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Purpose Colorectal cancer (CRC) is increasing in South Korea due to westernized eating habits and regular health check-ups. The
Korean Health Insurance Review and Assessment Service (HIRA) has conducted a national quality assessment of the treatment of
CRC. This study examined the quality assessment report of the Korean HIRA and analyzed the status of practice pattern and the
epidemiology of CRC in South Korea.
Materials and Methods The number of subjects was determined based on the number of surgical procedures in each institution
during 2012-2017. The institution types were classified according to the number of beds and the composition of oncologic specialists. Twenty-one indicators for diagnosis, chemotherapy, radiotherapy, surgery, pathology, and mortality were analyzed and the interinstitutional variation for each indicator was calculated.
Results Among 21 evaluation indices, indicators related to medical records, receipt of chemotherapy with a high coefficient of variation of ≥ 0.1% were improved over 6 years until the survey in 2017. In the analysis of indices affecting surgical mortality, the regional
lymph node resection and examination rate (p=0.022) showed a negative correlation with surgical mortality. Hospitalization stay (p <
0.001) and hospitalization cost (p=0.002) were positively correlated with surgical mortality.
Conclusion This study showed that the treatment quality and examination status for CRC in South Korea were appropriate for improving relevant medical records, receipt of chemotherapy, maintaining the quality of treatment, and mortality. These analyses could be
the basis for developing an improved quality assessment program worldwide.
Key words Colorectal neoplasms, Quality assessment, Mortality

Introduction
Colorectal cancer (CRC) is the second most common cancer in South Korea and has the highest growth rate among
the top five cancers [1]. The incidence of CRC is increasing
in Asian countries due to westernized lifestyles and regular
health check-ups. CRC is the third-highest cause of death
from cancer, and death from CRC is steadily increasing in
South Korea [2].
Thus, the Korean Health Insurance Review and Assessment Service (HIRA) has conducted a quality assessment
of the four major cancers to minimize the variation in medical treatments among medical institutions and improve the
quality of cancer treatment practices. Since 2011, a quality
assessment of CRC has been performed on patients with primary CRC who underwent surgery in all Korean institutions.
Twenty-one evaluation indicators were selected and the value and improvement rate of each indicator according to the
institution were analyzed to calculate the grade, which was
reported annually by the HIRA.

The trend in 21 indicators has been assessed over the past 6
years. This study evaluated the data of the quality assessment
and analyzed the status of the treatment of CRC in South
Korea and the relationship between mortality, medical cost,
and the indicators.

Materials and Methods
1. Data source
From January 2011 to December 2016, inpatient health
insurance, medical benefits, billing statements, medical
records, and mortality data from the Ministry of the Interior
and Safety were collected annually according to the institution where patients received colorectal surgery. The subjects
were included as follows: (1) patients aged 18 years or older
who had surgery for primary CRC; (2) Korean Standard Disease Classifications C18-C20 (including major and minor
diseases), which indicate colon and rectal cancer; (3) those
undergoing colectomy, rectal, and sigmoid colon resection,
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1. Structure index
(1) Composition of professional personnel

No. in an essential department*
×100
3
*Essential department: surgery, hemato-oncology, pathology

2. Process index
(1) Preoperative pain evaluation
No. of patients evaluated for pain using the pain assessment tool before surgery
×100
No. of patients who underwent colorectal cancer resections
(2) Cancer family history-taking

No. of patients with a confirmed family history of cancer
×100
No. of patients who underwent colorectal cancer resections

(3) Preoperative further work-up

No. of patients who were thoroughly examined
×100
No. of patients who underwent colorectal cancer resections

(4) Record of resection completeness
No. of surgeon evaluating completeness of the resection and recording it in the medical record
×100
No. of patients who underwent colorectal cancer resections
(5) Carcinoembryonic antigen (CEA) test within three months after surgery
No. of patients with measured CEA levels
×100
No. of patients 3 months (90 days) after colorectal cancer resection
(6) Pathology report

No. of patients whose pathology reports were faithfully recorded
×100
No. of patients who underwent colorectal cancer resections

(7) Regional lymph node dissection
No. of patients who underwent removal of 12 or more regional lymph nodes and had histopathologic examination
×100
No. of patients who underwent colorectal cancer resections
(8) Cancer stage record (evaluated from 2013)
No. of patients whose specialists recorded cancer stage (TNMs) in themedical record
×100
No. of patients who underwent colorectal cancer resections
(9) Training of stoma management
No. of patients who had stoma management training before discharge
×100
No. of patients with stoma after colorectal cancer resection
(10) No chemotherapy in stage I
No. of patients who did not receive adjuvant chemotherapy
×100
No. of patients who underwent resection for colon cancer (stage I) and rectal cancer (stage I)
(11) Adjuvant chemotherapy within 8 weeks after surgery in stage II-III
No. of patients who received their first adjuvant chemotherapy within 8 weeks after surgery
×100
No. of patients who underwent resections for colon cancer (stage IIb-III) and rectal cancer (stage II-III)
Fig. 1. Definition of 21 evaluation indices. (Continued to the next page)
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(12) Explanation of planned chemotherapy
No. of patients with records describing chemotherapy plans to the patient (or family)
×100
No. of patients with colorectal cancer who underwent chemotherapy
(13) Use of flow sheet

No. of patients with flow sheet
×100
No. of patients with colorectal cancer who underwent chemotherapy

(14) Recommended adjuvant chemotherapeutic regimen
No. of patients whose adjuvant chemotherapy was consistent with the recommended regimen
×100
No. of patients with colorectal cancer who underwent adjuvant chemotherapy after surgery
(15) Prescription of antiemetics
No. of patients receiving a prescription for serotonin antagonist
×100
No. of patients who underwent chemotherapy with more than moderate vomiting
(16) Radiotherapy after surgery in rectal cancer
No. of patients receiving radiation therapy after surgery
×100
No. of patients who underwent resections for rectal cancer (stage II-III) with the following criteria
1
2
3
4
5
6

T4 category
Positive regional lymph node
Positive resection margin
Incomplete resection
Tumor located near the peritoneal reflexion
Upper located tumor with positive resection margin or incomplete resection

(17) Concurrent chemoradiation in rectal cancer
No. of patients treated with 5-fluorouracil−based chemotherapy combined with radiation therapy
×100
No. of patients with rectal cancer (Stage II-III) who received radiation therapy
3. Results index
(1) Average hospitalization stay
CIh=

∑ ng=1 (Chg×nhg)
∑ ng=1 (Cg×nhg)

h: Surveyed medical institutions
g: Group by diagnosis-related group (DRG) according to disease diagnosis
nhg: Number by DRG of the surveyed medical institutions
Lg: Hospitalization days by DRG
Lhg: Hospitalization days by DRG of the surveyed medical institutions
LIh: Lengthiness index of the surveyed medical institutions
Fig. 1. (Continued from the previous page) (Continued to the next page)

total colectomy or total mesorectal resection; and (4) cancer stage American Joint Committee on Cancer (AJCC) I-IV
(AJCC I-III as a process indicator). Patients who received
prior chemotherapy or radiation therapy were also included
in this study. Patients who were diagnosed with recurrent

or secondary cancer, patients who were transferred after surgery at other institutions, patients with stage 0, and patients
with other primary cancers within five years were excluded
from the analysis.
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(2) Average hospitalization cost
LIh=

∑ ng=1 (Lhg×nhg)
∑ ng=1 (Lg×nhg)

h: Surveyed medical institutions
g: Group by DRG according to disease diagnosis
nhg: Number by DRG of the surveyed medical institutions
g: Average medical expenses by DRG
Chg: Average medical expenses by DRG of the surveyed medical institutions
CIh: Cost-line index of the surveyed medical institutions
(3) Surgical mortality
No. of patients who died within the hospital stay or 30 days after colorectal cancer resection surgery
×100
No. of patients who underwent colorectal cancer resections
Fig. 1. (Continued from the previous page)

2. Methods and process of assessment
The study population was selected using billing statements and evaluation data were collected using a web-based
data collection system. To increase the accuracy of the survey
data, sampling of the cases and verification of the medical
records were conducted. The institution types were classified
into advanced general hospitals, general hospitals, hospitals,
and clinics according to the number of beds and the composition of oncologic specialists. The definition of each evaluation index is summarized in Fig. 1. A total of 21 indicators
were analyzed, which consisted of one structural indicator,
which presents the workforce in the institution before treatment; 17 process indicators that could be evaluated during
the treatment process; and three outcome indicators that
extracted socio-economic costs and surgical mortality data
after treatment.
The number of subjects to be surveyed was determined
based on the number of surgical procedures. Surveys for
treatment-related index (process index) were conducted in all
institutions. Surveys for the cost and mortality (result index)
were conducted in institutions with more than more than 150
operations a year. Surveys of the outcome index were scored
in total. In the assessment, the results for each evaluation
index and institution were calculated, and the overall scores
for each medical institution were evaluated by grading the
evaluation indicators. Fig. 2 outlines the assessment process.
3. Statistical analysis
The difference and trend in the institutional variation for
each indicator for each year were calculated. Inter-institutional variation was analyzed using the variation coefficient.
Index analysis related to surgical mortality was performed,
and the surgical mortality rate and each index were extracted
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Medical expense claim materials
Survey subject extraction
Preparation and submission of surveys
Data error check
Reliability check
Final evaluation data confirmed
Data analysis
Score calculation
Result notification and disclosure
Fig. 2. Quality assessment process.

for each organ type. Process indices with a significant effect
were analyzed by linear regression. SPSS ver. 24 (IBM Corp.,
Armonk, NY) was used for the statistical analysis.

Results
1. Study population
From 2012 to 2017, the assessment data of CRC were analyzed every year. The study population was categorized by
the type of institution, surgical procedure, type of surgery,
and type of cancer (colon or rectum), sex, age, and cancer
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Table 1. Study population

Year

			
2017

2016

Cases per year
2015

2014

2013

Average

No. of institutions
Advanced general hospital
43
43
43
43
44
43.2
General hospital
170
179
180
171
171
174.2
Hospital
24
28
41
49
50
38.4
Clinic
2
2
3
3
1
2.2
No. of surgeries						
≤5
83
93
105
108 		
97.3
6-9
16
22
26
24 		
22.0
10-49
62
61
58
57 		
59.5
50-99
26
26
30
28 		
27.5
≥ 100
52
50
48
49 		
49.8
Surgical typea)						
Rectal and sigmoid colon resection
11,344
10,865
11,090
11,398 		
11,174.3
Colectomy
6,868
6,447
6,465
6,425 		
6,551.3
Total colectomy
49
43
45
57 		
48.5
Cancer type						
Colon
13,836
12,884
12,868
15,600
13,198
14,153.0
Rectum
4,425
4,471
4,732
2,280
5,232
3,752.2
Sex						
Male
10,912
10,272
10,578
10,706
11,000
10,693.6
Female
7,349
7,083
7,022
7,174
7,430
7,211.6
Stage						
I
3,824
3,575
3,738
3,920
4,086
3,828.6
II
5,250
4,969
5,007
5,197
5,299
5,144.4
III
6,641
6,321
6,382
6,179
6,694
6,443.4
IV
2,546
2,490
2,473
2,367
2,317
2,438.6
Age (yr)						
18-29
57
60
68
46
61
58.4
30-39
328
334
324
382
423
358.2
40-49
1,323
1,389
1,436
1,464
1,562
1,434.8
50-59
3,975
3,891
4,028
4,143
4,319
4,071.2
60-69
5,200
4,798
4,846
4,995
5,372
5,042.2
70-79
5,178
5,103
5,192
5,236
5,256
5,193.0
≥ 80
2,200
1,780
1,706
1,614
1,437
1,747.4
Index analyzed from 2013. Rectal and sigmoid colon resection refers to the surgical resection for rectal or sigmoid colon cancer, and colectomy refers to the surgical resection for right, transverse, or left colon cancer patients.
a)

stage.
In the current status by institutional type, the number of
advanced general hospitals, general hospitals, and clinics
maintained levels similar to previous years and the number
of hospitals continued to decrease, showing a 52% decrease
from 50 in 2013 to 24 in 2017. According to the number of
surgeries, medical institutions with fewer than nine cases
decreased, while the number of institutions with 10 or more
operations remained similar during the survey period. The
average number of rectal and sigmoid colon resections,

colectomies, total colectomies, or total mesorectal resections was 11,174, 6,551, and 49 cases, respectively, and also
remained similar throughout the study period. The average
number of patients with colon and rectal cancer was 14,153
and 3,752, and male and female patients were 10,694 and
7,212, respectively, with 48% more cases in men. The age
distribution remained similar throughout the study period,
but 80-year-olds and older showed a 53% increase from 1,437
cases in 2013 to 2,200 cases in 2017. According to the cancer
stage, the average number of patients with stage 1 to 4 was
VOLUME 53 NUMBER 2 APRiL 2021
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0.4
0.3

Professional personnel
Pre-operative pain evaluation
Cancer family history taking
Pre-operative work-up

0.2
0.1
2013

2014

2015
Year

2016

0.39

0.38

0.39

0.39

0.38

0.35

0.24

0.17

0.04

0.03

0.02

0.01

0.11

0.18

0.03

0.04

0.02

0.02

0.10

0.17

0.05

0.04

0.04

0.02

Record of resection completeness
CEA test within 3 months after surgery
Pathology report
Regional lymph node dissection
Cancer stage record (from 2013)
Training of stoma management

0.4
0.3
0.2
0.1

2017

Coefficient of variation (%)

No. at risk
Professional
personnel
Preoperative
pain evaluation
Cancer family
history taking
Preoperative
work-up

0
2012

B

0.5

No. at risk
Record of resection
completeness
CEA test within 3 months
after surgery
Pathology report
Regional lymph
node dissection
Cancer stage record
(from 2013)
Training of stoma
management

0
2012

2013

2014

2015
Year

2016

2017

0.04

0.18

0.03

0.05

0.03

0.02

0.03

0.17

0.02

0.02

0.02

0.01

0.04
0.05

0.18
0.17

0.01
0.05

0.02
0.03

0.01
0.03

0.01
0.03

-

0.19

0.02

0.02

0.01

0.01

0.05

0.00

0.01

0.02

0.01

0.02

C

0.5

No chemotherapy in stage I
Adjuvant chemotherapy within 8 weeks
after surgery in stage II-III
Explanation of planned chemotherapy
Use of flow sheet
Recommended adjuvant chemoregimen
Prescription of antiemetics

0.4
0.3
0.2
0.1

No. at risk
No chemotherapy in stage I
Adjuvant chemotherapy within 8 weeks
after surgery in stage II-III
Explanation of planned chemotherapy
Use of flow sheet
Recommended adjuvant chemoregimen
Prescription of antiemetics

0
2012

2013

2014

2015
Year

2016

2017

0.14
0.18

0.17
0.17

0.02
0.03

0.02
0.06

0.01
0.03

0.00
0.02

0.03
0.38
0.25
0.02

0.18
0.18
0.17
0.18

0.03
0.05
0.06
0.01

0.04
0.05
0.05
0.03

0.02
0.03
0.02
0.01

0.01
0.01
0.01
0.01

Fig. 3. Trends in the coefficient of variation for each indicator. (A) Composition and pretreatment evaluation. Surgery-related (B), chemotherapy-related (C), radiotherapy-related (D), and outcome (E) indices. CEA, carcinoembryonic antigen. (Continued to the next page)

3,829, 5,144, 6,443, and 2,439, respectively, and the number of
stage 3 was the highest among them. Table 1 summarizes the
yearly trends and average values for the study population.
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2. Results of quality assessment
The annual inter-institutional variation coefficient was
calculated in 21 evaluation indices. The coefficient of variation is the ratio of the standard deviation to the mean, and
the higher the value, the greater the inter-organ variation.

D

0.5

Radiotherapy after surgery
in rectal cancer
Concurrent chemoradiation
in rectal cancer

0.4
0.3
0.2
0.1
0
2012

No. at risk
Radiotherapy 0.31
after surgery
in rectal cancer
Concurrent 0.01
chemoradiation
in rectal cancer

2013

2014

2015
Year

2016

Coefficient of variation (%)

Coefficient of variation (%)
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2017

0.19

0.07

0.27

0.10

0.07

0.17

0.02

0.00

0.00

0.00

E

0.5
0.4
0.3
0.2

Average hospitalization stay
Average hospitalization cost
Surgical mortality

0.1
0
2012

No. at risk
Average 0.14
hospitalization stay
Average 0.10
hospitalization cost
Surgical mortality 0.50

2013

2014

2015
Year

2016

2017

0.15

0.14

0.14

0.15

0.16

0.13

0.11

0.11

0.12

0.13

0.50

0.49

0.50

0.39

0.40

Fig. 3. (Continued from the previous page)

The trend in the coefficient of variation for each indicator is
illustrated in Fig. 3.
Among the 21 evaluation indices, the indicators in 2012
with a high coefficient of variation of ≥ 0.1% were the composition of professional personnel, the performance rate of
preoperative pain evaluation, cancer family history-taking,
preoperative further work-up, cancer stage records, the number of patients who did not receive chemotherapy in stage I,
adjuvant chemotherapy within eight weeks after surgery in
stage II-III, recommended adjuvant chemotherapeutic regimen, flow sheet use, postoperative radiotherapy, the average
hospital stay, average treatment cost, and surgical mortality.
Of the 13 factors with high coefficients of variation, the coefficient of variation decreased to more than 80% in the preoperative pain assessment rate, cancer family history-taking,
cancer stage records, no chemotherapy in stage I, adjuvant
chemotherapy within eight weeks after surgery, flow sheet
use, and recommended adjuvant chemotherapeutic regimen
rates in stage II-III when evaluated in 2017. In contrast, the
indicators for which the coefficient of variation was not significantly reduced to more than 80% were the composition
of professional personnel, preoperative further work-up,
radiotherapy after surgery, the average hospital stay, treatment costs, and surgical mortality. These six indicators did
not significantly reduce inter-organ variation compared to
the other indicators.
In the first evaluation, the indicators for which the interinstitutional variation was not large with coefficients of variation less than 0.1% were records of resection completeness,
carcinoembryonic antigen testing within three months after

surgery, pathology report records, regional lymph node dissection and examination, training on stoma management,
explanation of chemotherapy, prescriptions for antiemetics,
and concurrent chemoradiation for rectal cancer.
3. Analyses of indicators related to surgical mortality
To analyze the evaluation index related to the operative
mortality rate, a linear regression analysis was performed
between the operative mortality rate by institution type and
20 evaluation indices each year. Among these, there was
a negative correlation between the regional lymph node
resection and examination rate and the surgical mortality
rate (p=0.022). In addition, there was a significant positive
correlation between the average hospitalization stay (p <
0.001) and the average hospitalization cost (p=0.002). The
other 17 indicators showed no significant correlations. The
linear regression analysis graph for three significant indicators is shown in Fig. 4.

Discussion
CRC has the third-highest cancer incidence and mortality
in Korea, and its survival rate has been rising steadily since
2010 [1]. However, due to the high incidence, it is necessary to improve the socio-economic cost and tumor control
for CRC. The standard treatment for CRC without distant
metastasis is surgery, and chemotherapy or radiotherapy has
been performed with neoadjuvant or adjuvant aims, depending on the stage and pathologic findings after surgery for
VOLUME 53 NUMBER 2 APRiL 2021
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Surgical mortality

A
2.0
1.5

y=4.54-0.04*x

1.0
p=0.022

0.5
60

90
70
80
100
Regional lymph node dissection (%)

Surgical mortality

B
2.0
1.5

y=–2.26+0.24*x

1.0
p < 0.001

0.5
12

18
14
16
Hospital stay (day)

Surgical mortality

C
2.0
1.5

y=–1.25+3.43E-4*x

1.0
0.5

p=0.002

5,000 6,000 7,000 8,000 9,000 10,000
Treatment cost (1,000 KRW)
Fig. 4. Graph of the linear regression analysis for surgical mortality. (A) Regional lymph node dissection. (B) Hospitalization
stay. (C) Hospitalization cost.

rectal cancer [3-5]. In the European Consensus Conference
Colon and Rectum with this multimodality treatment method, treatment protocols differed depending on the institution
and in examination procedures for diagnosis and staging [6].
One of the European Union’s activities for cancer called the
European Partnership for Action Against Cancer (EPAAC) is
working to reduce the variation between healthcare services
within and between countries [7]. EUROCARE-5 analyzed
the cancer survival rates in 29 European countries between
1999 and 2007 and reported that the differences in survival
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rates for CRC and lymphoma were large [8]. This has led to
the need for quality frameworks and a commitment to highquality patient-oriented care.
Since 2011, a government agency called HIRA in Korea
has implemented an annual national quality assessment
program to evaluate the treatment of CRC. This is expected
to be an important part of national cancer management to
reduce variations in social costs and improve oncological
outcomes. In an analysis of the evaluation indices in 2012,
the surgery-related indices showed relatively little variation between organs. In addition, there were relatively small
differences according to institution types in chemotherapy,
antiemetic prescriptions, and concurrent chemoradiation for
rectal cancer. However, the indications, timing of treatment
initiation, and chemotherapy protocols were largely different
for each institution. Furthermore, pretreatment history-taking, further evaluations, and the composition of professional
personnel were significantly different between the types of
institutions. In addition, whether or not to perform adjuvant
radiation therapy after surgery for rectal cancer was also significantly different according to the institution. These indicators were mainly available in large hospitals, but they were
difficult to implement in small-sized hospitals because of
inadequate and unskilled workforces. Subsequently, the
inter-institutional variation was improved in most of the
indicators for 6 years until the 2017 evaluation. In 2013, there
was little improvement in the rates in general hospitals compared to other institutions leading to a large variation temporarily, but the trend gradually improved. At the national
level, the quality of cancer treatment in each institution was
graded, and a quality assessment was conducted to reduce
the variation between institutions and improve the overall
quality of patient treatments.
In addition, despite improvements in quality of indices,
the variation in hospitalization costs and hospitalization
days remained similar. This is likely to differ according to
the severity or stage of the patient group at each type of
institution. This is supported by the linear regression analysis
results, in which the mortality rate showed a positive relationship between hospitalization cost and stay. In contrast, the surgical mortality rate was somewhat improved.
Although this improvement in mortality has not been clearly
seen in 6 years, it can be expected that such an improvement
in the quality of treatment for each organ will result in an
improvement in oncological outcomes.
The development of quality indicators for CRC has been
carried out in a few western countries. Quality indicators
have been developed in Europe and the United States since
2000s [9-12]. In Germany, 52 indicators were reported in
2013. The RAND/UCLA Appropriateness Method emphasized multidisciplinary composition and discussion, and
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attempted to connect ambulatory and hospital services that
could be reflected taking into account the characteristics
of European outpatient and medical care [12]. The Korean
HIRA aims to reduce the variability of diagnostic and treatment quality, not health service accessibility, by institution,
and the indicators are limited to the Korean medical environment. Therefore, there are some limitations to apply these to
other western countries. It is necessary to present a revised
quality assurance program that can improve not only quality
of care but also health service accessibility through evidencebased guidelines worldwide.
Additional analyzes were performed on the process indicators that could affect surgical mortality and showed a negative correlation with the regional lymph node resection and
examination rates. The Korean HIRA recommends evaluating a minimum of 12 lymph nodes to determine the exact
nodal stage. The results of previous studies showed that a
dissection of more than 12 lymph nodes was associated with
an improved survival rate [13,14]. In our study, lymph node
dissection also has been significantly associated with surgical
mortality. There have been debates about the optimal number of resected lymph nodes in CRC. There were some studies showing that more lymph node dissection was needed in
right hemicolectomy, and others showed that more lymph
nodes should be removed if necessary depending on the
presence of positive lymph nodes [15-17]. Proposing a resection of twelve lymph nodes according to the current guideline may be appropriate in evaluating the quality of treatment and reducing the variability by institution. However,
additional clinical studies will be needed on the relevant
number of resected lymph nodes according to the location
of tumor with an improved survival in the future. There was
no significant change in surgical mortality during the 6-year

follow-up period, and a short follow-up period would limit
the ability to analyze meaningful indicators [18,19]. However, in this study, we demonstrated the possibility of quality improvement by analyzing the indicators that were most
correlated with surgical mortality and weighted them in the
grading assessment.
In conclusion, the current treatment and examination status for CRC in South Korea have been improved, and this
study is expected to be the basis for developing an relevant
quality assessment program worldwide for CRC.
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