three 
withdrew consent due to one gastrointestinal bleeding, one 
urosepsis, and one unknown cause (Fig. 2). 

RDI for gemcitabine and cisplatin during initial chemo-
therapy was 81.3% and 83.7%, respectively. RDI for gemcit-
abine during chemoradiotherapy and maintenance chemo-
therapy was 83.7% and 88.9%, respectively.

2. DFS and OS
Median follow-up time was 32 months (range, 6 to 115 

months), and 57 patients (77.0%) had recurrence of pan-
creatic cancer, 52 with systemic metastases, and five with  
locoregional relapse. Among five patients with locoregional 
relapse, one could not commence chemoradiotherapy due to 
disease progression after initial chemotherapy and the others 
finished the planned treatment. Among patients with distant 
metastases, involved organs were liver in 29 patients, lung 
in eight, distant intra-abdominal lymph nodes in eight, peri-
toneum in 12, and others in five. One patient had recurrent 
cancer in both local and distant site. 

Kaplan-Meier curve for DFS and OS are presented in Fig. 
3A and B, respectively. One-year DFS rate, which was the pri-
mary endpoint, was 57.9%. Two-year DFS rate was 36.7%. 
Median DFS was 15.0 months (95% confidence interval [CI], 

Table 1. Baseline characteristics of enrolled patients

 No. (%)

Age, median (range, yr) 61 (35-76)
Sex 
    Female 26 (35.1)
    Male 48 (64.9)
ECOG performance status 
    0 37 (50.0)
    1 36 (48.6)
    2 1 (1.4)
Stage 
    IB 1 (1.4)
    IIA 30 (40.5)
    IIB 43 (58.1)
Primary tumor (T category) 
    2 2 (2.7)
    3 72 (97.3)
Nodal status (N category) 
    0 31 (41.9)
    1 43 (58.1)
ECOG, Eastern Cooperative Oncology Group.

Fig. 2.  Disposition of the patients. CCRT, concurrent chemora-
diotherapy; GP, gemcitabine 1,000 mg/m2 on days 1 and 8 and 
cisplatin 60 mg/m2 on day 1 repeated every 3 weeks.

Enrollment: 74 patients

Induction GP: 74 patients

CCRT with gemcitabine 68 patients

Gemcitabine: 63 patients

Protocol completion: 57 patients

Disease progression (n=4)
Consent withdrawal (n=2)

Disease progression (n=3)
Consent withdrawal (n=3)

Consent withdrawal (n=1)

Disease progression (n=4)
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11.6 to 18.4). DFS was significantly associated with stage 
(p=0.006). One-year DFS rate for stage IIA patients was 70.0 
%, and 51.2 % for stage IIB (Fig. 3C).

Fifty-four patients (73.0%) died and median OS was 33.0 
months (95% CI, 21.8 to 44.2). Median OS for stage IIA and 

IIB was 46 months (95% CI, 24.5 to 67.5) and 26 months (95% 
CI, 17.2 to 34.8), respectively (p=0.189).

3. Safety
Neutropenia was the most common side effect throughout 

the study treatment. Twenty-three patients (31.1%) suffered 
from transient grade 3-4 neutropenia during initial chemo-
therapy period, nine (13.2%) during chemoradiotherapy, and 
13 (20.6%) during maintenance gemcitabine. However, there 
were only four events (5.4%) of febrile neutropenia and the 
study treatment was generally tolerable. Febrile neutropenia 
occurred during initial and maintenance chemotherapy, and 
not during chemoradiotherapy. Safety data are summarized 
in Table 2. 

Discussion

Optimal adjuvant therapy remains a challenge and better 
strategies to decrease both local and distant recurrences are 
eagerly needed for patients suffering from pancreatic cancer. 
We evaluated the efficacy of the combined modality treat-
ment comprised of initial chemotherapy followed by chemo-
radiotherapy and maintenance chemotherapy. DFS rate at 1 
year, which is the primary endpoint, of 57.9% is numerically 
high in the context of previous adjuvant trials in pancreatic 
cancer (Table 3), although direct comparison is not feasible.

Our study combines both initial and maintenance chemo-
therapy before and after the chemoradiotherapy with gemcit-
abine. The purpose of initial chemotherapy with gemcitabine 
and cisplatin doublet is to eradicate micrometastasis earlier 
in the adjuvant treatment period, to allow patient’s postop-
erative recovery period before chemoradiotherapy, and also 
to screen out patients with early relapse not requiring chem-
oradiotherapy. In the present study, there were four patients 
with relapse out of 74 enrolled patients during the initial  
period. Chemoradiotherapy with gemcitabine was intended 
to reduce locoregional recurrences, and local recurrences 
were present in only six patients (8.1%), including one with 
both local and distant recurrences. The local recurrence rate 
in this study is much lower than those in the other studies 
ranging from 19.3% to 34.0% [4,7-10]. Although direct com-
parison is not possible due to different enrollment criteria, 
especially the inclusion of patients with positive resection 
margin, the efficacy of chemoradiotherapy is shown by the 
low local recurrence rate. Maintenance chemotherapy with 
gemcitabine was intended to reduce both local and distant 
recurrences and gemcitabine is considered as one of standard 
adjuvant treatment currently. 

Present study used gemcitabine in combination with radi-
ation. Gemcitabine has been shown to be a potent radiosensi-

Fig. 3.  Kaplan-Meier plots of disease-free survival (DFS) and 
overall survival (OS). (A) DFS of patients. One-year DFS rate, 
which was the primary endpoint, was 57.9%. Median disease-
free survival was 15.0 months (95% confidence interval [CI], 11.6 
to 18.4). (B) OS of patients. Median OS was 33.0 months (95% 
CI, 21.8 to 44.2). (C) DFS according to stage (stage IIA vs. IIB). 
One-year DFS rate for stage IIA and IIB was 70.0% and 51.2%, 
respectively (p=0.006).
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tizer and easily combined with radiation in pancreatic cancer 
[20-22]. Recommended doses for phase II trials range from 
150 to 400 mg/m2/wk depending on radiation volume and 
timing of gemcitabine administration. But no data indicate a 
dose-response relationship of radiosensitizing effect of gem-
citabine [23]. To minimize toxicities of the concurrent gem-
citabine and radiation, gemcitabine was preferably given on 
the beginning of each radiation treatment week at a dose of 
300 mg/m2/wk. Concurrent chemoradiotherapy with gem-

citabine was well tolerated with no grade 4 or higher toxicity 
in the present study. 

Cisplatin, when combined with antimetabolites such as 
gemcitabine or 5-FU, showed more favorable response rate 
and progression-free survival, although failed to demon-
strate the OS benefit compared with gemcitabine in patients 
with pancreatic adenocarcinoma [24-26]. Gemcitabine plus 
cisplatin provides the response rate of 11%-31% and median 
survival of 7.1-9.6 months in advanced pancreatic cancer [19]. 

Table 3.  Summary of recent adjuvant trials

Trial Regimen of adjuvant therapy
 Median 1-Year   2-Year 3-Year 5-Year

  OS (mo) survival (%)  survival (%) survival (%) survival (%)

GITSG [27] RT/FU 21 - 43 - 19
EORTC [9] RT/FU 17.1 - 34 - -
ESPAC-1 [5] CCRT/FU  15.9 - 29 - 13
 CCRT/FU+FL 19.9 - - - 10
CONKO-001 [10]  Gemcitabine 22.1 72.5 47.5 34 22.5
RTOG 97-04 [4] Gemcitabine+CCRT/FU+gemcitabine 20.5 - - 31 -
ESPAC-3 [28] Gemcitabine 23.6 80.1 49.1 - -
 FL 23 78.5 48.1 - -
JASPAC-01 [8] S-1 - - 59.7 - 44.1
 Gemcitabine - - 38.8 - 24.4
PRODIGE [13] Modified FOLFIRINOX 54.4 - - 63.4 -
 Gemcitabine 35.0 - - 48.6 -
ESPAC-4 [7] Gemcitabine/Capecitabine 28.0 84.1 53.8 - -
 Gemcitabine 25.5 80.5 52.1 - -
APACT [14] Nab-paclitaxel/Gemcitabine 40.5 - - - -
 Gemcitabine 36.2 - - - -
Present study GP+CCRT/gemcitabine+gemcitabine 33.0 91.6 63.5 47.0 -
CCRT, concurrent chemoradiotherapy; FL, fluorouracil and leucovorin; FU, fluorouracil; GP, gemcitabine 1,000 mg/m2 on days 1 and 8 and 
cisplatin 60 mg/m2 on day 1 repeated every 3 weeks; OS, overall survival; RT, radiotherapy. 

Table 2.  Toxicities according to the treatment phase 

 Grade
 Initial gemcitabine/cisplatin CCRT with gemcitabine  Maintenance gemcitabine

  (74 patients) (68 patients) (63 patients)

Hematologic
    Neutropeniaa) 3 17 (23.0) 9 (13.2) 8 (12.7)
 4 6 (8.1) 0 ( 5 (7.9)
    Thrombocytopenia    3 1 (1.4) 0 ( 2 (3.2)
    Anemia 3 0 ( 0 ( 4 (6.3)
Non-hematologic    
    Nausea/Vomiting 3 2 (2.8) 3 (4.4) 1 (1.6)
    Anorexia 3 1 (1.4) 0 ( 0 (
    Fatigue 3 1 (1.4) 3 (4.4) 0 (
    Abdominal pain 3 0 ( 3 (4.4) 0 (
    GI bleeding 3 0 ( 0 ( 1 (1.6)
Values are presented as number (%). CCRT, concurrent chemoradiotherapy; GI, gastrointestinal. a)Febrile neutropenia: 4 events.
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Intensified initial regimens are needed early in the course of 
adjuvant therapy for eradication of micrometastatic disease, 
and we adopted gemcitabine and cisplatin. The doublet regi-
men was feasible and tolerable for the patients after receiv-
ing operation as shown in the present study. 

Survival results of the present study is numerically better 
than other adjuvant trials (Table 3), although direct compari-
son is not feasible. These trials included patients regardless 
of R0 or R1 resection, including patients with microscopic 
residual disease. In contrast, only patients with R0 resection 
were eligible in the present study, excluding patients with 
microscopic residual disease. Moreover, our study enrolled 
only physically fit patients, as those with more than 10%  
reduction of body weight from pre-morbid usual weight 
were excluded. These could have contributed to the homo-
geneity of enrolled patients and better outcome compared 
to the previous studies. On the other hand, the effect of  
local modality such as chemoradiotherapy could have been  
underestimated in these patients whose cancer had been 
completely resected.

In the present study, initial chemotherapy was designed to 
eliminate micrometastasis and to spare unnecessary chemo-
radiotherapy in patients with early progression who develop 
metastasis shortly after operation. In the present study, how-
ever, patients with disease progression during initial phase 
was only about 5% (4 out of 74). Another potential benefit of 
upfront chemotherapy is earlier delivery of adjuvant treat-
ment. Systemic chemotherapy can be instituted somewhat 
sooner in the postoperative period than radiotherapy to the 
upper abdomen. In the past, it was not uncommon to have 
chemoradiotherapy delayed to the 7th or 8th postoperative 
week to allow for recovery of nutritional balance and surgi-
cal healing. Upfront chemotherapy could allow earlier initia-
tion of therapy with minimal delay for chemoradiotherapy. 
In fact, for patients starting chemotherapy in postoperative 
week 4, it is likely that chemoradiotherapy will begin in 
postoperative week 10, resulting in little delay over standard 
practice whatsoever and with a significantly earlier onset of 
postoperative therapy as a whole.

Stage is one of the most important prognostic indicator in 
pancreatic cancer. Moreover, DFS is known to be a surrogate 
endpoint for OS in adjuvant trials of pancreatic cancer [29]. 
Indeed, we observed significant difference in DFS accord-

ing to the stage at diagnosis in our homogenous patients.  
Although the median OS for stage IIA was numerically long-
er than stage IIB (46 months vs. 26 months), the difference 
in OS was not significant (p=0.189), which might reflect the 
lack of statistical power to validate OS according to the stage 
in these homogeneous population. The DFS curves diverged 
widely according to the stage in the present study (Fig. 3C) 
than in the previous reports [30]. One explanation could be 
the effectiveness of the treatment regimen in node-negative 
patients, which could not be fully analyzed in this single-arm 
study.

In conclusion, adjuvant gemcitabine and cisplatin chemo-
therapy followed by chemoradiotherapy with gemcitabine 
and maintenance gemcitabine showed efficacy and good tol-
erability in curatively resected pancreatic cancer.
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Introduction

In Korea, as in other countries worldwide, colorectal can-
cer (CRC) constitutes a significant public health burden. 
In 2017, 28,111 newly diagnosed CRC cases were observed 
(12% of the total cancer cases). Especially, CRC was the sec-
ond most frequently diagnosed cancer and the third most 
frequent cause of cancer-related death in Korea [1]. Lung is 
the most common extra-abdominal metastatic site of CRC 
development. In a French population-based study, 11% of 
patients with metastatic CRC had undergone synchronous 
pulmonary metastases, and the 5-year cumulative risk of  
developing metachronous pulmonary metastases after cura-
tive resection of CRC was 5.8% [2]. 

Pulmonary metastasectomy (PM) is considered a benefi-
cial intervention for selected patients with CRC with limited  
metastases, and has been performed in routine clinical prac-
tice for decades. The 5-year overall survival rate after PM 
is estimated to be 30%-50% [3-5]. Several prognostic factors 
were proposed in earlier studies with most of them being sin-
gle-center studies that included a small number of patients; 
only a few studies included a large number of patients [3,5-
7].

The government of the Republic of Korea is operating the 
National Health Insurance Service (NHIS), a mandatory 
universal health insurance system, which covers more than 
98% of the Korean population. All claims data are central-
ized under the NHIS, and the database provides a unique 
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nationwide source of information on specific diseases and 
treatments [8]. 

This study aimed to describe the patient and treatment 
characteristics and the survival outcomes, and to investi-
gate the prognostic factors of PM for CRC cases, which were  
recorded in the Korean NHIS database.

Materials and Methods
 
1. Participants

We used customized data recorded by the NHIS (NHIS-
2016-1-041) between January 2009 and December 2014. 
Among the patients registered as V codes in the NHIS with 
the CRC codes (C18, C19, and C20), we identified patients 
who underwent an operation for CRC, using operation codes 
listed in S1 Table. In Korea, the V code is a special code for 
patients with International Classification of Diseases, 10th 
revision cancer and was established by the Korean Ministry 
of Health and Welfare in 2008. We identified patients who 
underwent pulmonary resection after CRC surgery by using 
operation codes (O1401-2, O1410, 1421-4, and O1431-2) (S2 
Table). We excluded patients with pneumothorax (J93) and/
or primary lung cancer (C34) during hospitalization for pul-
monary resections to exclude the causes of pulmonary resec-
tion besides pulmonary metastasis. To identify patients with 
metachronous pulmonary metastasis, we excluded those 
who received pulmonary resection within 3 months after 

CRC (Fig. 1).

2. Data collection
All data were collected from the NHIS claims database. 

Demographic data included sex, age at the time of pulmo-
nary resection, income level, and type of health insurance. 
The income level was grouped into low (0-8), medium (9-16), 
and high (17-20), using 20-quantile data from the NHIS. The 
cases of surgery for CRC were categorized to distal (QA921-
6) and proximal (QA671-3 and QA679) resection by using the 
operation code (S1 Table). Pre- and postoperative treatments 
were identified with chemotherapy (KK059, KK151-156, 
and KK158) or radiotherapy (HD051-9, HD061, HD071-3, 
HD080-093, HD110-5, HD211-2, HD121, and HZ271) codes 
within 3 months before/after the operation. Data related to 
PM included the time to PM, chemotherapy in conjunction 
with PM, the extent and number of lung resections, number 
of PM, type of hospital, and annual hospital procedure vol-
ume of PM for CRC cases. The time to PM was defined as 
the interval between the date of operation for CRC and that 
of the first PM performance. We measured the time to PM 
instead of the disease-free interval because the NHIS claims 
data only provide information regarding the time of inter-
vention. Chemotherapy in conjunction with PM were iden-
tified according to the chemotherapy codes and included 
in the analysis when they occurred within 3 months before 
and after pulmonary resection. When the patient had more 
than two operation claims data on the same day, the extent 

Fig. 1.  Diagram of study cohort selection process.

Exclusion criteria
- Patients who underwent pulmonary resection within
  3 months after operation for colorectal cancer
- Patients with pneumothorax or primary lung cancer 
  code during admission for pulmonary resection 

Patients were idntified with V and
colorectal cancer diagnostic code

from the claims data of the National Health
Insurance Service (NHIS)

from 2009 Jan-2014 Dec (n=165,709)

Patients underwent definitive
surgery for colorectal cancer (n=105,172)

Patients underwent pulmonary
resections (n=3,526)

Patients were eligible for inclusion (n=2,573)
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and number of pulmonary resections were classified based 
on more extended resection and as ≥ 2, respectively. Moreo-
ver, the operation code for “wedge resection, two or more 
(O1402)” was classified as indicating ≥ 2 pulmonary resec-
tions. The number of PM performances was defined as the 
sum of the pulmonary resections performed on different 
dates. Overall survival was measured from the date of PM to 
that of death or last follow-up. The follow-up period ended 
on December 31, 2015.

3. Statistical analysis
Statistical analyses were performed using SAS ver. 9.2 

(SAS Institute Inc., Cary, NC). The survival analysis was per-
formed using the Kaplan-Meier method, and comparisons 
were made using the log-rank test. Cox proportional hazard 
analysis was performed to identify the prognostic factors. 
Variables with p ≤ 0.05 were included in the multivariable 
analysis. The level of significance was set at p < 0.05.

Results

1. Baseline characteristics of patients with CRC
We identified 165,709 patients who registered with V codes 

in the NHIS (indicating CRC cases) during the study period. 
Then, we extracted the data of 105,172 patients who under-
went an operation for CRC. Among them, 3,526 patients  
underwent pulmonary resection. After excluding patients 
who underwent pulmonary resection within 3 months after 
CRC resection, the data of 2,573 patients (2.45% of those who 
underwent curative surgery for CRC) were analyzed (Fig. 1). 
The mean age of the patients was 60.9±10.5 years and 66.2% 
of the study population were male. The baseline character-
istics of the patients are summarized in Table 1. Low ante-
rior resection was the commonest operation for CRC cases, 
and 79.1% of patients had distally located tumors. Most of 
the patients received adjuvant treatment after CRC surgery 
(99.5%), which implied that they had pathologically proven 
advanced CRC.

2. Characteristics associated with pulmonary resection
The characteristics associated with pulmonary resection 

are summarized in Table 2. Approximately 85% of patients 
underwent PM within 36 months after CRC surgery, and 
those with time to PM between 12 and 36 months accounted 
for 57.6% of this population. Approximately 82% of patients 
received chemotherapy before and/or after pulmonary  
resection. Wedge resection (71.7%) was the most frequently 
performed procedure. Ninety-three point one percent of 
the patients underwent a single pulmonary resection dur-
ing each PM. 21.8% of the patients underwent repeated PM  

(2 episode, 15.6%; ≥ 3 episode, 6.2%). 73% and 53.9% of the 
resection cases and total procedures were performed in ter-
tiary hospitals and in hospitals located in Seoul city, respec-
tively. Nine hospitals, which performed more than 10 PMs 

Table 1.  Baseline characteristics of the patients

Variable No. (%)a)

Sex 
    Male 1,601 (62.2)
    Female 972 (37.8)
Age (yr) 
    < 39 119 (4.6)
    40-49 351 (13.6)
    50-59 762 (29.6)
    60-69 881 (34.2)
    70-79 439 (17.1)
    ≥ 80 21 (0.8)
Income level, quantiles 
    High (17-20) 969 (37.7)
    Medium (9-16) 1,021 (39.7)
    Low (0-8) 583 (22.7)
Type of health insurance 
    National health insurance (self-employed) 658 (25.7)
    Health insurance (employed) 1,752 (68.3)
    Medical aid 155 (6.0)
    Missing value 8 (
Operation for colorectal cancer 
    1. Anterior resection of rectal and sigmoid 619 (24.1)
    2. Low anterior resection of rectal  1,276 (49.6)
      and sigmoid 
    3. A-P resection of rectal and sigmoid 127 (4.9)
      (miles operation)
    4. Rectal and sigmoid resection 1 (0.0)
      (abdominal pull through)
    5. Total coloproctectomy with ileostomy 6 (0.2)
    6. Total coloproctectomy with 6 (0.2)
      pouch anastomosis
    7. Colectomy (right or left hemicolectomy) 466 (18.1)
    8. Total colectomy 9 (0.4)
    9. Colectomy (segmental resection) 24 (0.9)
    10. Hartmann’s operation 39 (1.5)
Location of colorectal cancer 
    Distal (1, 2, 3, 4, 5, 6) 2,035 (79.1)
    Proximal (7, 8, 9, 10) 538 (20.9)
Type of treatment for colorectal cancer 
    Surgery only 3 (0.1)
    Preoperative treatment+surgery 11 (0.4)
    Surgery+postoperative treatment  841 (32.7)
    Preoperative treatment+surgery+ 1,718 (66.8)
      postoperative treatment  
a)Missing values are excluded.
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per year, performed approximately 55% of the total number 
of PMs.

3. Survival and prognostic factors
The median survival time was 51.8 months, and the 3-year 

and 5-year overall survival rates were 67.7% and 39.4%,  
respectively (Fig. 2). In univariate analysis, sex, age, location 
of CRC, treatment method for lung metastasis, repeated PM 
(three or more PMs), type of hospital, annual hospital pro-
cedure volume, and hospital location were significant prog-
nostic factors (Table 3). In the multivariate analysis, female 
sex, CRC distal location, surgery-only treatment, and larger 
hospital procedure volume were positive prognostic factors 
for survival after PM, but not for repeated PM (Table 4).

Discussion

To the best of our knowledge, this study comprised the 
largest number of patients who underwent PM for meta-
static CRC. In this study, we examined the data of 2,573  
patients who underwent PM out of 105,172 patients who  
underwent curative resection for CRC. Approximately 2.5% 
of those who underwent CRC surgery also underwent PM. 
The 5-year overall survival rate after PM was 39.4%, which 
was consistent with the outcomes reported in previous stud-
ies [3-5]. In this study, female sex, distal location of primary 
CRC, larger hospital volume, and surgery-only treatment 
were positive prognostic factors for survival after PM in  
patients with CRC.

The International Registry of Lung Metastases study  
reported favorable long-term outcomes (5-year overall sur-
vival rate, 36%) after PM in 5,206 cases with various types 
of cancer in 1997 [9]. After the publication of those results, 

Table 2.  Characteristics of pulmonary metastasectomy

Variable No. (%)a)

Time-to-PM (mo) 
    < 12 703 (27.3)
    12-36 1,482 (57.6)
    > 36 388 (15.1)
Type of treatment for pulmonary metastasis 
    PM only 461 (17.9)
    Chemotherapy+PM 350 (13.6)
    PM+chemotherapy  844 (32.8)
    Chemotherapy+PM+Chemotherapy  918 (35.7)
Extent of lung resection 
    Wedge resection 1,844 (71.7)
    Segmentectomy 193 (7.5)
    Lobectomy 530 (20.6)
    Pneumonectomy 6 (0.2)
No. of lung resection(s) 
    1 2,395 (93.1)
    ≥ 2 178 (6.9)
Episode of PM 
    1 2,012 (78.2)
    2 427 (16.6)
    ≥ 3 134 (5.2)
Type of hospital 
    Private clinic 0 (
    Hospital 1 (0)
    Secondary hospital 622 (27.0)
    Tertiary hospital 1,685 (73.0)
    Missing value 265 (
Annual hospital PM volume 
    ≤ 5 742 (32.2)
    6-10 296 (12.8)
    11-20 435 (18.9)
    > 20 835 (36.2)
    Missing value 265 (
Hospital location 
    Seoul  1,243 (53.9)
    Incheon/Gyeonggi 415 (18.0)
    Chungbuk 18 (0.8)
    Daejeon/Sejong/Chungnam 65 (2.8)
    Jeonbuk 64 (2.8)
    Gwangju/Jeonnam 114 (4.9)
    Daegu/Gyeongbuk 124 (5.4)
    Busan/Ulsan/Gyeongnam 220 (9.5)
    Gangwon 38 (1.7)
    Jeju 7 (0.3)
    Missing value 265 (
PM, pulmonary metastasectomy. a)Missing values are excluded.

Fig. 2.  Kaplan-Meier curve of overall survival after pulmonary 
metastasectomy in colorectal cancer. YSR, year survival rate. 
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Table 3.  Univariate analysis for the prognostic factors of overall survival after pulmonary metastasectomy in colorectal cancer

Variable HR 95% CI p-value

Sex    
    Male 1  
    Female 0.783 0.655-0.937 0.008
Age (yr)   
    < 65 1  
    ≥ 65 1.252 1.057-1.483 0.009
Income levela), quantiles   
    High (17-20) 1  
    Medium (9-16) 0.933 0.768-1.133 0.49
    Low (0-8) 1.115 0.898-1.384 0.33
Type of health insurancea)   
    Medical aid 1  
    Health insurance (self-employed) 0.775 0.539-1.116 0.17
    Health insurance (employed) 0.782 0.558-1.096 0.15
Location of colorectal cancer   
    Distal (1, 2, 3, 4, 5, 6) 1  
    Proximal (7, 8, 9, 10) 1.357 1.120-1.644 0.002
Treatment for colorectal cancer   
    Surgery only 1  
    Preoperative treatment+surgery 0.474 0.053-4.248 0.50
    Surgery+postoperative treatment  0.443 0.062-3.166 0.42
    Preoperative treatment+surgery+postoperative treatment 0.401 0.056-2.861 0.36
Time-to-PM (mo)   
    < 12 1  
    12-36 0.859 0.717-1.029 0.10
    > 36 1.112 0.803-1.540 0.52
Treatment for pulmonary metastasis   
    PM only 1  
    Preoperative chemotherapy+PM 2.921  < 0.001
    PM+postoperative chemotherapy  3.097 1.755-5.465 < 0.001
    Preoperative chemotherapy+PM+postoperative chemotherapy 4.215 2.650-6.705 < 0.001
Extent of lung resection   
    Wedge resection 1  
    Segmentectomy 0.962 0.696-1.331 0.82
    Lobectomy 0.987 0.802-1.214 0.90
    Pneumonectomy 1.343 0.335-5.386 0.68
No. of lung resections   
    1 1  
    ≥ 2 1.222 0.902-1.655 0.20
Episode of PM   
    1 1  
    2 0.941 0.758-1.168 0.58
    ≥ 3 0.678 0.479-0.960 0.029
Type of hospital   
    Hospital/Secondary hospital 1  
    Tertiary hospital 0.775 0.638-0.942 0.011

(Continued to the next page)
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the number of performed PMs in cases of CRC and other  
malignancies increased [10]. Numerous studies have reported  
favorable outcomes after PM in patients with CRC. Espe-
cially, Iida et al. [5] reported the survival outcomes of 1,030  
patients who received PM for CRC, and the estimated overall 

survival was 53.5% and 38.4% at 5 and 10 years, respective-
ly. The National Comprehensive Cancer Network (NCCN) 
guidelines for colon and rectal cancer recommend that cases 
of patients with resectable lung metastases in isolation or  
together with liver metastases should be considered for  

Table 4.  Multivariate analysis of the prognostic factors for overall survival after pulmonary metastasectomy in colorectal cancer

Variable HR 95% CI p-value

Sex    
    Male 1  
    Female 0.701 0.566-0.868 0.001
Age (yr)   
    < 65 1  
    ≥ 65 1.178 0.960-1.446 0.12
Location of colorectal cancer   
    Distal (1, 2, 3, 4, 5, 6)  1  
    Proximal (7, 8, 9, 10) 1.491 1.187-1.872 0.001
Treatment for pulmonary metastasis   
    PM only 1  
    Chemotherapy+PM 2.139 1.111-4.119 0.023
    PM+chemotherapy  2.478 1.510-4.065 0.001
    Chemotherapy+PM+chemotherapy  3.939 2.415-6.427 < 0.001
Episode of PM   
    1 1  
    2 1.142 0.888-1.467 0.30
    ≥ 3 0.829 0.563-1.220 0.34
Type of hospital   
    Hospital+general hospital 1  
    Advanced general hospital 0.843 0.653-1.089 0.19
Annual hospital PM volume   
    ≤ 5 1  
    6-10 1.032 0.742-1.435 0.85
    > 10 0.645 0.508-0.818 0.001
Hospital location   
    Seoul  1  
    Others 0.889 0.700-1.129 0.34
CI, confidence interval; HR, hazard ratio; PM, pulmonary metastasectomy.

Table 3.  Continued

Variable HR 95% CI p-value

Annual hospital procedure volume   
    ≤ 5 1  
    6-10 0.869 0.661-1.143 0.32
    > 10 0.564 0.464-0.687 < 0.001
Hospital location   
    Seoul  1  
    Others 1.256 1.028-1.534 0.026
CI, confidence interval; HR, hazard ratio; PM, pulmonary metastasectomy. a)At the time of pulmonary resection. 
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metastasectomy [11]. Nonetheless, the evidence of the prog-
nosis after PM is insufficient, and the role of PM remains 
controversial. Most of the previous studies were not rand-
omized-controlled trials, had pervasive selection bias, and 
did not have well-matched control groups [12]. Therefore, 
the multicenter randomized clinical trial study (PulMiCC) 
was performed, and the results were reported recently 
[13,14]. The study was completed early because of poor  
recruitment, as it enrolled only 93 patients (18% of the planned 
sample size) in total. There was no survival difference bet-
ween the PM and control groups (5-year survival rate: PM 
group, 36.4%; control group, 29.6%). Moreover, the study was  
unable to reach the desired statistical endpoints and answer 
the question regarding the value of performing PM. Given 
the lack of randomized studies, a population-based study 
may provide insights into the current practice, the role of 
PM, and the prognostic factors of PM in CRC cases. 

Distal colon cancer accounted for 79.1% of the study 
population and distal colon cancer was associated with a 
better survival outcome compared with proximal colon can-
cer in multivariate analysis. In a recent population-based 
study, distal colon cancer (left colon and rectum) account-
ed for 62% of total primary CRC resection cases in Korea 
[15]. Rectal cancer is more frequently associated with lung  
metastasis compared to colon cancer [2,16], and the findings 
of this study supported this relationship. This is frequently 
explained by the different venous drainage of the rectum and 
colon. Rectal cancer can drain through the iliac system, which  
facilitates access to the lung rather than the liver. Conversely, 
most of the colon cancer lesions drain primarily through the 
liver via the portal vein and, then, enter the lung [17]. Thus, 
pulmonary metastasis from proximal colon cancer suggests 
a more advanced disease stage than that from rectal can-
cer and, therefore, is associated with worse survival rates. 
However, the aforementioned rationale cannot fully explain 
the poor prognosis of patients with proximal colon cancer.  
Venous drainage of only a part of the rectum (low-lying rec-
tum) occurs through the iliac vein. Therefore, besides the  
venous drainage, the differences in molecular and patho-
logical characteristics reported between proximal and distal  
colon cancer cases can result in different clinical features, 
which could be responsible for the worse survival in proxi-
mal colon cancer [18,19]. 

Retrospective studies have shown that chemotherapy is 
associated with better survival rates in patients who have 
undergone PM [20,21]. Moreover, the NCCN guidelines rec-
ommend the performance of perioperative chemotherapy, 
especially in chemotherapy naïve patients [11]. Contrarily, 
perioperative chemotherapy was associated with poor sur-
vival in this study. The NHIS claims database does not have 
detailed information regarding the disease status, such as the 

tumor size, number of metastases, carcinoembryonic antigen 
level, and pathologic results. Thus, the effect of selection bias 
could not be controlled. The patients who did not receive 
perioperative chemotherapy might have had low disease 
burden, such as smaller and fewer metastases. Therefore, 
in this study, perioperative chemotherapy might be a con-
founding factor.

Previous nationwide or multicenter studies did not find 
any significant survival differences by sex with regard to 
PM for CRC [2,5,22]. In this study, however, female sex was  
associated with better survival outcomes in the multivariate 
analysis. The sex differences in survival after PM in patients 
with CRC may reflect a higher comorbidity burden in men, 
at least with respect to a higher incidence of smoking and 
alcohol consumption. Population-based studies included  
patients with CRC in Sweden and Korea, and showed bet-
ter overall survival rates in female than in male participants 
[23,24].

In this study cohort, 99.5% of the patients received adju-
vant treatment for primary CRC. In cases of patients with 
CRC, adjuvant treatment can be considered for those with 
stage IIa (T3N0M0; cases of high-risk features) and stage 
IIb/c CRC and can also be routinely recommended for those 
with more advanced stages [11]. The extremely high rate 
of adjuvant treatment in this cohort suggested that pulmo-
nary metastasis develops in patients indicated for adjuvant 
chemotherapy. The proportions of patients with advanced 
CRC who required adjuvant chemotherapy were also high in 
previous studies. Especially, Blackmon et al. [25] stated that 
approximately 93% of their participants had stage II CRC or 
higher. Kim et al. [6] stated that 85.3% of their patients had yp 
or p stage II and 92.2% of them received adjuvant chemother-
apy. Additionally, the patients who received adjuvant treat-
ment may undergo chest computed tomography examina-
tion. The latter is recommended for those with stage II CRC 
or higher and could result in early detection of asymptomatic 
pulmonary metastasis, thus leading to the performance of 
more PMs. It is uncertain whether the extremely high rate of 
adjuvant chemotherapy in this cohort was related with the 
aggressive application of adjuvant chemotherapy in Korea. 
The study cohort consisted of highly selected patients (i.e., 
only 2.45% of patients who have undergone surgery for CRC 
surgery in Korea), and selection bias could not be ruled out.

In Korea, approximately 55% of the performed PMs in  
patients with CRC were conducted in nine high-volume 
hospitals, which performed more than 10 PMs annually. 
Therefore, the high hospital PM volume was considered as 
an independent prognostic factor. The relationship between 
the hospital procedure volume and postoperative outcomes 
is well established [26,27]. Furthermore, the management 
of metastatic CRC involves various medical professionals 
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and should be based on a multidisciplinary team approach. 
High-volume centers may have a more experienced multi-
disciplinary team to facilitate the patient selection for sur-
gery, adequate adjuvant treatment, and intensive follow-up 
examination, which may affect the postoperative survival 
[28]. More than half of the PMs were performed in hospi-
tals located in Seoul, the capital city. This finding indicated 
a regional disparity regarding the accessibility to a high-
volume center. Centralization and concentration of cancer 
surgery cases are spontaneous and are considered a common 
phenomenon in Korea. Indeed, approximately 60% of lung 
cancer surgeries are conducted in the capital area [29]. The 
concentration of the patients with pulmonary metastasis of 
CRC may improve the clinical outcomes of PM in CRC by 
increasing the experience of each hospital and decreasing the 
disparity in the management of metastatic CRC cases. Nev-
ertheless, efforts should be made to lower the trend of cen-
tralization and reverse centralization, as excessive concentra-
tion would result in ineffective utilization of social resources.

Nevertheless, this study had several limitations. Especial-
ly, it was a retrospective study and did not include a control 
group of patients who did not undergo PM. Moreover, the 
NHIS claims database does not include detailed information 
on the disease status, such as the initial CRC stage, the num-
ber and size of pulmonary metastases, mediastinal lymph 
node involvement, completeness of resection, and the patho-
logical results. We could only estimate the location and stage 
from operation codes and types of treatment. Therefore, 
these additional factors could not be included in the analysis, 
and the effect of confounding factors could not be controlled. 
The Health Insurance Review and Assessment Service data-
base and the Korean Central Cancer Registry have detailed 
data regarding the cancer status and treatment procedures 
performed for patients with CRC. Nevertheless, we could 
not merge the data of these databases, as personal identifier 
information is missing from databases currently. When the 
NHIS claims database can be merged with other national  
databases, like the Surveillance, Epidemiology, and End  
Results and Medicare-linked databases in the United States, 

a more sophisticated analysis will be possible [30]. Social 
consensus followed by overhaul of the Personal Information 
Protection Law should be preceded to link data in these data-
bases. Fundamentally, a prospective national registry speci-
fied for pulmonary metastases from CRC would be the best 
solution.

In conclusion, this population-based study showed a trend 
of centralization of the performed PMs in Korea. PM seemed 
to provide long-term survival of patients with CRC. Espe-
cially, the female sex, distally located CRC, and PM in a high-
volume center (> 10 PMs per year) were considered positive 
prognostic factors for overall survival. 
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Introduction

Primary liver cancer (PLC) is a common malignant tumor  
in the digestive system. According to a statistical report 
on global cancer, the incidence of liver cancer is increasing 
yearly. The age-standardized incidence increased from 8.1% 
in 2008 to 13.9% in 2018 [1,2]. The incidence of PLC in China 
increased on average by 1% per year from 2000 to 2011 [3]. 
Hepatitis B virus infection is an important risk factor for the 
PLC incidence in China [4]. Recently, the rate of hepatitis B 
virus infection has been controlled with an increase in the 
rate of hepatitis B vaccination [5]. Although this has slowed 
the increase in PLC incidence, it has failed to reduce it [6]. 
Thus, the onset of PLC cannot be entirely attributed to viral 
hepatitis, and identifying other potential risk factors might 
be important for the prevention and treatment of PLC.

An epidemiological study reported that disorders of gly-
colipid metabolism might increase the risk of PLC. A meta-

analysis study summarizing 10 cohort studies including 
2,000 PLC patients reported that the onset of PLC was closely 
related to fasting blood glucose (FBG) levels. The risk of PLC 
increased by 11% per 0.56 mmol/L (10 mg/dL) increase in 
FBG [7]. In addition, numerous other studies have found that 
total cholesterol (TC) levels had a U-shape association with 
diverse chronic diseases, such as hemorrhagic stroke, cancer 
mortality and non-cardiovascular mortality [8,9]. A reduction 
in TC was shown to increase the risk of PLC in Nordic and 
Asian people [10-12]. Nderitu et al. [13] demonstrated that 
elevated FBG and reduced serum TC were independent risk 
factors that influenced PLC in the AMORIS study. However, 
previous studies only analyzed the influence of FBG or TC 
on PLC alone, without considering their combined effects. 
The study in Kailuan was initiated in 2006, and is an ongoing 
prospective cohort study to investigate PLC risk factors and 
intervention, based on a functional community population. 
The study subjects received periodic examinations every 2 
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years, including FBG and serum TC, and the onset of malig-
nant tumors such as PLC, which was followed up. This study 
provided an opportunity to explore the combined effects of 
FBG and serum TC in the cohort of Kailuan

Materials and Methods
 
1. Study subjects

The Kailuan study is a population-based prospective  
cohort study based on the Kailuan community in Tangshan, 
China, as detailed elsewhere [14]. Briefly, from 2006 to 2007, 
101,510 participants (81,110 men and 20,400 women, aged 18 
years or older) in the Kailuan community were enrolled, and 
follow-up surveys were conducted biennially. 

Participants who met the following criteria were excluded: 
1,255 subjects were excluded because of a lack of TC or FBG 
data, 380 because of a history of cancer, and 939 because of 
the administration of statins. Finally, 98,936 were enrolled for 
statistical analysis.

2. Baseline information
Information including age, sex, lifestyle (smoking, drink-

ing, diet and exercise), education degree, malignant tumor 
history, administration of statins, cirrhosis and hepatitis B 
surface antigen was collected via questionnaires. The content 
of the questionnaire was described in our previously pub-
lished paper [14]. Height, body weight, and blood pressure 
were measured by trained medical staff. Body mass index 
(BMI)=body mass (kg)/height2 (m2). The measurement of 
biochemical parameters including alanine aminotransferase 
(ALT) and hypersensitive C-reactive protein (Hs-CRP) was 
performed using a previously published method [15]. Smok-
ing was defined as smoking at least 1 cigarette daily recently 
within 1 year, and drinking was defined as alcohol intake 
(alcohol content > 50%) ≥ 100 mL daily within 1 year, which 
lasted for more than 1 year. Physical exercise was defined 
as ≥ 4 times weekly persistent for ≥ 30 minutes each time. 
Education degree was classified into general education level 
and higher education level. Fatty liver was defined as none 
or mild, moderate and severe, according to ultrasound infor-
mation [16].

3. Serum TC and FBG
Elbow venous blood (5 mL) was collected into an anti-

coagulant tube containing EDTA between 7:00 and 9:00 am  
after overnight fasting for ≥ 8 hours, and centrifuged at 3,000 
×g for 10 minutes to collect serum. Serum TC and FBG were 
measured within 4 hours. Serum TC was measured using a 
colorimetric method with an upper detection limit of 25.85 
mmol/L. Serum FBG was measured by a hexokinase meth-

od with an upper limit detection limit of 33.3 mmol/L. The 
above indices were measured and analyzed using an auto-
matic biochemistry analyzer (Hitachi 747, Hitachi, Tokyo, 
Japan).

4. Following up for PLC
New PLC onset cases were retrieved and surveyed from 

the data provided from Kailuan Group medical insurance 
system (Tangshan medical insurance system and the dis-
charge information system of Kailuan General Hospital). 
Strictly trained investigators from the Cancer Hospital, Chi-
nese Academy of Medical Sciences, were assigned to the hos-
pitals to diagnose and treat new cases as well as record dis-
ease history information and confirm diagnoses. New tumor 
cases were inputted and checked using CanReg 4.0 software 
provided by the International Agency for Research on Can-
cer, World Health Organization (IARC/WHO) (http://www.
iacr.com.fr.canreg4.htm), and further defined according to 
the 10th revision of the International Statistical Classification 
of Diseases and Related Health Problems (ICD-10). The PLC 
included hepatocellular carcinoma and cholangiocarcinoma 
(C22.0 and C22.2-C22.9).

5. Statistical analysis
According to the serum FBG and TC levels of the subjects 

who participated in the first physical examinations, those 
with FBG higher than 6.0 mmol/L and ≤ 6.0 mmol/L were 
assigned into the elevated FBG and normal FBG groups,  
respectively. Subjects with serum TC lower than 4.14 
mmol/L, 4.14-6.20 mmol/L, and > 6.20 mmol/L were assig-
ned into the hypocholesterolemia group, normal group and 
hypercholesterolemia group, respectively. In the analysis of 
the combined effect, we combined the normal cholesterol 
group with the high cholesterol group. Finally, all subjects 
were assigned into four groups: non-hypocholesterolemia 
and normal FBG group (G1), non-hypocholesterolemia, and 
elevated FBG group (G2), hypocholesterolemia and normal 
FBG group (G3), and hypocholesterolemia and elevated FBG 
group (G4). G1 was used as a control group.

The correlation between TC and FBG was analyzed by 
Pearson’s chi-squared test. Then, the baseline character-
istics of the TC status, FBG status, and four groups were 
compared. Measurement data in accordance with a normal 
distribution were expressed as the mean±standard devia-
tion, and the comparison between groups was analyzed by 
one-way analysis of variance. Measurement data in accord-
ance with a skewed distribution were expressed as M (Q25-
Q75), and the comparison between groups was analyzed by 
a non-parametric test (Kruskal-Wallis). Enumeration data 
were expressed as number (%), and the comparison between 
groups was analyzed by the chi-square test. The annual  
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human incidence of PLC in each group was calculated. The 
accumulative incidence of PLC in different groups was cal-
culated by the life table method and compared by the log-
rank test. Hazard ratios (HR) and 95% confidence intervals 
(CI) of serum TC alone, serum FBG alone, and their combina-
tion on PLC were analyzed by the age-scale Cox proportional 
hazard model. We tested the PH assumption by examination 
of log-log survival curves, Schoenfield residuals, and the  
extended Cox models and found that the PH assumption was 
satisfied. Finally, exposure factors were introduced into the 
multivariate model as an interaction term to test the interac-
tion between elevated FBG and hypocholesterolemia. In the 
Cox and interaction models, the adjusted variables included 
sex, age, BMI, serum TC, FBG, ALT, Hs-CRP, triglycerides 
(TG), serum total bilirubin (Tbil), hepatitis B surface antigen 
positive (HBSAg(+)), cirrhosis, smoking, drinking, exercise, 
fatty liver, and education degree. In the sensitivity analy-
sis, to exclude the influence of chronic liver diseases on the  
results, subjects that were HBSAg(+), cirrhosis or serum ALT 
> 40 (U/L) were excluded from the Cox regression model 
analysis. To validate the result, those diagnosed as PLC with-
in the first 2 years of follow-up were excluded. SAS ver. 9.4 
(SAS Institute Inc., Cary, NC) was used to analyze the data.  
p < 0.05 (bilateral) indicated statistical significance. 

Results

1. General condition
Among the 98,936 subjects included in the statistical analy-

sis, there were 79,097 men and 19,839 women, with a mean 
age of 51.81±12.66 years, a mean FBG of 5.47±1.68 mmol/L, 
and a mean TC of 4.95±1.15 mmol/L. The baseline charac-
teristics of the different TC status and FBG status are shown 
in Table 1. The baseline characteristics of the G1-G4 groups 
are shown in Table 2. Statistically significant differences were 
found between factors in the four groups (p < 0.01) (Table 2). 

Cancer Res Treat. 2021;53(4):1113-1122

Fig. 1.  Accumulative incidence curves of primary liver cancer 
in G1-G4 groups.
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Table 2.  Comparison of the general condition in different groups 

 G1 G2 G3 G4 p-value

No. 65,195 ( 13,791 ( 17,319 ( 2,631 ( -
Male sex 51,388 (78.8) 11,675 (84.7) 13,729 (79.3) 2,305 (87.6) < 0.001
Age (yr) 51.64±12.40 55.00±10.79 49.48±14.35 54.72±12.33 < 0.001
BMI (kg/m2) 24.93±3.43 26.05±3.46 24.48±3.54 25.84±3.51 < 0.001
TC (mmol/L) 5.27±0.87 5.52±1.02 3.49±0.78 3.43±0.82 < 0.001
FBG (mmol/L) 4.98±0.57 8.13±2.71 4.87±0.60 7.87±2.37 < 0.001
ALT (U/L) 18.00 (13.00-24.00) 19.00 (14.00-27.00) 17.00 (12.00-23.00) 19.00 (14.00-26.00) < 0.001
Hs-CRP (mmol/L) 0.80 (0.30-2.23) 1.13 (0.45-2.79) 0.75 (0.25-2.35) 1.01 (0.37-2.60) < 0.001
TG (mmol/L) 1.26 (0.91-1.86) 1.59 (1.11-2.42) 1.07 (0.73-1.69) 1.41 (0.95-2.49) < 0.001
Tbil (mmol/L) 12.40 (9.80-15.30) 12.10 (9.80-15.00) 12.00 (9.40-15.20) 11.80 (9.40-14.50) < 0.001
HBSAg(+)  1,557 (2.4) 319 (2.3) 668 (3.9) 100 (3.9) < 0.001
Cirrhosis   172 (0.3) 50 (0.4) 89 (0.5) 21 (0.8) < 0.001
Smoking  19,999 (31.5) 4,198 (31.2) 4,805 (28.5) 725 (28.5) < 0.001
Drinking  11,842 (18.6) 2,685 (20.0) 2,354 (14.0) 419 (16.5) < 0.001
Physical exercise 9,726 (15.5) 2,384 (17.9) 2,297 (13.8) 401 (16.0) < 0.01
Higher education level 12,405 (19.7) 1,956 (14.7) 4,178 (24.9) 488 (19.5) < 0.001
Values are presented as number (%) or mean±SD. G1, non-hypocholesterolemia and normal FBG group; G2, non-hypocholesterolemia and 
elevated FBG group; G3, hypocholesterolemia and normal FBG group; G4, hypocholesterolemia and elevated FBG group. ALT, alanine ami-
notransferase; BMI, body mass index; FBG, fasting blood glucose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensitive C-reactive 
protein; SD, standard deviation; Tbil, total bilirubin; TC, total cholesterol; TG, triacylglycerol. 
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The correlation coefficient between FBG and serum TC was 
r=0.12.

2. Cumulative incidence in different groups
The mean follow-up period was 11.47±1.87 years, and there 

were 388 cases (362 men and 26 women). As shown in Fig. 1, 
the 10-year cumulative incidences of the G1-G4 groups were 
3.35‰, 4.60‰, 6.09‰, and 11.60‰, respectively. Statistical 
significance was found between the four groups via the log-
rank test.

3. Influence of serum TC and FBG on PLC
As shown in Table 3, the results of the univariate Cox 

proportional hazard model indicated that the risk of PLC 
was increased in the hypocholesterolemia group and the  

elevated FBG group compared with the control group. In 
the multivariate model after correction for sex, age, BMI, TC, 
FBG, ALT, Hs-CRP, TG, Tbil, HBSAg(+), cirrhosis, smoking, 
drinking, exercise, fatty liver, and education degree, the risk 
of PLC in the hypocholesterolemia group (serum TC < 4.14 
mmol/L) was 1.71 times that in the normal group (95% CI, 
1.36 to 2.13). After correction for the same confounding fac-
tors, the risk of PLC in the elevated FBG group (serum FBG 
≥ 6.10 mmol/L) was 1.47 times that in the normal FBG group 
(95% CI, 1.14 to 1.89).

4. The combined effects of serum TC and FBG on PLC
As shown in Table 4, in the univariate Cox model, the HR 

value of PLC risk in the G4 group (elevated FBG and hypo-
cholesterolemia group) was higher than in the G1-G3 groups. 
The result of the multivariate Cox proportional hazard mod-
el indicated that after correction for confounding factors, the 
risk in the G4 group was increased 3.16 times (95% CI, 2.13 
to 4.69) compared with the G1 group (non-hypocholester-
olemia and normal FBG group). In addition, the HR in the 
G4 group was higher than that in the G2 (HR, 1.19; 95% CI, 
0.88 to 1.62) and G3 (HR, 1.53; 95% CI, 1.19 to 1.97) groups 
(Table 3, Fig. 2). After correction for the same confounding 
factors, a significant statistical difference was found for the 
interaction between elevated FBG and hypocholesterolemia 
(relative excess risk of interaction, 1.44; 95% CI, 0.19 to 2.68 
and the synergy index, 2.99; 95% CI, 1.23 to 7.24) (Table 5). 

Regarding previous study on factors associated with liv-
er cancer, obesity which is usually presented as BMI index 
and socioeconomic status which is measures as education  
degree were considered as potential factors. We therefore 
performed two subgroup analyses to observe the effect of 
BMI and educational level on development of liver can-
cer. As shown in Table 6, the result of the multivariate Cox 
proportional hazard model indicated that the risk in the G4 
group in the non-obese and obese was increased 2.76 times 
(95% CI, 1.71 to 4.48) and 4.44 times (95% CI, 2.20 to 8.99) 
compared with the G1 group (non-hypocholesterolemia and 

Xiangming Ma, Fasting Blood Glucose, Cholesterol, and Primary Liver Cancer

Table 3.  Influence of serum TC and FBG on PLC 

 Univariate Multivariate 
 model model

Serum TC
    Normal group Reference Reference
    Hypocholesterolemia 2.03 (1.64-2.52) 1.71 (1.36-2.13)
      group
     Hypercholesterolemia 0.64 (0.42-0.96) 0.81 (0.53-1.24)
      group
    Continuous TC 0.72 (0.66-0.78) 0.78 (0.72-0.86)
Serum FBG  
    Normal FBG group Reference Reference
    Elevated FBG group 1.25 (0.98-1.60) 1.47 (1.14-1.89)
    Continuous FBG 1.05 (1.00-1.10) 1.06 (1.01-1.11)
The multi-factor model was adjusted for sex, age, BMI, TC, FBG, 
ALT, Hs-CRP, TG, Tbil, HBSAg(+), cirrhosis, smoking, drinking, 
physical exercise, fatty liver, and education degree. ALT, alanine 
aminotransferase; BMI, body mass index; FBG, fasting blood glu-
cose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensitive 
C-reactive protein; PLC, primary liver cancer; Tbil, total bilirubin; 
TC, total cholesterol; TG, triacylglycerol.

Table 4.  Influence of combined effects of serum TC and FBG on PLC

 No. No. of cases Incidence (10K/person-year) Univariate model Multivariate model

G1 65,195 207 2.75 Reference Reference
G2 13,791   55 3.47 1.15 (0.86-1.55) 1.19 (0.88-1.62)
G3 17,319   97 4.88 2.01 (1.58-2.55) 1.53 (1.19-1.97)
G4   2,631   29 9.96 3.36 (2.28-4.95) 3.16 (2.13-4.69)

The multi-factor model was adjusted for sex, age, BMI, TC, FBG, ALT, Hs-CRP, TG, Tbil, HBSAg(+), cirrhosis, smoking, drinking, physical 
exercise, fatty liver, and education degree. G1, non-hypocholesterolemia and normal FBG group; G2, non-hypocholesterolemia and elevated 
FBG group; G3, hypocholesterolemia and normal FBG group; G4, hypocholesterolemia and elevated FBG group. ALT, alanine aminotrans-
ferase; BMI, body mass index; FBG, fasting blood glucose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensitive C-reactive protein; 
PLC, primary liver cancer; Tbil, total bilirubin; TC, total cholesterol; TG, triacylglycerol.
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normal FBG group), respectively. The results of educational 
level are similar.

5. Sensitivity analysis
After excluding the subjects with HBSAg(+), cirrhosis, 

and serum ALT > 40 (U/L), Cox regression analysis was per-
formed. As shown in Table 7, the trend did not change for 
PLC risk in the hypocholesterolemia group, elevated FBG 
group, and G4 group. After excluding subjects with a follow-
up period < 2 years, the trend did not change in the three 
groups.

Discussion

Using this large population-based cohort study among 
Chinese, we found that high FBG and low serum TC have 
combined effects on PLC risk. Furthermore, we confirmed 
the previous findings where elevated FBG and decreased 
serum TC were reported to be risk factors for PLC [7,11,12].

In this study, we found that elevated FBG and hypocho-
lesterolemia had combined effects on PLC. The HR of PLC 
caused by the two factors simultaneously was 3.16 times 
(95% CI, 2.13 to 4.69) than that of the non-hypocholester-
olemia and normal FBG groups, and higher than that of a 
single factor (hypocholesterolemia HR, 1.71; 95% CI, 1.36 to 
2.13; elevated FBG HR, 1.47; 95% CI, 1.14 to 1.89). In addition, 
we found that elevated FBG and hypocholesterolemia had 
combined effects on PLC regardless of the degree of obesity, 
but the risk of PLC was higher in obese people. Therefore, 
participants with obesity and higher education level will pre-
sent a higher risk of PLC due to metabolic disorders.

To the best of our knowledge, this is the first study to  
report a combination of elevated FBG and hypocholes-
terolemia leading to an increase in PLC risk. The result 
was compared with a meta-analysis of PLC risk factor in 
Chinese people, and it was found that the risks caused by  
elevated FBG and hypocholesterolemia ranked only second 
to cirrhosis, hepatitis, and liver cancer family history (odds 
ratio values, 11.97, 11.34, and 3.49, respectively) [17]. This 
suggests that not only patients with cirrhosis, hepatitis, and 
liver cancer family history [18], but also those with elevated 
FBG combined with hypocholesterolemia should be strictly  
observed to prevent PLC.

This study also confirmed a previous study finding where 
elevated FBG was an independent risk factor for PLC. Han 
et al. [7] reported a meta-analysis of eight cohort studies. 
They showed that the PLC risk increased when the FBG was 
higher than 6.5 mmol/L, which was consistent with our find-
ings: elevated FBG (> 6.0 mmol/L) increased the risk of PLC 
(HR, 1.47; 95% CI, 1.14 to 1.89). Even though patients receiv-
ing hypoglycemic drugs were excluded, the increasing ten-
dency of PLC did not change. A National Health Insurance 
Service cohort study from South Korea reported that male 
patients with chronic hepatitis B had increased PLC risk with 
increased FBG [19], although this finding was only limited 
to specific groups, which might not be representative for all  
patients. In this study, the increasing tendency did not change 
for subjects with or without chronic liver disease. Thus, our 
result is convincing.

Our study also indicated that hypocholesterolemia in 
Northern Chinese is an independent risk factor for PLC 
(HR, 1.71; 95% CI, 1.36 to 2.13). A Japan Public Health Cent-
er-Based Prospective Study in Japan also obtained similar  

Cancer Res Treat. 2021;53(4):1113-1122

Fig. 2.  Influence of the combined effects of serum total choles-
terol and fasting blood glucose (FBG) on primary liver cancer by 
the multivariate Cox proportional hazard model.
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Table 5.  Index of interactive effect between serum TC and FBG 
on PLC 

 RERI (95% CI) SI (95% CI)

Total 1.44 (0.19 to 2.68) 2.99 (1.23 to 7.24)
Non-obese 0.93 (–0.45 to 2.30) 2.05 (0.78 to 5.41)
Obese 3.08 (0.10 to 6.07) 10.60 (0.31 to 6.91)
General education 1.28 (0.04 to 2.52) 3.20 (1.08 to 9.49)
  level
Higher education 2.95 (–2.04 to 7.94) 3.53 (0.51 to 24.43)
  level
The multi-factor model was adjusted for sex, age, BMI, TC, 
FBG, ALT, Hs-CRP, TG, Tbil, HBSAg(+), cirrhosis, smoking, 
drinking,physical exercise, fatty liver, and education degree. 
ALT, alanine aminotransferase; BMI, body mass index; CI, con-
fidence interval; FBG, fasting blood glucose; HBSAg, hepatitis B 
surface antigen; Hs-CRP, hypersensitive C-reactive protein; PLC, 
primary liver cancer; RERI, relative excess risk of interaction; SI, 
the synergy index; Tbil, total bilirubin; TC, total cholesterol; TG, 
triacylglycerol.
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results: hypocholesterolemia (< 4.14 mmol/L) was a risk fac-
tor for PLC (HR, 2.62; 95% CI, 1.44 to 4.76) [12], and a nation-
al cohort study in South Korea reported the same conclusion 
[11]. After excluding subjects with ALT > 40 μ/L, HBSAg(+), 
or cirrhosis, this tendency did not change. This suggests that 
a reduction in serum TC is a risk factor for PLC, independent 
from the influence of chronic disease among Northern Chi-
nese. Thus, hypocholesterolemia should be investigated to 
prevent PLC. The current blood lipid guidelines in China rec-
ommend the appropriate level of serum TC should be lower 

than 5.2 mmol/L, but does not set the lower limit [20]. It is 
thought that lower cholesterol levels should reduce the risk 
of cerebrovascular and cardiovascular disease [21], although 
this is controversial. For example, lower cholesterol levels 
did not lower the risk of brain hemorrhage [8]. It was also 
reported that low TC levels led to a higher risk of all-cause 
mortality [22]. In addition, hypocholesterolemia increased 
the risk for gastric cancer and colorectal cancer [23,24]. Thus, 
low serum TC is beneficial for humans. When determining 
the appropriate range for cholesterol levels, both the risk 

Xiangming Ma, Fasting Blood Glucose, Cholesterol, and Primary Liver Cancer

Table 7.  Sensitivity analysis of the influence of the combined effects of serum TC and FBG on PLC

 Sensitivity Sensitivity Sensitivity Sensitivity
 analysis 1a analysis 2a analysis 3a analysis 4a

Serum TC
    Normal group Reference Reference Reference Reference
    Hypocholesterolemia group 1.76 (1.30-2.38) 1.55 (1.21-1.99) 1.75 (1.39-2.20) 1.71 (1.36-2.13)
    Hypercholesterolemia group 0.81 (0.49-1.34) 0.75 (0.49-1.17) 0.83 (0.54-1.28) 0.81 (0.53-1.24)
    Normal group 0.78 (0.69-0.87) 0.79 (0.72-0.87) 0.78 (0.71-0.86) 0.78 (0.72-0.86)
Serum FBG     
    Normal FBG Reference Reference Reference Reference
    Elevated FBG 1.47 (1.06-2.02) 1.46 (1.11-1.91) 1.42 (1.09-1.84) 1.47 (1.14-1.89)
    Continuous FBG 1.08 (1.02-1.15) 1.06 (1.01-1.11) 1.06 (1.01-1.11) 1.06 (1.01-1.11)
Serum TC and FBG     
    G1 Reference Reference Reference Reference
    G2 1.13 (0.76-1.67) 1.23 (0.89-1.69) 1.14 (0.83-1.58) 1.19 (0.88-1.62)
    G3 1.50 (1.06-2.11) 1.46 (1.12-1.94) 1.56 (1.20-2.02) 1.53 (1.19-1.97)
    G4 3.54 (2.17-5.76) 2.85 (1.84-4.43) 3.16 (2.10-4.76) 3.16 (2.13-4.69)
    RERI 1.92 (0.21-3.63) 1.16 (–0.10-2.43) 1.46 (0.17-2.75) 1.44 (0.19-2.68)
    SI   4.08 (1.18-14.04) 2.69 (0.97-7.40) 3.08 (1.22-7.81) 2.99 (1.23-7.24)
The multi-factor model was adjusted for sex, age, BMI, TC, FBG, Hs-CRP, TG, Tbil, smoking, drinking, physical exercise, fatty liver, and edu-
cation degree. G1, non-hypocholesterolemia and normal FBG group; G2, non-hypocholesterolemia and elevated FBG group; G3, hypocho-
lesterolemia and normal FBG group; G4, hypocholesterolemia and elevated FBG group. Sensitivity analysis 1: 2,644 cases with HBSAg(+) 
were excluded; Sensitivity analysis 2: 332 cases with cirrhosis were excluded; Sensitivity analysis 3: 6,334 cases with ALT > 40 (U/L) were 
excluded; Sensitivity analysis 4: 26 PLC patients with a follow-up period < 2 years were excluded. ALT, alanine aminotransferase; BMI, body 
mass index; FBG, fasting blood glucose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensitive C-reactive protein; PLC, primary liver 
cancer; RERI, relative excess risk of interaction; SI, synergy index; Tbil, total bilirubin; TC, total cholesterol; TG, triacylglycerol.

Table 6.  Influence of combined effects of serum TC and FBG on PLC in subgroup

 Non-obese Obese General education level Higher education level

G1 Reference Reference Reference Reference
G2 1.31 (0.92-1.86) 0.94 (0.50-1.77) 1.17 (0.85-1.62) 1.05 (0.35-3.14)
G3 1.56 (1.18-2.06) 1.41 (0.75-2.66) 1.41 (1.07-1.85) 2.12 (0.98-4.97)
G4 2.76 (1.71-4.48) 4.44 (2.20-8.99) 2.86 (1.87-4.41)   5.12 (1.87-14.05)

The multi-factor model was adjusted for sex, age, BMI, TC, FBG, ALT, Hs-CRP, TG, Tbil, HBSAg(+), cirrhosis, smoking, drinking, physical 
exercise, fatty liver, and education degree. Obese: BMI ≥ 24 kg/m2. G1, non-hypocholesterolemia and normal FBG group; G2, non-hypocho-
lesterolemia and elevated FBG group; G3, hypocholesterolemia and normal FBG group; G4, hypocholesterolemia and elevated FBG group. 
ALT, alanine aminotransferase; BMI, body mass index; FBG, fasting blood glucose; HBSAg, hepatitis B surface antigen; Hs-CRP, hypersensi-
tive C-reactive protein; PLC, primary liver cancer; Tbil, total bilirubin; TC, total cholesterol; TG, triacylglycerol.
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caused by elevated cholesterol and the harm from reduced 
cholesterol should be considered.

Patients with chronic liver disease often develop gly-
colipid metabolic disorders related to abnormal liver func-
tion [25,26]. In particular, in patients with cirrhosis, insulin 
resistance reduces the capability of using glucose in periph-
eral tissues and the activities of enzymes participating in 
glucose metabolism, resulting in reduced glycogen synthesis 
and elevated blood glucose. FBG increased as the severity 
of chronic liver disease increased [27,28]. However, damage 
to hepatocytes leads to a decline in the synthesis and secre-
tion of serum cholesterol, followed by a reduction in serum 
TC. Therefore, some experts suggest that the increased PLC 
risk is caused by chronic liver disease; however, this is not 
supported by our study. First, after subjects that were HB-
SAg(+), or with cirrhosis or abnormal liver function (ALT > 
40 U/L) were excluded, the tendency did not change. Sec-
ond, the numbers of subjects in the elevated FBG alone group 
(n=13,791) and hypocholesterolemia alone group (n=17,319) 
were different, and higher than that in the combination  
elevated FBG and hypocholesterolemia group, suggesting 
elevated FBG and reduced TC were not caused by chronic 
liver disease.

The reasons why the combined effects of high FBG and  
hypocholesterolemia lead to PLC remains unclear, but might 
be related to insulin resistance, chronic inflammation and 
oxidative stress. Elevated blood glucose often accompanies 
insulin resistance, resulting in the release of proinflamma-
tory factors such as tumor necrosis factor-α and interleu-
kin-6, which induce chronic inflammation that damages tis-
sues in the body [29]. However, elevated blood glucose also  
increases the generation and use of insulin like growth factor 
1, which promotes the proliferation of cancer cells and inhib-
its apoptosis [30-32], thus causing liver cancer. Furthermore, 
the serum antioxidant reserve capacity depends on serum 
TC, and hypocholesterolemia may increase susceptibility 
to oxidative stress and promote liver cancer [33]. Previous 
studies found that elevated FBG and hypocholesterolemia-
induced inflammation is mediated through the generation 
of reactive oxygen species and activation of the mitogen-
activated protein kinases and nuclear factor кB signaling 
pathways, leading to hepatocytes abnormal change and pro-
liferation.

This study demonstrated that combined elevated FBG and 
serum TC affected PLC risk. Thus, during PLC screening, 
traditional risk factors such as chronic hepatitis and cirrhosis 
as well as FBG and serum TC should be detected. If a com-
bination of elevated FBG and hypocholesterolemia is found, 
patients should be given information about early effective 
interventions such as a healthy lifestyle and timely consulta-
tion with a doctor to reduce PLC risk.

1. Advantage of this study
To the best of our knowledge, this is the first study to report 

the combination of elevated FBG and hypocholesterolemia 
increases PLC risk. A Kailuan cohort study with a large sam-
ple size was used to determine the correlation of FBG and 
serum cholesterol with PLC risk among general Chinese 
people. A combination effect was found for these two fac-
tors. Because this was a large cohort study, we avoided selec-
tion or recall bias in the control group. In addition, the data 
source was from conventional physical examinations rather 
than examinations at the time of PLC diagnosis. We also  
adjusted concomitant variables as much as possible, includ-
ing lifestyle, serum biochemical parameters, cancer fam-
ily history, and chronic liver diseases (cirrhosis, hepatitis B 
surface antigen, fatty liver), which ensured we reduced the 
influence of potential confounding factors. Finally, in the sen-
sitivity analysis, after we excluded subjects with HBSAg(+), 
cirrhosis, and ALT > 40 U/L, the tendency remained, indicat-
ing that the effects of high FBG and low serum TC on PLC 
were independent of chronic liver disease.

2. Limitations
This study had some limitations. First, the study outcome 

cannot differentiate between hepatocellular carcinoma and 
cholangiocarcinoma, or explain the influence of FBG and  
serum cholesterol on PLC cancer type. Hepatocellular car-
cinoma accounts for 80%-90% of PLC; therefore, our results 
are a reference value. Second, there was no information of 
hepatitis C virus infection in the study, although the epide-
miology survey data indicated the PLC risk in Chinese peo-
ple suffering from viral hepatitis is low. Finally, we only used 
single measurement data, without exploring the influence 
of long-term FBG and serum TC change on PLC. Therefore, 
whether such changes affect PLC requires further study.

In conclusion, our study suggested that elevated FBG and 
decreased serum TC are associated with increased risk of 
PLC, repectively and high FBG and low serum TC have com-
bined effects on PLC risk.
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Introduction

Gastric cancer (GC) is the fifth most common malignancy 
and the third most common cause of cancer-related deaths 
worldwide [1]. The treatment strategy for GC has changed 
over time from a single surgical resection approach to a 
comprehensive treatment approach based on surgery sup-
plemented with chemotherapy or molecular-targeted drug 
therapy. As treatment approaches, the tumor staging system 
for GC is also improved gradually. The latest version of the 
American Joint Committee on Cancer (AJCC) tumor-lymph 
node-metastasis (TNM) classification [2] has three independ-
ent staging systems for GC: clinical TNM staging (cTNM), 
pathological TNM staging (pTNM), and neoadjuvant chem-
otherapy TNM staging (ypTNM), all of which emphasize the 
importance of different stages in different treatment periods. 
With the specialization and standardization of a compre-
hensive treatment plan for GC, correct preoperative staging 
of GC has become a prerequisite for selecting a reasonable 
treatment model. Even with surgical treatment, the surgical 
approaches for different preoperative tumor stages of GC are 
not the same. Per the Japanese GC Treatment guidelines [3], 

D1 or D1+ lymph node dissection is performed for early GC 
without lymph node metastasis, and D2 lymph node dissec-
tion is performed for advanced or early GC with lymph node 
metastasis accessed preoperatively. Some locally advanced 
GCs are often difficult to treat solely by surgery. In such cas-
es, preoperative treatment such as neoadjuvant chemother-
apy is necessary. Furthermore, whether the omentum needs 
to be resected or the omental sac needs to be removed also 
depends on preoperative tumor staging. Correct preopera-
tive tumor staging can help clinicians determine the outcome 
of treatment and the prognosis of their patients. In recent 
years, preoperative clinical tumor staging of GC has greatly 
improved because of diagnostic methods such as endoscopic 
ultrasound (EUS), computed tomography (CT), positron 
emission tomography (PET)–CT, and laparoscopy, but there 
are still deviations in clinical tumor staging and pathologi-
cal tumor staging, which is considered the gold standard. 
Whether this staging deviation affects the treatment outcome 
and how to clinically distinguish patients prone to staging 
deviations are aspects that have not yet been reported. There-
fore, this study evaluated the effect of preoperative tumor 
staging deviations on the long-term survival of patients  
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Purpose  This study aimed to evaluate the effect of preoperative tumor staging deviation (PTSD) on the long-term survival of patients 
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undergoing radical gastrectomy for GC and explored the  
intervention measures.

Materials and Methods
 
1. Study population 

This study retrospectively assessed all patients with GC 
who underwent radical gastrectomy under the same group 
of surgeons between June 2007 and November 2013 at Fujian 
Medical University Union Hospital in China. The following 
inclusion criteria were set: (1) GC confirmed by preopera-
tive endoscopic biopsy, (2) no distant metastasis or invasion 
of nearby organs (pancreas, spleen, liver, colon, etc.) found  
before surgery, and (3) prior radical gastrectomy. The follow-
ing exclusion criteria were set: (1) preoperative diagnosis of 
T4b stage or distant metastasis, (2) prior explorative or pal-
liative surgery, (3) chemotherapy before surgery, (4) residual 
GC, (5) combined organ resection during the operation, (6) 
postoperative histopathology confirming non-gastric adeno-
carcinoma, and (7) missing information. Overall, 2,346 pati-
ents were included in the study. 

2. Preoperative tumor staging assessment
All patients underwent routine preoperative examination, 

including upper gastrointestinal endoscopy and upper gas-
trointestinal angiography with contrast to confirm the tumor 
location; chest radiography; CT scanning and ultrasonog-
raphy (US) of the abdomen to assess preoperative clinical  
tumor staging; EUS; bone scanning; and PET-CT, if necessary, 
to assist in assessing preoperative clinical tumor staging. 

The preoperative tumor invasion depth (cT) and lymph 
node metastasis (cN) stage of GC were determined on the 
basis of preoperative CT imaging results. Distant metasta-
sis (cM) was identified using preoperative CT and US. All 
preoperative tumor staging results were comprehensively 
judged by two experienced imaging specialists and experi-
enced surgeons on the basis of the literature and their own 
experience. 

The judgment criteria for cT were based on the criteria of 
Habermann et al. [4], Hasegawa et al. [5], and Kim et al. [6]. 
T1 tumors were defined as those that could not be found on 
images or those with focal thickening of the inner layer with 
a visible outer layer of the gastric wall and a clear fat plane 
around the tumor. T2 tumors were defined as those with  
focal or diffused thickening of the gastric wall with trans-
mural involvement and a smooth outer layer or only a few 
small linear strands of soft tissue extending into the fat plane 
involving less than one-third of the tumor extent. T3 tumors 
were defined as transmural tumors with obvious blurring 
of at least one-third of the tumor or wide reticular strands 

surrounding the outer layer of the tumor. T4a tumors were 
defined as those with obliteration of the fat plane between 
the gastric tumor and the adjacent organ. T4b tumors were 
defined as those with invasion of an adjacent organ. 

The judgment criteria for cN were based on the criteria 

Cancer Res Treat. 2021;53(4):1123-1133

Fig. 1.  Distribution of preoperative staging deviation of the tu-
mor. (A) Distribution of preoperative TNM staging deviation of 
the tumor. (B) Distribution of preoperative T staging deviation 
of the tumor. (C) Distribution of preoperative N staging devia-
tion of the tumor.
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of Habermann et al. [4], Lee et al. [7], and Chen et al. [8]. 
Regional lymph nodes were considered to be metastatic if 
they were larger than 8 mm in the short-axis diameter; nearly 
round (longitudinal: transverse diameter ratio < 1.5), show-

Mi Lin, Survival Effect of Preoperative Staging

Table 1.  Clinicopathological characteristics of all patients

Characteristic No. (%) (n=2,346)

Sex
    Female 592 (25.2)
    Male 1,754 (74.8)
Age (yr) 
    < 65 1,444 (61.6)
    ≥ 65 902 (38.4)
BMI (kg/m2)a) 
    ≤ 22.72 1,176 (50.1)
    > 22.72 1,170 (49.9)
ASA score 
    Ⅰ 1,363 (58.1)
    Ⅱ 858 (36.6)
    Ⅲ-Ⅳ 125 (5.3)
Charlson score 
    0 1,596 (68.0)
    1-2 714 (30.4)
    3-5 36 (1.5)
Previous abdominal surgery 
    No 1,990 (84.8)
    Yes 356 (15.2)
Previous intraperitoneal surgery 
    No 2,192 (93.4)
    Yes 154 (6.6)
cT 
    cT1 528 (22.5)
    cT2 267 (11.4)
    cT3 479 (20.4)
    cT4 1,072 (45.7)
cN 
    cN0 1,124 (47.9)
    cN1 573 (24.4)
    cN2 457 (19.5)
    cN3 192 (8.2)
cTNM 
    IA 437 (18.6)
    IB 194 (8.3)
    IIA 330 (14.1)
    IIB 498 (21.2)
    IIIA 425 (18.1)
    IIIB 316 (13.5)
    IIIC 146 (6.2)
Gastrectomy 
    Total 1,296 (55.2)
    Distal 1,050 (44.8)
Size (cm) 
    < 2 232 (9.9)
    2-5 1,252 (53.4)
    > 5 862 (36.7)
(Continued)

Table 1.  Continued

Characteristic No. (%) (n=2,346)

Primary site
    Lower 1,052 (44.8)
    Upper 420 (17.9)
    Middle 596 (25.4)
    Overlapping lesion of stomach 278 (11.8)
Examined LNs, mean±SD 31.5±12.9
pT 
    pT1 528 (22.5)
    pT2 269 (11.5)
    pT3 584 (24.9)
    pT4 965 (41.1)
pN 
    N0  822 (35.0)
    N1  329 (14.0)
    N2  385 (16.4)
    N3 810 (34.5)
pTNM 
    IA 447 (19.1)
    IB 184 (7.8)
    IIA 215 (9.2)
    IIB 273 (11.6)
    IIIA 251 (10.7)
    IIIB 376 (16.0)
    IIIC 600 (25.6)
Grade 
    Differentiated 984 (41.9)
    Undifferentiated 1,362 (58.1)
Lymph vascular nerve invasion 
    Negative 1,853 (79.0)
    Positive 493 (21.0)
Lymph nodes noncompliance 
    Noncompliant 1,140 (48.6)
    Compliant 1,206 (51.4)
Complications 
    None 1,969 (83.9)
    Ⅰ-Ⅱb) 288 (12.3)
    Ⅲ-Ⅳb) 89 (3.8)
Adjuvant chemotherapy  
    No 1,620 (69.1)
    Yes 726 (30.9)
ASA, American Society of Anaesthesiologists; BMI, body mass 
index; SD, standard deviation. a)The patients were grouped  
according to the median of BMI in all cases, b)Clavien–Dindo 
classification.
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ing loss of the normal fatty hilum, or showing marked or het-
erogeneous enhancement. N0 was defined as non-regional 
lymph node metastasis. N1 was defined as metastasis in 1-6 
regional lymph nodes; N2, in 7-15 regional lymph nodes; and 
N3, in > 15 regional lymph nodes. 

The judgment criteria for cM were as follows: M0 was  
defined as no distant metastasis and M1, as distant organ  

metastases, distant lymph node metastasis, or intra-abdo-
minal metastases. Single or multiple halo-enhanced and 
relatively low-density shadows of parenchymal organs were 
considered distant organ metastases; para-abdominal aorta, 
retropancreas, mesenteric root, or other lymph node metas-
tases beyond station 2 metastasis were considered distant 
lymph node metastases; and ascites and peritoneal thick-

Cancer Res Treat. 2021;53(4):1123-1133

Table 2.  Univariate and multivariate Cox regression models for overall survival analysis of all patients

Variable
  Univariate model   Multivariate model

 HR 95% CI p-value HR 95% CI p-value

Age (yr)   1.542 1.370-1.736 < 0.001 1.447 1.273-1.644 < 0.001
BMI (kg/m2)   0.714 0.629-0.811 < 0.001 0.792 0.695-0.904 0.001
ASA score      
    Ⅰ  Reference  < 0.001 Reference  0.938
    ⅠⅠ   1.230 1.087-1.391 0.001 0.995 0.822-1.204 0.955
    ⅠⅠⅠ-Ⅳ   1.590 1.253-2.016 < 0.001 0.947 0.679-1.321 0.748
Size (cm)      
    < 2 Reference  < 0.001 Reference  0.003
    2-5   2.477 1.793-3.421 < 0.001 0.909 0.635-1.301 0.601
    > 5   6.423 4.662-8.851 < 0.001 1.164 0.800-1.694 0.427
Gastrectomy   0.500 0.441-0.567 < 0.001 0.772 0.608-0.980 0.033
pT      
    pT1 Reference  < 0.001 Reference  < 0.001
    pT2   2.705 1.941-3.768 < 0.001 2.166 1.525-3.077 < 0.001
    pT3   5.468 4.155-7.196 < 0.001 2.885 2.084-3.994 < 0.001
    pT4 10.096 7.778-13.104 < 0.001 4.170 3.000-5.794 < 0.001
pN      
    N0  Reference  < 0.001 Reference  < 0.001
    N1    1.629 1.280-2.074 < 0.001 1.011 0.780-1.311 0.934
    N2    3.171 2.590-3.882 < 0.001 1.766 1.382-2.255 < 0.001
    N3   6.678 5.635-7.915 < 0.001 3.125 2.437-4.007 < 0.001
TNM staging deviation   0.728 0.697-0.759 < 0.001 1.062 1.001-1.128 0.047
T staging deviation   1.345 1.237-1.463 < 0.001 1.085 0.998-1.180 0.056
N staging deviation   1.699 1.593-1.813 < 0.001 1.062 0.969-1.164 0.198
Complications   1.228 1.097-1.374 < 0.001 1.125 0.998-1.264 0.051
Lymphvascularnerve invasion   1.568 1.370-1.795 < 0.001 0.999 0.865-1.153 0.986
Primary site      
    Lower Reference  < 0.001 Reference  0.398
    Upper 1.564 1.325-1.846 < 0.001 0.846 0.657-1.089 0.194
    Middle 1.556 1.342-1.804 < 0.001 0.864 0.672-1.111 0.253
Overlapping lesion of stomach 2.187 1.830-2.612 < 0.001 0.970 0.748-1.258 0.819
Grade 1.763 1.555-1.998 < 0.001 0.971 0.848-1.112 0.670
Chemotherapy 1.393 1.232-1.575 < 0.001 0.994 0.871-1.135 0.933
Charlson score      
    0 Reference  < 0.001 Reference  0.034
    1-2   1.181 1.041-1.340 < 0.001 1.062 0.860-1.310 0.577
    3-5   1.766 1.185-2.632 0.005 1.882 1.159-3.056 0.011
LN noncompliance   1.503 1.334-1.693 < 0.001 0.653 0.576-0.742 < 0.001

ASA, American Society of Anaesthesiologists; BMI, body mass index; CI, confidence interval; HR, hazard ratio; LN, lymph node.
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ening or nodular, flaky, and irregular peritoneal thickening 
were considered intra-abdominal metastases.

According to the 7th AJCC TNM staging classification 
for patients with GC, tumor staging was evaluated preop-
eratively and postoperatively. If preoperative tumor stag-
ing was earlier than the postoperative tumor staging, it was  
defined as preoperative tumor under-staging. If the preop-
erative tumor staging was later than the postoperative tumor  
staging or the two were consistent, it was defined as the no 
preoperative tumor under-staging. The TNM, T, and N stag-
ing systems for preoperative tumors were similar. In this 
study, patients with earlier preoperative TNM staging than 
postoperative TNM staging were classified as the preop-
erative TNM under-staging group (uTNM group), and the  
remaining patients were classified as the no preoperative 
TNM under-staging group (nTNM group).

3. Surgical procedures and postoperative pathological exa-
mination

Lymph node dissection was performed according to the 
guidelines of the Japanese Gastric Cancer Association [3]. 
The following lymphadenectomy sequences were performed 
for distal gastrectomy: No. 6→No. 7, 9, 11p→No. 3, 1→No. 
8a, 12a, 5→No. 4sb, and for total gastrectomy: No. 6, 7, 9, 
11p→No. 8a, 12a, 5→No. 1→No. 4sb→No. 10, 11d→No. 2. 
For additional details, please refer to previous publications 
[9]. The surgeons removed the specimens and divided the 
lymph nodes into groups according to the Japanese Classifi-
cation of GC. All specimens were examined and immediately 
sent to the pathology department. Two or more experienced  
pathology experts examined each lymph node using palpa-
tion without size restriction. All pathological examinations 
were performed in a standard manner. 

4. Follow-up
The overall follow-up rate was 94.16%, and the median 

follow-up duration was 72 months (range, 1 to 142 months). 
Postoperative follow-up was performed in the outpatient  
department every 3 months for the first 2 years, every 6 
months from years 3 to 5, and once a year after 5 years. Most 
follow-up appointments included a physical examination; 
laboratory tests, namely, assessment of carbohydrate anti-
gen 19-9 and 72-4 and carcinoembryonic antigen levels; chest  
radiography; abdominopelvic US or CT; and annual endo-
scopic examination. Overall survival (OS) was calculated 
from the day of surgery until death or until the final follow-
up date, whichever occurred first.

5. Statistical analysis
All statistical analyses were performed using SPSS ver. 

25.0 for Windows (IBM Corp., Armonk, NY). All continu-

ous variables are presented as mean±standard deviation. 
The chi-square or Fisher exact test was used to analyze cat-
egorical variables. Cumulative survival rates were compared 
using the Kaplan-Meier method and log-rank test. The Cox 
proportional hazards model was used for multivariate prog-
nosis analysis. Logistic regression analysis was carried out 
to analyze risk factors. Factors with p < 0.05 in univariate 
analyses were analyzed using multivariate analyses. p < 0.05 
were considered significant.

Results

1. Clinicopathological characteristics
Among the 2,346 patients, the average age was 61.0±11.2 

years (range, 12 to 91 years); body mass index (BMI), 22.0±3.0 
kg/m2 (range, 13.7 to 37.3 kg/m2); and tumor size, 48.2±26.8 
mm (range, 2 to 180 mm). There were 1,031 cases (44.0%) 
in the uTNM group and 1,315 cases (56.0%) in the nTNM 
group. Fig. 1 shows the distribution of preoperative staging 
deviation of the tumor. Table 1 presents the clinicopathologi-
cal characteristics of all patients.

2. Cox regression analysis of OS among all patients
Prognostic analysis indicated that age, BMI, American 

Society of Anaesthesiologists (ASA) scores, tumor size, gas-
trectomy method, preoperative TNM staging assessment 
deviation, preoperative T staging assessment deviation, 
preoperative N staging assessment deviation, pathologi-
cal T staging (pT), pathological N staging (pN), postopera-
tive complications, lymph vascular nerve invasion, primary  
tumor site, tumor differentiation, adjuvant chemotherapy, 
Charlson scores, and lymph node noncompliance rates were 
all prognostic factors on univariate analysis (p < 0.05). Mul-
tivariate Cox prognostic analysis revealed that, with the  
exception of age, BMI, tumor size, pT, pN, gastrectomy meth-

Mi Lin, Survival Effect of Preoperative Staging

Fig. 2.  Overall survival curve of patients with preoperative 
TNM under-staging and those with no TNM under-staging.
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od, Charlson scores, and lymph node noncompliance rates 
independently affected patients’ OS. Preoperative tumor  
staging assessment deviation also independently affected 
patients’ overall 5-year survival after surgery (p < 0.05)  
(Table 2).

3. Survival analysis 
The Kaplan-Meier OS survival curve revealed that the 

OS was significantly lower in the uTNM group than in the 
nTNM group (5-year OS, 41.8% vs. 71.6%; p < 0.001) (Fig. 2). 
According to the results of multivariate Cox prognostic anal-
ysis, stratified analysis was conducted by the factors which 
independently affected patients’ OS. Stratified analysis by 
pT indicated that in patients with pT1 and pT2 there was no 
significant difference in OS between the two groups, whereas 
in patients with pT3 and pT4, the OS was significantly lower 
in the uTNM group than in the nTNM group (p=0.002, p 

< 0.001) (Fig. 3). Stratified analysis by pN indicated that in  
patients with pN1, pN2, and pN3, there was no significant 
difference in the OS between the two groups. In patients with 
pN0, the OS was significantly lower in the uTNM group than 
in the nTNM group (p=0.001) (Fig. 4). Stratified analysis by 
age, BMI, tumor size, gastrectomy method, Charlson scores, 
and lymph node noncompliance showed that OS was signifi-
cantly lower in the uTNM group than in the nTNM group  
(p < 0.001) (S1 Fig.).

4. Clinicopathological differences between different lymph 
node dissection in uTNM group

In 1,031 cases with preoperative TNM under-staging, the 
preoperative clinicopathological factors between patients 
undergoing D1+ and D2 lymph node dissection were com-
pared. The results showed that the patients less than 65 years 
old, with lower ASA score, 2-5 cm tumor located at the lower 

Cancer Res Treat. 2021;53(4):1123-1133

Fig. 3.  Overall survival curve of patients with preoperative TNM under-staging and those with no TNM under-staging in the pathologi-
cal T stratification. (A) Overall survival curve of patients with preoperative TNM under-staging and those with no TNM under-staging 
among pathological T1 patients. (B) Overall survival curve of patients with preoperative TNM under-staging and those with no TNM 
under-staging among pathological T2 patients. (C) Overall survival curve of patients with preoperative TNM under-staging and those 
with no TNM under-staging among pathological T3 patients. (D) Overall survival curve of patients with preoperative TNM under-staging 
and those with no TNM under-staging among pathological T4 patients.
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stomach, and cT1 or cN0 preoperative staging would more 
likely undergo D1+ lymph node dissection (p < 0.05) (Table 
3).

5. Preoperative predictors of TNM tumor under-staging in 
patients with cT1N0M0 staging

In patients with cT1N0M0 staging, the univariate and mul-
tivariate analyses showed that tumor size > 2 cm and BMI  
≤ 22.72 kg/m2 were independent risk factors of preoperative 
TNM tumor under-staging (p < 0.05) (Table 4). 

Discussion

The prognosis of patients with GC is closely linked to their 
tumor staging. Thus, accurate preoperative tumor staging of 
GC is important for guiding treatment-related choices and 

assessing patient prognosis. In recent years, although the  
accuracy of clinical staging of GC has greatly increased  
because of the use of EUS, CT, PET-CT, laparoscopic staging, 
and other diagnostic methods, the clinical and pathologi-
cal staging are not always consistent. Several reports have 
shown that preoperative staging of GC by EUS is inconsist-
ent, especially in terms of depth of invasion. Further, the  
accuracy of T staging for GC ranged from 41.0% to 86.84% 
[10-12]. The penetration of ultrasound probes is limited; 
hence it is difficult to evaluate lymph nodes in distant  
regions. As a result, the accuracy of N staging for GC was 
less than that of T staging in EUS [13]. As one of the rou-
tine imaging examination techniques, CT plays a key role in 
patient examination. With the advancement in CT scanning 
technology and post-processing functions, CT now plays an 
increasingly important role in the diagnosis, staging, and 
prognosis evaluation of GC. Previous studies have shown 

Mi Lin, Survival Effect of Preoperative Staging

Fig. 4.  Overall survival curve of patients with preoperative TNM under-staging and those with no TNM under-staging in the pathologi-
cal N stratification. (A) Overall survival curve of patients with preoperative TNM under-staging and those with no TNM under-staging 
among pathological N0 patients. (B) Overall survival curve of patients with preoperative TNM under-staging and those with no TNM 
under-staging among pathological N1 patients. (C) Overall survival curve of patients with preoperative TNM under-staging and those 
with no TNM under-staging among pathological N2 patients. (D) Overall survival curve of patients with preoperative TNM under-staging 
and those with no TNM under-staging among pathological N3 patients.
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that the accuracy of T and N staging for GC before surgery 
using CT was not significantly different from that on using 
EUS [14]. CT for T staging has a high accuracy rate of approx-

imately 73.8%-84.0% [15-17], and for lymph node metastasis, 
the accuracy is 70%-75% [15-17]. Because CT images can be 
evaluated more closely than EUS and US images by multiple 
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Table 3.  Analysis of clinicopathological factors of different lymph node dissection in patients with preoperative TNM under-staging 

Item D1+  D2  χ2 p-value

Sex   
    Female 16 (24.6) 255 (26.4) 0.100  0.752
    Male 49 (75.4) 711 (73.6)  
Age (yr)   
    < 65 47 (72.3) 576 (59.6) 4.095  0.043
    ≥ 65 18 (27.7) 390 (40.4)  
BMI (kg/m2)a)   
    ≤ 22.72 43 (66.2) 638 (66.0) 0.000 0.986
    > 22.72 22 (33.8) 328 (34.0)  
ASA score    
    Ⅰ 49 (75.4) 563 (58.3) 7.768  0.021
    Ⅱ 15 (23.1) 351 (36.3)  
    Ⅲ-Ⅳ 1 (1.5) 52 (5.4)  
Charlson score      
    0 51 (78.5) 667 (69.0) 3.200 0.202
    1-2 14 (21.5) 281 (29.1)  
    3-5 0 ( 18 (1.9)  
Previous abdominal surgery   
    No 59 (90.6) 825 (85.4) 1.434  0.231
    Yes 6 (9.2) 141 (14.6)  
Previous intraperitoneal surgery   
    No 58 (89.2) 910 (94.2) 2.624  0.105
    Yes 7 (10.8) 56 (5.8)  
cT   
    cT1 65 (100) 31 (3.2) 89.923  < 0.001
    cT2 0 ( 81 (8.4)  
    cT3 0 ( 252 (26.1)  
    cT4 0 ( 602 (62.3)  
cN   
    cN0 65 (100) 384 (39.7) 89.923  < 0.001
    cN1 0 ( 336 (34.8)  
    cN2 0 ( 242 (25.1)  
    cN3 0 ( 4 (0.4)  
cTNM   
    IA 65 (100) 0 ( 1,031.000  < 0.001
    IB 0 ( 58 (6.0)  
    IIA 0 ( 169 (17.5)  
    IIB 0 ( 309 (32.0)  
    IIIA 0 ( 250 (25.9)  
    IIIB 0 ( 180 (18.6)  
Size (cm)   
    < 2 12 (18.5) 15 (1.5) 101.176  < 0.001
    2-5 48 (73.8) 443 (45.9)  
    > 5 5 (7.7) 508 (52.6)  

(Continued to the next page)
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Table 3.  Continued

Item D1+  D2  χ2 p-value

Primary site   
    Lower 38 (58.5) 404 (41.8) 12.939  0.005
    Upper 3 (4.6) 204 (21.1) 
    Middle 17 (26.1) 222 (23.0) 
    Overlapping lesion of stomach 7 (10.8) 136 (14.1) 
Values are presented as number (%). ASA, American Society of Anaesthesiologists; BMI, body mass index. a)The patients were grouped 
according to the median of BMI in all cases.

Table 4.  Univariate and multivariate analyses of the influence of preoperative TNM under-staging in patients with cT1N0M0 staging

Variable
  Univariate model   Full multivariate model

 OR 95% CI p-value OR 95% CI p-value

Sex      
    Female Reference  0.911 -  -
    Male 1.036  0.562-1.907 0.911  - - -
Age (yr)       
    < 65 Reference  0.441 -  -
    ≥ 65 0.794  0.443-1.426 0.441  - - -
BMI (kg/m2)a)      
    ≤ 22.72 Reference  0.032 Reference  0.042
    > 22.72 0.546  0.314-0.948 0.032  0.559  0.319-0.980 0.042 
ASA score       
    1 Reference  0.147 -  -
    2 0.578  0.311-1.072 0.082  - - -
    3 0.341  0.044-2.655 0.304  - - -
Previous abdominal surgery      
    No Reference  0.172 -  -
    Yes 0.540  0.223-1.307 0.172  - - -
Previous intraperitoneal surgery      
    No Reference  0.126 -  -
    Yes 2.017  0.821-4.959 0.126  - - -
Comorbidity      
    No Reference  0.080 -  -
    Yes 0.569  0.303-1.069 0.080  - - -
Charlson score      
    0 Reference  0.258 -  -
    1-2 0.589  0.313-1.107 0.258  - - -
Size (cm)      
    < 2 Reference  0.003 Reference  0.003
    2-5 2.779  1.427-5.412 0.003  2.705  1.385-5.280 0.004 
    > 5 5.606  1.672-18.796 0.005  5.718  1.689-19.357 0.005 
Primary site      
    Distal third Reference  0.092  -  -
    Mid third 0.365  0.108-1.229 0.104  - - -
    Proximal third 1.640  0.868-3.099 0.127  - - -
    Overlapping lesion of stomach 1.520  0.620-3.725 0.360  - - -
ASA, American Society of Anaesthesiologists; BMI, body mass index; CI, confidence interval; OR, odds ratio. a)The patients were grouped 
according to the median of BMI in all cases.
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experts, including surgeons, we are more dependent on pre-
operative CT images for the assessment of cT and cN at our 
center. Distant metastases were assessed in combination with 
findings from other examinations, such as abdominal US.

At present, there are many studies on the importance of 
accurate staging of GC before surgery, but whether preop-
erative tumor staging assessment deviation affects patient 
prognosis has not been reported. This study analyzed the 
impact of preoperative tumor staging assessment deviation 
on the prognosis and excluded the influence of other related 
prognostic factors through stratified analysis. We found that 
preoperative tumor staging assessment deviation would 
affect the long-term survival of patients, and patients with 
preoperative TNM under-staging assessment had a poor 
prognosis. 

Currently, D2 lymph node dissection has gained wide-
spread recognition and is accepted as the standard treat-
ment for advanced or early GCs with lymph node metas-
tasis [18]. The 15-year follow-up results of the Dutch study 
also showed that D2 lymph node dissection could improve  
patients’ OS [19]. However, in some cases, D1 or D1+ lymph 
node dissection will be performed if the preoperative stag-
ing is assessed as early GC without lymph node metastasis 
[3]. In this study, the difference of our action during gastrec-
tomy is degree of lymph node dissection (D1+ vs. D2). What 
is noteworthy is that preoperative cT1N1-3M0 or cT2-4N0-
3M0 staging may be not so important because in both cases 
the patients will receive D2 dissection. But if the preoperative 
TNM under-staging occurs in patients with cT1N0M0 stag-
ing, the D1+ lymph node dissection would be not enough. 
Specifically, in case of cT2→pT3, it does not make compli-
ance problem because D2 lymph node dissection would have 
been performed for this case. However, in case of cT1→pT2, 
this underestimation may make serious problem because in 
this case, possibility of doing D1+ lymph node dissection 
would be high if no enlarged LN is visible in CT scan. 

So, the analysis focused on the patients with preopera-
tive TNM under-staging and with cT1N0M0 staging. In the  
patients with preoperative TNM under-staging, the com-
paring results between D1+ and D2 lymph node dissection  
revealed the characteristics of patients more likely undergo-
ing D1+ lymph node dissection. It may suggest that even 
though the preoperative staging is early in the patients with 
a young age or lower ASA score, especially with tumor larger 
than 2 cm and located at the lower stomach, the D2 lymph 
node dissection could be recommended to be performed, to 
reduce the inadequate lymph node dissection resulted from 
preoperative tumor staging deviation.

The study further analysed preoperative predictors of  
patients with preoperative TNM under-staging in the pati-
ents with cT1N0M0 staging. It promoted that in these cases, 

the tumor size > 2 cm and BMI ≤ 22.72 kg/m2 were inde-
pendent risk factors of preoperative TNM tumor under-stag-
ing. It is possible that in the patients with large tumor, some  
potential invasion or metastasis cannot be detected by exi- 
sting imaging technologies. And the fatty tissue in pati-
ents with a high BMI, which is of very low density on CT  
images, can theoretically provide natural contrast to sepa-
rate tumor and adjacent peritoneum or organs, help to better 
delineate the tumor [20]. Hence, lack of fat in the patients 
with a low BMI may increase the difficulty of determination 
of T-stage on CT. These might lead to preoperative TNM 
under-staging. So, it reminded that the preoperative staging 
of cT1N0M0 should be more cautious especially when the 
patient has tumor size larger than 2 cm or BMI ≤ 22.72 kg/m2. 
If the inadequate lymph node dissection is carried out, post-
operative adjuvant chemotherapy can be used as a remedy 
method, and the follow-up should be strengthened.

Our study has several limitations. Although this study 
was a retrospective study with a large cohort, after stratified 
analysis, the number of cases in each subgroup was uneven-
ly distributed, and some subgroups had relatively smaller 
cohorts, which might have affected the results of statistical 
analysis. In addition, since this was a single-center retrospec-
tive study, inevitable bias might have been present. Further, 
a multicentre prospective clinical trial is needed to confirm 
our results.

In conclusion, it is not rare for surgeons to underestimate 
tumor staging before surgery, which might cause inadequate 
lymphatic dissection during surgery and affect the long-term 
survival of patients undergoing radical gastrectomy for GC. 
For patients who are prone to tumor under-staging before 
surgery, such as patients with tumor size larger than 2 cm or 
BMI ≤ 22.72 kg/m2, full D2 lymph node dissection should be 
carefully performed during surgery.
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Introduction

Colorectal cancer is the third most common and second 
most deadly cancer worldwide. In men, it is the third most 
commonly diagnosed cancer and the leading cause of cancer 
death while in women, it is the second most frequently diag-
nosed and the second deadliest cancer, second to only breast 
cancer [1].

Chemotherapy has been suggested to cause chemother-
apy-related cognitive impairment or the so-called chemo-
brain. A study at the Netherlands Cancer Institute reported 
cognitive impairment in 83 patients with breast cancer. Those 
who received high-dose chemotherapy were at a higher risk 
than those who received standard-dose chemotherapy, who 
in turn were at a higher risk than controls [2]. A meta-anal-
ysis of 29 studies investigating the effects of chemotherapy 
on cognitive impairment regardless of cancer type suggested 
that chemotherapy has negative effects on several domains 
of neurocognitive function, including executive function, 
verbal memory, and motor function [3].

However, whether “chemo-brain” occurs in colorectal 
cancer patients is controversial. Some studies have reported 

that chemotherapy has a negative impact on neurocognitive 
functions in these patients [4], but others have suggested that 
“chemo-brain” does not represent a major issue in colorectal 
cancer [5]. Common chemotherapy regimens for colorectal 
cancer patients, which often include oxaliplatin and 5-fluo-
rouracil (5-FU) [6], may induce chemotherapy-related neuro-
toxicity involving the central nervous system [7,8]. Therefore, 
assessing the negative impacts of chemotherapy on neuro-
cognitive function is crucial for developing preventive meas-
ures including behavioral pharmacological treatment [9], as 
well as rehabilitation programs after the treatment [10].

The noted disparity in the findings regarding “chemo-
brain” in colorectal cancer patients may be attributed to the 
heterogeneity in the populations sampled in previous stud-
ies. Numerous studies on “chemo-brain” have suggested 
that older patients are more prone to cognitive impairment 
after chemotherapy than younger patients [11]. While this is 
probably due to older patients’ lower cognitive reserves at 
treatment initiation [12], more research on colorectal cancer 
patients is required to reach any such conclusion.

We aimed to assess the negative impacts of chemotherapy 
on neurocognitive function in colorectal cancer patients by 
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conducting a systematic review of published manuscripts 
on the topic. Additionally, we sought to identify population 
characteristics responsible for the observed heterogeneity in 
“chemo-brain” findings. 

Materials and Methods
 
1. Search strategy and selection criteria

Three databases were searched on January 9, 2019 by SYH: 
PubMed/MEDLINE, Embase, and the Cochrane Central  
Register of Controlled Trials (CENTRAL)/Cochrane Database 
of Systemic Reviews. The search terms contained keywords  
related to cancer (“cancer” “tumor” “neoplasm” “malignan-
cy”), colorectal (“colon” “rectal” “colorectal”), chemothera-
py (“chemotherapy” “chemoradiotherapy” “antineoplastic 
protocols” “chemotherapy, adjuvant”), cognition, cognitive 
domains, and neuropsychological batteries measuring cog-
nition (“cognition” “cognition disorders” “cognitive dys-
function” “cognitive impairment” “memory” “orientation”).

A total of 1,224 articles were identified: 140 from PubMed, 
957 from Embase, and 127 from the Cochrane Database of 
Systematic Reviews. After removing 58 duplicates, 1,166  
articles were deemed eligible for title screening (by SYH, BH, 
DL, JY, SR), 264 for abstract screening (by SYH, BH, DL, SK), 
and 37 for full-text screening (done by SYH, KK). The main 

author (SYH) made decisions on initial article inclusion and 
continued inclusion at each phase. The process of exclud-
ing articles was performed by two independent researchers, 
with final decisions made by a third author (SYH) in cases of 
disagreement. 

To be included in the final analysis, the studies had to  
include cancer patients receiving chemotherapy (exposure) 
and measurements of cognitive function or perceived cogni-
tive impairment (outcome). The included studies presented 
measures of cognitive function for colorectal cancer patients 
at baseline (before chemotherapy) and after chemotherapy. 
Through title and abstract screening, we excluded 1,129 stud-
ies, leaving 37 studies for full-text review (Fig. 1). After full 
content review, an additional 28 articles were excluded: three 
were only abstracts (provided insufficient data), three were 
from the same cohort, nine had insufficient details regarding 
cognitive function measurements, five only contained the 
results of measurements prior to chemotherapy, seven were 
cross-sectional studies, and one did not report the standard 
deviations. The authors of all studies with insufficient data 
were contacted for additional data. 

To identify papers containing data on colorectal cancer 
as well as other types of cancer, a separate search was per-
formed, and 23 authors were separately contacted for data 
on colorectal cancer patients. As one author sent the original 
data, one additional study [13] was included; one study [14] 

Exclusion criteria (n=1,129)
1) Not human study (n=4)
2) Not from original data (n=186)
3) Different cancers or diseases (n=142)
4) No chemotherapy (n=21)
5) No cognitive function outcome (n=194)
6) 4) and 5) (n=575)
7) Insufficient date for analysis (n=7) 

Exclusion criteria (n=28)
1) Abstracts with insufficient data (n=3)
2) Results from same cohort (n=3)
3) Insufficient cognitive function measures (n=9)
4) Measurement done only before chemotherapy (n=5)
5) Cross sectional studies (n=7)
6) No standard deviation provided (n=1)

Articles from Embase (n=957) Articles from Cochrane Database of
Systematic Reveiws (n=127)Articles from PubMed (n=140)

Eligible for title screening (n=1,166)

Duplicate articles (n=58)

Hand-searched article (n=1)

Eligible for text screening (n=37)

Included for meta-analysis (n=11)Included for main analysis (n=8) Included for subsidiary analysis (n=3)

Original data from the authors (n=1)

Fig. 1.  Flow chart for inclusion of articles for meta-analysis.
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was newly included by manual search, resulting in a total of 
11 studies. [4,5,13-21] Among them, eight studies pertained 
to the treatment of colon cancer and rectal cancer patients 
with chemotherapy, and the other three pertained to the 
treatment of rectal cancer patients with neoadjuvant chemo-
therapy.

  
2. Data analysis

Thirty-five clinical neuropsychological tests were conduct-
ed across the five studies. To facilitate analysis, measures 
were rearranged into six domains: attention, executive func-
tion, processing speed, visuospatial processing, language, 
and memory. The memory domain comprised four sub-
domains: verbal, visuospatial, short-term, and long-term. 
Each test was rearranged according to its most frequently 
assigned domain based on a meta-analysis assessing how 
previous meta-analyses assigned neuropsychological tests to 
each domain (provided by Horowitz et al., 2019 [22]) (S1 Ta-
ble). This was done in order to classify the neuropsychologi-
cal measures into six domains.

Three studies included in the final analyses assessed cog-
nitive function by The European Organization for Research 
and Treatment of Cancer QLQ-C30 (EORTC-QLQ C30) scale. 
The EORTC-QLQ C30 scale is a scale that measures the qual-
ity of life of cancer patients undergoing clinical trials [23]. 
The EORTC-QLQ C30 version 3∙0 includes five functional 
subscales (physical, role, cognitive, emotional, and social) 
and nine symptom subscales. Results from cognitive sub-
scale was selected.

Overall cognitive function effect sizes were estimated with 
the standardized mean difference (SMD) method. We sub-
tracted the baseline score from the retest score and divided 
the difference by the pooled standard deviations to estimate 
the SMD. For studies that included more than one follow-up 
assessment, data from the first retest were used to minimize 
reductions in sample size. For five studies with objective 
neurocognitive function test results, since types of neurologi-
cal tests were different for each study, the effect size of each 
test result was pooled to estimate the SMDs and 95% confi-
dence intervals (95% CIs). For six studies, effect sizes were 
defined as SMDs for responses from the cognitive domain of 
quality of life (QoL) reports.

A meta-analysis using random and fixed effects models 
was conducted to pool the SMDs of each study and estimate 
the weighted average effect size. The Q and Higgins I2 sta-
tistics were calculated to evaluate the heterogeneity in the 
included studies [24]. To estimate the effect of differences in 
cancer stage, we conducted sensitivity analysis excluding 
the results from advanced colorectal cancer (Vardy et al. [5], 
metastatic and Mayrbaurl et al. [17]). Publication bias was 
visually assessed by plotting effect size against sample size 

(i.e., funnel plot). A subgroup analysis was conducted by 
stratifying studies according to two methods of assessing 
cognitive function: objective neurocognitive tests vs. sub-
jective QoL reports. An additional subgroup analysis was 
conducted for three studies in which rectal cancer patients 
received neoadjuvant concurrent chemoradiation therapy 
(CCRT). Additionally, as age is an important effect modifier 
of cognitive function, we conducted a meta-regression of the 
mean baseline population age versus effect size.

Quality assessment was conducted with the Newcastle-
Ottawa Scale (NOS) for prospective studies. The NOS is a 
convenient tool comprising four items for selection, one 
item for comparability, and three items for outcome [25]. The 
number of stars on each question represents the NOS grade. 
A maximum of one star can be given to each item, except the 
comparability item, allowing for a maximum of two stars. 
Thus, the maximum NOS grade is nine [25]. The strengths 
of the NOS are clear in the context of meta-analyses in psy-
chiatry. In this domain, diagnoses, responses, and outcomes 
are dependent on clinical evaluations [26]. Two independ-
ent researchers performed each assessment (SYH, BH). We 
conducted another sensitivity analysis excluding the results 
from articles with NOS scores of 5 or lower. All processes of 
data searching and analyzing were conducted in accordance 
of PRISMA protocol. 

 
Results

A pooled effect size was calculated based on 12 effect 
sizes from 11 studies. All studies included in the analyses 
were longitudinal prospective studies. Vardy et al. (2015) [5]  
reported on two subgroups: localized colorectal cancer pa-
tients and metastatic colorectal cancer patients, and the find-
ings of these two studies were analyzed as separate study 
estimates. Five studies, Cruzado et al. (2014) [4], Vardy et 
al. (2015) [5], Sales et al. (2019) [16], Andreis et al. (2013) 
[15], and Anstey et al. (2015) [13] measured cognitive func-
tion with clinical neuropsychological tests. Mayrbaurl et al. 
(2016) [17], Lee et al. (2016) [14], and Tsunoda et al. (2010) [18] 
used the EORTC-QLQ C30 Cognitive Functioning Scale to 
measure subjective cognitive function. Cruzado et al. (2014) 
[4] and Vardy et al. (2015) [5] also reported results from the 
EORTC-QLQ-C30 Cognitive Functioning Scale but only  
included neuropsychological test results (Table 1).

1. Study characteristics
In total, 696 patients—402 men (57.76%) and 294 women 

(41.67%)—participated in eight studies. The mean age was 
59.96 years; mean education duration was 11.31 years. The 
shortest follow-up period was approximately 6 months 

Cancer Res Treat. 2021;53(4):1134-1147
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(range, 3 to 48 months) for five studies. The more common 
cancer among patients was colon cancer (59.7%). The most 
prevalent stage was stage 3 (49.6%), followed by stage 2 
(32.0%), and stage 4 (13.3 %). The most frequent chemother-
apy agents used were oxaliplatin, 5-FU, and irinotecan; the 
most common chemotherapy regimen was FOLFOX/FOL-
FOX4. Studies included in the main analyses were conducted 
on locally advanced stage colorectal cancer patients, except 
for Vardy et al. [5] (stage 3 and 4) and Mayrbaurl et al. [17] 
(advanced colorectal cancer). Both studies did not show sig-
nificant results in accordance of cancer stages. The follow-up 
period between cognitive function assessments were most-
ly 6 months [4,5,15] except for Sales et al. [16] (12 months),  
Anstey et al. [13] (48 months), Mayrbaurl et al. [17] (3  
cycles, which is about 3 months) and Tsunoda et al. [18]  
(7 months). There was no apparent association between 
follow-up period and effect size (β=–0.007, p=0.297). NOS 
scores of studies which utilized EORTC-QLQ C30 scales 
ranged from 4 to 5, which were significantly lower compared 
to the score range of 6 to 9 in studies with objective tools for 
cognitive function assessment (Table 1).

2. Effect sizes of overall cognitive function
Table 2 and Fig. 2 shows the standardized mean effect sizes 

calculated using fixed and random effects models. Results  
from random effects model did not support cognitive  
impairment after chemotherapy (SMD, 0.003; 95% CI, –0.219 
to 0.249). Overall heterogeneity of the studies was moder-
ately high (Higgins I2=60%). 

Results from the subgroup analyses showed no cogni-
tive impairments both in studies with objective cognitive 
function assessment (SMD, 0.000; 95% CI, –0.093 to 0.093) 
and studies with subjective cognitive function (SMD, 0.015; 
95% CI, –0.219 to 0.249) were both insignificant. Studies that 
measured subjective cognitive function with the EORTC-
QLQ C30 showed higher variance in scores. 

3. Publication bias
Fig. 3 shows the Funnel plot of eight studies that are  

included in the final analyses. Egger’s test, used to assess  
publication bias, showed no indications of asymmetry 
(p=0.277) (Fig. 3). We concluded that there was no evidence 
for publication bias.

4. Results by cognitive function domains
Clinical neuropsychological tests were divided into six 

cognitive domains, with the memory domain further divid-
ed into four sub-domains. The SMDs (95% CI) of the four 
domains showed significant results, with a mild increase in 
cognitive function: processing speed (SMD, 0.101; 95% CI, 
0.007 to 0.196); visuospatial processing (SMD, 0.141; 95% CI, Ta
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0.020 to 0.261); verbal memory (SMD, 0.156; 95% CI, 0.002 to 
0.310); and visuospatial memory (SMD, 0.216; 95% CI, 0.070 
to 0.363) (Table 3). Visuospatial memory showed a positive 
and small effect size, while the processing speed, visuospa-
tial processing, and verbal memory domains showed a posi-
tive effect size that was negligible [27]. 

5. Age and cognitive impairment
The estimated regression coefficients for the effect of age 

on SMDs were statistically significant (β=–0.016, p < 0.001) 
(Fig. 4). Although the baseline characteristics of the cohort 
of Anstey et al. (2015) [13], has not been included, the cohort 
was comprised adults aged ≥ 60 years and showed a nega-
tive overall effect size.

6. Sensitivity analyses
Results from sensitivity analysis without results from  

advanced colorectal cancer was not significantly different 
compared to main analysis (random effects model: SMD, 
0.005; 95% CI, –0.087 to 0.097) (S2 Fig.). Meta-regression 
from this scenario also provided consistent results with main 
meta-regression (β=–0.016, p=0.001) (S3 Fig.). In sensitiv-
ity analysis without results from studies with NOS of 5 or 
lower, merged effect of chemotherapy on cognitive function 
did not differ from main analysis as well (random effects 

model: SMD, 0.000; 95% CI, –0.093 to 0.093) (S4 Fig.). Meta-
regression from this scenario was also similar to that of main 
analysis (β=–0.017, p < 0.001) (S5 Fig.).

7. Chemotherapy and CCRT
The results of the three studies on rectal cancer patients 

receiving neoadjuvant CCRT are presented in S6 Table. These 
studies employed the EORTC-QLQ C30 Cognitive Function-
ing Scale. Results from the three additional studies were 
also insignificant (–0.321 [–0.776 to 0.133]). The three studies 
showed high heterogeneity (Higgins I2=79%). 

Discussion

Overall, chemotherapy had a negligible positive effect on 
the neurocognitive functions of colorectal cancer patients. 
The domains of visuospatial memory, verbal memory, pro-
cessing speed, and visuospatial processing showed impro-
vements in function, with negligible to small effect sizes. 
Several potential moderators were analyzed to identify the 
factors responsible for the previously observed discrepancies 
in study results. Age was found to moderate the effects of 
chemotherapy on cognitive function.

The observed slight improvement in cognitive function 

Table 2.  Standardized mean differences for changes in neurocognitive function after chemotherapy in colorectal cancer patients (n=696)

 No. of initial  Follow-up  
Male (%) SMD 95% CI p-value

 participants (mo)

Objective
    Andreis et al. [15] 47   6 34.0 0.023 –0.094 to 0.140 0.697
    Vardy et al. [5], localized  173   6 67.6 0.057 0.011 to 0.102 0.016
    Vardy et al. [5], metastatic 73   6 54.8 0.060 –0.006 to 0.126 0.075
    Cruzado et al. [4] 81   6 61.7 –0.173 –0.289 to –0.057 0.003
    Sales et al. [16] 47 12 63.8 0.099 –0.009 to 0.207 0.074
    Anstey et al. [13] 20 48 N/A –0.164 –0.387 to 0.060 0.151
    Subtotal (I2=73%) 441     
        Fixed    0.037 0.004 to 0.069 0.026
        Random    0.000 –0.093 to 0.093 0.998
Subjective      
    Mayrbaurl et al. [17] 100 3 cyclesa) 60.0 –0.214 –0.606 to 0.178 0.286
    Lee et al. [14] 56 6 cyclesa) 55.4 0.104 –0.267 to 0.475 0.583
    Tsunoda et al. [18] 99   7 58.6 0.098 –0.169 to 0.217 0.324
    Subtotal (I2=0%) 255     
        Fixed    0.024 –0.170 to 0.217 0.094
        Random    0.015 –0.219 to 0.249 0.601
    Total (I2=60%) 696     
        Fixed    0.036 0.005 to 0.068 0.025
        Random       0.003 –0.219 to 0.249 0.939
CI, confidence interval; SMD, standardized mean difference. a)One cycle ≈ one month in average.
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among patients after chemotherapy is inconsistent with the 
results of previous meta-analyses [3,28-34]. This inconsist-
ency may be due to the fact that previous meta-analyses  
focused on cross-sectional studies, while our study is limited 
to prospective studies. A meta-analysis of 44 longitudinal 

studies primarily investigating testicular and breast cancer 
showed improvement, supporting our results [35]. Effect 
sizes in this meta-analysis were small to moderate in size, 
especially in domains such as memory (verbal memory, 
visuospatial memory, and short-term memory), attention, 
and language [35]. The difference in study design leads to 
two subsequent disparities. First, in longitudinal studies, the 
“practice effect,” an increase in a participant’s cognitive test 
score due to repetition, is a variable that could complicate 
the interpretation of cognitive test results [36-39]. Repeti-
tion of verbal memory tests along with tests of psychomo-
tor speed, executive function, and language [40], has been 
shown to produce practice effects [41]. And only one study 
[5] included in our analysis adjusted for this practice effect. 
Also, in cross-sectional designs, noted significant cognitive 
impairment in those receiving chemotherapy are relative 
to healthy controls or cancer patients who had not received 
any treatment. Our meta-analysis examined only longitudi-
nal studies with repeated assessments, which could lead to 
direct changes in cognitive function after the treatment [42]. 

Fig. 2.  Standardized mean differences for changes in neurocognitive function after chemotherapy in colorectal cancer patients (n=706). CI, 
confidence interval; SMD, standardized mean difference.
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In addition to chemotherapy, several factors associated 
with cancer itself can affect cognitive impairment in cancer 
patients, such as the psychosocial distress associated with 
a cancer diagnosis and the general weakness and fatigue 
caused by both the disease and treatment [43]. Cruzado 
et al. [4] and Vardy et al. [5] demonstrated that more than 
one-third of the patients experience substantial cognitive 
impairment just after a colorectal cancer diagnosis but prior 
to chemotherapy. Furthermore, undergoing surgery or local 
therapy before chemotherapy may act as a confounding vari-
able in the measurement of cognitive impairment [44]. Our 
results of the subsidiary analysis show the effects of differ-
ent cancer treatments on cognitive function. Three studies 
included in the subsidiary analysis measured the neurocog-
nitive functions of rectal cancer patients before and after neo-
adjuvant chemoradiation therapy. Two prospective studies 
out of the three included had 324 rectal cancer patients of 

the Dutch multicenter Prospective Data Collection Initiative 
on Colorectal Cancer (PLCRC) cohort [19] and 29 patients 
with mid-to-distal rectal cancer from the Institute of Cancer 
of the State of Sao Paublo [20] who underwent surgery, such 
as total mesorectal excision with abdominoperineal resec-
tion or lower anterior resection, between measurements. The 
maximal treatment interventions had a moderate effect size 
(SMD, –0.374; 95% CI, –0.494 to –0.25; p < 0.001) on subjec-
tive cognitive impairment. This is in contrast to our main 
analysis, which only examined the effects of chemotherapy. 
Therefore, neurocognitive deficits experienced by cancer  
patients can result not only from chemotherapy but also from 
a multitude of factors involved in the course of treatment. 

In addition, there are notable differences in the results 
between colorectal cancer and breast cancer patients. This 
may be due to differences in chemotherapy regimens. Breast 
cancer regimens generally consist of anthracyclines (doxoru-
bicin, epirubicin) and/or taxanes (paclitaxel, docetaxel) [45]. 
In contrast, colorectal cancer chemotherapy regimens main-
ly consist of 5-FU and oxaliplatin [6]. Although 5-FU and  
oxaliplatin, used individually or in combination, may cause 
several cognitive impairments including memory deficits in 
rodent models [8,46,47], our results suggest that this effect 
may be minimal in humans. 

A novel finding from our systematic review is that age can 
act as an important moderator in the relationship between 
chemotherapy and cognitive function. Research studies 
have consistently shown that only a subgroup of patients 
showed chemotherapy-induced cognitive impairment. This 
effect has been associated with age, cognitive functioning, 
and premorbid cognitive impairment [48]. Older breast can-
cer patients with lower baseline cognitive reserves showed  

Table 3.  Standardized mean differences for changes in neurocognitive function after chemotherapy in colorectal cancer patients, by cogni-
tive function domain (n=441)

Cognitive function domain No. of studies
 No. of study   

SMD 95% CI I2

  population

Attention 6 441 –0.017 –0.098 to 0.063 < 0.001
Executive function 6 441 0.060 –0.088 to 0.207 25.6
Processing speed 5 393 0.101 0.007 to 0.196 < 0.001
Visuospatial processing 3 303 0.141 0.020 to 0.261 < 0.001
Language 1   47 0.025 –0.261 to 0.311 < 0.001
Memory 6 441 0.036 –0.048 to 0.121 57
    Verbal memory 3 374 0.156 0.002 to 0.310 18.2
    Visuospatial memory 4 340 0.216 0.070 to 0.363 < 0.001
    Short-term memory 6 441 0.005 –0.133 to 0.143 49.9
    Long-term memory 5 393 –0.076 –0.244 to 0.091 71.6
Overall, fixed 6 441 0.037 0.004 to 0.069 73
Overall, random 6 441 0.000 –0.093 to 0.093 73
CI, confidence interval; SMD, standardized mean difference. 

Fig. 4.  Meta-regression plots for mean age of participant versus 
standardized mean difference.

St
an

da
rd

ize
d 

m
ea

n 
di

ffe
re

nc
e

Age

–0.4

0

–0.2

0.4

0.2

6050 6555 7570 80

Cancer Res Treat. 2021;53(4):1134-1147

1144     CANCER  RESEARCH  AND  TREATMENT



diminished performance in processing speed and verbal 
ability domains when exposed to chemotherapy [11]. Our 
finding that age is negatively associated with the degree of 
cognitive impairment supports the hypothesis that age may 
be a characteristic factor of the vulnerable subgroup. As pre-
vious meta-analyses did not identify an association between 
age and chemotherapy-induced cognitive impairment [3,28-
34], we believe that our findings can address this knowledge 
gap.

Though several mechanisms associated with chemothera-
py-induced cognitive impairment have been suggested, our 
results support the “accelerated aging hypothesis,” which 
posits that chemotherapy leads to early onset frailty, and 
patients who undergo chemotherapy show a steeper decline 
in cognitive function [43,49]. Chemotherapy accelerates the 
shortening of telomeres and has long-term implications,  
including the accumulation of DNA damage or free-radical 
damage and an overall decline in immune/neuroendocrine 
function [49,50]. These aging-related biological factors are 
also risk factors for dementia and other neurodegenerative 
diseases. 

Our meta-analyses were conducted on longitudinal stud-
ies in order to measure the effect of chemotherapy exclu-
sively [42]. Applying the SMD method which calculated the 
baseline and shortest follow-up results supports this inten-
tion. We were also able to merge the results of cognitive func-
tion tests based on various subgroups with overall cognitive 
function. This allowed us to compare the results of objective 
vs. subjective cognitive function, objective cognitive function 
in various cognitive domains, and the main analyses with 
the pooled results of a separate group comprised of rectal 
cancer patients receiving neoadjuvant chemotherapy. Lastly, 
to identify the cause of heterogeneity, we were able to dem-
onstrate the relationship between age and cognitive impair-
ment through a separate meta-regression analysis.

However, we are aware of several limitations of this study. 
As discussed above, most of the studies included in the anal-
yses did not consider the practice effects associated with the 
assessments. Tests on cognitive functions are more suscepti-
ble to practice effects especially when test-retest intervals are 
short [51]. Additionally, it was difficult to estimate the dif-
ferences in cognitive effect by chemotherapy regimen, since 
studies we have reviewed did not distinguish the effects of 
each chemotherapy regimen. Although we standardized the 
effect sizes by estimating the SMDs, caution is required while 
interpreting such results.

In conclusion, results from our meta-analyses did not show 
profound evidence supporting cognitive decline after chem-
otherapy in colorectal cancer patients in general, but we were 
able to detect the vulnerability of the older colorectal cancer 
patients to cognitive decline after cancer treatment. Our find-

ings also suggest that providing preventive measures and 
rehabilitation programs for high-risk patients can reduce the 
cognitive risks of chemotherapy in colorectal cancer [9,10]. 
We believe that our findings provide a valuable perspec-
tive on “chemo-brain” in colorectal cancer patients. Further  
investigation is needed to verify the effect of chemotherapy 
in each cognitive domain and the relationship between age 
and chemotherapy-induced cognitive impairment.
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Introduction

Prostate-specific antigen (PSA) has been used extensively 
for diagnosis and risk assessment of prostate cancer (PCa) 
[1,2]. PSA level-based screening and risk stratification may 
reduce the PCa mortality risk; however, it still has limita-
tions, due to the low specificity for distinguishing between 
benign and malignant disease [3]. To improve the specificity 
of PSA-based screening and risk stratification for PCa, sev-
eral approaches using clinical parameters, biomarkers, and 
even genomic markers have been proposed [4-7]. Individu-
alized pre-biopsy risk assessments using predictive models 
(risk calculators) based on useful predictive factors could 
help to improve the accuracy of risk stratification and further  
reduce and avoid unnecessary prostate biopsies [6]. Recently, 
multiparametric magnetic resonance imaging (mpMRI) has 
emerged as useful for the diagnosis and management of PCa, 
with a high sensitivity and negative-predictive value for 
clinically significant PCa (csPCa) [8,9], and mpMRI findings 
are accepted as useful for risk stratification. There have been 

many attempts to create accurate csPCa predictive models 
by combining clinical parameters, biomarkers, and imag-
ing risk assessment based on mpMRI. These have relatively 
good reliability and are currently available (areas under the 
receiver operating characteristic [ROC] curve [AUC], 0.797 to 
0.850) [10-12]. However, the use of biomarkers and genomic 
markers is costly and laboratory-dependent, and mpMRI is 
time-consuming (~40 minutes) and expensive. In contrast, 
bi-parametric magnetic resonance imaging (bpMRI) is rapid 
(~15 minutes) and simpler, while sufficiently retaining the  
diagnostic value of mpMRI [13]. The promising value of bp-
MRI for PCa diagnosis has recently been reported [14-18]. 
Here, we developed a reliable and easily applicable predic-
tive model based on a combination of bpMRI and routinely 
obtained clinical parameters to improve the risk stratification 
of csPCa.

Original Article

Cancer Res Treat. 2021;53(4):1148-1155https://doi.org/10.4143/crt.2020.1068

pISSN 1598-2998, eISSN 2005-9256

Purpose  This study aimed to develop and validate a predictive model for the assessment of clinically significant prostate cancer 
(csPCa) in men, prior to prostate biopsies, based on bi-parametric magnetic resonance imaging (bpMRI) and clinical parameters.
Materials and Methods  We retrospectively analyzed 300 men with clinical suspicion of prostate cancer (prostate-specific antigen 
[PSA] ≥ 4.0 ng/mL and/or abnormal findings in a digital rectal examination), who underwent bpMRI-ultrasound fusion transperineal 
targeted and systematic biopsies in the same session, at a Korean university hospital. Predictive models, based on Prostate Imaging 
Reporting and Data Systems scores of bpMRI and clinical parameters, were developed to detect csPCa (intermediate/high grade 
[Gleason score ≥ 3+4]) and compared by analyzing the areas under the curves and decision curves.
Results  A predictive model defined by the combination of bpMRI and clinical parameters (age, PSA density) showed high discrimina-
tory power (area under the curve, 0.861) and resulted in a significant net benefit on decision curve analysis. Applying a probability 
threshold of 7.5%, 21.6% of men could avoid unnecessary prostate biopsy, while only 1.0% of significant prostate cancers were 
missed.
Conclusion  This predictive model provided a reliable and measurable means of risk stratification of csPCa, with high discriminatory 
power and great net benefit. It could be a useful tool for clinical decision-making prior to prostate biopsies.
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Materials and Methods
 
1. Patient selection for constructing the predictive model 

We have already reported a protocol for transperineal 
bpMRI–ultrasound fusion targeted and systematic biopsy 
[19]. Briefly, we used bpMRI on a 3.0-T scanner (Siemens 
Medical System, Erlangen, Germany) and Prostate Imaging  
Reporting and Data Systems (PI-RADS) scores were reported 
by three dedicated uro-radiologists according to PI-RADS 
ver. 2.0. To develop the predictive model, medical records of 
300 men who underwent transperineal bpMRI-ultrasound 
(bpMRI-US) fusion biopsy were analyzed. We developed a 
predictive model based on the results of the prior study.

2. Patient selection for external validation
We analyzed the medical records of an additional 148 men 

who underwent transperineal bpMRI-US fusion prostate 
biopsy after the period of the prior study, from April 2019 
to February 2020. The protocol for prostate biopsy was the 
same as that in the prior study.  

3. Statistical analysis
All potential predictors of csPCa, including age, body 

mass index, comorbidities (hypertension, diabetes mellitus), 

PSA, PSA density (PSAD), total/free PSA ratio, and PI-RADS 
score, were assessed for all patients. PSAD was divided into 
groups: < 0.07, 0.07-0.09, 0.10-0.14, 0.15-0.19, 0.20-0.24, and 
≥ 0.25 ng/mL/g, and the PSAD group variable was consid-
ered as a continuous variable for all analyses. Univariate  
logistic regression models were used to analyze the effect of 
these variables on csPCa, and the results were presented as 
odds ratios and 95% confidence intervals (CIs). To quantify 
the discriminatory accuracy of each variable for identifying 
men with and without csPCa, ROC curve analyses were per-
formed, and the results were summarized as the AUCs and 
95% CIs. In univariate analysis, only variables with a p-value 
< 0.05 were included in the multiple logistic regression mod-
els. For clinical use, we developed a predictive model that 
estimated the probability of csPCa. The c-statistics and 95% 
CI were used to assess the predictive power of multivariable 
models. The best model, with the largest c-statistic, was pre-
sented as a nomogram for clinical application. Clinical utility 
was assessed via decision curve analysis, which estimate the 
“net benefit” by summing the benefits (true-positives biop-
sies) and subtracting the harms (false-positive biopsies) [20]. 
We used a calibration plot to explore predictive performance. 
Bootstrap resampling was performed for internal validation, 
and the Hosmer-Lemeshow test was performed for exter-

Table 1.  Univariate analysis of potential predictors of clinically significant prostate cancer (Gleason score ≥ 7 [3+4])

 
Total (n=300)  Clinically significant prostate cancer

 Mean±SD or n (%) Crude OR (95% CI) p-value AUC (95% CI)

Age (yr) 66.0±9.0 1.09 (1.05-1.12) < 0.001 0.688 (0.62-0.75)
BMI (kg/m2) 24.7±2.5 0.95 (0.85-1.07) 0.435 0.518 (0.43-0.61)
HTN 152 (51.0) 0.97 (0.60-1.57) 0.899 0.504 (0.44-0.56)
DM 147 (49.3) 1.01 (0.63-1.63) 0.965 0.501 (0.44-0.56)
PSA (ng/mL) 11.3±21.5 1.08 (1.04-1.12) < 0.001 0.689 (0.62-0.75)
PSAD group (ng/mL/g)a) 4.2±1.7 1.73 (1.44-2.09) < 0.001 0.719 (0.66-0.78)
    < 0.07 [1] 21 (7.6)   
    0.07-0.09 [2] 26 (9.5)   
    0.10-0.14 [3] 55 (20.0)   
    0.15-0.19 [4] 49 (17.8)   
    0.20-0.24 [5] 26 (9.5)   
    ≥ 0.25 [6] 98 (35.6)   
PSA/free PSA ratio 8.1±13.6 1.01 (0.99-1.02) 0.538 0.700 (0.64-0.76)
PI-RADS scorea) 2.6±1.0 4.04 (2.85-5.73) < 0.001 0.801 (0.75-0.85)
    0, 1, 2 [1] 44 (14.7)   
    3 [2] 102 (34.0)    
    4 [3] 92 (30.7)    
    5 [4] 62 (20.7)    
AUC, areas under the receiver operating characteristic curve; BMI, body mass index; CI, confidence interval; DM, diabetes mellitus; HTN, 
hypertension; OR, odds ratio; PSA, prostate-specific antigen; PSAD, PSA density; PI-RADS, prostate imaging reporting and data system; 
SD, standard deviation. a)PSAD group and PI-RADS score were treated as continuous variables, using the values in square brackets in the 
logistic regression model.
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nal validation. All statistical analyses were performed using 
SAS software ver. 9.4 (SAS Institute Inc., Cary, NC) and R 
software ver. 3.6.1 (R Foundation for Statistical Computing, 
Vienna, Austria). A two-sided p-value < 0.05 was considered 
statistically significant.

Results

1. Study population for creating a predictive model 
Three hundred patients formed part of the cohort for cre-

ating the predictive model; their characteristics are summa-
rized in Table 1. The overall mean PSA and PSAD were 11.3 
ng/mL and 0.33 ng/mL/g. PCas were detected in 158 of 300 
men (52.7%), and the prevalence of csPCa was 34.0%. CsPCas 
were detected in 12 of 102 patients with PI-RADS 3 (11.8%), 
42 of 92 with PI-RADS 4 (45.7%), and 45 of 62 with PI-RADS 
5 (72.6%).

2. Study population for external validation 
One hundred forty-eight patients formed part of the cohort 

for external validation of the predictive model. There were 
no significant differences among the clinical parameters and 
PI-RAD scores between patients. The patients’ demographic 
data and baseline characteristics are listed in S1 Table.

3. Development of the model for predicting csPCa
The variables age, PSA, PSAD group, and PI-RADS scores 

were statistically significant predictors of csPCa (p < 0.001) 
on logistic regression analysis. Among these predictors for 
csPCa, the PI-RADS scores had the highest expiratory accu-
racy (AUC, 0.801; 95% CI, 0.751 to 0.851) (Table 2).  

In the ROC curve analysis, for the predictive model using 
only clinical parameters, the AUC was 0.795 (95% CI, 0.739 
to 0.850). The model using only the radiologic parameter  
(bpMRI PI-RADS scores) yielded an AUC of 0.801 (95% CI, 
0.751 to 0.851). A combined predictive model was created, 
and the AUC was increased to 0.861 (95% CI, 0.815 to 0.907) 
(Table 2). 

A nomogram for predicting csPCa was developed, and 
an equation capable of providing estimated probability of 
csPCa was developed using the best multiple logistic regres-

Table 2.  Logistic regression analysis of the multivariable models that estimate the probability of clinically significant prostate cancer at 
biopsy (Gleason score ≥ 7 [3+4])

  
Odds ratio (95% CI)

 Clinical parameter bpMRI (PI-RADS) Combination (Age+PSAD+bpMRI)

PSA 1.08 (1.04-1.12)  
PSAD group 1.74 (1.44-2.12)  1.62 (1.32-2.00)
Age 1.09 (1.05-1.13)  1.05 (1.01-1.09)
PI-RADS score  4.04 (2.85-5.73) 3.27 (2.20-4.84)
AUC (95% CI) 0.795 (0.739-0.850) 0.801 (0.751-0.851) 0.861 (0.815-0.907)
AUC, area under the receiver operating characteristic curve; bpMRI, bi-paramentric magnetic resonance imaging; CI, confidence interval; 
PI-RADS, Prostate Imaging Reporting and Data System; PSA, prostate-specific antigen; PSAD, PSA density.

Fig. 1. Nomogram of the predictive model for the probability of clinically significant prostate cancer (Gleason score ≥ 7 [3+4]). PI-RADS, 
Prostate Imaging Reporting and Data System; PSA, prostate-specific antigen.
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sion model (Fig. 1): Estimated probability of csPCa=exp(lp)/
[1+exp(lp)]. 

For example, when a man is aged 65 years, has a PI-RADS 
score of 4 in bpMRI, and a PSAD of 0.17, the estimated prob-
ability of csPCa was calculated, using the equation, as 32.99% 
(Table 3).

4. Internal and external validation of the nomogram for 
predicting csPCa

In internal validation, the nomogram showed good cali- 
bration with a slight overestimation of predicted probabili-
ties after 0.4. The Hosmer-Lemeshow test produced a non-
significant result (p=0.324), which supported the goodness-
of-fit of the model. Likewise, in external validation, the 
nomogram showed good calibration with a slight underes-

timation of predicted probabilities between 0.3 and 0.7, and 
the Hosmer-Lemeshow test produced a nonsignificant result 
(p=0.303) (Fig. 2).

Fig. 2.  Internal and external validation. Hosmer-Lemeshow good- 
ness-of-fit test: Internal set: p=0.324, External set: p=0.303.
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Fig. 3.  Net benefit decision curve. Net benefit=Benefit–(Harm× 
Exchange rate). The value excluding the false-positive rate from 
the true-positive rate of cancer, based on the high-risk threshold 
in the probability values estimated from the model. A net benefit 
of 20% means that the marker is equivalent to a strategy that led 
to biopsy in 20 men per 100 men at risk, with all biopsy results 
positive for cancer. “All” is the net benefit when all individu-
als are biopsied, and if it is greater than this value, pure true-
positive minus harm is greater than the biopsy of all individu-
als. MRI, magnetic resonance imaging; PSAD, prostate-specific 
antigen density.
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Table 3.  Estimated probability of clinically significant prostate cancer 

 
 Estimated probability                       Application of estimated probability Result

 
Parameter Multiplier  Coefficient Parameter Multiplier Coefficient 

 (Multiplier×
       coefficient)

Age Age Age 0.0511 65 65 0.0511 3.3215
PI-RADS 0-2 1 1.1834   4   3 1.1834 3.5502 
 3 2
 4 3
 5 4
PSAD group < 0.07 1 0.4847 0.17   4 0.4847 1.9388
 0.07-0.09 2
 0.10-0.14 3
 0.15-0.19 4
 0.20-0.24 5
 ≥ 0.25 6 
Intercept  1 –9.5189    1 –9.5189 –9.5189
lp (Linear predictor)    lp (Linear predictor)   –0.7084
Probability  exp(lp)/[1+exp(lp)]  Probability   0.3299
Probability=exp(lp)/[1+exp(lp)]=0.3299. PI-RADS, prostate imaging reporting and data system; PSAD, prostate-specific antigen density.  
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5. Decision curve analysis
On decision curve analysis, by combining bpMRI with 

clinical parameters (PSAD and age), the combination model 
showed a highest net benefit and net reduction in the num-
ber of false-positives among the strategies, for clinically rel-
evant thresholds > 5%. “All” is the net benefit when all indi-
viduals are biopsied, and if the net benefit exceeds this value, 
it means that the pure true-positive value minus the number 
harmed is greater than when all are biopsied. A net benefit 
of 20% means that the marker is equivalent to a strategy that 
led to biopsy in 20 men per 100 men at risk, with all biopsy 
results testing positive for cancer. This combination model 
was equivalent to performing 25 biopsies per 100 men, with-
out any negative biopsies (Fig. 3).

6. Unnecessary biopsies avoided and csPCa missed
Table 4 shows the number of unnecessary biopsies avoid-

ed, insignificant PCa diagnosed, and significant PCa missed, 
according to the threshold of probability. Applying a prob-
ability threshold of 7.5%, 21.6% of men could avoid prostate 
biopsy, while only 1.0% of csPCa cases would be missed.

Discussion

To identify the potential risk of csPCa and reduce unnec-
essary prostate biopsies, current guidelines recommend the 
use of validated risk calculators (RCs) [21]. Risk stratification 
with multivariable RCs based on traditional clinical param-
eters (e.g., age, previous biopsy, family history, digital rectal 
examination) and PSA derivatives (e.g., free PSA, PSAD) as 
biomarkers have been proposed and adopted for making  
decisions in daily clinical practice [22,23]. These can stratify 
the risk of csPCa with relatively good reliability (AUC, 0.73 
to 0.80), but might inform decisions for avoiding unneces-
sary prostate biopsies while sparing some patients from the 
diagnosis and morbidity of low-grade PCa [24]. However, 

the reliability is not sufficient for basing decisions in real clin-
ical practice. To assist clinicians in making decisions about 
prostate biopsy, clinical tools, such as RCs, can be used to 
inform patients on an individual level, with high degrees of 
accuracy, generalizability, and validation.  

To improve predictive abilities, RCs using novel biomark-
ers (e.g., selectMDX, Stockholm-3 [S3M]), blood-based mark-
ers (e.g., kallikrein), and urine-based markers (e.g., PCA3 
and HOXC6) have been proposed [25]. Use of only these 
novel biomarkers did not yield high predictivity (AUC, 0.77 
to 0.80). However, adding the novel biomarkers to clinical 
parameters resulted in an increase of the AUC to 0.87-0.89 
[26]. Gains in net benefit must, however, be weighed against 
additional costs and the availability of tests, such as biomark-
ers and genomic markers [27].

Recently, mpMRI has taken on a role in the diagnosis and 
management of PCa, with a high sensitivity and negative-
predictive value for csPCa. The findings of mpMRI impro-
ved predictive accuracy by 9%, and it has been used as an  
important risk predictor in RCs. Several RCs based on  
mpMRI and clinical parameters have been proposed [10-12]. 
When magnetic resonance imaging (MRI) was incorporated 
into an RC, it showed superior diagnostic accuracy, reducing 
unnecessary biopsies while maintaining a level of sensitiv-
ity for csPCa comparable to that of other baseline predictive 
models [3]. A head-to-head comparison study was conduct-
ed between three representative RCs that incorporate mpM-
RI findings through extravalidation. The AUCs of the three 
novel models (MRI-ERSPC-3/4, ModRAD, and ModDis) 
were 0.82, 0.85, and 0.83 [28]. Moreover, it was reported that 
the ERSPC-RCs could reduce unnecessary biopsy by 36%, 
while missing high-grade PCa in 4% of men [12]. Thus, the 
implementation of an MRI-derived score into RCs currently 
appears to be the most promising approach for predicting 
the risk of csPCa.

The promising status of bpMRI for PCa diagnosis has  
recently been published [16-18]. In a previous study, we 

Table 4.  Unnecessary biopsies avoided and clinically significant prostate cancer missed

                                               
Biopsies                    Insignificant prostate cancer          Significant prostate cancer

 Performed Avoided Found Missed Found Missed

Biopsy all men (%) 300 0 ( 56 0 ( 102 0 (
    ≥ 2.5 279 21 (7.0) 53 3 (5.3) 102 0 (
    ≥ 5.0 260 40 (13.3) 49 7 (12.5) 101 1 (1.0)
    ≥ 7.5 235 65 (21.6) 46 10 (18.0) 101 1 (1.0)
    ≥ 10.0 207 93 (31.0) 44 12 (21.4) 97 5 (4.9)
    ≥ 12.5 193 107 (35.6) 41 15 (26.8) 95 7 (6.9)
    ≥ 15.0 182 118 (39.3) 35 21 (37.5) 94 8 (7.8)

Values are presented as number (%). 
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reported the diagnostic accuracy and value of bpMRI 
and transperineal bpMRI-US fusion prostate biopsy [19].  
MpMRI consists of T2-weighted imaging, diffusion-weight-
ed imaging, and dynamic contrast-enhanced (DCE) imaging. 
MpMRI is time-consuming (~40 minutes), expensive, and 
requires intravenous administration of contrast media. In 
contrast, bpMRI excludes DCE mode using contrast media 
from mpMRI, it could reduce the time for image acquisition 
and even the side effects that may occur due to the use of 
contrast media. Therefore, bpMRI is faster (~15 minutes), 
cheaper, and simpler than mpMRI, while retaining a suffi-
cient diagnostic value [13]. In this multivariable RC, bpMRI 
also showed the highest predictability for csPCa among the 
single factors.

The strengths of RCs in this study was that it secured 
generalizability and applicability with reliable and discrimi-
natory power (AUC, 0.861). We incorporated only bpMRI 
and clinical parameters routinely obtained prior to prostate  
biopsy. Risk assessments based on the combined predic-
tive RC that included bpMRI and clinical parameters (age, 
PSAD) had comparable predictivity to the predictive model 
based on mpMRI (AUC, 0.797 to 0.850) and even a model 
with an added biomarker (AUC, 0.87 to 0.89) [10]. Addition-
ally, clinical parameters such as age, prostate volume, PSA, 
and PSAD, are relatively easier to obtain in clinical practice, 
with no additional costs, whereas recently published labo-
ratory assessments with genetic markers or biomarkers are 
expensive and laboratory-dependent. RCs that are based 
on less widely used risk predictors, such as genetic mark-
ers or biomarkers, will lead to decreased generalizability and  
applicability of the RCs in real clinical practice due to the cost 
and laboratory dependency. 

This predictive RC showed high discriminatory power 
(AUC, 0.861) and yielded a great net benefit in decision curve 
analysis. When we applied a probability threshold of 7.5%, 
21.6% of men could avoid prostate biopsy, while only 1.0% 
of csPCa cases were missed. At the probability threshold of 
10.0%, it could reduce unnecessary biopsy by 31.0%, while 
missing csPCa in 4.9% of men. Furthermore, we achieved 
good calibration using bootstrap internal and external vali-
dation. 

To the best of our knowledge, no previous RC has com-
bined a bpMRI-derived score with easily obtained clini-
cal parameters and used the results from advanced biopsy 
techniques (transperineal bpMRI-US fusion prostate biopsy). 
Our RCs were developed using data from a Korean popula-
tion, where systematic PSA screening is not performed and 
where the cost of MRI is not covered by the health insurance 
system. Since PCa screening is widespread in the era of PSA, 
the role of MRI is emerging and the frequency of MRI use 
will increase. An individualized approach to PCa is needed, 

we believe that will be feasible through this RC.
The limitations of this study were its retrospective nature 

and accompanying bias. The study used data from a Korean  
population and was thus ethnically homogeneous; the  
effects of race therefore remain unclear. The other limitation 
lies in that this RC was developed from a single-arm study 
of bpMRI and clinical parameters, not a direct comparative 
study with the performance of RCs developed from mpMRI 
and clinical parameters, nor with biomarkers and genetic 
markers. Thus, head-to-head comparison trials are necessary 
to reach definite conclusion in the future. 

A combined predictive model based on bpMRI and rou-
tinely obtained clinical parameters could predict csPCa with 
high discriminatory power (AUC, 0.861) and great net ben-
efit. By implementing this RC, unnecessary prostate biopsies 
could be avoided while minimizing missed csPCa. This RC 
can provide measurable benefits and is useful with general-
izability and applicability for clinical decision-making prior 
to prostate biopsies in real clinical practice.

Electronic Supplementary Material 
Supplementary materials are available at Cancer Research and 
Treatment website (https://www.e-crt.org).

Ethical Statement 
This study was approved by the ethics committee and the institu-
tional review board of the KUMC (IRB No. 2018AN0339). Owing to 
its retrospective nature, the need to obtain informed consent was 
waived.

Author Contributions
Conceived and designed the analysis: Noh TI, Kang SH.
Collected the data: Noh TI, Hyun CW, Kang HE, Jin HJ, Tae JH, Shim 
JS, Sung DJ, Kang SH.
Contributed data or analysis tools: Noh TI, Kang SG, Cheon J, Lee JG, 
Kang SH.
Performed the analysis: Noh TI.
Wrote the paper: Noh TI.

Conflicts of Interest
Conflict of interest relevant to this article was not reported.

Acknowledgments
This research was supported by a grant from the Korea University 
College of Medicine, Seoul, Korea.

Tae Il Noh, A Predictive Model for csPCa

VOLUME 53 NUMBER 4 OCTOBER 2021     1153



1.  Zhu X, Albertsen PC, Andriole GL, Roobol MJ, Schroder FH, 
Vickers AJ. Risk-based prostate cancer screening. Eur Urol. 
2012;61:652-61.

2.  Roobol MJ, Steyerberg EW, Kranse R, Wolters T, van den 
Bergh RC, Bangma CH, et al. A risk-based strategy improves 
prostate-specific antigen-driven detection of prostate cancer. 
Eur Urol. 2010;57:79-85.

3.  Mehralivand S, Shih JH, Rais-Bahrami S, Oto A, Bednarova 
S, Nix JW, et al. A magnetic resonance imaging-based pre-
diction model for prostate biopsy risk stratification. JAMA  
Oncol. 2018;4:678-85.

4.  Palsdottir T, Nordstrom T, Aly M, Jaderling F, Clements M, 
Gronberg H, et al. A unified prostate cancer risk prediction 
model combining the Stockholm3 test and magnetic reso-
nance imaging. Eur Urol Oncol. 2019;2:490-6.

5.  Cucchiara V, Cooperberg MR, Dall’Era M, Lin DW, Montor-
si F, Schalken JA, et al. Genomic markers in prostate cancer  
decision making. Eur Urol. 2018;73:572-82.

6.  Nordstrom T, Akre O, Aly M, Gronberg H, Eklund M. Pros-
tate-specific antigen (PSA) density in the diagnostic algorithm 
of prostate cancer. Prostate Cancer Prostatic Dis. 2018;21:57-63.

7.  Gadzinski AJ, Cooperberg MR. Prostate cancer markers. Can-
cer Treat Res. 2018;175:55-86.

8.  Ahmed HU, El-Shater Bosaily A, Brown LC, Gabe R, Kaplan 
R, Parmar MK, et al. Diagnostic accuracy of multi-parametric 
MRI and TRUS biopsy in prostate cancer (PROMIS): a paired 
validating confirmatory study. Lancet. 2017;389:815-22.

9.  van der Leest M, Cornel E, Israel B, Hendriks R, Padhani AR, 
Hoogenboom M, et al. Head-to-head comparison of transrec-
tal ultrasound-guided prostate biopsy versus multiparamet-
ric prostate resonance imaging with subsequent magnetic 
resonance-guided biopsy in biopsy-naive men with elevated 
prostate-specific antigen: a large prospective multicenter clin-
ical study. Eur Urol. 2019;75:570-8.

10.  Radtke JP, Wiesenfarth M, Kesch C, Freitag MT, Alt CD, Celik 
K, et al. Combined clinical parameters and multiparametric 
magnetic resonance Imaging for advanced risk modeling of 
prostate cancer-patient-tailored risk stratification can reduce 
unnecessary biopsies. Eur Urol. 2017;72:888-96.

11.  van Leeuwen PJ, Hayen A, Thompson JE, Moses D, Shnier R, 
Bohm M, et al. A multiparametric magnetic resonance imag-
ing-based risk model to determine the risk of significant pros-
tate cancer prior to biopsy. BJU Int. 2017;120:774-81.

12.  Alberts AR, Roobol MJ, Verbeek JF, Schoots IG, Chiu PK,  
Osses DF, et al. Prediction of high-grade prostate cancer 
following multiparametric magnetic resonance imaging: 
improving the Rotterdam European Randomized Study of 
screening for prostate cancer risk calculators. Eur Urol. 2019; 
75:310-8.

13.  Porter KK, King A, Galgano SJ, Sherrer RL, Gordetsky JB, 
Rais-Bahrami S. Financial implications of biparametric pros-
tate MRI. Prostate Cancer Prostatic Dis. 2020;23:88-93.

14.  Jambor I, Bostrom PJ, Taimen P, Syvanen K, Kahkonen E, 
Kallajoki M, et al. Novel biparametric MRI and targeted  

biopsy improves risk stratification in men with a clinical sus-
picion of prostate cancer (IMPROD Trial). J Magn Reson Imag-
ing. 2017;46:1089-95.

15.  Kuhl CK, Bruhn R, Kramer N, Nebelung S, Heidenreich A, 
Schrading S. Abbreviated biparametric prostate MR imaging 
in men with elevated prostate-specific antigen. Radiology. 
2017;285:493-505.

16.  Boesen L, Norgaard N, Logager V, Balslev I, Bisbjerg R, 
Thestrup KC, et al. Assessment of the diagnostic accuracy 
of biparametric magnetic resonance imaging for prostate 
cancer in biopsy-naive men: the Biparametric MRI for Detec-
tion of Prostate Cancer (BIDOC) study. JAMA Netw Open. 
2018;1:e180219.

17.  Rais-Bahrami S, Siddiqui MM, Vourganti S, Turkbey B, Ras-
tinehad AR, Stamatakis L, et al. Diagnostic value of bipara-
metric magnetic resonance imaging (MRI) as an adjunct to 
prostate-specific antigen (PSA)-based detection of prostate 
cancer in men without prior biopsies. BJU Int. 2015;115:381-8.

18.  Sherrer RL, Glaser ZA, Gordetsky JB, Nix JW, Porter KK, Rais-
Bahrami S. Comparison of biparametric MRI to full multipar-
ametric MRI for detection of clinically significant prostate 
cancer. Prostate Cancer Prostatic Dis. 2019;22:331-6.

19.  Noh TI, Tae JH, Kim HK, Shim JS, Kang SG, Sung DJ, et al. 
Diagnostic accuracy and value of magnetic resonance imag-
ing-ultrasound fusion transperineal targeted and template 
systematic prostate biopsy based on bi-parametric magnetic 
resonance imaging. Cancer Res Treat. 2020;52:714-21.

20.  Vickers AJ, Van Calster B, Steyerberg EW. Net benefit  
approaches to the evaluation of prediction models, molecular 
markers, and diagnostic tests. BMJ. 2016;352:i6.

21.  de Rooij M, Israel B, Tummers M, Ahmed HU, Barrett T, Gi-
ganti F, et al. ESUR/ESUI consensus statements on multi-par-
ametric MRI for the detection of clinically significant prostate 
cancer: quality requirements for image acquisition, interpre-
tation and radiologists’ training. Eur Radiol. 2020;30:5404-16.

22.  Lee R, Localio AR, Armstrong K, Malkowicz SB, Schwartz JS; 
Free PSA Study Group. A meta-analysis of the performance 
characteristics of the free prostate-specific antigen test. Urol-
ogy. 2006;67:762-8.

23.  Mikolajczyk SD, Marks LS, Partin AW, Rittenhouse HG. Free 
prostate-specific antigen in serum is becoming more complex. 
Urology. 2002;59:797-802.

24.  Pereira-Azevedo N, Verbeek JF, Nieboer D, Bangma CH, 
Roobol MJ. Head-to-head comparison of prostate cancer risk 
calculators predicting biopsy outcome. Transl Androl Urol. 
2018;7:18-26.

25.  Kretschmer A, Tilki D. Biomarkers in prostate cancer: current 
clinical utility and future perspectives. Crit Rev Oncol Hema-
tol. 2017;120:180-93.

26.  Osses DF, Roobol MJ, Schoots IG. Prediction medicine: bio-
markers, risk calculators and magnetic resonance imaging as 
risk stratification tools in prostate cancer diagnosis. Int J Mol 
Sci. 2019;20:1637.

27.  Govers TM, Hessels D, Vlaeminck-Guillem V, Schmitz-Drager 

References

Cancer Res Treat. 2021;53(4):1148-1155

1154     CANCER  RESEARCH  AND  TREATMENT



BJ, Stief CG, Martinez-Ballesteros C, et al. Cost-effectiveness 
of SelectMDx for prostate cancer in four European countries: 
a comparative modeling study. Prostate Cancer Prostatic Dis. 
2019;22:101-9.

28.  Pullen L, Radtke JP, Wiesenfarth M, Roobol MJ, Verbeek JF, 
Wetter A, et al. External validation of novel magnetic reso-
nance imaging-based models for prostate cancer prediction. 
BJU Int. 2020;125:407-16.

Tae Il Noh, A Predictive Model for csPCa

VOLUME 53 NUMBER 4 OCTOBER 2021     1155



1156 │ https://www.e-crt.org │Copyright ⓒ 2021    by  the Korean Cancer Association
 This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction

Bladder cancer is one of the most common types of urinary 
cancer, and muscle-invasive bladder cancer (MIBC) is an  
aggressive type with a high mortality rate [1]. The current 
standard treatment for MIBC is neoadjuvant chemotherapy 
(NAC), followed by radical cystectomy (RC) [2]. Compared 

with RC, NAC plus RC can increase the 10-year survival rate 
by 6% [3]. However, the incidence of adverse events from 
RC and urinary diversion is high, at approximately 49.1% to 
69.0% [4,5], and urinary diversion significantly affects quality 
of life and social function [6]. Therefore, combined modality 
therapy to preserve the bladder without affecting survival 
has been the focus of MIBC research [7]. 
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Purpose  Reduced quality of life after cystectomy has made bladder preservation a popular research topic for muscle-invasive blad-
der cancer (MIBC). Previous research has indicated significant tumor downstaging after neoadjuvant chemotherapy (NAC). However, 
maximal transurethral resection of bladder tumor (TURBT) was performed before NAC to define the pathology, impacting the real 
evaluation of NAC. This research aimed to assess real NAC efficacy without interference from TURBT and apply combined modality 
therapies guided by NAC efficacy.
Materials and Methods  Patients with cT2-4aN0M0 MIBC were confirmed by cystoscopic biopsy and imaging. NAC efficacy was 
assessed by imaging, urine cytology, and cystoscopy with multidisciplinary team discussion. Definite responders (≤ T1) underwent 
TURBT plus concurrent chemoradiotherapy. Incomplete responders underwent radical cystectomy or partial cystectomy if feasible. 
The primary endpoint was the bladder preservation rate.
Results  Fifty-nine patients were enrolled, and the median age was 63 years. Patients with cT3-4 accounted for 75%. The median 
number of NAC cycles was three. Definite responders were 52.5%. The complete response (CR) was 10.2%, and 59.3% of patients 
received bladder-sparing treatments. With a median follow-up of 44.6 months, the 3-year overall survival (OS) was 72.8%. Three-year 
OS and relapse-free survival were 88.4% and 60.0% in the bladder-sparing group but only 74.3% and 37.5% in the cystectomy group. 
The evaluations of preserved bladder function were satisfactory. 
Conclusion  After stratifying MIBC patients by NAC efficacy, definite responders achieved a satisfactory bladder-sparing rate, prog-
nosis, and bladder function. The CR rate reflected the real NAC efficacy for MIBC. This therapy is worth verifying through multicenter 
research.
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A series of studies from Massachusetts General Hospital 
(MGH) investigated a bladder-sparing therapy known as 
tri-modality therapy (TMT), evaluating the efficacy of mono- 
polar maximal transurethral resection of bladder tumor 
(mTURBT) with or without NAC, along with concurrent 
cisplatin-based chemoradiotherapy (CRT). Bladder-spar-
ing therapy was performed if concurrent CRT achieved a 
complete response (CR), and the bladder preservation rate 
reached approximately 70% [8,9]. However, all patients in the 
MGH study received CRT without being screened for CRT 
sensitivity. Therefore, MIBC patients who were not sensitive 
to CRT initially went undetected. Consequently, these insen-
sitive patients had an increased risk of tumor recurrence or 
metastasis, rendering them a less-than-ideal population for 
bladder preservation protocols. NAC alone was reported 
to have promising efficacy in terms of tumor downstaging, 
with 64% to 73% of MIBC patients achieving downstaging 
from T2-T4a to pTa or pT1 and 15% to 31% achieving patho-
logic complete response (pCR) [4,10-14]. Furthermore, MIBC 
prognosis was closely related to the downstaging effects of 
NAC [10,12,13]. However, with current therapy, mTURBT is 
always performed before NAC [4,10,13,14], and 15% of MIBC 
patients already achieved pCR through mTURBT confirmed 
by the pathology of subsequent cystectomy [10]. Therefore, 
the real efficacy of NAC is affected by mTURBT. Although 
most urologists consider mTURBT conducive to T staging, 
the stages of other cancers, such as gastric cancer and breast 
cancer, mostly depend on imaging.

With the rapid development of multiparameter MRI  
(mpMRI), the accuracy of the radiological staging of the blad-
der has risen sufficiently (73% to 96%), positioning clinical 
staging in close correspondence with pathological staging 
[15-17]. Moreover, mpMRI was able to distinguish residual 
tumors from treatment effects in MIBC patients with NAC 
(sensitivity, 75%; specificity, 100%) [18]. The mpMRI has been 
a powerful tool in clinical diagnosis. Furthermore, identi-
fication of MIBC patients by clinical staging can reveal the 
actual efficacy of NAC and screen out patients with signifi-
cant downstaging. On this basis, we applied an innovative 
combined modality protocol that was implemented in a mul-
tidisciplinary team (MDT) discussion mode, with imaging 
and cystoscopic biopsy confirming the clinical staging and 
pathology, followed by NAC. Bladder-sparing therapy or RC 
was performed guided by NAC efficacy. Herein, our research 
report is as follows.

Materials and Methods
 
1. Patients

This prospective, single-center, phase II trial aimed to assess  

the real efficacy of NAC for MIBC before TURBT, followed 
by the bladder-sparing rate and prognosis with com-
bined modality therapies. This institutional review board- 
approved study planned to enroll MIBC (cT2-4aN0M0)  
patients between September 2015 and September 2018. All 
patients underwent cystoscopic biopsy (not TURBT) in the 
outpatient department. The key inclusion criteria were as fol-
lows: (1) urothelial carcinoma with the absence of carcinoma 
in situ confirmed by tumor plus random biopsies; (2) no ure-
teral orifice invasion; and (3) no other history of malignant 
tumors. 

2. Treatment protocol
The combined modality treatments in this study were 

based on the efficacy of NAC. Two to four courses of NAC 
were performed with a gemcitabine/cisplatin (GC) regimen. 
The GC regimen consisted of 1,000 mg/m2 gemcitabine on 
days 1 and 8 and 75 mg/m2 cisplatin on day 2 administered 
every 21 days. The evaluation was performed after 2 cycles  
and consisted mainly of imaging examinations, along with 
cystoscopy if necessary. Dose reduction of chemothera-
py was carried out only in patients who suffered grade 3  
adverse events. Imaging examinations, urine cytology, and 
cystoscopy were performed to assess the efficacy of NAC.

The efficacy of NAC was determined by imagological  
assessments including (1) mpMRI of the bladder; and (2) 
enhanced computed tomography; computed tomogra-
phy urography of the thoracic and abdominopelvic cavi-
ties. Then, clinical T downstaging was confirmed by mp-
MRI and discussion within the MDT. Patients with obvious  
tumor shrinkage or downstaging after 2 cycles of NAC were 
defined as responders. Patients whose primary tumors were 
not significantly downstaged were defined as incomplete 
responders (IR). If imaging examinations suggested that the 
maximum diameter of the primary tumor increased by at 
least 20% or a new lesion appeared, patients were classified 
as having progressive disease (PD). Patients with definite tu-
mor downstaging (≤ cT1) after total cycles were categorized 
as definite responders (DR). Responders, IR, and patients 
with PD were stratified at the first-time evaluation after 2 
cycles.

After the first-time evaluation, responders continued 
NAC. IR continued NAC or received surgery according 
to MDT discussion. Patients with PD accepted second-
line chemotherapy. After the second-time evaluation, DR  
received TURBT plus concurrent CRT. Clinical complete  
response (cCR) was defined as no visible tumor on imaging 
examinations and cystoscopy, in addition to negative patho-
logy of TURBT. IR could receive partial cystectomy plus 
pelvic lymphadenectomy (PLND) if the patient’s desire for 
organ preservation was strong and partial cystectomy plus 
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PLND was feasible. Other IR and those who refused bladder-
sparing treatment received RC. Patients with PD received 
second-line chemotherapy.

Concurrent CRT consisted of image-guided intensity-
modulated conformal radiotherapy to the true pelvis with 45 
Gy in 25 fractions plus the local lesion with 20 Gy in 10 frac-
tions and concurrent cisplatin (40 mg/m2, once per week). 
The regimen schema is shown in Fig. 1.

3. Trial assessments
Oncology outcomes included the bladder preservation 

rate, overall survival (OS), and relapse-free survival (RFS). 
Physical examination, blood sampling, and imaging exami-
nations were performed every 3 months for 2 years after 
combined modality treatments, every 6 months in the third 
year, and annually afterward. A questionnaire assessment 
with the 36-item Short Form Health Survey (SF-36) was used 
for all of the patients. The Overactive Bladder Symptom 
Score (OABSS) was used for patients who underwent blad-
der-sparing treatment at the 6th month after enrollment. The 
actual scores of the SF-36 were first obtained and then trans-

formed to a percentage scale of score from 0 to 100, with a 
higher number representing better quality of life. The OABSS 
was scored from 0 to 15, with a lower number representing 
better bladder function. Adverse events were graded using 
Common Terminology Criteria for Adverse Events (CTCAE, 
ver. 4.0). The primary endpoint was the bladder preservation 
rate. All of the follow-ups and data were concluded on Janu-
ary 15, 2021.

4. Statistical analysis
To be considered feasible, we assumed a 70% bladder 

preservation rate, referring to the data from MGH research 
[8]. Fifty-six patients were required (90% power, one-sided 
α=0.05). Considering the 5% loss to follow-up rate, the final 
sample size was set at 59 patients.

OS was defined as the period from the beginning of NAC 
to the date of death or the last follow-up, while RFS was 
defined as the date of tumor relapse or the last follow-up. 
Kaplan-Meier analysis was used to analyze OS and RFS. 
The log-rank test was used to estimate differences between 
curves and subgroups. Continuous variables are reported as 

Fig. 1.  Regimen schema of 59 MIBC patients. Different therapies were performed according to the evaluation of NAC efficacy. CRT, 
chemoradiotherapy; GC, gemcitabine/cisplatin; MDT, multidisciplinary team; MIBC, muscle-invasive bladder cancer; NAC, neoadjuvant 
chemotherapy; TURBT, transurethral resection of bladder tumor.
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the mean±standard deviation. The differences in the mean 
values between groups were analyzed with the Mann-Whit-
ney U test. Statistical analysis was performed using SPSS 
software ver. 21.0 (IBM Corp., Armonk, NY). All applicable 
tests were two-tailed. p < 0.05 were considered to indicate 
statistical significance.

Results

1. Patient characteristics and NAC efficacy
The trial was closed to recruitment on August 31, 2018, 

with 59 patients enrolled. The clinical characteristics and  
allocated treatments of patients are summarized in Table 
1. The median age was 63 years old (range, 39 to 70 years), 
and 53 patients were male (89.8%). All of the cases were  
diagnosed as urothelial carcinoma. The maximum diameter 
of the tumors was 6.0 cm (median, 3.8 cm; range, 2.0 to 6.0 
cm). High T staging of cT3 and cT4 accounted for 75% of 
cases. High-grade tumors confirmed by biopsy accounted 
for 81.4%.

All of the enrolled patients met cisplatin eligibility.  
After 2 cycles of NAC, there were 31 responders, 27 IR, and 
one patient with PD. All responders and 10 IR continued 
NAC, resulting in 31 DR, nine IR, and one patient with PD. 
The median number of NAC cycles was three. DR, IR, and  
patients with PD accounted for 52.5% (31/59), 44.1% (26/59), 
and 3.4% (2/59) of patients, respectively. The median time 
interval between the last clinical T staging assessment with 
MR and pathologic staging assessment with surgery was 12 
days (range, 8 to 37 days). All DR received bladder-sparing 
treatments, and most received TURBT plus concurrent CRT 
(25/31, 80.6%). However, others who refused CRT of their 
own volition received TURBT plus bacillus Calmette-Guer-
in (BCG) instillation (4/31, 12.9%) or TURBT alone (2/31, 
6.5%). The reasons for refusal of concurrent CRT included 
the long period of radiotherapy, resistance to radiotherapy-
related adverse reactions, and a high level of patient satisfac-
tion with the current efficacy. The postoperative pathological 
stages of all DR were ≤ 1T. Six patients achieved cCR (6/59, 
10.2%), and five of them accepted concurrent CRT.

In the IR (26 patients), it was difficult to define muscular 
invasion after MDT discussion for six patients with obvious 
downstaging, and we fully discussed the NAC results with 
them. Four patients chose partial cystectomy plus PLND,  
resulting in two of pT1N0 and two of pT2aN0. The other two 
patients chose RC plus an ileal conduit, resulting in pT1N0 
and pT2aN0. Eighteen patients without obvious down-
staging underwent RC plus ileal conduit, and two refused 
surgeries. The median interval from NAC finish to RC was 
36 days (range from 18 to 64 days). Among the IR without  

Table 1.  Baseline characteristics and allocated treatments

Variable No. (%) (n=59)

Age, median (range, yr) 63.0 (39.0-70.0)
Sex 
    Male 53 (89.8)
    Female 6 (10.2)
Body mass index, median (range, kg/m2) 24.3 (18.0-33.0)
ECOG performance score 
    0 8 (13.6)
    1 51 (86.4)
Clinical stage 
    cT2 15 (25.4)
    cT3 39 (66.1)
    cT4a 5 (8.5)
Biopsy differentiation 
    High grade 48 (81.4)
    Low grade 11 (18.6)
Tumor number 
    Single 41 (69.5)
    Multiple 18 (30.5)
NAC courses
    2 18 (30.5)
    3 23 (39.0)
    4 18 (30.5)
NAC efficacy 
    Definite responder (≤ T1) 31 (52.5)
    Incomplete responder 26 (44.1)
    Progressive disease 2 (3.4)
Type of treatments 
    NAC+TURBT+concurrent CRT  25 (42.4)
    NAC+TURBT 2 (3.4)
    NAC+TURBT+BCG instillation 4 (6.8)
    NAC+partial cystectomy+PLND 4 (6.8)
    NAC+RC+PLND 20 (33.9)
    NAC+second-line chemotherapy  2 (3.4)
    NAC+Chinese medicine 2 (3.4)
Pathological stages of 20 RC patients 
    pT1 1 (5.0)
    pT2 5 (25.0)
    pT3 12 (60.0)
    pT4  2 (10.0)
    pN0 14 (70.0) 
    pN1  6 (30.0)
BCG, bacillus Calmette-Guerin; CRT, chemoradiotherapy; 
ECOG, Eastern Cooperative Oncology Group; NAC, neoad-
juvant chemotherapy; PLND, pelvic lymphadenectomy; RC, 
radical cystectomy; TURBT, transurethral resection of bladder 
tumor.
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obvious downstaging, 88.9% (16/18) of them had consist-
ency between clinical T staging and pathological T stag-
ing, while the other two cases were both cT3 but pT2. The 
clinical diagnostic accuracy of muscle invasion reached 100% 
(18/18). Pelvic lymph node metastasis was diagnosed in six 
patients after RC with no imaging signs. 

One patient exhibited bladder tumor enlargement fol-
lowed by aggravating hematuria after 2 cycles and was con-
sidered to have PD. Internal iliac artery embolization and 
second-line chemotherapy were performed because cystec-
tomy was refused. Another patient was considered to have 
PD after 4 cycles because pelvic and retroperitoneal lymph 
nodes were newly found; the patient subsequently received 
second-line chemotherapy. Fig. 2 shows specific treatments 
after NAC.

2. Cancer control and oncologic outcomes
All patients were followed up regularly. The median fol-

low-up was 44.6 months (range from 9.2 to 63.7 months). By 
the last follow-up, 16 patients died because of bladder can-
cer, and the 3-year OS rate was 72.8% (Fig. 3). The maximum 
tumor diameter shrinkage is shown in S1 Fig.

Ultimately, 59.3% (35/59) of patients successfully under-
went bladder-sparing treatments, and the 3-year OS was 
88.4% (Fig. 4). Furthermore, 74.3% (26/35) of them main-
tained tumor-free survival with a 3-year RFS of 74.3% (Fig. 
5). Conversely, 14.3% (5/35) of these patients experienced re-
currence in the bladder and then received TURBT plus BCG 
instillation (4/5) or salvage cystectomy (1/5) depending on 
whether the bladder muscle was invaded. In addition, 11.4% 
(4/35) of patients had distant metastasis with no sign of local 
recurrence and received second-line chemotherapy, targeted 
therapy plus immunotherapy, or best supportive treatment 
(Table 2). By the last follow-up, 97.1% (34/35) of patients 
who underwent bladder-sparing treatment still maintained 

Fig. 2.  Specific treatments after NAC. Presented by allocated therapy for different groups stratified by NAC efficacy. Definite responders 
mainly received TURBT plus concurrent TURBT. Incomplete responders received radical cystectomy or partial cystectomy plus pelvic 
lymphadenectomy. BCG, Bacillus Calmette-Guerin; CRT, chemoradiotherapy; NAC, neoadjuvant chemotherapy; PLND, pelvic lymphad-
enectomy; TURBT, transurethral resection of bladder tumor.
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Fig. 4.  Kaplan-Meier curves of overall survival with log-rank 
statistics for the two groups of bladder-sparing treatment and 
cystectomy. Patients in the bladder-sparing group had sig-
nificantly better prognosis than those of the cystectomy group 
(p=0.007).
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Fig. 3.  Kaplan-Meier plot of the 59 muscle-invasive bladder can-
cer patients. Error bars are defined as 95% confidence intervals 
and denoted with a dashed line. The 3-year overall survival rate 
was 72.8%. 

Ov
er

al
l s

ur
vi

va
l (

%
) 

Duration of follow-up (mo)

0

50

25

100

75

0 36 72602412 48

Survival curve
95% Confidence interval

Cancer Res Treat. 2021;53(4):1156-1165

1160     CANCER  RESEARCH  AND  TREATMENT



their bladders, and 85.7% (30/35) of them were tumor-free.
The 3-year OS rate of the RC group was 60.0% (Fig. 4), 

which was statistically significantly poorer than that of the 
bladder-sparing treatment group (p=0.007). The distant  
metastasis rate after RC was 55.0% (11/20), and the second-
line chemotherapy rate was 50.0% (10/20), while 5.0% (1/20) 
of patients accepted best supportive treatment (Table 2). The 
3-year RFS rate was only 37.5% which was also poorer than 
bladder-sparing group (p=0.002) (Fig. 5).

Two IR patients and two patients with PD did not accept 
combined modality therapies after NAC. The median sur-
vival time was 9.7 months (95% confidence interval, 6.37 to 
13.03). The OS times of the two IR patients were 12.6 months 
and 13.9 months, and those of the two patients with PD were 
9.2 months and 9.7 months.

3. Functional outcomes
On the SF-36 questionnaire, all of the patients had favora-

ble total physical health (actual score, 59.4±6.1; percent-
age scale, 70.4±11.3) and total mental health (actual score, 
54.8±5.4; percentage scale, 69.6±10.9) when evaluated at 6 
months. Patients in the bladder-sparing group had better  
total physical health (p < 0.001), total mental health (p < 
0.001), and overall health (p < 0.001) than those in the cys-
tectomy group. The comparisons of data from the SF-36 
were shown in Table 3 by item. Of the patients who received 
bladder-sparing treatment, compared with the pretreat-
ment mean score of 3.29±1.0, the mean score of OABSS was 
2.14±0.7 at 6 months (p < 0.001) and 1.91±1.4 at 1 year (p < 
0.001). However, there was no significant difference between 
the scores at 6 months and 1 year (p=0.078). 

4. Toxicity
Most adverse events of NAC were grade 1 (13/59, 22.0%) 

or 2 (34/59, 57.6%) as estimated by CTCAE ver. 4.0 criteria, 
and included bone marrow hypocellularity, gastrointestinal 

disorders (diarrhea, nausea, vomiting, or oral mucositis), 
acute kidney injury, and hepatobiliary disorders (elevated 
alanine aminotransferase). Five patients (8.5%) experienced 
grade 3 toxicity of bone marrow hypocellularity or gastroin-
testinal disorders (vomiting or diarrhea) and accepted a dose 
reduction of gemcitabine or cisplatin. One 54-year-old man 
suffered acute coronary syndrome of grade 4, manifesting as 
unstable angina and hemodynamic instability in the second 
course, but he fully recovered and received RC. Otherwise, 
the side effects of concurrent CRT were mild, and all were 
grades 1-2 (28.0%, 7/25), including diarrhea, nausea or vom-
iting, rash, and rectitis (Table 4). For the 20 patients under-
going RC, one patient experienced partial intestinal obstruc-
tion, one patient experienced incision infection with delayed 
healing, and one patient experienced a fungal infection of the 
digestive tract. All three patients were safely discharged and 
recovered well.

Table 2.  Subsequent treatments after the failure of bladder preservation in the bladder-sparing group and the failure of RC in the cystec-
tomy group

 Treatment No. (%)

Bladder-sparing group  35 (
    Local recurrence TURBT+BCG instillation 4 (11.4)
 Salvage cystectomy 1 (2.9)
    Distant metastasis Second-line chemotherapy 2 (5.7)
 Targeted therapy plus immunotherapy (levatinib+pembrolizumab) 1 (2.9)
     Best supportive treatment 1 (2.9)
Cystectomy group  20 (
    Distant metastasis  Second-line chemotherapy 10 (50.0)
 Best supportive treatment 1 (5.0)
BCG, bacillus Calmette-Guerin; RC, radical cystectomy; TURBT, transurethral resection of bladder tumor.

Fig. 5.  Kaplan-Meier curves of relapse-free survival with log-
rank statistics for the two groups of bladder-sparing treatment 
and cystectomy. Patients in the bladder-sparing group had sig-
nificantly better relapse-free survival than those of the cystec-
tomy group (p=0.002).
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Discussion

On the premise of not affecting survival, organ-sparing 
combined modality therapies have been successfully applied 
in several cancers, such as breast cancer and rectal cancer, to 
improve quality of life. In the research field of bladder cancer, 
the well-studied regimens of bladder preservation include 
mTURBT, partial cystectomy, or concurrent CRT, accom-
panied by either adjuvant or neoadjuvant chemotherapy. 
In this prospective phase II study, we explored a combined  
modality therapy: in the MDT discussion mode, imaging and 
biopsy pathology confirmed the clinical staging, followed by 
NAC; then, according to the real NAC efficacy, appropri-
ate bladder-sparing treatments were performed. The results 
were promising, with a 10.2% cCR rate, which reflected the 
real CR rate of NAC for MIBC. The 3-year OS rate of the 
intention-to-treat (ITT) population was 72.8%, and 59.3% 
(35/59) of them had successfully preserved bladders, with 
a 3-year OS rate of 88.4%. Assessments of bladder function 
and quality of life were satisfactory. In medical centers with 
prolific imaging experiences or other large centers, this type 
of combined modality therapy is promising.

Of bladder-sparing therapies for MIBC patients, the most 
studied regimen is TMT. In TMT, mTURBT is performed 
to determine the pathological T stage followed by concur-
rent CRT [19-21]. Related research from MGH enrolled 475 
MIBC patients, and cT2 accounted for 66% [9]. The overall 
5-year OS rate was 57%, and the bladder preservation rate 
reached approximately 70%. For the bladder-sparing group, 
the 3-year OS rate was approximately 85%, and the 5-year 
OS rate was 75%. Compared with TMT, our study adopted 
a protocol of combined modality therapy guided by actual 
NAC efficacy. A total of 59.3% of patients successfully under-

went bladder preservation therapies with a similar 3-year OS 
rate of 88.4%. By the last follow-up, 97.1% (34/35) of patients 
who underwent bladder-sparing treatment still maintained 

Table 3.  Comparison of data from the Short Form Health Survey (SF-36) between the bladder-sparing and cystectomy groups at 6 months

Item
                                       Bladder-sparing group (n=35)                       Cystectomy group (n=20) 

p-value
 Actual score Percentage scale Actual score Percentage scale  

Physical functioning 21.9±1.7 59.4±8.7 19.7±3.8 48.5±19.0 0.01
Role-physical 7.1±0.8 77.1±21.0 5.9±0.8 47.5±19.2 < 0.001
Bodily pain 11.0±1.0 90.0±10.3 6.2±0.7 41.5±7.4 < 0.001
General health 22.8±1.2 88.9±6.2 20.9±1.8 79.5±9.1 < 0.001
Vitality 20.4±1.1 82.0±5.4 16.1±0.4 60.5±2.2 < 0.001
Social functioning 9.1±0.7 52.9±37.7 8.7±0.5 35.0±22.9 0.076
Role-emotional 5.3±0.5 78.1±15.8 4.6±0.5 53.3±16.3 < 0.001
Mental health 23.6±2.3 74.4±9.3 21.5±0.7 65.8±2.7 0.005
Overall health 121.1±4.7 77.1±4.5 103.5±5.7 60.1±5.5 < 0.001
    Total physical health 62.7±2.8 77.3±5.3 52.7±5.4 58.6±9.9 < 0.001
    Total mental health 58.4±3.2 76.8±6.4 50.9±0.8 61.7±1.6 < 0.001
Values are presented as mean±standard deviation.

Table 4.  Adverse events of NAC and CRT

 No. (%)

Grade of NAC adverse events 59 (
    Grade 1 13 (22.0)
        Bone marrow hypocellular 6 (10.2)
        Gastrointestinal disorders  6 (10.2)
        Acute kidney injury 1 (1.7)
        ALT elevation 1 (1.7)
    Grade 2 34 (57.6)
        Bone marrow hypocellular 23 (39.0)
        Gastrointestinal disorders 13 (22.0)
    Grade 3 5 (8.5)
        Bone marrow hypocellular 3 (6.8)
        Gastrointestinal disorders 2 (1.7)
    Grade 4 1 (1.7)
        Acute coronary syndrome 1 (1.7)
    Total grade 1-2 47 (79.6)
    Total grade 3-4 6 (10.2)
Grade of CRT adverse events 25 (
    Grade 1 5 (20.0)
        Gastrointestinal disorders 5 (20.0)
        Skin rash 2 (8.0)
        Rectitis 2 (8.0)
    Grade 2 2 (8.0)
        Gastrointestinal disorders 2 (8.0)
    Total grade 1-2 7 (28.0)
ALT, alanine aminotransferase; CRT, chemoradiotherapy; NAC, 
neoadjuvant chemotherapy.
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their bladders, and 85.7% (30/35) of them were tumor-free 
and alive. Although the bladder preservation rate for the 
ITT population did not reach the primary endpoint, patients 
who received bladder-sparing therapies had an optimistic 
bladder preservation rate and OS. Our outcomes were simi-
lar to those of the TMT regimen, but we mainly focused on  
patients with higher T staging (T3-T4, 75%) since mTURBT 
was difficult and a high risk in these patients. Considering 
the above, a similar outcome may indicate that our proto-
col had better survival benefits with the screening of MIBC 
patients by NAC efficacy. Prospective studies explored the 
efficacy of NAC combined with concurrent CRT in MIBC  
patients and indicated that patients with effective NAC 
were often sensitive to concurrent CRT with a lower recur-
rence [22]. Furthermore, TMT required TURBT twice, while 
DR patients received TURBT only once because we adopted 
the cystoscopic biopsy instead of mTURBT in our protocol. 
Moreover, patients who underwent bladder-sparing treat-
ment had better quality of life than patients in the cystectomy 
group according to the SF-36 questionnaire and maintained 
favorable bladder function. The OABSS was significantly 
better than pretreatment (2.14 vs. 3.29, p < 0.001) at 6 months 
and 1 year (1.91 vs. 3.29, p < 0.001).

Among IR patients screened by NAC, 20 patients recei-
ved RC, and the 3-year OS rate was worse than that of the 
bladder-sparing group (60.0% vs. 88.4%, p=0.007) and worse 
than that of previous RC studies (5-year OS rate, 62% to 
68%) [21,23]. The 3-year RFS rate was only 37.5%, indicat-
ing a higher metastasis rate after treatments. Therefore, pati-
ents who were not suitable for bladder preservation could 
be screened out by NAC efficacy, and these patients had 
poor survival after RC. Therefore, more effective treatment 
options must be explored to improve their prognoses. Sev-
eral clinical trials have begun to explore the efficacy of neo-
adjuvant immunotherapy or chemotherapy combined with 
immunotherapy in patients with MIBC [24]. It is hoped that 
these studies yield satisfactory outcomes to provide medical 
evidence that avails more clinical strategies for IR.

Although mTURBT became the traditional method to  
define T staging in bladder cancer, biopsy plus imaging 
were widely used in multiple cancers, such as rectal, laryn-
geal, esophageal, and breast cancer, before organ-sparing 
surgeries. Meanwhile, bladder mpMRI was becoming com-
mon and useful to evaluate the response to bladder-sparing 
treatments [25,26]. In terms of the coincidence rate between 
clinical staging and pathological staging, previous studies 
have demonstrated that the accuracy of mpMRI for clinical 
staging of bladder cancer could be as high as 96% [15]. In 
our center, Zhang et al. [27] concluded the diagnostic efficacy 
of mpMRI and confirmed mpMRI was reliable to predict T 
staging. In this study, the pathologies of all DR were ≤ T1, 

consistent with the preoperative assessments of cT staging 
(100%). Moreover, 88.9% of IR patients had the same clinical 
T staging and pathological T staging after RC, and the accu-
racy of muscle invasion identification was 100% (18/18). The 
consistency indicated that a promising accuracy of clinical T 
staging could be achieved through mpMRI. Although it was 
likely that overstaging existed before NAC, CRT also offered 
a curative bladder-sparing treatment option for T1 bladder 
cancer, with an optimistic CR rate of 90.9% [28]. Pathologies 
of six patients after cystectomy showed pelvic lymph node 
metastasis, so it was necessary to perform PLND for IR,  
indicating that the N staging assessment was still flawed by 
imaging examination alone.

The side effects in this study were related to NAC, concur-
rent CRT, and surgical complications. Meleis and colleagues 
retrospectively analyzed the safety of the GC regimen as 
NAC in MIBC patients, and grade 3-4 events accounted for 
41% (7/17) [29]. Huddart et al. [30] evaluated CRT-related 
toxicity, and grade 3-4 events accounted for 36% (8/22),  
including common fatigue and nocturia. In this research, the 
NAC of the GC regimen had acceptable adverse events, and 
the grade 3/4 rate was relatively lower (10.2%). The most 
common type was bone marrow hypocellularity (54.2%, 
32/59). CRT-related adverse events were all grade 1-2 (28%). 
Since only five patients received dose reduction during 
NAC, it was difficult to assess the effect of dose reduction on 
clinical prognosis due to the low rate of dose reduction. All  
patients completed 2-4 cycles of NAC, so we believed our 
NAC and CRT regimens were practicable in medical cent-
ers with prolific oncology treatment experiences. Among 20 
patients with RC, only three patients experienced short-term 
complications, and all recovered well before discharge, so 
the safety of RC after NAC was optimistic.

Some limitations warrant discussion. As biopsies were 
bitten through the cystoscope, tumor tissues obtained were 
superficial resulting in 18.6% of low-grade differentiation, 
and the real degree of the tumor may be underestimated. 
In fact, a tumor biopsy plus a random biopsy were mainly 
used to confirm urothelial cancer without carcinoma in situ.  
Radiological staging was adopted to evaluate the baseline 
and NAC efficacy of MIBC patients. Nevertheless, this pro-
cess might lead to inaccurate T staging. Several factors weak-
ened this bias: (1) all patients were evaluated by mpMRI; 
(2) all patients underwent MDT discussion with clinical T 
staging further defined; and (3) the ITT population mainly 
covered T3 or T4a patients (75%), which weakened the dif-
ficulty of distinguishing muscle invasion. Another limitation 
was the inadequate follow-up period, but optimistic RFS and 
preservation rates of the bladder-sparing group portends the 
good outcomes of further follow-ups. This result was pre-
liminary, and enrollment will enlarge the group, while multi-
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center research is also actively being conducted.
In conclusion, this study confirmed the innovative proto-

col of combined modality treatment guided by NAC efficacy 
in MIBC. The outcomes demonstrated that patients with 
definite downstaging screened by real NAC efficacy could 
benefit from a satisfactory bladder-sparing rate, fair survival, 
and functional outcomes. Since IR had disappointing surviv-
al after RC, these patients demand better clinical strategies 
to improve prognosis. This protocol of combined modality 
treatment deserves to be verified through multicenter stud-
ies. 
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Introduction

Urothelial cancer (UC) is a set of tumors originating from 
the urothelial cells lining the urethra, bladder, ureters and 
renal pelvis [1]. For patients with locally advanced and un-
resectable or metastatic UC, cisplatin-based doublet chem-
otherapy has been the mainstay treatment, leading to a  
median overall survival (OS) of 14 to 15 months [2-4]. How-
ever, a substantial proportion of advanced UC patients are 
ineligible for cisplatin-based treatment because of obstruc-
tive uropathy or other chronic kidney disease (CKD) asso-
ciated with older age and comorbidities, as well as a poor 
performance status (PS) [1,5,6]. To overcome this problem, 
the EORTC 39086 study was conducted for cisplatin-unfit 
patients and showed that the use of second-generation plati-
num carboplatin in combination with gemcitabine (GCb) 
yielded an objective response rate (ORR) of 41.2% and a me-
dian OS of 9.3 months with acceptable toxicity profiles [7]. 
Based on these results, GCb is currently considered a stand-

ard front-line therapy for cisplatin-unfit patients. 
While cisplatin-ineligibility is generally defined as hav-

ing a glomerular filtration rate (GFR) < 60 mL/min, Eastern 
Cooperative Oncology Group (ECOG) PS 2, grade 2 hearing 
loss or peripheral neuropathy, and/or symptomatic conges-
tive heart failure [5,6], patients who fall into this category 
make up substantially heterogeneous populations. These  
patients exhibit a wide range of renal function, spanning 
CKD stages 3-5. In particular, cancer patients with CKD stage 
4-5 (GFR < 30 mL/min) show extremely poor survival out-
comes compared to those with a relatively preserved renal 
function [8]. Therefore, the establishment of optimal thera-
peutic strategies according to the different GFR categories, 
especially for GFR < 30 mL/min, are warranted. However, 
the clinical outcomes of patients with GFR < 30 mL/min 
who are treated with systemic chemotherapies, including 
GCb, have not been reported in detail since these patients are 
generally excluded from studies involving Cb-based chemo-
therapy. In a recent phase II COACH study, we noticed that 
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none of the three patients with GFR < 30 mL/min showed an  
objective response to GCb [9]. This finding raises an impor-
tant question regarding the clinical role of GCb in advanced 
UC patients with GFR < 30 ml/min, and it requires confirma-
tion in a larger cohort.  

In this retrospective cohort study involving advanced UC 
patients treated with GCb, we aimed to investigate their 
clinical outcomes according to their different GFR categories. 

Materials and Methods
 
1. Study patients 

The study patients were identified from a retrospective 
cohort of UC patients (n=288) treated with GCb at Asan 
Medical Center (Seoul, Korea) between April 2011 and  
August 2020. A total of 89 patients with GFR < 60 mL/min 
according to the Cockcroft-Gault formula were treated with 
first-line GCb and were included as the study population,  
after excluding patients who received GCb as part of neoad-
juvant or adjuvant treatment (n=95), those whose therapeu-
tic line of GCb was 2nd line or above (n=56) and those with 
GFR ≥ 60 mL/min (n=48). Their baseline patient character-
istics were retrieved from their electronic medical records, 
including demographic factors, ECOG PS, the presence of 
diabetes mellitus and hypertension, the primary tumor site, 
the number of metastatic sites, the disease setting, previous 
surgical resection or (neo)adjuvant chemotherapy, the site of 
metastasis and the hemoglobin level. The use of a contrast-
enhanced computed tomography (CT) scan at baseline and 
at the time of the response evaluation was also examined. 

2. Study endpoints
The primary endpoint of this study was to compare the 

ORR between patient subgroups with different GFRs. The 
secondary endpoints included progression-free survival 
(PFS) and OS stratified by different GFR levels. 

3. Treatment and follow-up
Gemcitabine (1,000 mg/m2 intravenously on days 1 and 

8) and carboplatin (area under the curve 4.5 intravenously 
on day 1) were administered every 3 weeks until disease 
progression or unacceptable adverse events occurred. Study  
patients were followed-up and examined on the days of 
chemotherapeutic drug administration (days 1 and 8 of each 
cycle). Complete blood cell counts and routine chemistry 
laboratory tests were conducted on the follow-up days. CT 
scans were performed every 8 to 12 weeks for disease evalu-
ation. When disease progression was clinically suspected 
during the follow-up, additional CT scans were performed. 
The Response Evaluation Criteria In Solid Tumors (RECIST) 

ver. 1.1 was used to grade the tumor responses. Relative 
dose intensity (RDI) was defined as the ratio of the actually  
delivered dose intensity of chemotherapy to the standard 
dose intensity [10]. The RDI of gemcitabine and carboplatin 
was calculated for the first two cycles of chemotherapy (i.e., 
cycles 1 and 2).

4. Statistical analyses
Statistical analyses were performed using R software ver. 

3.4.1 (R Foundation for Statistical Computing, Vienna, Aus-
tria). The chi-square test or Fisher exact test was used to com-
pare categorical variables among the subgroups. PFS was  
defined as the time interval from the time of GCb chemo-
therapy (index date) to the date of disease progression or 
death. OS was defined as the time interval between the index 
date and the date of death from any cause. The Kaplan-Mei-
er method was used to estimate survival outcomes, and the 
log-rank test was used to compare these survival outcomes 
among the subgroups. Univariate and multivariate analy-
ses of PFS and OS were performed using Cox proportional 
hazards models. The examined variables included age, sex, 
disease setting (recurrent disease vs. initially metastatic dis-
ease), primary tumor site (bladder primary vs. non-bladder 
primary), the presence of lymph node and visceral metasta-
sis, and estimated GFR (eGFR) < 30 mL/min. Variables with a  
potential relationship (p < 0.10) in the univariate analyses 
were included in the multivariate analysis. A p-value of  
< 0.05 was considered statistically significant.

Results

1. Patient characteristics 
The baseline characteristics of the study patients (n=89) 

are summarized in Table 1. Their median age was 73 years 
(range, 45 to 89 years) and 63 (70.8%) were men. The median 
number of GCb cycles was 4 (range, 1 to 12). There were 34 
(38.2%) and 55 (61.8%) patients with initially metastatic dis-
ease and recurrent disease after curative surgical resection, 
respectively. The ECOG PS was 0, 1, and 2 in eight (9.0%), 
50 (56.2%), and 31 (34.8%) patients, respectively. The bladder 
was the primary tumor site in about half of the study popu-
lation (49.4%). Lymph node and visceral metastases were  
present in 52 (58.4%) and 48 (53.9%) patients, respectively 
(Table 1). 

We next subdivided the patient subgroups according to 
their baseline eGFR: patients with CKD stage 3 (≥ 30 mL/
min but < 60 mL/min) (n=68) vs. CKD stage 4-5 (< 30 mL/
min) (n=21). As shown in Table 1, most baseline characteris-
tics were comparable between the two subgroups, except for 
the higher proportion of patients having liver metastasis in 
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patients with GFR < 30 mL/min (33.3% vs. 10.3%, p=0.028). 
The proportion of patients with diabetes mellitus and  
hypertension tended to be higher in patients with eGFR < 30 
mL/min, but the differences were not statistically significant  
(Table 1). The proportion of patients who underwent con-
trast-enhanced CT was significantly lower in patients with 
eGFR < 30 mL/min at baseline and at the time of response 
evaluation.

2. Treatment profiles of gemcitabine plus carboplatin
The number of GCb cycles was significantly lower in  

patients with GFR < 30 mL/min (median, 2; interquar-
tile range, 1 to 4) than in those with GFR ≥ 30 mL/min but  

< 60 mL/min (median, 6; interquartile range, 2 to 6) (p=0.002) 
(Table 2). The RDI of gemcitabine and carboplatin was sig-
nificant lower in patients with eGFR < 30 mL/min (median, 
75.0% vs. 91.9% for gemcitabine and median, 94.4% vs. 100% 
for carboplatin, respectively). While there was no overall dif-
ference in the reason for treatment discontinuation between 
the two groups, the leading causes for treatment discontinu-
ation were progressive disease (PD) and completion of treat-
ment for patients with GFR < 30 mL/min and those with 
GFR ≥ 30 mL/min but < 60 mL/min, respectively (Table 2). 

Table 1.  Clinical characteristics of the study patients

Variable
 Full cohort  eGFR ≥ 30 mL/min eGFR < 30 mL/min 

p-value
 (n=89) (n=68) (n=21) 

Age (yr) 73 (67-78) 72.5 (67-78) 75 (65-80) 0.389
Male sex 63 (70.8) 46 (67.6) 17 (81.0) 0.369
Clinical setting    
    Initially metastatic           34 (38.2) 24 (35.3) 10 (47.6) 0.448
    Recurrent                      55 (61.8) 44 (64.7) 11 (52.4) 
ECOG PS                     
    0 8 (9.0) 7 (10.3) 1 (4.8) 
    1  50 (56.2) 39 (57.4) 11 (52.4) 0.570
    2 31 (34.8) 22 (32.4) 9 (42.9) 
Diabetes mellitus 23 (25.8) 14 (20.6) 9 (42.9) 0.080
Hypertension 45 (50.6) 31 (45.6) 14 (66.7) 0.150
Primary tumor site    
    Bladder 44 (49.4) 32 (47.1) 12 (57.1) 0.714
    Renal pelvis 24 (27.0) 19 (27.9) 5 (23.8) 
    Ureter 21 (23.6) 17 (25.0) 4 (19.0) 
Previous surgical resection 60 (67.4)a) 45 (66.2) 15 (71.4) 0.855
Previous chemotherapy    
    Adjuvant               7 (7.9) 7 (10.3)  0 ( 0.227
    Neoadjuvant 12 (13.5) 10 (14.7) 2 (9.5) 
Lymph node metastasis 52 (58.4) 38 (55.9) 14 (66.7) 0.533
Visceral.metastasis                48 (53.9) 34 (50.0) 14 (66.7) 0.276
    Lung metastasis               31 (34.8) 25 (36.8) 6 (28.6) 0.669
    Liver metastasis 14 (15.7) 7 (10.3) 7 (33.3) 0.028
    Bone metastasis 18 (20.2) 12 (17.6) 6 (28.6) 0.436
No. of metastatic sites    
    0 6 (6.7) 5 (7.4) 1 (4.8) 0.510
    1 46 (51.7) 37 (54.4) 9 (42.9) 
    ≥ 2  37 (41.6) 26 (38.2) 11 (52.4) 
Hemoglobin < 10 g/dL 25 (28.1) 17 (25.0) 8 (38.1) 0.374
Use of contrast-enhanced CT at baseline 76 (85.4) 63 (92.6) 13 (61.9) 0.002
Use of contrast-enhanced CT at response evaluationb) 62 (81.6) 53 (88.3) 9 (56.2) 0.010
Values are presented as median (interquartile range) or number (%). CT, computed tomography; eGFR, estimated glomerular filtration rate; 
ECOG, Eastern Cooperative Oncology Group; PS, performance status. a)Five cases of palliative resection were included in patients with 
initially metastatic disease, b)For 76 patients whose disease evaluation was feasible. 
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 1) Response to gemcitabine plus carboplatin according 
to GFR 
The response evaluation graded by RECIST ver. 1.1 revea-

led that a complete response and a partial response (PR) 
were achieved in two (2.9%) and 32 patients (47.1%) in the 
subgroup with GFR ≥ 30 mL/min but < 60 mL/min, whereas 
there were only two patients (9.5%) who had a PR in patients 
with GFR < 30 mL/min (Table 3). PD was the best response 
in five (7.4%) and five (23.8%) patients with GFR ≥ 30 mL/
min but < 60 mL/min and those with GFR < 30 mL/min, 
respectively. 

The response was not evaluable in eight patients (11.8%) 
in the subgroup with GFR ≥ 30 mL/min but < 60 mL/min 
(unable to tolerate the treatment in 2, death before disease 
evaluation in 1 and lost to follow-up for 5) and five patients 
(23.8%) in the subgroup with GFR < 30 mL/min (unable to 
tolerate the treatment in 1, refusal of further treatment after 
the first cycle in 1, death before disease evaluation in 1 and 
lost to follow-up for 2).   

Among patients who had their therapeutic response eval-

uated, patients in the subgroup with GFR < 30 mL/min had 
a significantly lower ORR (12.5%) compared to those with 
higher GFR levels (56.7%) (p=0.004). 

2) Survival outcomes according to the GFR
In the overall study patients, the median PFS and OS 

were 6.64 months (95% confidence interval [CI], 5.42 to 
8.22 months) and 10.5 months (95% CI, 8.5 to 14.5 months),  
respectively (S1A and S1B Fig.).

Compared to those with GFR ≥ 30 mL/min but < 60 mL/
min, patients with GFR < 30 mL/min showed a significantly 
worse PFS (median, 2.6 months vs. 7.4 months; p < 0.001) and 
OS (median, 6.9 months vs. 13.2 months; p < 0.001) (Fig. 1A 
and B). Patients with GFR < 30 mL/min still showed a worse 
PFS and OS compared to the patient subgroup with ECOG 
PS 2 and GFR ≥ 30 mL/min but < 60 mL/min (p=0.031 and 
p=0.047, respectively) (S2A and S2B Fig.). Multivariate analy-
sis revealed that GFR < 30 mL/min was independently asso-
ciated with a poor PFS (hazard ratio [HR], 2.57; 95% CI, 1.42 
to 4.65; p < 0.001) and OS (HR, 2.94; 95% CI, 1.57 to 5.54; p < 

Table 2.  Treatment profiles of gemcitabine plus carboplatin cycle according to eGFR

 eGFR ≥ 30 mL/min eGFR < 30 mL/min p-value

No. of GCb cycles  6 (2-6)  2 (1-4) 0.002
RDI of gemcitabine (%)a) 91.9 (75.0-100) 75.0 (43.8-81.2) 0.005
RDI of carboplatin (%)a) 100 (100-100) 94.4 (50.0-100) 0.005
Reason for discontinuation   
    Completion of treatment 24 (35.3) 2 (9.5) 0.256
    Surgery 2 (2.9) 0 ( 
    PD 22 (32.4) 8 (38.1) 
    Clinical deterioration 2 (2.9) 2 (9.5) 
    Intolerance or toxicity 10 (14.7) 5 (23.8) 
    Follow-up loss 7 (10.3) 3 (14.3) 
    Refusal 1 (1.5) 1 (4.8) 
Values are presented as median (interquartile range) or number (%). eGFR, estimated glomerular filtration rate; GCb, gemcitabine plus car-
boplatin; PD, progressive disease; RDI, relative dose intensity. a)RDI was calculated for the first two cycles (i.e., cycles 1 and 2).

Table 3.  Response to gemcitabine plus carboplatin therapy according to eGFR

 eGFR ≥ 30 mL/min eGFR < 30 mL/min p-value

RECIST response category
    Complete response 2 (2.9) 0 ( 0.013
    Partial response 32 (47.1) 2 (9.5) 
    Stable disease 21 (30.9) 9 (42.9) 
    Progressive disease 5 (7.4) 5 (23.8) 
    Not evaluable 8 (11.8) 5 (23.8) 
Objective response ratea) 32 (56.7) 2 (12.5) 0.004
Values are presented as number (%). eGFR, estimated glomerular filtration rate; RECIST, Response Evaluation Criteria In Solid Tumors.  
a)Analysis was performed excluding those whose therapeutic response was not evaluable. 

Hyung-Don Kim, GemCarbo in UC Patients with a Low GFR

VOLUME 53 NUMBER 4 OCTOBER 2021     1169



0.001) (S3 Table). 
Finally, when the study patients were further stratified  

according to their different GFR levels (i.e., GFR ≥ 45 mL/
min but < 60 mL/min vs. GFR ≥ 30 mL/min but < 45 mL/
min vs. GFR < 30 mL/min), the PFS and OS were signifi-
cantly different among these subgroups (p < 0.001 and p < 
0.001, respectively) (Fig. 2A and B). 

Discussion

In this retrospective cohort study, we assessed the impact 
of different GFR levels on the therapeutic efficacy of GCb 
in advanced UC patients treated with GCb. We found that  
advanced UC patients with GFR < 30 mL/min had a signifi-
cantly lower ORR as well as a worse PFS and OS compared 
to those with GFR ≥ 30 mL/min but < 60 mL/min. To our 

knowledge, this is the first study to focus on the clinical out-
comes of GCb in advanced UC patients with GFR < 30 mL/
min. Our results highlight the importance of considering 
the GFR in the treatment decision and the need for alterna-
tive therapeutic options for advanced UC patients with GFR  
< 30 mL/min. Since a substantial proportion of advanced UC 
patients are complicated by obstructive uropathy or renal 
function impairment accompanied by various comorbidities 
of the elderly, our data provide practical insights into the use 
of chemotherapeutic agents for patients with advanced UC. 

One of the most notable aspects of our study is the dis-
tinctly low ORR (12.5% among those with evaluable disease) 
with GCb among patients with GFR < 30 mL/min. This val-
ue is far lower than the reported ORRs of 41.2% and 48.7% 
in previous studies of GCb in cisplatin-unfit patients [7,9]. 
While the exact mechanism of this finding remains to be fur-
ther studied, a lower ORR might be attributable to a subop-

Fig. 1.  Survival outcomes of patients with estimated glomerular filtration rate (eGFR) < 30 mL/min and those with eGFR ≥ 30 mL/min but 
< 60 mL/min. Comparison of progression-free survival (A) and overall survival (B) between patients with eGFR < 30 mL/min and those 
with eGFR ≥ 30 mL/min but < 60 mL/min.
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Fig. 2.  Survival outcomes of patients with estimated glomerular filtration rate (eGFR) < 30 mL/min, eGFR ≥ 30 mL/min but < 45 mL/
min, and eGFR ≥ 45 mL/min but < 60 mL/min. Comparison of progression-free survival (A) and overall survival (B) between patient 
subgroups with eGFR < 30 mL/min, eGFR ≥ 30 mL/min but < 45 mL/min, and eGFR ≥ 45 mL/min but < 60 mL/min.
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timal dose of carboplatin, which is determined on the basis 
of the GFR [11]. Indeed, despite the fact that carboplatin is 
excreted mainly by glomerular filtration [11], the pharama-
cokinetic profiles of carboplatin in patients with GFR < 30 
ml/min remain unknown. Therefore, alternative carboplatin 
dosing, such as body surface area-based strategies [12], may 
be considered in this GFR context. In addition, the number 
of GCb cycles and the RDI of gemcitabine and carboplatin 
were significantly lower in this subgroup. These results  
imply that the general medical condition of patients with 
eGFR < 30 mL/min was not good enough to receive stand-
ard doses of GCb. We assume that the significantly lower 
number of administered cycles and reduced dose intensity 
of GCb in patients with eGFR < 30 mL/min might have  
resulted in the lower ORR and a worse PFS in these patients. 

In addition to the low response rate, the extremely short 
PFS (median, 2.6 months) and OS (median, 6.9 months) 
suggests that GCb confers minimal clinical benefit in pati-
ents with GFR < 30 mL/min. These PFS and OS values are  
numerically much shorter compared to a previously reported 
PFS of 5 to 6 months and an OS of 9 to 10 months with cispl-
atin-unfit UC patients treated with GCb [7,9]. In our analysis, 
patients with GFR < 30 mL/min showed a worse PFS and 
OS compared to those with ECOG PS 2 in the subgroup with 
GFR ≥ 30 mL/min but < 60 mL/min. These results suggest 
that advanced UC patients with GFR < 30 mL/min may be 
considered a distinct entity among cisplatin-unfit patients. 
In addition, a comparison of survival outcomes among the 
subgroups with three different GFR categories (i.e., GFR  
≥ 45 mL/min but < 60 mL/min vs. GFR ≥ 30 mL/min but  
< 45 mL/min vs. GFR < 30 mL/min) revealed gradually 
worsening clinical outcomes as the GFR level declined. This 
finding also points to the critical impact of GFR levels on 
GCb-treated patients with advanced UC.

Apart from impacting the therapeutic efficacy of systemic 
chemotherapeutic agents, a low GFR per se can be a strong 
negative prognosticator in cancer patients [8,13,14]. Report-
edly, the median OS is numerically shorter with carboplatin-
based regimens in cisplatin-unfit patients (9 to 10 months) 
[7,9] compared to that of cisplatin-treated patients (14 to 15 
months) [2-4]. Therefore, our data showing a worse OS in 
patients with GFR < 30 mL/min may be due in part to the 
medical vulnerability of these patients. Nevertheless, our  
results showing a significantly worse ORR and PFS in pati-
ents with GFR < 30 mL/min suggests that the therapeutic  
efficacy of GCb is suboptimal. There might be an improve-
ment with other chemotherapeutic regimens. Taken together, 
these results should discourage the use of GCb in advanced 
UC patients with GFR < 30 mL/min, and they strongly 
suggest the need for establishing alternative treatment  
approaches with a better efficacy for these patients. 

Immune checkpoint inhibitors (ICIs) may be considered 
an alternative option in this clinical setting, given their tol-
erable safety profiles without the need for dose adjustment 
for kidney impairment [15]. The survival benefit of pembroli-
zumab shown in the second-line setting also supports the 
use of ICI in advanced UC patients [16,17]. However, since 
patients with GFR < 30 mL/min were excluded in recent ICI 
trials of advanced UC [16-20], the therapeutic efficacy of ICI  
remains unknown in this GFR context. Furthermore, ICI 
agents alone failed to show a survival benefit or non-inferi-
ority in terms of therapeutic efficacy in the first-line setting 
[18-20], which questions the use of these ICI agents alone in 
this clinical setting. 

In a recent phase II study comparing the efficacy of GCb 
and gemcitabine plus oxaliplatin (GEMOX) in cisplatin-unfit 
advanced UC patients, we showed that GEMOX might be 
a feasible option for cisplatin-unfit advanced UC patients 
[9]. In that study, whereas an objective response was not  
observed with GCb in the subgroup with GFR < 30 mL/min, 
three out of five patients (60%) with the same GFR category 
showed a response to GEMOX, which was well tolerated [9]. 
Therefore, GEMOX may be one of the feasible options for ad-
vanced UC patients with GFR < 30 mL/min, and it deserves 
further investigation in future studies, either on its own or in 
combination with ICIs. 

The retrospective nature of our study and its relatively 
small number of patients may limit the interpretation and 
generalizability of our data. In addition, the fact that the pro-
portion of patients who underwent enhanced CT was signifi-
cantly lower in patients with eGFR < 30 mL/min suggests 
that assessment of the presence and extent of disease as well 
as the response to treatment may have been suboptimal. Nev-
ertheless, our results raise a very important clinical question 
regarding whether GCb should be used in patients with GFR 
< 30 mL/min. Given the limited reports on the outcomes of 
GCb in patients with GFR < 30 mL/min, our results may be 
used to design future studies and guide clinical decisions.

In conclusion, GCb shows extremely poor clinical out-
comes in advanced UC patients with GFR < 30 mL/min. The 
use of this regimen is discouraged in this population. The 
establishment of alternative treatment approaches such as 
GEMOX or ICI is warranted for these patients. 
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Introduction

Renal cell carcinoma (RCC) is one of the most common  
malignancies worldwide, with approximately 400,000 new 
cases and 175,000 deaths in 2018 [1]. Several studies have 
changed the concept of RCC from a uniform entity to a spec-
trum of different histological subtypes with characteristic 
genetic and molecular features [2,3]. Among the subtypes 
of RCC, clear cell RCC is the most common subtype and  
accounts for 75% of all renal neoplasms [4]. Frequent inacti-
vation of the VHL gene causes the overexpression of hypox-
ia-inducible factor (HIF)-1α and HIF-2α, and activates other 
oncogenes and downstream cascades, including vascular  
endothelial growth factor [5,6].

The prognosis of clear cell RCC varies, with more than 90% 
involving 5-year survival for early stage patients and 12% 
involving 5-year survival for patients with distant metasta-
ses [7]. Because of poor prognoses, several targeted agents 

and immunomodulatory agents have been used to treat  
advanced stage clear cell RCC patients. However, definite 
therapeutic strategies have not yet been established [7-9].

Iron is indispensable for many physiological processes 
in cells, such as DNA synthesis and mitochondrial oxida-
tive metabolism. Several cancers have alterative pathways 
to maintain cellular iron balance [10]. Among several iron  
metabolism–related proteins, ferroportin (FPN) functions as 
an iron efflux pump, which is diminished in breast cancer, 
causing tumor growth and metastasis [11]. In addition, a  
recent study reported that the mechanism of hepatic car-
cinogenesis involves a deficiency of F-Box and leucine rich  
repeat protein 5 (FBXL5) [12]. Some studies have reported 
that FBXL5 and the iron regulatory protein 2 (IRP2) axis con-
trols the expression of FPN in a mouse model [13,14]. 

Accumulated intracellular iron activates various intracel-
lular signaling pathways [10]. Among these pathways, signal 
transducer and activator of transcription 3 (STAT3) is activat-
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ed by Janus kinase 1 (JAK1) and crucial for the development 
and progression of clear cell RCC [15]. In addition, the excess 
intracellular iron accounts for the tumorigenesis in colorectal 
cancer via cyclin dependent kinase 1–JAK1–STAT3 pathway 
[16]. These findings may indicate the iron metabolism–relat-
ed proteins as the potential therapeutic target. 

Although a recent study validated 25 iron metabolism– 
related and methylated genes in clear cell RCC [17], studies 
of the prognostic impacts of FPN and FBXL5 have not yet 
been reported. In the present study, we therefore character-
ized the clinicopathological characteristics and prognostic 
impacts of FPN and FBXL5 expression in advanced stage 
clear cell RCC patients.

Materials and Methods
 
1. Patient selection

Tissue specimens from 950 consecutive clear cell RCC 
patients who underwent radical nephrectomy from 2006 to 
2017 at Severance Hospital were used in this study. After the 
slide review by two independent pathologists (C.K. Park and 
N.H. Cho), cases with pT3 and pT4 according to pathologi-
cal tumor, node and metastasis (TNM) staging based on the 
8th American Joint Committee on Cancer (AJCC) criteria or 
those with distant metastases were classified as advanced 
stage RCC. A total of 143 advanced stage RCC cases were 
identified and finally selected for the study.

Several pathological factors, including tumor size, nuclear 
grade according to the World Health Organization (WHO)/
International Society of Urologic Pathology (ISUP) grading 
system [18], sarcomatoid or rhabdoid differentiation, perire-
nal fat invasion, renal sinus fat invasion, vascular invasion 
including renal vein thrombi, and pathological TNM staging 
according to the 8th AJCC criteria were obtained from the 
slide review by two individual pathologists (C.K. Park and 
N.H. Cho). Various clinical factors, including age at surgery, 
sex, regimen of adjuvant treatment, and clinical follow-up 
data were obtained by medical record review. Relapse–free 
survival (RFS) was defined as the time from the date of the 
first curative operation to the date of the first loco-regional 
recurrence/distant metastasis or to the date of death without 
any type of relapse. Overall survival (OS) time was calcu-
lated from the date of curative resection to the date of the last 
follow-up or death from any cause.

2. Immunohistochemistry and evaluation
Four µm tissue sections from formalin fixed paraffin em-

bedded blocks were used for immunohistochemistry (IHC). 
IHC was performed using the Ventana Benchmark XT  
automated staining system (Ventana Medical Systems, Tuc-

son, AZ) as previously described [19]. Cell Conditioning 1 
buffer (EDTA, pH 8.0, Ventana Medical Systems) was used 
for antigen retrieval. The sections were incubated with pri-
mary antibody for FPN (1:200, rabbit polyclonal, Novus 
Biologicals, Centennial, CO), FBXL5 (1:50, rabbit polyclonal,  
Abcam, Cambridge, UK), and STAT3 (1:300, mouse monoclo-
nal, 124H6, Cell Signaling Technology, Danvers, MA).

The evaluations of IHC slides were performed by two 
independent pathologists. Expression of FPN, FBXL5, and 
STAT3 were evaluated based on the semi-quantitative H-
score method with a total score range of 0-300 as previously 
described [20]. Using X-tile software [21], the cutoff value 
was optimized for FPN, FBXL5 and STAT3.

3. The Cancer Genome Atlas data
To investigate the relationship between mRNA expression 

of FPN and FBXL5 and various clinicopathological factors, 
public data from the Cancer Genome Atlas (TCGA) data-
base were used. The clinical information and RNA sequenc-
ing data were obtained from TCGA database as previously  
described [17]. Detailed clinical and pathological character-
istics of the TCGA and Severance Hospital cohort are pre-
sented in S1 Table.

 
4. Statistical analysis

Statistical calculations were performed using SPSS statisti-
cal software for Windows ver. 21.0 (IBM Corp., Armonk, NY). 
The chi-square test or Fisher exact test was used to study the 
relationship between IHC results or mRNA expression levels 
and various clinicopathological factors. For the comparison 
of patient age and tumor size, Student’s t test was used. RFS 
and OS were estimated by the Kaplan-Meier method using 
the log-rank test. Multivariate regression was analyzed using 
the Cox proportional hazards model. Significant compari-
sons refer to p-values of two-tailed tests < 0.05.

Results

1. FPN and FBXL5 IHC expression in clear cell RCCs
All 143 clear cell RCCs showed membrane expression 

of FPN with nonspecific nuclear staining. Only membrane  
expression was considered. The intensities and proportions 
of FPN expression were diverse. The H-score of FPN varied 
from 0 to 205 with a cutoff value of 20 optimized by X-tile 
software. Cases with H-score > 20 were assigned to high FPN 
expression and others were assigned to low FPN expression. 

All clear cell RCCs showed cytoplasmic expression of 
FBXL5. Similar to FPN, the H-score of FBXL5 varied from 
0 to 260 with a cutoff value of 15 optimized by X-tile soft-
ware. Cases with H-score > 15 were assigned to high FBXL5  
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expression and others were assigned to low FBXL5 expres-
sion.

All clear cell RCCs showed nuclear expression of STAT3. 
The expression of STAT3 varied from 0 to 300 with a cut-off 
value of 70 optimized by X-tile software. Cases with H-score 
> 70 were assigned to high STAT3 expression and the others 
were assigned to low STAT3 expression. The representative 
cases and the distribution of H-score of each marker are pre-
sented as Fig. 1 and S2 Fig., respectively.

When analyzing correlations between various clinico-
pathological factors and FPN expression, only patient sur-
vival was significantly associated with high FPN expression 
(p=0.022). For FBXL5, high expression was significantly  
associated with higher nuclear grade (p=0.006), high STAT3 
expression (p=0.016), and patient survival (p=0.005). The  
detailed results of chi-square analyses are presented in  
Table 1.

2. The mRNA expression levels of FPN and FBXL5 in clear 
cell RCC

Among 538 patients’ data obtained from TCGA database, 

534 patients with available FPN and FBXL5 mRNA expres-
sion data were finally selected. All 534 patients were classi-
fied into two groups. Cases within the upper 50% of FPN and 
FBXL5 mRNA expression were assigned to high expression 
and the others were assigned to low expression.

Using chi-square analysis, low FPN mRNA expression 
was significantly associated with advanced pathological T 
stage (p=0.001), recurrence/metastasis (p=0.008), and pati-
ent death (p=0.002). In addition, low FPN mRNA expres-
sion showed a tendency toward higher WHO/ISUP nuclear 
grade (p=0.054). For FBXL5, low mRNA expression was sig-
nificantly associated with male sex (p=0.001), higher WHO/
ISUP nuclear grade (p=0.009), advanced pathological T stage 
(p < 0.001), recurrence/metastasis (p < 0.001), and patient 
death (p < 0.001). The detailed results of chi-square analysis 
are presented in S3 Table.

3. Prognostic impact of FPN and FBXL5 expression on clear 
cell RCC patients’ OS

In survival analysis of the Severance Hospital cohort, low 
expression of FPN and FBXL5 were significantly associated 

Fig. 1.  Representative cases of ferroportin (FPN), F-Box, and leucine rich repeat protein 5 (FBXL5) and signal transducer and activator of 
transcription 3 (STAT3) expression in clear cell renal cell carcinomas (×200). FPN showed membrane expression with nonspecific nuclear 
staining: (A) negative, (B) intensity 1+, (C) intensity 2+, and (D) intensity 3+. FBXL5 cytoplasmic expression: (E) negative, (F) intensity 1+, 
(G) intensity 2+, and (H) intensity 3+. STAT3 showed nuclear expression: (I) negative, (J) intensity 1+, (K) intensity 2+, and (L) intensity 3+.

A

E

I

B

F

J

D

H

L

C

G

K

Cancer Res Treat. 2021;53(4):1174-1183

1176     CANCER  RESEARCH  AND  TREATMENT



with shorter OS (p=0.003 and p=0.004, respectively) (Fig. 2A 
and B). In addition, cases with low expression of both FPN 
and FBXL5 showed significantly poorer OS than other cases 
(p < 0.001) (Fig. 2C). High STAT3 expression was significant-
ly associated with shorter OS (p=0.007) (Fig. 2D). 

When additionally estimating OS in cases with recurrence 
or metastasis, those with low expression of FPN and FBLX5 
showed significantly shorter OS (p=0.016 and p=0.015, res-
pectively) (Fig. 2E and F). However, high STAT3 expression 
did not show significant differences in OS (p=0.525) (Fig. 2G).

Using univariate analysis, tumor size > 9 cm (p=0.002), the 

presence of perirenal fat invasion (p=0.003), the presence of 
sarcomatoid/rhabdoid differentiation (p < 0.001), low FPN 
expression (p=0.004), low FBXL5 expression (p=0.005), high 
STAT3 expression (p=0.009) and the presence of recurrence/
metastasis (p < 0.001) were significantly associated with 
shorter OS. Using multivariate analysis, low FBXL5 expres-
sion (p=0.034) and the presence of recurrence/metastasis  
(p < 0.001) were significantly associated with shorter OS. 
The presence of perirenal fat invasion (p=0.067), the pres-
ence of sarcomatoid/rhabdoid differentiation (p=0.057) and 
high STAT3 expression (p=0.080) showed a tendency toward 

Table 1.  Clinicopathological characteristics of 143 clear cell renal cell carcinoma cases according to FPN and FBXL5 expression status

Variable
 No. of cases                           FPN expression                                   FBXL5 expression 

 (n=143)  High (n=72) Low (n=71) p-value High (n=58) Low (n=85) p-value

Age (yr)  60.2±12.0 59.1±11.7 0.581 60.4±11.3 59.2±12.2 0.529
Tumor size (cm)  9.12±4.00 9.06±3.42 0.930 9.18±3.65 9.03±3.76 0.804
Sex       
    Female 40 23 (31.9) 17 (23.9) 0.287 16 (27.6) 24 (28.2) 0.932
    Male 103 49 (68.1) 54 (76.1)  42 (72.4) 61 (71.8) 
Nuclear grade       
    2 25 14 (19.4) 11 (15.5) 0.534 4 (6.9) 21 (24.7) 0.006
    3 and 4 118 58 (80.6) 60 (84.5)  54 (93.1) 64 (75.3) 
Perirenal fat invasion       
    Absent 67 30 (41.7) 37 (52.1) 0.211 28 (48.3) 39 (45.9) 0.778
    Present 76 42 (58.3) 34 (47.9)  30 (51.7) 46 (54.1) 
Sinus fat invasion       
    Absent 59 31 (43.1) 28 (39.4) 0.660 21 (36.2) 38 (44.7) 0.311
    Present 84 41 (56.9) 43 (60.6)  37 (63.8) 47 (55.3) 
Vascular invasion       
    Absent 80 44 (61.1) 36 (50.7) 0.210 28 (48.3) 52 (61.2) 0.127
    Present 63 28 (38.9) 35 (49.3)  30 (51.7) 33 (38.8) 
Sarcomatoid/Rhabdoid 
  differentiation      
    Absent 128 66 (91.7) 62 (87.3) 0.397 53 (91.4) 75 (88.2) 0.547
    Present 15 6 (8.3) 9 (12.7)  5 (8.6) 10 (11.8) 
Necrosis       
    Absent 122 62 (86.1) 60 (84.5) 0.786 49 (84.5) 73 (85.9) 0.816
    Present 21 10 (13.9) 11 (15.5)  9 (15.5) 12 (14.1) 
STAT3 expression       
    Low 117 55 (76.4) 62 (87.3) 0.090 42 (72.4) 75 (88.2) 0.016
    High 26 17 (23.6) 9 (12.7)  16 (27.6) 10 (11.8) 
Recurrence/Metastasis       
    Absent 54 32 (44.4) 22 (31.0) 0.097 25 (43.1) 29 (34.1) 0.276
    Present 89 40 (55.6) 49 (69.0)  33 (56.9) 56 (65.9) 
Survival       
    Alive 86 50 (69.4) 36 (50.7) 0.022 43 (74.1) 43 (50.6) 0.005
    Expired 57 22 (30.6) 25 (49.3)  15 (25.9) 42 (49.4) 

Values are presented as mean±SD or number (%). FBXL5, F-Box and leucine rich repeat protein 5; FPN, ferroportin; STAT3, signal trans-
ducer and activator of transcription 3.
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shorter OS. The detailed results of univariate and multivari-
ate analysis are presented in Table 2.

In TCGA cohort, low mRNA expression of FPN and FBXL5 
were significantly associated with shorter OS (all, p < 0.001) 
(S4A and S4B Fig.). When analyzing pT3 and pT4 cases of 
TCGA cohort, cases with low FPN and FBXL5 mRNA lev-

els showed significantly shorter OS (p < 0.001 and p=0.014, 
respectively) (Fig. 2H and I). Using univariate analysis, age 
> 60 years (p < 0.001), WHO/ISUP nuclear grade 3 and 4  
(p < 0.001), pathological stage T3 and T4 (p < 0.001), low FPN 
mRNA level (p < 0.001), low FBXL5 mRNA level (p < 0.001), 
and the presence of recurrence/metastasis (p < 0.001) were 

Fig. 2.  Overall survival (OS) of clear cell renal cell carcinoma patients according to ferroportin (FPN), F-Box, and leucine rich repeat protein 
5 (FBXL5) and signal transducer and activator of transcription 3 (STAT3) expression. (A) In 143 clear cell renal cell carcinoma, low expres-
sion of FPN was significantly associated with shorter OS (p=0.003). (B) Similar to FPN, low FBXL5 expression was significantly associated 
with shorter OS (p=0.004). (C) Cases with low expression of both FPN and FBXL5 showed significantly shorter OS than other cases (p < 
0.001). (D) High STAT3 expression showed significantly shorter OS (p=0.007). In patients with recurrence or metastasis, those with low 
FPN (E) and FBXL5 (F) expression showed significantly shorter OS (p=0.016 and p=0.015, respectively). (Continued to the next page)
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associated with shorter OS. Using multivariate analysis, 
pathological stage T3 (p=0.024), and low FBXL5 mRNA level 
(p=0.020) were significantly associated with shorter OS. The 
low FPN mRNA level showed a tendency toward shorter OS 

(p=0.085). The detailed results of univariate and multivariate 
analyses are presented as S5 Table.

4. Prognostic impact of FPN and FBXL5 expression on clear 
cell RCC patients’ RFS

In survival analysis of the Severance Hospital cohort, only 
high STAT3 expression showed significant correlation with 
shorter RFS (p < 0.001). The low FPN expression showed a 
tendency toward shorter RFS (p=0.055) (S6 Fig.). 

Using univariate analysis, tumor size > 9 cm (p=0.001), the 
presence of perirenal fat invasion (p=0.016), the presence of 
sarcomatoid/rhabdoid differentiation (p=0.003) and high 
STAT3 expression (p < 0.001) were significantly associated 
with shorter RFS. Using multivariate analysis, tumor size > 
9 cm (p=0.012), the presence of sarcomatoid/rhabdoid dif-
ferentiation (p=0.002) and high STAT3 expression (p=0.004) 
were significantly associated with shorter RFS. The detailed 
results of univariate and multivariate analysis are presented 
in S7 Table.

In TCGA cohort, low mRNA expression of FPN and FBXL5 
were significantly associated with shorter RFS (p=0.002 and 
p < 0.001, respectively) (S8A and S8B Fig.). When analyz-
ing pT3 and pT4 cases of TCGA cohort, cases with low FPN 
mRNA levels showed significantly shorter RFS (p=0.006) 
(S8C Fig.). However, no significant difference was identi-
fied according to FBXL5 mRNA level (p=0.458) (S8D Fig.). 
Using univariate analysis, age > 60 years (p=0.028), WHO/
ISUP nuclear grade 3 and 4 (p < 0.001), pathological stage 
T3 and T4 (p < 0.001), low FPN mRNA level (p=0.003), 
and low FBXL5 mRNA level (p < 0.001) were associated 
with shorter RFS. Using multivariate analysis, WHO/ISUP  
nuclear grades 3 and 4 (p < 0.001), pathological stage T3 and 
T4 (p < 0.001) and low FBXL5 mRNA level (p=0.006) were sig-
nificantly associated with shorter RFS. The low FPN mRNA 
level showed a tendency toward shorter RFS (p=0.085). The 
detailed results of univariate and multivariate analyses are 
presented as S9 Table.

Discussion

Clear cell RCC is the most common tumor among all  
renal neoplasms; however, its prognoses are poor in patients 
with advanced stages. Several targeted agents have been 
used to treat this common but lethal subtype of RCC [7-9]. 
The maintenance of iron homeostasis is crucial because it is 
essential for several biological processes. Dysregulation of 
iron metabolism–related proteins causes tumor growth and 
metastasis [11,22]. Recent studies have shown the role of the 
FBXL5-IRP2 axis in the expression of FPN [13,14]. In the pre-
sent study, we therefore characterized the expression of FPN 

Fig. 2.  (Continued from the previous page) (G) High STAT3 expres-
sion did not show significant differences in patients with recur-
rence or metastasis (p=0.525). (H) When analyzing 191 pT3 and 
pT4 patients of The Cancer Genome Atlas cohort, low mRNA  
expression level of FPN was significantly associated with short-
er OS (p < 0.001). (I) Similar to FPN, the low mRNA expression 
level of FBXL5 was significantly associated with shorter OS 
(p=0.014).
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and FBXL5 in advanced stage clear cell RCCs to elucidate 
their roles in tumor progression.

We investigated the expression of FPN and FBXL5 in  
advanced stage clear cell RCC patients and compared the 
differences with patients in TCGA cohort. Low expression of 

FPN and FBXL5 showed significantly shorter OS in advanced 
clear cell RCC patients, which is consistent with TCGA data 
analysis. In addition, when analyzing pT3 and pT4 cases of 
TCGA cohort, low FPN and FBXL5 mRNA expression were 
significantly associated with shorter OS. In our study cohort, 

Table 2.  Univariate and multivariate analysis of 143 clear cell renal cell carcinoma cases on overall survival

Variable
                             Univariate                               Multivariate

 HR (95% CI) p-value HR (95% CI) p-value 

Age (yr)
    ≤ 60 1 ( 0.546 - -
    > 60 0.851 (0.504-1.437)  - 
Sex    
    Female 1 ( 0.746 - -
    Male 0.909 (0.509-1.622)  - 
Tumor size (cm)    
    ≤ 9 1 ( 0.002 1 ( 0.899
    > 9 2.351 (1.381-4.004)  1.040 (0.570-1.896) 
Nuclear grade    
    2 1 ( 0.184 - -
    3 and 4 1.661 (0.786-3.513)  - 
Perirenal fat invasion    
    Absent 1 ( 0.003 1 ( 0.067
    Present 2.385 (1.338-4.251)  1.807 (0.959-3.408) 
Sinus fat invasion    
    Absent 1 ( 0.160 - -
    Present 0.689 (0.409-1.159)  - 
Vascular invasion    
    Absent 1 ( 0.349 - -
    Present 1.284 (0.761-2.167)  - 
Necrosis    
    Absent 1 ( 0.246 - -
    Present 1.504 (0.754-3.000)  - 
Sarcomatoid/Rhabdoid differentiation    
     Absent 1 ( < 0.001 1 ( 0.057
    Present 3.474 (1.784-6.762)  1.986 (0.979-4.031) 
FPN expression    
    High 1 ( 0.004 1 ( 0.101
    Low 2.192 (1.280-3.751)  1.616 (0.910-2.868) 
FBXL5 expression    
    High 1 ( 0.005 1 ( 0.034
    Low 2.323 (1.287-4.194)  2.001 (1.053-3.801) 
STAT3 expression    
    Low 1 ( 0.009 1 ( 0.080
    High 2.207 (1.217-4.002)  1.775 (0.934-3.375) 
Recurrence/Metastasis    
    Absent 1 ( < 0.001 1 ( < 0.001
    Present 9.541 (3.786-24.043)  7.001 (2.667-18.377) 
CI, confidence interval; FBXL5, F-Box and leucine rich repeat protein 5; FPN, ferroportin; HR, hazard ratio; STAT3, signal transducer and 
activator of transcription 3. 
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FPN and FBXL5 showed variable expression in advanced 
stage clear cell RCCs with membrane and cytoplasmic  
expression, respectively. 

Low expression of FBXL5 suppresses the degradation of 
IRP2, causing the overexpression of IRP2. IRP2 causes the 
degradation of FPN, causing intracytoplasmic accumulation 
of iron [13,14]. The excess intracytoplasmic iron promotes 
cancer development via the Fenton reaction by generating 
reactive oxygen species, hydroxide anion, and hydroxyl radi-
cals [23]. A recent computational study reported that cytosol-
ic and mitochondrial Fenton reactions occurred in 14 cancer 
types, including clear cell RCC. In the cytosol, to neutralize 
excess hydroxide anions, glycolysis and nucleotide synthe-
sis increase, which promote cell division and proliferation to 
eliminate the excess glycolytic products and nucleotides. In 
addition, ATP is synthesized in mitochondria without oxy-
gen consumption because hydrogen peroxide plays a role as 
an electron receiver instead of oxygen in the Fenton reaction 
[24]. 

In our speculation, there may be a cross-talk between iron 
metabolism–related proteins and HIF in clear cell RCC. The 
inactivation of the VHL gene causes the stabilization and 
activation of HIF-1α and HIF-2α [5,25]. Especially, HIF-1α 
stimulates the expression of glycolysis-related genes, such as 

HK2, PFK, and LDHA [26]. In addition, excess cytosolic iron 
overload causes glycolysis and nucleotide synthesis via the 
Fenton reaction [24]. These two pathways, which promote 
glycolysis and lactate formation, and may induce tumor pro-
gression in clear cell RCC (Fig. 3).

Increased intracellular iron also promotes metastasis via 
downregulation of metastasis suppressor, N-myc, down-
stream-regulated gene 1 (NDRG1), and NDRG2 in various 
types of cancers [27]. NDRG2 inhibits the epithelial-mesen-
chymal transition and metastasis by inactivating STAT3 and 
ERK1/2 via reduction of the level of the gp130 receptor [28]. 
In this regard, it is possible that the low expression of FPN 
and FBXL5 may be associated with high STAT3 expression. 
Thus, we performed STAT3 IHC to determine the correla-
tion between iron metabolism–related proteins and STAT3. 
However, FPN and STAT3 expression showed positive corre-
lations (Pearson’s correlation coefficient, 0.436; p < 0.001). In 
addition, the correlation between FBXL5 and STAT3 expres-
sion was not significant (Pearson’s correlation coefficient, 
0.156; p=0.062) (S10 Table). These findings may be due to 
the upregulation of STAT3 in clear cell RCC [15] or interac-
tion between FPN and FBXL5. Further studies are therefore 
necessary to investigate the cross-talk between iron metabo-
lism–related proteins and STAT3 in clear cell RCC. 

Several studies have reported the expression of iron  
metabolism–related proteins and their clinical significance 
in various types of cancers. A recent study reported that the 
deficiency of FBXL5 causes hepatic carcinogenesis [12]. The 
expression of FPN is lower in prostate and breast cancers. In 
addition, the expression level decreases as the tumor grade 
increases [11,29,30]. Furthermore, a low expression level of 
FPN in pancreatic cancer is significantly associated with 
poor patient outcomes [31]. The analysis results of TCGA 
cohort and our study cohort is consistent with those of previ-
ous studies, indicating that the disruption of iron metabo-
lism–related proteins may trigger carcinogenesis and tumor 
progression. However, some cancers have shown different 
results. When compared with normal esophagus tissue, FPN 
is overexpressed in esophageal adenocarcinoma [32]. Thus, 
the correlation between mRNA or protein expression and 
patient prognosis may differ according to the subtype of can-
cer. Further studies are necessary to elucidate the different 
prognostic impacts of FPN and FBXL5 on patient survival in 
various cancer types. 

Unlike TCGA cohort, only patient survival was signifi-
cantly associated with high expression of FPN and FBXL5. 
This may be due to the different composition of the study 
cohort. Considering the composition of our study cohort, the 
low expression of FPN and FBXL5 may adversely affect the 
OS of advanced stage patients. These findings suggested that 
low expression of these two iron metabolism–related pro-

Fig. 3.  Schematic diagram of cross-talk between iron-related 
metabolism and hypoxia-inducible factor 1α (HIF-1α) in clear 
cell renal cell carcinoma. The cytosolic excess iron and hydrogen 
peroxide trigger the Fenton reaction with generation of reactive 
oxygen species, hydroxyl radicals, and hydroxide anions. To 
maintain the cytosolic and mitochondrial pH, glycolysis, lactate 
formation, and subsequent nucleotide synthesis is promoted. 
Inactivation of VHL induces the activation of HIF-1α, which 
promotes the expression of glycolysis-related genes and LDHA. 
FBXL5, F-Box and leucine rich repeat protein 5.
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teins were an independent prognostic predictor of patient 
survival in advanced clear cell RCC. In addition, our find-
ings suggested the possibility of a FBXL5-IRP2 axis, and FPN 
as a potential therapeutic target for advanced stage clear cell 
RCC patients.

Despite being consistent with TCGA cohort, our study 
had a limitation because it was a retrospective study per-
formed in a single institute with a cohort composed of  
advanced stage RCC patients. Thus, the correlation between 
the expression of iron metabolism–related proteins and vari-
ous clinicopathological factors was not fully elucidated. In  
addition, the mechanism by which the low expression of FPN 
and FBXL5 affected patient survival is unclear. Further large  
series studies with multicenter cohorts are therefore neces-
sary to overcome the limitations of our study.

In conclusion, we showed that low expression of FPN and 
FBXL5 were significantly associated with shorter OS and 
that low expression levels predicted the prognoses of RCC 
patients. Our findings suggested that FPN and FBXL5 can 
be used as prognostic markers and therapeutic targets for  
advanced stage clear cell RCC patients, although further 
studies are necessary to validate our results. 
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Introduction

Acute lymphoblastic leukemia (ALL), the most common 
pediatric malignancy affects around 1 in 1500 children global-
ly, representing 25% of all the pediatric malignancies [1-3]. In 
Korea, approximately 28 children (age, 0 to 14 years) per mil-
lion are afflicted by lymphoid leukemia and about 300 new 
cases of childhood ALL are diagnosed out of 1,500 patients 
with pediatric cancer every year [4,5]. 

In new pediatric ALL cases, use of modern treatment strate-
gies such as improved risk stratification based on prognostic 

factors, newer treatment modalities, and adjustments in treat-
ment regimen intensities have resulted in a 5-year event-free 
survival rate of approximately 80%, and 5-year survival rate 
approaching 90%, one of the highest in any pediatric cancers 
in developed nations [6,7]. However, 15%-20% of patients 
with pediatric ALL experience relapse during or after the 
first treatment [8,9]. The primary treatment goal of pediatric  
relapsed ALL is to achieve secondary remission for a success-
ful hematopoietic stem cell transplantation (HSCT) [10,11]. 
Despite substantial secondary remission rates (71%-93%) and 
availability of HSCT, nearly 50% of children with relapsed 
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Purpose  Effectiveness and safety of clofarabine (one of the treatment mainstays in pediatric patients with relapsed/refractory acute 
lymphoblastic leukemia [ALL]) was assessed in Korean pediatric patients with ALL to facilitate conditional coverage with evidence 
development.    
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survival outcomes, and adverse events were assessed. 
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ALL do not survive [8,9]. In addition to relapsing ALL, the 
treatment outcomes of pediatric refractory ALL remain a ther-
apeutic challenge [8].

Most of the salvage regimens for relapsed/refractory (R/R) 
ALL utilize the same frontline therapy agents that may have 
reached their limits of optimal use and tolerability [12,13]. In 
such case, novel therapeutic agents such as clofarabine may 
serve as an effective option. Clofarabine is a second-genera-
tion purine nucleoside metabolic inhibitor with better efficacy 
and toxicity profile than its structural analogues, fludarabine 
and cladribine that were used to treat hematological malig-
nancies [14]. Clofarabine was approved both in the United 
States and Europe as a single agent for the treatment of chil-
dren with ALL refractory to at least two prior regimens [9].

In a retrospective analysis of Korean patients with pediatric 
R/R ALL (Chopin study), 5-year long-term survival rate was 
only 6.7%, demanding new treatment options in this group 
[15]. In 2013, the Korean Ministry of Food and Drug Safety 
considered clofarabine eligible for reimbursement under the 
risk-sharing agreement, satisfying the condition of coverage 
with evidence development (CED), and approved its use in 
previously treated patients with ALL who had poor progno-
sis [16]. However, data related to the effectiveness of clofara-
bine in Korean patients for reimbursement is scarce. 

This is the first risk-sharing model for a new drug imple-
mented in a study to generate data in order to execute con-
ditional CED, proposed by the sponsor and approved by 
Health Insurance Review and Assessment Service in Korea. 
This study aimed to assess the effectiveness of clofarabine in 
Korean pediatric patients with R/R ALL, supporting CED. 
This study is the first clinical outcomes generated to support 
for the approval of reimbursement from Health Insurance 
Review and Assessment Service in Korea. Findings from this 
study will facilitate insurance coverage of patients with ALL 
who need clofarabine and monitor the long-term outcomes.  

Materials and Methods
 
1. Study group

This multicenter, prospective observational study was con-
ducted at 11 Korean hospitals between May 2014 and Janu-
ary 2018. The study centers where pediatric hematology- 
oncology specialists practiced with focus on treating pedi-
atric patients with ALL, were chosen. Patients were eligible 
if they had histologically proven ALL based on the French-
American-British Classification, ≥ 25% stem cells in bone 
marrow, age 1-21 years at the initial diagnosis, and failed to 
respond or relapsed after ≥ 2 regimens [17]. Eligible patients 
received clofarabine for the first time after enrollment in the 
study and had not received other investigational product(s) 

within 2 weeks prior to enrollment. Patients with severe  
renal or hepatic impairment, hypersensitivity to the investi-
gational products, pregnant or nursing women were exclu-
ded.

2. Treatment
Clofarabine was administered in a way of either mono-

therapy or combinational therapy based on a investigator’s 
discretion. Clofarabine as a monotherapy was administered 
intravenously at a dose of 52 mg/m2 over 2 hours daily for 
5 consecutive days, at an interval of 2-6 weeks [18]. In the 
absence of internationally established standard dosing regi-
men, the dose and duration of clofarabine and other agents 
(such as cyclophosphamide and etoposide) in the combina-
tion therapy regimen were based on the previous studies 
[19,20]. Although clofarabine was intended to be adminis-
tered at a dose of 52 mg/m2 over 2 hours daily for 5 con-
secutive days, the clofarabine dose was reduced for safety 
reasons in most of the patients. Considering the clinical con-
dition of patients, the dose of clofarabine was adjusted to 
lower than 52 mg/m2/day in combination therapy. Thus, the 
most frequent dose of clofarabine was 40 mg/m2/day for the 
first cycle and the mean dose of clofarabine was 181.9 mg/
m2/cycle. HSCT was decided based on clinical response to 
clofarabine and investigators’ discretion.

3. Data collection during the study
During the clofarabine administration, patient data were 

collected at each clofarabine cycle. After the completion of 
clofarabine administration, patients were followed up every 
4-6 weeks (depending on their disease status) for 6 months 
or until the day of HSCT, whichever occurred first. Survival 
status of enrolled patients was collected at the end of study  
period (3 years from the initiation of the study). Patients 
were considered to reach the completion of the study when 
they finished 6 months of follow-up after clofarabine or  
received HSCT.

Patient demographics, disease characteristics, disease sta-
tus, response to treatment, safety information, and survival 
status data were collected at baseline and during the study 
follow-up visits, as applicable. 

4. Response criteria and safety
Response to treatment was measured by analyzing bone 

marrow aspirate or biopsy material and confirmed by the 
investigator. Complete remission (CR) was defined as hav-
ing bone marrow blasts < 5%; no evidence of circulating 
blasts or extramedullary disease; absolute neutrophil count 
> 1.0×109/L; and platelet count > 100×109/L. A complete 
remission without platelet recovery (CRp) was defined as 
meeting all CR criteria except for thrombocytopenia (plate-
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let < 100×109/L). Partial remission (PR) was also defined as 
meeting all hematologic criteria of CR and having the bone 
marrow blasts between 5% and 25%. The bone marrow  
assessment for remission was evaluated at the end of each 
clofarabine cycle and the evaluation of response was done 
after the last dose of clofarabine. The duration of remission 
was estimated from the date of last bone marrow evaluation 
confirming remission after enrollment to the last date of R/R 
ALL diagnosis/death, whichever occurred first.

Adverse events (AEs) were monitored from the date of 
signature on informed consent till 30 days after the last clo-
farabine dosing. AEs were graded by the investigator using 
National Cancer Institute Common Terminology Criteria for 
Adverse Events criteria (ver. 4.03), and coded using Med-
DRA ver. 20.1. Adverse drug reaction (ADR) is a response to 
a product which is noxious and unintended. Response to a 
product means that a causal relationship between a product 
and an AE is at least a reasonable possibility, i.e., the relation-
ship cannot be ruled out. Treatment-emergent adverse event 
(TEAE) is an undesirable event not present prior to medical 
treatment, or an already present event that worsens either in 
intensity or frequency following the treatment.

5. Statistical analysis
Approximately 60 patients were planned to be recruited 

based on feasibility of patient enrollment for a total of 4 years 
of study duration. Effectiveness and safety analyses sets 
comprised all eligible patients who received at least one dose 
of clofarabine.

The primary endpoint of this study was overall remission 
rate (OR) upon treatment with clofarabine to patients who 

failed to respond or relapsed after two or more treatment 
regimens, calculated as the percentage of the sum of number 
of patients with either CR or CRp after the last clofarabine  
administration. Secondary endpoints included overall res-
ponse rate (ORR: percentage of the sum of number of pati-
ents with either CR, CRp, or PR after the last clofarabine ad-
ministration); percentage of patients who underwent HSCT; 
overall survival (OS: estimated from the date of first dose of 
clofarabine to death) at 6 months; and safety profile of clo-
farabine.

Data were summarized using descriptive statistics. Res-
ponse rates and percentage of patients who received HSCT 
during the study were presented with 95% confidence inter-
vals (CI). The OS at 6 months was estimated by Kaplan-Meier 
methods and presented with 95% CI. Log-rank test was used 
to compare the survival rates between patients with and 
without HSCT and to estimate the hazard ratio with 95% CI. 
The OR, ORR, CR, CRp, PR, and refractory rates for HSCT 
subgroups were also identified. Additionally, OR and ORR 
were analysed for age, sex, clinical disease status at baseline 
(first relapse, second relapse, and refractory), time to relapse, 
the last bone marrow result before study enrollment (CR, 
CRp, and refractory; the patients were previously diagnosed 
as CR or CRp but relapsed as R/R ALL and met the eligibility 
criteria of the study during enrollment), cytogenic subtype 
(diploid, hypodiploid, hyperdiploid, t(9;22), and others), 
and immune subtype (B-precursor lineage, T-cell lineage, 
and mixed) using chi-square test or Fisher exact test. Logis-
tic regression analysis was performed to evaluate predictors 
for OR and ORR considering variables such as age, sex, the 
last bone marrow result before study enrollment, cytogenetic 

Study discontinued (n=34, 56.7%)
- Death (n=24)
- Disease progression (n=6)
- Lost to follow-up (n=4)

Enrolled and treated (n=60)

Follow-up for 6 months or
until the day of HSCT

Study completed
(n=26, 43.3%)

Survival follow-up
at the end of study

Monotherapy (n=2, 3.3%) Combined treatment (n=58, 96.7%)

Fig. 1.  Patient disposition. HSCT, hematopoietic stem cell transplantation.
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subtype and time to relapse. TEAEs were summarized by 
descriptive statistics. All statistical analyses were performed 
using SAS ver. 9.4 (SAS Institute, Inc., Cary, NC).

Results

1. Patient disposition and baseline characteristics
A total of 60 patients were enrolled and treated with at 

least one dose of clofarabine; of whom 26 patients (43.3%) 
completed 6 months of follow-up after the last dose of clo-
farabine (Fig. 1). Demographics and baseline characteristics 

Table 1.  Demographics and baseline characteristics

Characteristic
 Patients with  Patients without  Total

 HSCT (n=16) HSCT (n=44) (n=60)

Age (yr)
    Median (min-max) 12.0 (5.0-25.0) 12.0 (2.0-26.0) 12.0 (2.0-26.0)
Sex   
    Male 7 (43.8) 30 (68.2) 37 (61.7)
    Female 9 (56.3) 14 (31.8) 23 (38.3)
Time from initial diagnosis (wk)   
    Median (min-max) 166.4 (12.4-5,333.3) 116.1 (9.3-1,070.4) 118.4 (9.3-1,070.4)
Time to first relapse from initial diagnosis (wk)   
    No. of patients. 11 ( 25 ( 36 (
    Median (min-max) 131.8 (64.3-292.6) 121.4 (12.7-348.4) 124.6 (12.7-348.4) 
Cytogenetic subtype   
    Diploid 4 (25.0) 7 (15.9) 11 (18.3)
    Hypodiploid 1 (6.3) 2 (4.6) 3 (5.0)
    Hyperdiploid 4 (25.0) 7 (15.9) 11 (18.3)
    t(9;22) 0 ( 2 (4.6) 2 (3.3)
    NA 3 (18.8) 9 (20.5) 12 (20.0)
    Others 4 (25.0) 17 (38.6) 21 (35.0)
Immune subtype   
    B lineage 13 (81.3) 26 (59.1) 39 (65.0)
    T cell 1 (6.3) 13 (29.6) 14 (23.3)
    Mixed phenotype 1 (6.3) 4 (9.1) 5 (8.3)
    NA 1 (6.3) 1 (2.3) 2 (3.3)
Clinical status of disease at baseline   
    First relapse 4 (25.0) 9 (20.5) 13 (21.7)
    Second relapse 7 (43.8) 19 (43.2) 26 (43.3)
    Refractorya) 5 (31.3) 16 (36.4) 21 (35.0)
Last bone marrow result before study enrollmentb)   
    CR 6 (37.5) 10 (22.7) 16 (26.7)
    CRp 0 ( 3 (6.8) 3 (5.0)
    Refractory 10 (62.5) 31 (70.5) 41 (68.3)
Relapsed lesions   
    Bone marrow 14 (87.5) 38 (86.4) 52 (86.7)
    NA 2 (12.5) 6 (13.6) 8 (13.3)

Values are presented as number (%) unless otherwise indicated. Denominator of percentage is the number of patients in each category. Age 
(yr)=(informed consent date [yyyy])–(birth date [yyyy])+1, if (informed consent date [mm/dd]) < ([birth date (mm/dd)] or (informed con-
sent date [yyyy])–(birth date [yyyy]), if (informed consent date [mm/dd]) ≥ (birth date [mm/dd]). Time from initial diagnosis=(informed 
consent date [yyyy])–(ALL diagnosis date [yyyy])+1. ALL, acute lymphoblastic leukemia; CR, complete remission; CRp, CR without plate-
let recovery; HSCT, hematopoietic stem cell transplantation; Max, maximum; Min, minimum; NA, not available. a)Refractory represents  
≥ 3 relapse and/or clinically non-responsive disease according to investigators’ discretion, b)The patients were previously diagnosed as CR 
or CRp but relapsed as relapsed/refractory ALL and met the eligibility criteria of the study during enrollment.
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are presented in Table 1. The median age of the patients was 
12.0 years (range, 2.0 to 26.0 years) and majority were males 
(37/60; 61.7%). Nearly two-third of the patients (39/60, 
65.0%) had B-cell lineage ALL. Baseline assessment revealed 
that the largest proportion of patients (26/60, 43.3%) had sec-
ond relapse of disease, followed by refractory disease (21/60, 
35.0%) and the first relapse of disease (13/60, 21.7%). Relaps-
es for ≥ 3 times and clinical non-response were categorized 
as refractory disease according to investigators’ discretion. 
In addition to the clinical assessment of disease status, the 
last bone marrow biopsy results before the enrollment were  
obtained which showed that majority of patients (41/60, 
68.3%) had been refractory to the previous treatment. 

2. Treatment
Fifty-eight patients (96.7%) received clofarabine in com-

bination with other therapies and the remaining patients  
received clofarabine monotherapy. Overall, mean (standard 
deviation [SD]) number of clofarabine cycles administered 
during the study were 1.9±1.0 (median, 2.0; range, 1.0 to 6.0), 
with mean (SD) dose of 181.9±33.8 mg/m2/cycle (median, 
190.4; range, 11.8 to 259.2 mg/m2/cycle), and mean (SD) 
treatment duration of 5.6±5.8 weeks (median, 5.6; range, 
0.1 to 26.7 weeks). The most frequently used other agents 
in combination therapy were cyclophosphamide and etopo-
side. The average dose of cyclophosphamide and etoposide 
was 380 mg/m2/cycle and 150 mg/m2/cycle, respectively.

3. Effectiveness  
The OR (CR or CRp) was 45.0% (27/60), while the ORR 

(CR, CRp, or PR) was 46.7% (28/60) (Table 2). A total of 11 
(18.3%), 16 (26.7%), and one (1.7%) patients achieved CR, 
CRp, and PR, respectively, after the last clofarabine admin-
istration. In addition to 27 patients who achieved CR or CRp 
at the last visit, three patients had achieved CR or CRp dur-
ing the study period. Among these, 30 patients who achieved 
remission (CR or CRp) during the course of the study, remis-
sion was attained after completing 1 to 3 cycles of clofarabine. 
The median time to remission and median number of cycles 
to achieve remission were 5.1 weeks (95% CI, 4.7 to 6.1) and 
one cycle (range 1 to 3), respectively. The median duration of 
remission was 16.6 weeks (range, 2.0 to 167.6). Eighteen of 
the 41 patients (43.9%) with refractory disease prior to enroll-
ment achieved CR or CRp. All patients achieving response 
had received the combination therapy. Of the two patients 
who received clofarabine monotherapy, one was refractory 
to the therapy and data for the other patient was missing.

Of the 16 patients (26.7%) who proceeded to HSCT dur-
ing the study, six (37.5%) and eight (50.0%) patients achieved 
CR and CRp, respectively, and the remaining two (12.5%) 
patients were refractory to the therapy. Of the 44 patients 
who did not undergo HSCT, five (11.4%), eight (18.2%), and 
one (2.3%) achieved CR, CRp, or PR, respectively; while 19 
patients (43.2%) were refractory to the therapy. The OR in 
patients receiving HSCT was 87.5% and in those who did 
not receive HSCT was 29.6% (Table 2). Similarly, ORR was 
higher in patients receiving HSCT than in those not receiving 

Table 2.  Overall remission rate and overall response rate with clofarabine use, with and without HSCT

 Patients with  Patients without  Total 
 HSCT (n=16) HSCT (n=44) (n=60)

Evaluation results
    CR 6 (37.5) 5 (11.4) 11 (18.3)
    CRp 8 (50.0) 8 (18.2) 16 (26.7)
    PR 0 ( 1 (2.3) 1 (1.7)
    Refractorya) 2 (12.5) 19 (43.2) 21 (35.0)
    Missing 0 ( 11 (25.0) 11 (18.3)
    Overall remission rateb)  14 (87.5)d) 13 (29.6) 27 (45.0)
      95% CI (%) 61.7-98.5 16.1-43.0 32.4-57.6
    Overall response ratec)  14 (87.5)d) 14 (31.8) 28 (46.7)
      95% CI (%) 61.7-98.5 18.1-45.6 34.0-59.3
Values are presented as number (%) unless otherwise indicated. Denominator of percentage is the number of patients in each group. CI, 
confidence interval; CR, complete remission; CRp, CR without platelet recovery; HSCT, hematopoietic stem cell transplantation; PR, par-
tial remission. a)Refractory represents ≥ 3 relapse and/or clinically non-responsive disease according to investigators’ discretion, b)Overall 
remission rate (%)=(CR after the last clofarabine administration+CRp after the last clofarabine administration)/(total number of treated 
patients)×100, c)Overall response rate (%)=(CR after the last clofarabine administration+CRp after the last clofarabine administration+PR 
after the last clofarabine administration)/(total number of treated patients)×100, d)Overall remission rate and overall response rate were 
similar among patients with HSCT.
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HSCT (87.5% vs. 31.8%). Baseline and demographic details of  
patients who received HSCT are presented in Table 1. Des-
pite CR, CRp, or PR, 14 patients did not proceed to HSCT 
because of toxicity (n=7, of whom 5 had infection), disease 
relapse (n=3), and follow-up failure (n=3), while one patient 
was in remission at 6 months. Among the 13 patients who 
did not proceed to HSCT despite remission due to reason of 
toxicity, disease relapse, or lost to follow-up, eight patients 
died, three had relapse of disease and three patients were lost 
to follow-up.

The OR was higher in proportion of patients with B-cell 
lineage ALL than with T-cell ALL and mixed phenotype 
ALL; while the ORR was higher in proportion of patients 
with mixed phenotype (Table 3). However, these differences 

in response rates were not statistically significant. Taking into 
account other baseline characteristics, the OR and ORR were 
higher in the following subgroups: proportion of patients  
≥ 13 years of age; in females; proportion of patients with 
refractory disease at baseline; proportion of patients hav-
ing time to relapse ≥ 36 months; proportion of patients with 
CR on the last bone marrow result before study enrollment; 
and those with diploid cytogenetic subtype. The OR was sig-
nificantly higher among patients with time to relapse ≥ 36 
months (p=0.030); while the ORR was significantly higher 
among female patients (p=0.023) and in patients with CR 
on the last bone marrow result before study enrollment 
(p=0.022). The difference in both OR and ORR was signifi-
cantly higher among subgroups by cytogenetic subtypes 

Table 3.  Comparison of overall remission rate and overall response rate by baseline characteristics

 
No.

 Overall  
p-valueb) Overall 

p-valueb)

  remission ratea)  response ratec)

Age (yr)
    ≥ 13  28 15 (53.6) 0.212 16 (57.1) 0.128
    < 13  32 12 (37.5)  12 (37.5) 
Sex     
    Male  37 13 (35.1) 0.051 13 (35.1) 0.023
    Female  23 14 (60.9)  15 (65.2) 
Clinical status of disease at baseline     
    First relapse  13 5 (38.5) 0.862 6 (46.2) 0.994
    Second relapse  26 12 (46.2)  12 (46.2) 
    Refractory  21 10 (47.6)  10 (47.6) 
    Time to relapse (mo)     
        < 36  27 8 (29.6) 0.030 9 (33.3) 0.055
        ≥ 36  12 9 (75.0)  9 (75.0) 
        Refractory  21 10 (47.6)  10 (47.6) 
Last bone marrow result before study enrollment     
    CR  16 11 (68.8) 0.061 12 (75.0) 0.022
    CRp  3 1 (33.3)  1 (33.3) 
    Refractory  41 15 (36.6)  15 (36.6) 
Cytogenetic subtype     
    Diploid  11 8 (72.7) 0.005 8 (72.7) 0.016
    Hypodiploid  3 2 (66.7)  2 (66.7) 
    Hyperdiploid  11 5 (45.5)  5 (45.5) 
    t(9;22)  2 0 (  0 ( 
    Others  21 3 (14.3)  4 (19.1) 
Immune subtype     
    B lineage  39 18 (46.2) 0.838 18 (46.2) 0.647
    T cell  14 5 (35.7)  5 (35.7) 
    Mixed phenotype  5 2 (40.0)  3 (60.0) 

Values are presented as number (%). Denominator of percentage is the number of patients in each group. CR, complete remission; CRp, 
CR without platelet recovery; PR, partial remission. a)Overall remission rate (%)=(CR after the last clofarabine administration+CRp  
after the last clofarabine administration)/(total number of treated patients)×100, b)Testing for difference between treatment groups (chi-
square test or Fisher exact test), c)Overall response rate (%)=(CR after the last clofarabine administration+CRp after the last clofarabine 
administration+PR after the last clofarabine administration)/(total number of treated patients)×100.
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(p=0.005 and p=0.016, respectively) (Table 3). 
Based on p-values of exact logistic regression, the likeli-

hood of higher OR and ORR was significantly influenced by 
sex, the last bone marrow result before study enrollment, and 
cytogenetic subtype. Odds of OR and ORR were significantly 
higher in females versus males (p-value of exact odds ratio; 
OR: 0.033 and ORR: 0.014) and in patients with CR versus  
refractory disease on the last bone marrow result before 
study enrollment (p-value of exact odds ratio; OR: 0.026 and 
ORR: 0.012) (S1 Table). Diploid versus hyperdiploid cytoge-
netic subtype and t(9;22) versus hyperdiploid cytogenetic 
subtype were also associated with higher odds of OR and 
ORR but these results were not statistically significant.

The 6-month OS rate was 47% (95% CI, 34.0 to 59.0) and 
the median OS was 23.7 weeks (95% CI, 17.0 to 27.6). Among 
patients proceeding with HSCT and without HSCT, the  
median OS was 22.3 months (95% CI, 6.3 to 30.9) and 3.9 
months (95% CI, 3.0 to 5.1), respectively. Patients with HSCT 
had significantly higher survival probability than patients 
without HSCT (hazard ratio, 0.281; 95% CI, 0.139 to 0.567;  
p < 0.001) (Fig. 2).

 
4. Safety

All patients had at least one TEAE (Table 4). Serious TEAEs 
were reported in 37 patients (61.7%), and the most common 
serious TEAEs were febrile neutropenia (28.3%) and sepsis 
(13.3%) (S2 Table).

Most patients (50/60, 83.3%) had TEAEs assessed as ADRs 
(Table 4). The most common ADRs were febrile neutrope-

nia (38/60, 63.3%), vomiting (33/60, 55.0%), nausea (32/60, 
53.3%), and diarrhea (23/60, 38.3%). About one-third of 
ADRs (134/383) were grade ≥ 3 in severity (Table 4). The S3 
Table summarizes ADRs of varying severity. One-third of the 

Fig. 2.  Survival status with clofarabine use. Overall survival (A) and survival by HSCT (B). CI, confidence interval; HR, hazard ratio; 
HSCT, hematopoietic stem cell transplantation.
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Table 4.  Overall summary of TEAEs and ADRs with clofarabine 
use (n=60)

 Incidence of   Incidence of 
 TEAEsa) ADRsa)

Patients with AEs 60 (100.0) [700] 50 (83.3) [383]
Severity  
    Grade 1  221 107
    Grade 2  247 142
    Grade 3  193 116
    Grade 4    23   11
    Grade 5    16     7
Serious AEs 37 (61.7) [89] 21 (35.0) [49]
AEs leading to 6 (10.0) [23] 3 (5.0) [14]
  discontinuation
AEs leading to death 14 (23.3) [16] 6 (10.0) [7]
Denominator of percentage is the number of patients in each 
group. Grade 1, mild; grade 2, moderate; grade 3, severe or med-
ically significant but not immediately life-threatening; grade 
4, life-threatening consequences; grade 5, death related to AE. 
ADRs, adverse drug reactions; AE, adverse events; TEAEs, treat-
ment-emergent adverse events. a)Severity is displayed as ‘num-
ber of events’ and others are displayed as ‘number of patients 
(percentage of patients) [number of events]’.
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patients (35.0%) had serious TEAEs assessed as ADRs (Table 
4). 

A total of 24 patients died during the study (Fig. 1). Four-
teen patients (23.3%) died due to TEAEs; of these, six (10.0%) 
died of ADRs (Table 4). The most common ADRs resulting 
in death were infection and infestation. Five patients died 
due to fatal infections and infestations including sepsis (n=2, 
3.3%), septic shock (n=1, 1.7%), lung infection (n=1, 1.7%) 
and pneumonia (n=1, 1.7%). Two patients (3.3%) died due to 
febrile neutropenia (S4 Table).

Thirty-four patients (56.7%) discontinued the study. The 
most common reason for study discontinuation other than 
death was disease progression after treatment (n=6) (Fig. 1). 
Clofarabine was discontinued in six patients (10.0%) due to 
TEAEs; the most common TEAEs leading to clofarabine dis-
continuation were febrile neutropenia (5.0%); neutropenia, 
increased alanine transaminase and aspartate aminotrans-
ferase (3.3% each) (S5 Table). Fourteen TEAEs leading to 
clofarabine discontinuation in three patients (5.0%) were ass-
essed as ADRs (S4 Table). 

Discussion

Clofarabine monotherapy or combination therapy showed 
OR of 45.0% and ORR of 46.7%, irrespective of the immuno-
phenotype and despite a high proportion of patients (68.3%) 
refractory to the previous treatment. 

In comparison to previous phase 2 study conducted in 
25 patients (age, 1 to 21 years) with R/R ALL who received 
1-3 cycles of clofarabine, cyclophosphamide, and etoposide 
combination therapy, the OR in the present study was simi-
lar (45% vs. 44%) and the ORR was lower (46.7% vs. 56%) 
[19]. In another phase 2 study conducted in 25 patients (age, 
4 to 21 years) with R/R ALL, who received a single course 
of clofarabine, cyclophosphamide, and etoposide combina-
tion therapy daily for 5 days, the OR was 56% [20]. In a third 
phase 2 study, 61 patients (age, 1 to 20 years) with R/R ALL 
received clofarabine monotherapy daily for 5 days, every 2-6 
weeks; the OR and ORR reported were 20% and 30%, respec-
tively [18]. 

In this study, logistic regression analysis indicated that the 
likelihood of higher OR and ORR was more among patients 
with CR than those with refractory disease on the last bone 
marrow result before study enrollment and in female patients 
compared with male patients. An earlier study has reported 
lower survival rate after relapse in males with ALL despite 
more intensive frontline therapy [21]. However, there are 
no clear evidences to show that treatment with clofarabine  
results in higher OR and ORR in a particular sex. Similarly, 
no difference in clofarabine pharmacokinetics was observed  

between male and female patients in an earlier pharma-
cokinetic study [22]. Therefore, difference in response rates 
between male and female patients observed in this study 
cannot be attributed to sex but may be due to unidentified 
differences in individual characteristics of this subgroup. 
This study also recommends further assessment of other sub-
groups having lower response with clofarabine treatment. 

In Chopin study (a retrospective analysis), the survival of 
patients with HSCT was significantly higher compared with 
those without HSCT (35.2% vs. 0%) [15]. These results are 
similar to the present prospective study. It is a known fact 
that patients who do not achieve CR but undergo HSCT have 
shown dismal prognosis [10]. This elucidates the need for 
novel therapy to induce durable CR response and provide 
bridge to HSCT in R/R pediatric ALL patients. In a previous 
clofarabine monotherapy study, among nine patients pro-
ceeding with HSCT, two patients each achieved CR and CRp 
and one patient achieved PR; whereas, four patients who 
did not receive transplantation maintained a durable CR or 
CRp [18]. In the present study, 43.9% patients with refractory 
disease showed CR or CRp. Clofarabine induced CR or CRp 
even in patients without HSCT. It may have the potential to 
prolong the time to achieve HSCT in pediatric patients with 
R/R ALL.

Five patients in present study did not proceed to HSCT, 
despite CR, CRp, or PR, because of infection. TEAE Infection 
rate of the total patients (70%) is consistent with the previ-
ous studies [19,20]. The HSCT could not be implemented due 
to an infection, indicating that clofarabine monotherapy or 
combination therapy may have resulted in severe immune 
and myelosuppression in these patients receiving prior treat-
ments. The safety profile of clofarabine in this study was 
consistent with that observed in the earlier studies and is as 
expected in the previously treated population [18,19]. 

A total of 24 deaths were reported during the 6-month 
follow-up period; 14 patients died due to grade 5 TEAEs, of 
whom, six patients died due to grade 5 ADRs. The cause of 
death other than TEAEs for the remaining 10 patients was 
not reported. Infection was the most reported TEAE (11/14 
patients) and ADR (5/6 patients) leading to death. Of the six 
deaths due to ADRs, one patient had reported both, infec-
tion as well as febrile neutropenia. During chemotherapy, 
patients are susceptible to infection that can lead to sepsis, 
which can be life-threatening due to weakened immune sys-
tem and myelosuppression [23,24]. Infection control (espe- 
cially in the event of neutropenia or lymphopenia during clo-
farabine treatment) must be prioritized by thorough moni-
toring of infection prophylaxis and early recognition of infec-
tion sign for safety management [25].

Blinatumomab, a bispecific monoclonal antibody, is emer-
ging as an alternative for CD19-positive ALL and has been 
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approved for use in patients with R/R B-cell precursor ALL 
[26]. Despite being an effective treatment option for R/R 
ALL, some patients experienced relapse post-treatment 
with blinatumomab. After the failure of blinatumomab, the 
treatment of these patients remains an unmet medical need 
[27]. U.S. Food and Drug Administration approved chimeric  
antigen receptor T-cell (CAR-T) therapy for pediatric ALL 
and it is an important new treatment option that has shown 
durable response [28-30]. However, CAR-T therapy is yet to 
be tested for long-term response compared with HSCT and 
has some limitations such as severe AEs and resistance that 
obstruct its implementation in clinical practice [31,32]. In the 
age of CAR-T, there are still unmet medical needs. Clofara-
bine can become an important treatment option for patients 
who have CD19-negative ALL, and for some reason are  
unable to receive blinatumomab or CAR-T therapy, or have 
failed to respond to new novel therapies.

As this was an observational study, the information wheth-
er the patient received HSCT before enrollment in this study 
was not captured. Minimal residual disease (MRD) is an  
important prognostic factor, both, before and after transplan-
tation; a negative MRD before transplantation is strongly  
associated with a good prognosis [33,34]. An additional anal-
ysis of treatment-induced MRD in this study would have 
facilitated better prediction of outcome of HSCT. As most 
of the patients received combination therapy in this study, 
it was difficult to compare monotherapy versus combina-
tion therapy and can be considered as a limitation. As the 
6-month OS rate is not informative in children compared 
with adults, the patients were followed up for longer period 
(3 years from the initiation of the study) to know their sur-
vival status. However, the 3-year OS rates were found to be 
below 10%. Most of the patients who had not attained CR or 
CRp did not receive HSCT; hence, there is a need of a vigi-
lant interpretation of the differences in OR and ORR between 
patients with and without HSCT. This observation implies 
that the OR and ORR comparison between patients receiv-
ing HSCT and not receiving HSCT may not be meaningful. 
Nevertheless, OS curves showed the real-world longer-term 
survival of patients with HSCT compared to patients with-
out HSCT. 

To conclude, this study indicates a novel alternative treat-
ment for pediatric R/R ALL patients who have limited treat-
ment options and low long-term survival rates. The study 
showed acceptable OR and ORR as well as expected safety 
profile with clofarabine in Korean pediatric patients with 
R/R ALL; these study findings are in line with the results 
reported in the overall population treated with clofarabine. 
In addition, the observed infections and HSCT transition 
rates imply that treatment of R/R ALL remains challenging. 
Although remission was accomplished in some patients, it 

eventually did not improve survival outcomes. Long-term 
survival outcome was still dismal in this study.

To improve the performance of HSCT, further studies are 
required to develop MRD directed therapy, and reduce tox-
icities. Nevertheless, clofarabine showed meaningful results 
and is expected to broaden treatment strategies available to 
R/R Korean pediatric ALL patients. Clofarabine could be an 
option for those countries struggling for treatment options 
due to lack of reimbursement for an unauthorized drug by 
an insurance company. Findings from this study may facili-
tate decision making with regard to insurance coverage of 
pediatric patients with ALL in Korea who require clofarabine 
as a treatment option.
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Introduction

Angiosarcoma is a rare and highly aggressive sarcoma 
subtype and occurs throughout the body at any age [1]. The 
prognosis of angiosarcoma is generally poor even in local-
ized disease with 5-year overall survival (OS) up to only 60% 
with a median survival of around 3-10 months for metastatic 
disease [1-4].

In case of localized disease, standard treatment is surgi-
cal resection, sometimes combined with preoperative and 
postoperative radiation. However, negative surgical margins 
could be often difficult to achieve especially in the head and 
neck or in the presence of multifocal disease. These inoper-
able or metastatic diseases are treated with systemic chemo-
therapy [5]. Doxorubicin and weekly paclitaxel (wPac) are 
currently regarded as a preferred option for first- or second-
line therapy with a median OS of approximately 8 to 10 
months [6,7]. However due to the rarity of the disease, there 

are only limited efficacy data for such therapies. 
Meanwhile, several components involved in angiogenesis 

have been investigated as potential targets to treat angiosar-
coma [8]. These include vascular endothelial growth factor 
(VEGF) and multiple VEGF receptors, which are the key 
regulators of angiogenesis that are overexpressed in angio-
sarcoma [9,10]. Bevacizumab is a recombinant human anti-
body against VEGF and has been tested in clinical trials both 
as a monotherapy and in combination with other drugs [11]. 
Multi-target tyrosine kinase inhibitors (sunitinib, sorafenib, 
and pazopanib) have also been applied, but the efficacy of 
such treatment was inconclusive as the numbers of angiosar-
coma patients involved were low [1,12].

As consensus treatment strategy for angiosarcoma is not 
well established, it is necessary to better understand the 
clinicopathological features of angiosarcoma and correlate 
them with the treatment response and clinical outcomes. 
In this retrospective study, we reviewed the patients with  
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advanced angiosarcoma who undergone systemic chemo-
therapy and evaluated clinical outcomes and their prognos-
tic significance. In addition, we tried to delineate the efficacy 
of systemic therapies currently available for advanced angio-
sarcoma.

Materials and Methods
 
1. Patients

We retrospectively reviewed data of 96 adult patients 
(age > 18 years) with metastatic or advanced angiosarcoma 
from 2005 to 2018 at Seoul National University Hospital and 
Seoul National University Bundang Hospital. The diagnosis 
of metastatic or advanced angiosarcoma was based on the 
histopathological analysis according to 2013 World Health 
Organization Classification of Tumors of Soft Tissue and 
Bone [13]. Exclusion criteria were: patients who had mixed 
histology with other soft tissue sarcoma (STS) subtypes (five 
patients); those who did not receive systemic chemotherapy 
in locally advanced or metastatic setting (six patients); and 
those who had no available treatment administration record 
(10 patients). Patient records were accessed for age, sex, date 
of last follow-up or deaths, disease site (primary or meta-
static), Eastern Cooperative Oncology Group performance 
status scale (ECOG PS), prior therapy (surgery, radiation, or 
chemotherapy), and treatment outcome. Tumor grade was 
evaluated using Federation Nationale des Centres de Lutte 
le Cancer (FNCLCC) grade.

2. Data collection
We assessed tumor responses according to Response 

Evaluation Criteria in Solid Tumors guideline, ver. 1.1 [14]. 
Objective response rate (ORR) was defined as percentage of 
patients who experienced partial response (PR) or complete 
response (CR). The grade of adverse events was assigned  
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events ver. 5.0 [15]. 

3. Data analysis
The endpoint for the prognostic factor analysis was OS, 

which was defined as the time from date of treatment ini-
tiation to date of death or last contact. The impact of covari-
ates on OS was estimated using Cox models (hazard ratio 
[HR], 95% confidence interval [CI]). The factors analyzed 
for univariate analysis were age, sex, ECOG PS, primary 
sites, presence of liver involvement, lung involvement, bone 
involvement, lymph node involvement, FNCLCC grade, 
previous operation intent, pre-chemotherapy laboratory 
results of albumin and bilirubin. For multivariate analysis, 
the factors that were significant in univariate analyses 

were used. Progression-free survival (PFS) was defined as 
time to progression or death from the initiation of chemo-
therapy. Kaplan-Meier estimates were used for both OS and 
PFS analysis. Fisher’s exact test was used to compare ORR.  
Logistic regression analysis was performed to evaluate the 
association of factors with response. Continues variables are 
shown as medians and ranges and categorical variables as 
percentages. Wilcoxon rank-sum test was used to compare 
continuous variables. All p-values were two-sided, with p < 
0.05 indicating statistical significance. R ver. 3.6.1 software (R 
Development Core Team, https://www.r-project.org/) was 
used for statistical analyses.

 

Table 1.  Demographic features of patients

 No. (%) (n=75)

Age at first chemotherapy,  63 (30-81)
  median (range, yr) 
Sex
   Male 51 (68.0)
   Female 24 (32.0)
ECOG PS at first chemotherapy 
    0-1 62 (82.7)
    2-3 11 (14.7)
    NA 2 (2.7)
Primary site 
    Scalp 19 (25.3)
    Liver 17 (22.7)
    Bone 7 (9.3)
    Heart 6 (8.0)
    Lung 6 (8.0)
    Skin of extremities 5 (6.7)
    Spleen 4 (5.3)
    Othersa) 11 (14.7)
FNCLCC grade 
    1 5 (6.7)
    2 33 (44.0)
    3 15 (20.0)
    NA 22 (29.3)
Previous operation intent 
    None 38 (50.1)
    Curative 21 (28.0)
    Palliative 16 (21.3)

ECOG PS, Eastern Cooperative Oncology Group performance 
status; FNCLCC, Federation Nationale des Centres de Lutte  
Contre Le Cancer; NA, not available. a)Locations of others  
include the breast (2 cases), large artery, kidney, spinal nerve 
root, deep soft tissue of thigh, soft tissue of mediastinum, soft 
tissue of retroperitoneum, pleura, uterine cervix, and nasophar-
ynx.
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Results

1. Patient demographics
A total of 75 patients who received palliative chemo-

therapy for advanced angiosarcoma were enrolled. Among 
these, 24 had primary cutaneous angiosarcoma. The most 
common primary sites were the scalp (n=19, 25.3%), liver 
(n=17, 22.7%), and bone (n=7, 9.3%). Two patients had radi-
ation-induced angiosarcoma of the cervix and nasopharynx, 
respectively, both of whom were involved in previous radio-
therapy more than 10 years ago. Other demographic features 
are summarized in Table 1. 

At the time of the first-line palliative chemotherapy, liv-
er involvement either by primary mass or metastatic mass 
was present in 28 patients (37.3%). Lung, lymph node, and 
bone involvement were present in 24 (32%), 24 (32%), and 26 
(34.7%) of patients, respectively.

2. Clinical outcomes and prognostic factors
The median OS of the 75 patients from the first-line pallia-

tive chemotherapy initiation was 10.2 months (95% CI, 8.6 
to 13.8) (Fig. 1A). OS did not differ between patients with 
primary cutaneous and non-cutaneous angiosarcoma (8.7 
months; 95% CI, 6.6 to 21.6 vs. 10.3 months; 95% CI, 7.2 to 

Fig. 1.  Overall survival of advanced angiosarcoma patients treated with systemic chemotherapy and the associated prognostic factors. 
Kaplan-Meier survival curves represent overall survival of advanced angiosarcoma patients. (A) Overall survival of patients included in 
the study. (B) Blue line represents patients without any liver involvement; red line represents patients with primary hepatic angiosarcoma; 
green line represents patients with liver metastasis. (C) Blue line represents patients without any liver involvement; red line represents 
patients with liver involvement. Censored data are marked with vertical segments and numbers at risk are demonstrated on the table at 
the bottom of each plot.
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Table 2.  Cox proportional hazard analysis of the prognostic factors of overall survival in patients with advanced angiosarcoma at the time 
of the first chemotherapy

                               Univariate analysis                                Multivariate analysis

 HR (95% CI) p-value HR (95% CI) p-value

Age 1.01 (0.99-1.03) 0.438 -
Sex   - 
    Male Reference   
    Female 1.01 (0.57-1.78) 0.981  
ECOG PS    
    0, 1 Reference  Reference 
    2, 3 2.54 (1.26-5.10) 0.009 1.50 (0.60-3.78) 0.386
Primary cutaneous angiosarcoma   - 
    Yes Reference   
    No 0.90 (0.51-1.59) 0.726  
Primary scalp angiosarcoma   - 
    Yes Reference   
    No 0.96 (0.53-1.74) 0.883  
Primary site: liver   - 
    No Reference   
    Yes 1.87 (0.94-3.72) 0.073  
Primary site: lung   - 
    No Reference   
    Yes 0.88 (0.35-2.22) 0.787  
Primary site: heart   - 
    No Reference   
    Yes 1.16 (0.46-2.93) 0.761  
Presence of liver involvement    
    No Reference  Reference 
    Yes 1.96 (1.12-3.43) 0.018 2.27 (1.13-4.57) 0.022
Presence of lung involvement   - 
    No Reference   
    Yes 1.41 (0.80-2.46) 0.233  
Presence of bone involvement   - 
    No Reference   
    Yes 1.01 (0.59-1.75) 0.966  
Presence of lymph node involvement   - 
    No Reference   
    Yes 0.74 (0.41-1.34) 0.314  
FNCLCC grade   - 
    1 Reference   
    2 1.53 (0.53-4.45) 0.432  
    3 1.03 (0.31-3.44) 0.956  
Previous operation intent   - 
    None Reference   
    Curative 0.60 (0.32-1.14) 0.121  
    Palliative 0.62 (0.31-1.23) 0.173  
Pre-chemotherapy bilirubin 1.37 (1.14-1.63) < 0.001 1.26 (1.04-1.53) 0.017
Pre-chemotherapy albumin 0.58 (0.40-0.87) 0.007 0.82 (0.50-1.34) 0.421
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; FNCLCC, Federation Nationale des Centres 
de Lutte Contre Le Cancer; HR, hazard ratio; -, not done.
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14.5; p=0.73) (S1A Fig.). None of primary scalp, primary pul-
monary, primary cardiac angiosarcoma, and FNCLCC grade 
were significantly associated with OS in our analysis (Table 
2, S1B Fig.).

Patients with primary hepatic angiosarcoma tended to 
have poorer OS than those without liver involvement (4.0 
months; 95% CI, 2.7 to not available [NA] vs. 12.5 months; 
95% CI, 9.6 to 16.7; p=0.05). Patients with liver metastasis 
that originated from other organs tended to have poorer 
OS than those without liver involvement (8.7 months; 95% 
CI, 6.4 to NA for patients with liver metastasis; p=0.06) (Fig. 

1B). When patients with primary and metastatic sites of liver 
were combined as having liver involvement, presence of 
liver involvement was significantly associated with poor OS 
(7.0 months; 95% CI, 4.0 to 10.3 vs. 12.5 months; 95% CI, 9.6 
to 16.7; p=0.02) (Fig. 1C). 

In the univariate Cox proportional hazard regression 
analysis, ECOG PS and presence of liver involvement were 
significantly associated with poor OS (HR, 2.54; 95% CI, 
1.26 to 5.10; p=0.009 for ECOG PS; HR, 1.96; 95% CI, 1.12 to 
3.43; p=0.018 for presence of liver involvement) (Table 2). In  
addition, higher pre-chemotherapy bilirubin and lower pre-

Changhee Park, Systemic Treatment for Advanced Angiosarcoma

Fig. 2.  Progression-free survival and overall survival of advanced angiosarcoma patients treated with first-line weekly paclitaxel (wT) 
or other regimens. Kaplan-Meier survival curves represent progression-free survival and overall survival of advanced angiosarcoma  
patients. (A, B) Survival curves show progression-free survival and overall survival of patients according to response to first-line wT. Blue 
line represents the progression-free survival of all patients who received first-line wT. Red dashed line represents non-responder and green 
dashed line represents responder. (C, D) Survival curves show progression-free survival and overall survival of patients without liver 
involvements according to the chemotherapy regimens. Blue line represents patients who received first-line wT and red line represents 
patients who received other regimens. Censored data are marked with cross segments and numbers at risk are demonstrated on the table 
at the bottom of each plot. 
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chemotherapy albumin were associated with poor OS (HR, 
1.37; 95% CI, 1.14 to 1.63; p < 0.001 for bilirubin; and HR, 
0.58; 95% CI, 0.40 to 0.87; p=0.007 for albumin, respective-
ly) (Table 2). In the multivariate Cox proportional hazard 
regression analysis, presence of liver involvement and pre-
chemotherapy bilirubin level were associated with poor OS 
(HR, 2.27; 95% CI, 1.13 to 4.57; p=0.022 for presence of liver 
involvement; and HR, 1.27; 95% CI, 1.04 to 1.53; p=0.017 for 
bilirubin, respectively) (Table 2). 

3. First-line weekly paclitaxel
A total of 59 patients received first-line wPac. ORR was 

23.7% (n=14) including one CR and 13 PR patients (S2 Table 
1). ORR in patients with liver involvement was 12.5% (3 of 
24 patients) and ORR in patients without liver involvement 
was 31.4% (11 of 24 patients, p=0.12 compared to patients 
with liver involvements). Median PFS was 4.0 months (95% 
CI, 3.0 to 6.1) and OS was 10.2 months (95% CI, 7.0 to 14.6). 
Response to wPac was associated with prolonged PFS and 
OS (PFS: 7.0 months; 95% CI, 6.1 to NA for responders vs. 3.0 
months; 95% CI, 2.5 to 4.0 for non-responders; p=0.018, Fig. 
2A; OS: 21.6 months; 95% CI, 13.8 to NA for responders vs. 
7.0 months; 95% CI, 4.0 to 12.1 for non-responders; p=0.012) 
(Fig. 2B). An example case of a patient who showed favora-
ble response to wPac is shown in S3 Fig. The patient had 
recurred scalp angiosarcoma with lymph nodes and right 
parotid gland metastasis which showed complete remission 
with wPac and PFS of 33.4 months. 

ECOG PS, liver involvement, high pre-chemotherapy bili-
rubin and low pre-chemotherapy albumin level were associ-
ated with poor PFS in univariate Cox proportional hazard 
regression analysis (S4 Table). In multivariate analysis, only 
pre-chemotherapy albumin level was significantly associat-
ed with PFS (HR, 0.56; 95% CI, 0.32 to 0.96; p=0.036). None of 
the factors were associated with response to first-line wPac in 
logistic regression analysis (S4 Table). For the adverse events 
of interest, neuropathy of any grade was observed in 39.0% 
(n=23) of patients, and most of them (n=19) were tolerable as 
grade 1. Febrile neutropenia of any grade was observed in 
10.2% (n=6) of patients and one patient died of septic shock. 

Remaining 16 patients received either one of doxorubicin-
based chemotherapy (n=7) or non-doxorubicin-based chem-
otherapy (n=9) other than wPac as first-line treatment (S5 
Table). ORR in these patients was 25% (n=4) including one 
CR and three PR patients (S2 Table). Compared with these 16 
patients, patients who received first-line wPac did not show 
significant PFS and OS differences (S6 Fig.). However, when 
patients with liver involvement were excluded, those who 
received wPac (n=35) showed significantly prolonged PFS 
(5.8 months; 95% CI, 3.2 to 7.9 vs. 3.15 months; 95% CI, 2.0 
to NA, respectively; p=0.014) (Fig. 2C) and tendency to pro-
longed OS (13.8 months; 95% CI, 10.0 to NA vs. 11.6 months; 
95% CI, 9.4 to NA, respectively; p=0.13) (Fig. 2D) compared 
with patients who received other regimens (n=12). 
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Fig. 3.  Progression-free survival and overall survival of advanced angiosarcoma patients treated with second- or later-line pazopanib. 
Kaplan-Meier survival curves represent progression-free survival and overall survival of advanced angiosarcoma patients. (A, B) Survival 
curves show progression-free survival and overall survival of patients according to response to second- or later-line pazopanib. Blue lines 
represent the progression-free survival and overall survival of all patients who received first-line weekly paclitaxel. Red lines represent 
non-responder and green lines represent responder. Censored data are marked with cross segments and numbers at risk are demonstrated 
on the table at the bottom of each plot.
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4. Later-line pazopanib
A total of 24 patients received pazopanib monotherapy for 

advanced angiosarcoma. Most of these patients received paz-
opanib as second-line treatment (n=18, 75%), and none of the 
patients received pazopanib as first-line treatment. ORR was 
16.7% (n=4) including four PR patients. The median PFS was 
2.4 months (95% CI, 1.8 to 4.3 months) (Fig. 3A) and OS was 
5.4 months (95% CI, 3.5 to NA months) (Fig. 3B). Respond-
ers showed significantly prolonged PFS compared to non- 
responders (6.4 months; 95% CI, 3.5 to NA vs. 1.9 months; 
95% CI, 1.6 to 3.2, respectively; p=0.02) (Fig. 3A) while OS 
did not significantly differ between responders and non- 
responders (9.5 months; 95% CI, 3.5 to NA vs. 5.0 months; 
95% CI, 3.5 to NA; p=0.58) (Fig. 3B). The most common side 
effect was hypertension (n=4, 16.7%), followed by diarrhea 
(n=3, 12.5%) and hand-foot syndrome (n=2, 8.3%).

 
Discussion

Here we described the clinical outcomes and prognos-
tic factors of advanced angiosarcoma patients treated with 
systemic chemotherapy. ECOG PS was a significant prog-
nostic factor in our study, which is consistent with previ-
ous literature [4]. Primary hepatic angiosarcoma had been 
associated with poor prognosis [4], and we found that liver 
involvement by primary or metastatic mass was associated 
with poor prognosis. Although previous study involving  
angiosarcoma patients some of whom received radical sur-
gery described that histologic grade is associated with prog-
nosis [16], we did not find any association of histologic grade 
with prognosis in patients with advanced stages.

We observed that some of the patients responded to first-
line wPac or later-line pazopanib who showed significantly 
prolonged survival. Although there had been no clinical 
trials comparing the outcome of palliative systemic chemo-
therapy versus best supportive care, these results indicate 
that there are subsets of patients who may benefit from the 
palliative first-line wPac and second-line pazopanib in terms 
of survival gain. The same has also been suggested in pre-
vious retrospective analysis [17]. We also demonstrated that 
patients without liver involvement might benefit from wPac 
compared with other regimens.

Our results on first-line wPac showed seemingly infe-
rior efficacy compared with previous studies. A prospective 
phase II clinical trial on wPac produced ORR of 45.8%, PFS of 
6.6 months, and OS of 19.5 months [18]. Retrospective studies 
on first-line wPac demonstrated ORR of 45.5%-52%, PFS of 
5.6-5.7 months, and OS of 13.1-18.6 months [17,19]. However, 
these results could be partly due to relatively lower num-
ber of patients with poor ECOG PS and liver involvement  

enrolled in other studies. Indeed, we showed in our study 
that both of these clinical features were poor prognostic fac-
tors. Another previous phase II clinical trial on wPac for  
angiosarcoma patients showed ORR of 18%, PFS of 4 months 
and OS of 8 months, which were comparable with our results 
[7].

Efficacy of second- or later-line of pazopanib in our study 
showed inferior results compared with the previous study of 
phase II clinical trial of pazopanib for metastatic STS, which 
showed PFS of 4.6 months and OS of 12.5 months [12]. How-
ever, this result may be attributed to the higher portion of 
other STSs in the enrolled patients such as leiomyosarcoma 
and synovial sarcoma, which have generally better prognosis 
than angiosarcoma [1]. Anti-angiogenesis agents for angio-
sarcoma generally produced ORR up to 14% and PFS around 
3.8-4.7 months, which are similar to our study results [1]. 
A retrospective study on pazopanib for advanced vascular 
sarcomas also exhibited comparable ORR of 20%, and PFS 
and OS of 3 and 9.9 months, respectively, in angiosarcoma 
[20]. A multicenter phase II prospective trial of pazopanib is 
ongoing to confirm these results (Clinical trial information: 
NCT01462630). 

Angiosarcoma is an endothelial tumor in which all three 
subtypes of VEGF receptors can be overexpressed [9,10,21]. 
In addition, recurrent mutations in PTPRB and PLCG1 genes, 
which are intimately linked to angiogenesis, have also been 
identified in angiosarcoma [22]. Therefore, there has been 
great interest in targeting angiogenesis for angiosarcoma [1]. 
Both wPac and pazopanib have anti-angiogenesis effects. 
wPac exerts anti-angiogenesis effects by multiple mecha-
nisms including inhibition of the release of VEGF and angi-
opoietin-1 by tumor cells [23], while pazopanib directly tar-
gets VEGFR1/2/3, platelet-derived growth factor receptor 
and several other key proteins responsible for angiogenesis 
[24]. Despite some efficacy of using anti-angiogenesis drugs 
in angiosarcoma patients, there seems to be more factors  
involved in resistance to such treatments in angiosarcoma 
[25]. 

In this study, we showed that liver involvement, either 
by primary mass or metastatic mass, was potentially associ-
ated with poor treatment outcome. Poor survival of hepatic 
angiosarcoma has been reported in association with various 
clinical features such as intraabdominal hemorrhage due to 
tumor rupture and acute liver failure [26,27]. We showed that 
poor survival associated with liver involvement may be part-
ly due to poor liver function represented as pre-chemother-
apy bilirubin and albumin level, which would have affected 
drug tolerability and patient’s performance status. However, 
tendency to poor PFS and ORR in patients with liver involve-
ment implicate additional mechanisms on tumor biology. 
Such resistance mechanism of liver involvement by tumors 
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has been also implicated in other cancers and other antitu-
mor agents, such as lung cancer to epidermal growth factor 
receptor tyrosine kinase inhibitors and melanoma to immune 
checkpoint inhibitors, which exhibited reduced CD8+ T cell 
density at the invasive tumor margin at pretreatment biop-
sies [28,29]. In addition, previous study showed that vessel 
co-option, a process whereby cancer incorporates pre-exist-
ing vessels from surrounding tissue, is a clinically relevant 
mechanism of resistance to anti-angiogenic therapy in liver 
metastases of colorectal and breast cancers [30]. Whether 
these mechanisms are also involved in angiosarcoma resist-
ance would require further studies.

The limitations of this study include its retrospective  
nature; therefore, the results presented should be interpreted 
carefully. Also, as angiosarcoma can have diverse patterns of 
the clinical course according to involved sites, the ORR, the 
PFS, and the OS presented in this study would have been af-
fected by the heterogeneity. However, due to the rarity of this 
disease, designing a clinical trial for advanced angiosarcoma 
is difficult, as observed in the previous phase II clinical trial, 
which enrolled 30 patients with heterogeneous primary sites 
[7]. In addition, most of the clinical trials involving angio-
sarcoma include other sarcomas, which results in even more 
heterogeneous study population with angiosarcoma being 
a small portion of the entire population. In this study, we 
collected data from homogeneous and relatively large num-
ber of patients in advanced setting who received palliative 
systemic chemotherapy. Therefore, our results provide clini-
cians with fair information of real-world treatment outcomes 
in advanced angiosarcoma patients. Secondly, whether liver 
function represented as more relevant scoring systems such 
as Child-Pugh or Model for End-Stage Liver Disease scores 
is correlated with clinical outcome should be further evalu-
ated. Nevertheless, the baseline serum total bilirubin and  
albumin levels may provide clinical insights to physicians 
and researchers in deciding on treatments and designing 
stratifications for clinical trials. Lastly, our study implicates 
the liver involvement as a prognostic marker, not a predic-
tive marker. Therefore, the presence or absence of liver  

involvement should not be used as a factor that could influ-
ence the decision on the initiation of chemotherapy.

In conclusion, treatment with first-line chemotherapy with 
wPac regimen and later-line pazopanib showed comparable 
efficacy to that reported in previous studies and may provide 
survival benefit for subset of patients, especially those with-
out liver involvement. Clinicians would need to be aware 
that patients with presence of liver involvement may have 
poor prognosis. Further investigations with large number in 
multicenters or prospective design considering these results 
are warranted.
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Introduction

Thyroid cancer is the most common cancer among Korean 
women, along with breast cancer [1]. Many women have 
been diagnosed with thyroid cancer after being diagnosed 
with breast cancer, or vice versa. Several studies have been 
published on the relationship between these two cancers  
[2-4] and revealed that the rate of co-occurrence is signifi-
cantly higher than that expected by chance [5]. Several theo-
ries explaining the relationship between breast and thyroid 
cancer have been suggested, among which the most predom-
inant ones consider the effect of sex hormones. Estrogen and 
progesterone are major hormones known to be involved in 
the regulation of breast tumor growth and in the control of 
physiological functions through the estrogen receptor (ERα 
and β) and progesterone receptor (PR) [6]. 

Interestingly, it was confirmed that both ER [7] and PR [8] 
were also expressed in thyroid cancer. However, the rates of 
expression for each receptor were found to vary in previous 
studies, and thus the role of each receptor in the prognosis 
of thyroid cancer remains controversial. The cause of varia-
tions in the results might be due to differences in the applied 

methodology, such as the use of immunohistochemical (IHC) 
staining or polymerase chain reaction (PCR). Even in cases 
where the IHC staining method was used, the types and con-
centrations of antibodies used, and the criteria for positive 
staining (PS) were different in each study. In addition, in the 
evaluation of differentiated thyroid cancer, both papillary 
and follicular thyroid carcinomas are often included in the 
analysis; however, the ratio of these two cancers might differ. 

In addition to ER, members of the epidermal growth factor 
receptor family (EGFR, HER2) have also been considered as 
factors affecting the progression and prognosis of breast can-
cer. In particular, EGFR is a tyrosine kinase receptor whose 
activation and initiation of signaling has been known to be 
associated with increased proliferation and resistance to  
apoptosis [9]. Interestingly, a bidirectional crosstalk has been 
shown to exist between EGFR and ER [10], with its effects 
having been confirmed in nonsmall cell lung cancer [11] as 
well as breast cancer [12,13]. Recently, a study suggested that 
the overexpression of EGFR could serve as an important bio-
marker of aggressive papillary thyroid carcinoma (PTC) [14], 
but the crosstalk between ER and EGFR in PTC has not been 
confirmed. 
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Purpose  The aim of this study was to examine the rate of expression of estrogen receptor α (ERα) and β1 (ERβ1), progesterone 
receptor (PR), and rate of overexpression of epidermal growth factor receptor (EGFR) in a relatively large cohort of patients with papil-
lary thyroid carcinoma (PTC). We also aimed to examine whether each receptor influenced clinicopathological characteristics and 
prognosis of PTC. 
Materials and Methods  We made a microarray of paraffin-embedded PTC surgical tissues from 436 patients. We compared the 
results of the immunohistochemical staining for each hormone receptor with clinicopathological characteristics. 
Results  The positive expression rate of hormonal receptors was 40.4% for ERα, 83.7% for ERβ1, and 71.3% for PR in patients with 
PTC. Overexpression of EGFR was shown in 19.3% of patients with PTC. The age was lower (44.6±12.1 years vs. 47.1±12.5 years, 
p=0.040) and tumor smaller (0.96±0.69 cm vs. 1.13±0.82 cm, p=0.020) in the ERα positive group, which also showed higher PR 
positivity (80.7% vs. 65.0%, p < 0.001) and overexpression of EGFR (27.3% vs. 13.8%, p < 0.001). However, neither the positivity of 
hormone receptors nor overexpression of EGFR affected the recurrence of PTC. 
Conclusion  In conclusion, most (94.6%) patients with PTC were found to exhibit positive expression for ERs or PR. We also found 
that neither the positive expression of hormone receptors nor overexpression of EGFR were associated with the recurrence of PTC.
Key words  Papillary thyroid carcinoma, Estrogen receptor, Progesterone receptor, Epidermal growth factor receptor 

Hwa Young Ahn1, Ra-Yeong Song2, Hye Shin Ahn3, Hee Sung Kim4 
Departments of 1Internal Medicine, 2Surgery, 3Radiology, and 4Pathology, Chung-Ang University College of Medicine, Seoul, Korea 

Expression of Estrogen and Progesterone Receptors in Papillary Thyroid 
Carcinoma in Korea 

Correspondence: Hee Sung Kim 
Department of Pathology, Chung-Ang University College of Medicine, 84 Heukseok-ro, Dongjak-gu, Seoul 06974, Korea 
Tel: 82-2-6299-3269  Fax: 82-2-6293-5630  E-mail: hkim1967@cau.ac.kr
Received  November 16, 2020  Accepted  February 10, 2021  Published Online  February 10, 2021



VOLUME 53 NUMBER 4 OCTOBER 2021     1205

In this study, we examined the rate of expression of ERα, 
ERβ1, and PR and the distribution and correlation of each 
receptor in a relatively large cohort of patients with PTC. 
In addition, we explored whether overexpression of EGFR 
was correlated with the expression of each receptor. We also  
examined whether each receptor influenced the prognosis of 
PTC.

Materials and Methods
 
1. Patients

This study was designed as a retrospective observational 
study. We only included patients with available formalin-

fixed paraffin-embedded (FFPE) tumor sections after sur-
gery and with available clinical data. A total of 436 patients 
with PTC were included in this study. In order to confirm 
the positive rate of each receptor in normal thyroid tissue, 
we additionally checked samples from 29 patients who  
underwent surgery with nodular hyperplasia during the 
same period. Patients underwent thyroid surgery at Chung-
Ang University Hospital from January 1, 2011 to December 
31, 2012, and the median follow-up was 6.8 years (interquar-
tile range, 6.2 to 7.0 years). Among all patients, 412 (94.5%) 
had total thyroidectomy, whereas the remaining 24 (5.5%) had 
lobectomy as the first treatment. We examined the age at the 
time of surgery, sex, tumor size, lymph node metastasis, lym-
phatic and blood vessel invasion, multiplicity, extrathyroidal  

Fig. 1.  Immunohistochemical staining of estrogen receptor (ER) α, ERβ1, progesterone receptor (PR), and epidermal growth factor (EGFR) 
in papillary thyroid carcinoma (PTC) lesions. Formalin-fixed and paraffin-embedded PTC tissue sections were stained using the Ventana 
Benchmark ULTRA automated staining system with specific antibodies. (A) Normal thyroid tissue with negative ERα staining. (B) PTC 
tissue with negative ERα staining. (C) PTC tissue with weak positive ERα staining. (D) PTC tissue with intermediate positive ERα staining. 
(E) PTC tissue with strong positive ERα staining. (F) Normal thyroid tissue with negative ERβ1 staining. (G) PTC tissue with negative ERβ1 
staining. (H) PTC tissue with weak positive ERβ1 staining. (I) PTC tissue with intermediate positive ERβ1 staining. (J) PTC tissue with 
strong positive ERβ1 staining. (K) Normal thyroid tissue with negative PR staining. (L) PTC tissue with negative PR staining. (M) PTC tis-
sue with weak positive PR staining. (N) PTC tissue with intermediate positive PR staining. (O) PTC tissue with strong positive PR staining. 
(P) Normal thyroid tissue with negative EGFR staining. (Q) PTC tissue with negative EGFR staining. (R) PTC tissue with weak positive 
EGFR staining. (S) PTC tissue with intermediate positive EGFR staining. (T) PTC tissue with strong positive EGFR staining (A-T, ×200).
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extension, BRAFV600E mutation, and recurrence of each  
patient. Recurrence was defined as the case of finding new 
lymph node metastasis on thyroid ultrasound during follow-
up and confirmed by biopsy and surgery, or when distant 
metastasis was found by bone scan or computed tomogra-
phy.

2. Tissue microarray preparation 
Tissues obtained from patients were fixed in 10% buff-

ered formalin and embedded in paraffin. After screening 
the available samples obtained from each patient, a paraf-
fin block that was well-fixed and contained a representa-
tive tumor section was selected. A single tissue column (2.0 
mm in diameter) was obtained from each selected paraffin 
block and samples were separately arranged in new 60-hole  
recipient paraffin blocks using a trephine apparatus (Super-
BioChips Laboratories, Seoul, Korea).

3. Immunohistochemistry 
Briefly, 4 µm-thick sections of the FFPE tissue microarray 

blocks were prepared for immunohistochemistry. These sec-
tions were incubated with primary antibodies against ERα	
(rabbit monoclonal, catalog No. 790-4324, clone: SP1, Ventana 
Medical Systems, Tucson, AZ), ERβ1 (mouse monoclonal, 
catalog No. GTX70174, clone: 14C8, Ventana Medical Sys-
tems), PR (rabbit monoclonal, catalog No. 790-2223, clone: 
1E2, Ventana Medical Systems), EGFR (mouse monoclonal, 
catalog No. 790-2988, clone: 3C6, Ventana Medical System, 
Inc.), and p27Kip1 (rabbit polyclonal, catalog No. E2604, 
Spring Bioscience, Pleasanton, CA) using the Ventana Bench-
mark ULTRA automated staining system (Ventana Medical 
Systems) as recently described [15]. Slides were read by a sin-
gle pathologist (H.S.K with 20 years of experience) who was 
blinded to the clinical data of the patients.

4. Scoring system 
We examined both the intensity of staining (IS) and the 

percentage of PS of cells. The IS value expressed the average 
IS, as follows: 0, none; 1, weak; 2, intermediate; and 3, strong 
(Fig. 1). The PS value expressed the estimated rate of tumor 
cells that stained positive for ERα, ERβ1, PR, and EGFR, as 
follows: 0, none; 1, < 1%; 2, 1%-10%; 3, 10%-33%; 4, 34%-66%; 
and 5, 67%-100%. The PS and IS values were then added 
to obtain a total score (TS), which ranged between 0 and 8. 
Tumors were classed as positive for the expression of ERα, 
ERβ, and PR if they possessed a TS ≥ 3. The overexpression 
of EGFR was defined as 3 (strong) staining of any percentage 
or 2 (intermediate) of > 50 % of tumor cells [14]. 

5. Real-time PCR
Hematoxylin and eosin–stained slides were reviewed, 

and the appropriate areas were marked. QIAmp DNA mini 
kits (Qiagen, Chatsworth, CA) were used for genomic DNA  
extraction. 

Dual-priming oligonucleotide-based PCR analysis was 
performed using the Anyplex BRAFV600E Real-time Detection 
(v2.0) system (Seegene, Seoul, Korea). Each PCR reaction 
mixture contained 2 µL 5× BRAF primer, 3 µL 8-methoxyp-
soralen solution, 5 µL extracted DNA, and 10 µL 2× Any-
plex PCR master mix for a total volume of 20 µL. PCR was 
performed using a GeneAmp 7500 Real-time PCR System  
(Applied Biosystem, Foster City, CA). Reactions underwent 
an initial 15-minute incubation at 94°C, followed by 35  
cycles of denaturation at 94°C for 30 seconds, annealing at 
62°C for 30 seconds, extension at 72°C for 60 seconds, and a 
final extension at 72°C for 10 minutes. If the Ct value of the 
internal control or V600E was ≥ 30 or undetermined, it was 
interpreted as negative. If the ΔCt was ≤ 13, it was regarded 
as positive for the BRAFV600E mutation. The ΔCt value was 
calculated as the difference in the cycle threshold between 
the target (BRAFV600E) and the internal control. 

6. Statistical analysis 
The student t test was used for comparisons of quantita-

tive variables between groups, whereas the chi-square test 
was used for comparisons of qualitative variables between 
groups. The relationships between the ER subtype and the 
expression of PR were assessed using Spearman’s correlation 
analysis. Cox’s proportional hazard analysis was performed 

Table 1.  Clinicopathological features of total study subjects

Characteristic No. (%) (n=436)

Follow-up, median (interquartile range, yr)  6.8 (6.2-7.0)
Age (yr)  46.1±12.4
Tumor size (cm)  1.06±0.78
Papillary microcarcinoma (< 1 cm)   260 (59.6)
Male sex    95 (21.8)
Total thyroidectomy  412 (94.5)
LN metastasis  243 (55.7)
Lymphatic invasion    5 (1.1)
Blood vessel invasion   3 (0.7)
Multiplicity  180 (41.3)
Extrathyroidal extension (micro/gross)  130 (29.8)/12 (2.8)
BRAFV600E mutation 316 (72.5)
Recurrence    9 (2.1)
ER α 176 (40.4)
ER β1 365 (83.7)
PR  311 (71.3)
EGFR     84 (19.3)
ER, estrogen receptor; LN, lymph node; PR, progesterone recep-
tor; EGFR, epidermal growth factor.
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to identify the risk factor for the recurrence of PTC. 
All statistical analyses were performed using the SPSS 

software ver. 17.0 (SPSS Inc., Chicago, IL). Differences were 
considered statistically significant if p < 0.05.

 
Results

1. Expression status and clinicopathological characteristics 
of estrogen and progesterone receptors in PTC 

As shown in Table 1, staining for ERα, ERβ1, and PR was 
positive in 176 (40.4%), 365 (83.7%), and 311 (71.3%) patients 
with PTC, respectively. Overexpression of EGFR was obser-
ved in 84 (19.3%) patients with PTC. In 29 normal thyroid 
tissues, ERα was positive in 3 (10.3%), ERβ1 in 24 (82.8%), 
PR in 17 (58.6%), and EGFR overexpression was not found. 
Clinicopathological characteristics according to positivity of 
hormone receptors were shown in Table 2. The median age of 
patients was shown to be lower in the ERα (+) than in the ERα 
(‒) group (44.6±12.1 years vs. 47.1±12.5 years, p=0.040). In 
contrast, the median age was higher in the PR (+) compared 
with the PR (‒) group (47.2±12.3 vs. 43.5±12.4 years, p=0.005). 
Tumor size was smaller in the ERα (+) relative to the ERα (‒) 
group (0.96±0.69 cm vs. 1.13±0.82 cm, p=0.020). Proportion 
of male sex was found to be higher in the ERβ1 (+) compared 
with the ERβ1 (‒) group (23.6% vs. 12.5%, p=0.048). 

We observed that both the positivity of expression of ERα 
(45.7% vs. 27.2%, p < 0.001) and ERβ1 (90.0% vs. 72.5%, p 
< 0.001) were higher in the PR (+) group relative to the PR 
(‒) group. In addition, the overexpression of EGFR was 

demonstrated to be higher in the ERα (+) than the ERα (‒) 
group (27.3% vs. 13.8%, p < 0.001). Finally, we found that p27  
expression was higher in the ERα (+) group (18.3% vs. 6.3%, 
p < 0.001). 

2. Clinicopathological characteristics displayed by the co-
occurrence of ERα and ERβ1 expression 

Next, we aimed to identify whether there was a differ-
ence in the clinical features and prognosis when grouping 
patients according to their ERα and ERβ1 status (positive 
or negative). According to previous studies, when a tumor 
showed positive expression of ERα and negative expression 
of ERβ1, it was associated with a worse prognosis [16]. In our 
results, we observed a significantly lower PR expression and 
higher overexpression of EGFR in the ERα (+) ERβ1 (‒) group  
(Table 3). However, none of the patients of the ERα (+) ERβ1 
(‒) group showed any recurrence during follow-up. In  
addition, we did not observe any significant difference in the 
rate of recurrence between groups. Further, the p27 expres-
sion was demonstrated to be the highest in the ERα (+) ERβ1 
(+) groups.

3. Expression of ERs, PR, and EGFR based on sex and men-
opause 

Because the levels of estrogen are known to differ accord-
ing to sex and menopausal status, we analyzed the expres-
sion for ERs and PR, as well as the rate of overexpression of 
EGFR according to the sex and age of female patients using 
the age of 50 as a cutoff (Table 4). We observed that ERβ1  
expression was higher among males (91.5% vs. 83.3%, 

Table 3.  Clinicopathological characteristics according to the combination of ER α and β1 positivity 

 ER α (‒) ERβ1 (+) ER α (+) ERβ1 (+) ER α (‒) ERβ1 (‒) ER α (+) ERβ1 (‒) p-value 

No. (%)  211 (49.2)  154 (35.9)  44 (10.3)  20 (4.7) 
Follow-up duration 6.0±1.8 6.5±3.1 6.1±1.9 5.9±2.3 0.249
Age 47.4±12.5 44.8±11.8 45.8±12.4 44.8±13.7 0.225
Tumor size 1.14±0.86 0.98±0.73 1.11±0.65 0.87±0.38 0.140
Male sex 44 (20.9) 42 (27.3) 6 (13.6) 2 (10.0) 0.105
LN metastasis 116 (55.0)  92 (59.7)  19 (43.2) 12 (60.0) 0.261
Lymphatic invasion 2 (0.9) 2 (1.3)  1 (2.3) 0 ( 0.846
Blood vessel invasion 3 (1.4) 0 ( 0 ( 0 ( 0.373
Multiplicity 84 (39.8) 64 (41.6)  17 (38.6) 11 (55.0) 0.601
Extrathyroidal extension (micro/gross)  62/9 (29.4/4.3)  47/2 (30.5/1.3) 14/0 (31.8/0)  5/1 (25.0/5.0)  0.574
BRAFV600E mutation  153 (72.5) 115 (74.7) 31 (70.5) 14 (70.0) 0.923
PR positivity  147 (71.4) 137 (86.2) 21 (48.8) 10 (47.6) < 0.001
EGFR overexpression 30 (14.2) 37 (24.0) 5 (11.4) 10 (50.0)  < 0.001
p27 positivity  12 (5.7) 31 (20.1) 2 (4.5) 2 (10.0) 0.001
Recurrence  5 (2.4) 3 (2.0)  1 (2.3) 0 ( 0.897
Values are presented as number (%) or mean±SD. EGFR, epidermal growth factor; ER, estrogen receptor; LN, lymph node; PR, progester-
one receptor; SD, standard deviation.
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p=0.048). When we determined the difference in the recep-
tor expression using the age of 50 in the female group as a 
cutoff, the expression of PR was demonstrated to be higher 
in females over 50 y compared with younger females (78.3% 
vs. 66.7%, p=0.019). In contrast, we found that the rate of 
overexpression of EGFR was higher in the younger (23.2% 
vs. 14.7%, p=0.050) than the older female group. 

4. Relationship and distribution between each receptor
Because the expression of ERβ1, PR, and EGFR were 

shown to be higher in the ERα	(+)	group	(Table	2),	we	analyzed	
the	correlation	between	expression of the ERs and PR, overex-
pression of EGFR, and BRAFV600E mutation. As a result, we  
observed that ERα was positively correlated with PR 
(ρ=0.170, p < 0.001) and EGFR (ρ=0.167, p < 0.001). Likewise, 
ERβ1 was found to be positively correlated with PR (ρ=0.220, 
p < 0.001). However, the overexpression of EGFR did not 
show any correlation with the BRAFV600E mutation, with 55 
patients (12.6%) exhibiting both overexpression of EGFR and 
the BRAFV600E mutation. 

To confirm the distribution of the expression of ERs and 
PR, we created a BenDiagram according to the status of the 
receptors (Fig. 2). The distribution was confirmed in 429  
patients except for seven patients whose ERβ1 status was not 
available. Briefly, 131 of 429 patients (30.5%) demonstrated to 
be positive for both ERs and PR. In contrast, we noted only 
23 patients (5.4%) to be negative for both ERs and PR. 

5. Prognostic factors affecting the recurrence of papillary 
thyroid carcinoma

We performed survival analysis using Cox’s proportional 
hazard analysis to determine the effects of several param-
eters, including the expression of ERs and overexpression 
of EGFR on the recurrence of PTC (Table 5). We accordingly 
identified recurrences in nine patients (2%) during the aver-
age 6-year follow-up period. Interestingly, we observed that 
the expression of ERs and overexpression of EGFR did not 
affect the recurrence of PTC. However, the risk of recurrence 
was shown to be high in male patients (hazard ratio [HR], 
5.864; 95% confidence interval [CI], 1.462 to 23.523), and the 

tumor size was also found to increase the risk of recurrence 
(HR, 1.867; 95% CI, 1.174 to 2.970). Further, we observed that 
lymphatic invasion also increased the risk of recurrence (HR, 
15.810; 95% CI, 1.537 to 162.626). 

 
Discussion

In this study, we confirmed the positive rate of expression 
and distribution of hormonal receptors, and the overexpres-
sion of EGFR in a relatively large cohort of patients with PTC 
and examined the correlation and prognostic roles of these 
receptors. 

Overall, we found that the rate of expression of hormonal 
receptors was 40.4% for ERα, 83.7% for ERβ1, and 71.3% for 
PR in patients with PTC. In total, 94.6% of cases were dem-
onstrated to be positive for either ERs or PR. In several pre-
vious studies, the rate of positive expression of ERs and PR 
were reported to vary presumably due to differences in the  

Table 4.  Positivity of ER, PR, and EGFR according to sex and age of female  

 Male (n=95) Female (n=341) p-value
 Female (< 50 yr) Female (≥ 50 yr) 

p-value
 

    (n=198) (n=143) 

ERα positivity 44/95 (46.3) 132/341 (38.7) 0.181 78/198 (39.4) 54/143 (37.8) 0.760
ERβ1 positivity 86/94 (91.5) 279/335 (83.3) 0.048 158/194 (81.4) 121/141 (85.8) 0.290
PR positivity 67/95 (70.5) 244/341 (71.6) 0.845 132/198 (66.7) 112/143 (78.3) 0.019
EGFR overexpression 17/95 (17.9) 67/341 (19.6) 0.702 46/198 (23.2) 21/143 (14.7) 0.050
Values are presented as number (%) or mean±SD. EGFR, epidermal growth factor; ER, estrogen receptor; PR, progesterone receptor; SD, 
standard deviation.

Fig. 2.  Venn diagram of the positive rates of estrogen receptors 
(ERs) and progesterone receptor (PR). The distribution was con-
firmed in 429 patients except for seven patients whose ER β1 sta-
tus was not available. 

Total (n=429)

All receptor (–)
(n=23)

ERα (+)
(n=174)

ERβ1 (+)
(n=365)

PR (+)
(n=309)

21147

64

10

10
131
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immunohistochemistry methodology used. For instance, it 
has been reported that ERα was not detected in PTC in some 
previous studies [17,18]. However, recently published stud-
ies report that the positive rate for ERα expression was 25.6%-
66.5% in PTC [19-22]. In our results, rate for ERα expression 
was 40.4%, consistent with recent studies. We assumed that 
this difference was due to the accuracy of the ERα antibody 
used in the previous study. Likewise, the positive rate of 
ERβ expression in thyroid cancer was reported to be 80%-
100% [17-19,23], while the positive rate of PR expression was 
45.3%-75.8% [21,22,24]. Our data also showed similar ERβ 
and PR expression with that obtained in previous results. 

We also observed that the rate of expression of these hor-
mone receptors did not differ according to sex except for that 
of ERβ1. Loss of ERβ1 has been shown to be more frequent 
in female patients with PTC compared with male patients 
with PTC. ERα has been well characterized as a mediator of 
cell proliferation, especially in breast cancer cells, driving cell 
proliferation in the presence of estrogen. In contrast, ERβ has 
been found to exert opposing actions to ERα, inhibiting ERα-
mediated proliferation in many cell types, including PTC 
[20,25]. In addition, it has been reported that the increased 
level of expression of ERα and decreased level of expression 
of ERβ1 might play important roles in the pathogenesis of 
PTC among female patients of reproductive age [20]. How-
ever, there has been no research on whether women are char-
acterized by increased loss of ERβ1 relative to men, so further 
studies are needed. 

We evaluated the prognostic role of ERα and ERβ1 to  
recurrence of PTC. Because, in previous studies, nuclear ERα 
expression was associated with more extrathyroidal invasion 
in PTC [20] and ERβ (‒) tumors showed vascular invasion 
more frequently [26]. However, contrary to our expectations, 
the level of hormone receptor expression did not affect recur-
rence, and only male sex, tumor size, and lymphatic inva-

sion were associated with recurrence. Therefore, according 
to our findings, the effect of hormone receptors on prognosis 
of PTC do not seem to be significant. For the impact of EGFR 
overexpression on the prognosis of PTC, the overexpression 
of EGFR was reported to correlate with increasing stage,  
extrathyroidal extension, tumor capsule invasion, and  
adverse pathologic features in PTC [14]. It has been well  
established that the expression of EGFR is associated with 
poor prognosis and decreased survival rates in head and 
neck, ovarian, cervical, esophageal, gastric, breast, lung, and 
colorectal cancers [27]. In our study, we did not observe any 
difference in the aggressive features or prognosis of the ERα 
(+) ERβ1 (‒) group, which showed about 50% of overexpres-
sion of EGFR, compared with other groups. Considering 
these results, because differentiated thyroid carcinoma itself 
has a very good prognosis, it is likely that the effect of ERs 
or EGFR overexpression on the prognosis might not be sig-
nificant, unlike what has been expected in previous studies. 

Our data showed that overexpression of EGFR was signifi-
cantly lower, whereas PR positivity was significantly higher 
in older compared with younger female patients with PTC. 
Similarly, lower overexpression of EGFR has been shown 
to be more common in breast tumors of young women and 
has been associated with lower levels of hormone receptors, 
higher proliferation, genomic instability, and overexpression 
of HER2 [28]. 

Interestingly, in this study, we identified 16.5 % of patients 
with thyroid cancer exhibiting both overexpression of EGFR 
and the BRAFV600E mutation. BRAF is one of the three RAF 
proteins and a component of the mitogen-activated protein 
kinase (MAPK; ERK) signaling pathway, which is a complex 
of RAS and three protein kinases, namely RAF, MAPK/ERK 
kinase (MEK), and ERK [29]. When EGFR, a tyrosine kinase 
receptor, is activated by growth factors, it stimulates RAS 
and leads to the sequential activation of RAF and MEK [30]. 

Table 5.  Multivariate Cox’s proportional hazard analysis for the recurrence of papillary thyroid carcinoma 

 p-value Hazard ratio 95% Confidence interval

Age at diagnosis 0.577 1.017 0.958-1.081
Male sex 0.013 5.864 1.462-23.523
Size 0.008 1.867 1.174-2.970
ERα positivity 0.609 0.684 0.159-2.935
ERβ1 negativity 0.946 1.079 0.118-9.890
EGFR positivity  0.793 0.735 0.074-7.332
BRAFV600E mutation  0.548 1.947 0.221-17.135
LN metastasis  0.493 1.863 0.314-11.059
Lymphatic invasion 0.020 15.810 1.537-162.626
Extrathyroidal extension 0.976 1.024 0.217-4.828
Multiplicity 0.300 2.112 0.514-8.682
EGFR, epidermal growth factor; ER, estrogen receptor; LN, lymph node.
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The activation of the MAPK pathway signaling by either  
ligands or an activating mutation of one of the components 
is known to induce cell proliferation and survival by increas-
ing transcription factors and gene expression [31]. It has been  
believed that the combination of overexpression of EGFR 
and other driver mutations would be mutually exclusive. 
However, previous studies showed that overexpression of 
both EGFR and the BRAFV600E mutation were present in the 
same patients in almost a quarter of patients with PTC [14], 
suggesting that this phenomenon might occur in PTC. 

There were several limitations in our study. First, because 
this was a retrospective study that only included patients 
treated at a single hospital, selection bias cannot be exclu-
ded. Second, expression of each hormone receptor and over-
expression of EGFR were evaluated using only the IHC 
staining technique. As there are no established criteria for 
the evaluation of the positivity of each receptor, inaccurate 
results could have been derived. In order to compensate for 
these limitations, we tried to apply the same criteria as the 
ones used in previous studies. Third, as only patients with 
relatively good prognosis were included in this study, and as 
only nine out of 436 (2%) had any recurrence, it was difficult 
to confirm the effect of hormone receptors or overexpres-
sion of EGFR on the recurrence of PTC. However, consider-
ing that the majority of PTCs are slowly progressing cancers 
with a very good prognosis, presence of hormone receptors 
or overexpression of EGFR might not have a significant prog-
nostic role in PTC unlike in other cancers. 

In conclusion, most (94.6%) patients with PTC were found 

to exhibit positivity for expression of ERs or PR, whereas 
overexpression of EGFR was found in only 19.3% of patients. 
In this study, we also found that the positive expression of 
hormone receptors or overexpression of EGFR were not  
associated with the recurrence of PTC. In summary, the ERα 
positive group was mainly younger and the average size 
of thyroid cancer was less than 1cm, and the ERβ negative 
group was mainly female. EGFR overexpression was highly 
related to ERα positivity and was also high in female under 
the age of 50. These results can be interpreted as being relat-
ed to characteristics of thyroid cancer, which occurs mainly 
in young women in their 30s and 40s.
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We,	the	editors	of	Cancer	Research	Treatment	(CRT),	have	strived	toward	the	goal	to	make	CRT	a	high	quality	journal.	The	CRT’s	
impact	factor	of	this	year	has	risen	to	4.679,	which	could	not	have	been	achieved	without	the	peer	reviewers’	unselfish	contribution	of	
their	valueless	time	and	effort.	Their	thorough	insights	and	constructive	critiques	have	helped	to	maintain	high	standard	of	research	articles	
published	in	CRT.

We	owe	a	lot	to	the	following	peer	reviewers	during	2020	and	2021	and	would	acknowledge	their	enormous	contribution	with	our	most	
heartfelt	appreciation.
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