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The Prognostic Value of Albumin-to-Alkaline Phosphatase Ratio before
Radical Radiotherapy in Patients with Non-metastatic Nasopharyngeal
Carcinoma: A Propensity Score Matching Analysis
Purpose
We first analyzed the prognostic power of albumin-to-alkaline phosphatase ratio (AAPR)
before radical radiotherapy (RT) in non-metastatic nasopharyngeal carcinoma (NPC) patients.
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Materials and Methods
The records of 170 patients with biopsy-proven, non-metastatic NPC treated by radical RT
between 1998 and 2016 at our institution were retrospectively reviewed. Median followup duration was 50.6 months. All patients received intensity-modulated RT and cisplatin
based chemotherapy before, during, or after RT. The major treatment of patients was based
on concurrent chemoradiotherapy (92.4%). The AAPR was calculated by the last value of
both albumin and alkaline phosphatase within 1 month immediately preceding RT. The
optimal cut-off level of AAPR was determined by using Cutoff Finder, a web-based system.
Propensity score matching (PSM) analysis was performed.
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Results
The optimal cut-off level of AAPR was 0.4876. After PSM analysis of whole cohort, an AAPR
was not related to survival outcomes. In PSM analysis for patients with locoregionally
advanced nasopharyngeal carcinoma (LA-NPC), an AAPR  0.4876 was related to better
overall survival (OS), progression-free survival (PFS), and locoregional relapse–free survival
(LRRFS) (OS: hazard ratio [HR], 0.341; 95% confidence interval [CI], 0.144 to 0.805;
p=0.014; PFS: HR, 0.416; 95% CI, 0.189 to 0.914; p=0.029; and LRRFS: HR, 0.243; 95%
CI, 0.077 to 0.769; p=0.016, respectively).
Conclusion
The AAPR, inexpensive and readily derived from a routine blood test, could be an independent prognostic factor for patients with LA-NPC. And it might help physicians determine treatment plans by identifying the patient's current status. Future prospective clinical trials to
validate its prognostic value are needed.

Introduction
While nasopharyngeal carcinoma (NPC) may be considered a rare malignancy globally, it has the highest incidence
in South-Eastern Asia [1]. The clinical behavior of NPC is also
distinct, affecting younger patients with high nodal and dis│ https://www.e-crt.org │
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tant metastasis [2]. At initial diagnosis, more than 70% of
patients had locoregionally advanced nasopharyngeal carcinoma (LA-NPC) [3]. Currently, the standard treatment of
LA-NPC is concurrent chemoradiotherapy (CCRT). With
improvement of radiotherapy (RT) technique and chemotherapy regimen, the 5-year overall survival (OS) rate exceeded
80% [4]. However, NPC recurs in approximately 50% of
Copyright ⓒ 2019 by the Korean Cancer Association
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patients, especially in LA-NPC patients [5,6]. The addition of
chemotherapy, such as neoadjuvant (NCT) or adjuvant chemotherapy (ACT), to CCRT has been investigated to improve
NPC control. Also, this high recurrence rate emphasizes the
need to accurately assess the prognosis of NPC. The American Joint Committee on Cancer (AJCC) TNM staging system
is the most important and widely used prognostic factor [7].
However, previous studies showed that sometimes this staging system fails to predict prognosis satisfactorily [8,9]. Thus,
various serum markers, which can be conveniently obtained,
have been developed to predict prognosis [10-16], and defining novel prognostic factor is still of great importance, especially in LA-NPC.
The albumin-to-alkaline phosphatase ratio (AAPR) was
reported first as a novel prognostic factor in hepatocellular
carcinoma patients [17]. In metastatic NPC patients, low
AAPR was associated with poor survival and the authors of
that study concluded that the AAPR might be a novel prognostic factor in metastatic NPC patients [18]. Also, the role
of ratio between albumin (ALB) and alkaline phosphatase
(ALP) as a prognostic factor has been reported in patients
with pancreatic ductal adenocarcinoma and advanced hepatocellular carcinoma [19,20]. However, to the best of our
knowledge, the AAPR has not been studied in non-metastatic NPC patients.
In the current study, we first conducted a retrospective
study analyzing the prognostic power of AAPR in nonmetastatic NPC patients. In addition to OS and progressionfree survival (PFS) in the previous study [18], we also examined the relationship between AAPR and other survival
outcomes, including locoregional relapse–free survival (LRRFS) and distant metastasis–free survival (DMFS).

Materials and Methods

Medical records of baseline clinical and laboratory data,
including pathology, computed tomography (CT) or magnetic resonance imaging (MRI) of the head and neck, systemic work-up by chest CT or positron emission tomography/
computed tomography (PET/CT), serum ALB and ALP were
retrieved and reviewed from the hospital database. All
patients were staged according to the seventh edition of the
AJCC staging criteria. The AAPR before RT was calculated
by dividing the serum ALB level by the ALP level, which
were the last values within 1 month immediately preceding
RT. During the study period, there was a change in the measuring equipment of ALB and ALP, but there was no change
in the reagent. In addition, clinical chemists confirmed that
there was no change in the test value by comparing the
before and after tests every time there was a change. The
optimal cut-off levels of AAPR, ALB, and ALP for assessing
LRRFS were determined by using Cutoff Finder, a webbased system designed by Budczies et al. [18,21]. Patients
were divided into two groups based on AAPR 0.4876 (AAPR
< 0.4876, n=25; AAPR  0.4876, n=145).
Patients visited outpatient department 2 weeks after completion of RT. Then, there were four outpatient visits at intervals of 1 month, followed by a 1 year visit every 3 months,
every 6 months in the next 3 years and annually thereafter.
Post-treatment assessment consisted of history taking physical exams, and flexible fiberoptic endoscopy. Imaging modalities including CT or MRI of head and neck, PET/CT and
chest X-ray were performed to assess the treatment response
and no evidence of disease. One month after RT, head and
neck CT or MRI was performed, and PET/CT was performed 3 months later. The treatment response was evaluated
according to Response Evaluation Criteria in Solid Tumors
ver. 1.1. If required, biopsy of suspicious recurrent site was
conducted. OS rate was calculated using survival information of patients from Ministry of the Interior and Safety in
Korea.
2. RT and chemotherapy

1. Patient selection and evaluation
We retrospectively reviewed 266 biopsy-proven, nonmetastatic NPC patients who underwent radical RT in Seoul
National University Hospital from January 1998 to December
2016. The inclusion criteria were as follows: (1) pathologically
proven NPC at our hospital; (2) no previous history of head
and neck cancer; (3) no concurrent malignancy; (4) receiving
intensity-modulated radiotherapy (IMRT); (5) completion of
initially planned RT; (6) receiving chemotherapy before, during, or after RT; and (7) complete baseline laboratory data
including serum ALB and ALP levels, within 1 month before
RT. Finally, among 266 patients, 170 NPC patients were
included in this study.
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The technique of IMRT has been previously described [22].
The gross total volume (GTV) was defined by primary tumor
and metastatic lymph nodes visualized on either CT or MRI.
MRI or PET/CT imaging was used in all patients except five,
when a radiation oncologist contoured the GTV. The highrisk clinical target volume (CTV) was defined by 3-dimensional auto-expansion of 0.5 cm to the GTV and modified
regarding anatomical architecture. The intermediate-risk
CTV included entire nasopharyngeal mucosa, retropharyngeal, and parapharyngeal space, and involved cervical lymph
node level with or without one subsequent uninvolved cervical lymph node level, depending on the physician’s decision. Also, intermediate-risk CTV encompassed suspicious
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Table 1. Baseline characteristics of nasopharyngeal carcinoma patients
Before PSM
Characteristic
Age (yr)
Sex
Male
Female
ECOG PS
0-1
2
Unknown
Pathology (WHO)
Type I
Type II
Type III
EBV IHC
Positive
Negative
Unknown
T category
T1
T2
T3
T4
N category
N0
N1
N2
N3
AJCC stage
I
II
III
IV
CCRT
No
Yes
NCT
No
Yes
ACT
No
Yes

AAPR < 0.4876
(n=25)

AAPR  0.4876
(n=145)

55 (32-75)

49 (16-80)

After PSM
p-value

AAPR < 0.4876
(n=20)

AAPR  0.4876
(n=80)

p-value

0.022

55 (34-75)

51 (16-73)

0.158

20 (80.0)
5 (20.0)

103 (71.0)
42 (29.0)

0.494

17 (85.0)
3 (15.0)

61 (76.2)
19 (23.8)

0.587

21 (84.0)
2 (8.0)
2 (8.0)

136 (93.8)
1 (0.7)
8 (5.5)

0.032

18 (90.0)
0(
2 (10.0)

74 (92.5)
1 (1.2)
5 (6.2)

0.747

2 (8.0)
13 (52.0)
10 (40.0)

11 (7.6)
89 (61.4)
45 (31.0)

0.655

0(
11 (55.0)
9 (45.0)

5 (6.2)
50 (62.5)
25 (31.2)

0.319

14 (56.0)
0(
11 (44.0)

85 (58.6)
7 (4.8)
53 (36.6)

0.462

13 (65.0)
0(
7 (35.0)

49 (61.2)
0(
31 (38.8)

0.959

6 (24.0)
0(
5 (20.0)
14 (56.0)

45 (31.0)
35 (24.1)
32 (22.1)
33 (22.8)

0.002

5 (25.0)
0(
5 (25.0)
10 (50.0)

26 (32.5)
0(
23 (28.8)
31 (38.8)

0.649

3 (12.0)
11 (44.0)
8 (32.0)
3 (12.0)

16 (11.0)
51 (35.2)
55 (37.9)
23 (15.9)

0.829

3 (15.0)
8 (40.0)
8 (40.0)
1 (5.0)

9 (11.2)
30 (37.5)
34 (42.5)
7 (8.8)

0.915

0(
4 (16.0)
6 (24.0)
15 (60.0)

3 (2.1)
29 (20.0)
57 (39.3)
56 (38.6)

0.224

0(
3 (15.0)
6 (30.0)
11 (55.0)

0(
10 (12.5)
32 (40.0)
38 (47.5)

0.711

3 (12.0)
22 (88.0)

10 (6.9)
135 (93.1)

0.632

2 (10.0)
18 (90.0)

5 (6.2)
75 (93.8)

0.922

11 (44.0)
14 (56.0)

84 (57.9)
61 (42.1)

0.281

9 (45.0)
11 (55.0)

41 (51.2)
39 (48.8)

0.803

21 (84.0)
4 (16.0)

127 (87.6)
18 (12.4)

0.864

18 (90.0)
2 (10.0)

72 (90.0)
8 (10.0)

1.000

Values are presented as median (range) or number (%). PSM, propensity score matching; AAPR, albumin-to-alkaline phosphatase ratio; ECOG PS, Eastern Cooperative Oncology Group performance status; WHO, World Health Organization; EBV,
Epstein-Barr virus; IHC, immunohistochemistry; AJCC, American Joint Committee on Cancer; CCRT, concurrent chemoradiotherapy; NCT, neoadjuvant chemotherapy; ACT, adjuvant chemotherapy.
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A

0.6
0.4
0.2
0

AAPR
< 0.4876
≥ 0.4876
Locoregional relapse–free survival

Progression-free survival

0.8

AAPR
< 0.4876
≥ 0.4876
p=0.200

0 12 24 36 48 60 72 84 96 108 120
Time (mo)

C

1.0
0.8
0.6
0.4
0.2

AAPR
< 0.4876
≥ 0.4876

0

AAPR
< 0.4876
≥ 0.4876
p=0.100

0 12 24 36 48 60 72 84 96 108 120
Time (mo)
20 16 12 11 9 7 5 3 3 3
80 73 58 56 41 33 20 16 13 8

0.8
0.6
0.4
0.2
0

AAPR
< 0.4876
≥ 0.4876

20 18 14 13 11 8 7 5 5 5 5
80 75 65 59 51 43 32 29 23 15 13

3
6

B

1.0

Distant metastasis–free survival

Overall survival

1.0

AAPR
< 0.4876
≥ 0.4876
p=0.410

0 12 24 36 48 60 72 84 96 108 120
Time (mo)
20 16 12 11 8 7 5 3 3 3
80 66 53 50 36 32 21 16 12 7

3
5

D

1.0
0.8
0.6
0.4
0.2

AAPR
< 0.4876
≥ 0.4876

0

AAPR
< 0.4876
≥ 0.4876
p=0.530

0 12 24 36 48 60 72 84 96 108 120
Time (mo)
20 17 14 13 9 7 5 3 3 3
80 67 56 52 38 32 20 16 13 8

3
6

Fig. 1. The Kaplan-Meier survival curves of overall survival (A), progression-free survival (B), locoregional relapse–free
survival (C), and distant metastasis–free survival (D) comparing patients with nasopharyngeal carcinoma according to the
albumin-to-alkaline phosphatase ratio (AAPR) after propensity score matching.

risk areas among the skull base, inferior sphenoidal sinuses,
posterior nasal cavity, posterior maxillary sinuses, and the
cavernous sinuses. The low-risk CTV was defined as the cervical lymph nodes which are not included by both high- and
intermediate-risk CTV. However, cervical lymph node level
IA and IB were not routinely included in any CTVs, if these
lymph nodes were not involved. The planning target volumes (PTVs) were defined by 3-dimensional auto-expansion
of 0.3 cm to the CTVs. The total dose of high-, intermediate-,
and low-risk PTVs were 63-72 Gy in 2.25-2.4 Gy, 54-63 Gy in
1.8-2.1 Gy, and 44-54 Gy in 1.8-2 Gy, respectively. RT was
administrated 5 times per week.
All patients received cisplatin based chemotherapy before,
during, or after RT. The major treatment of patients were
based on CCRT (n=157, 92.4%). The use of NCT or ACT was
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determined by the multidisciplinary team. The NCT and
ACT were were conducted in 75 and 22 patients, respectively.
3. Statistical analysis
OS was defined from the start of any definitive treatment
to the date of death from any cause. PFS was defined from
the start of any definitive treatment to the date of locoregional failure, distant metastasis, or death from any cause,
whichever occurred first. LRRFS and DMFS were defined
from the start of any definitive treatment to the date of
locoregional failure (LRF) and distant metastasis, respectively.
The chi-square test or Fisher exact test for categorical vari-

PSM, propensity score matching; OS, overall survival; PFS, progression-free survival; LRRFS, locoregional relapse–free survival; DMFS, distant metastasis–free
survival; HR, hazard ratio; CI, confidence interval; WHO, World Health Organization; inf, infinity; AJCC, American Joint Committee on Cancer; AAPR, albuminto-alkaline phosphatase ratio; ALB, albumin; ALP, alkaline phosphatase.

0.384 (0.131-1.125)
25,903,022 (0-inf)
0.836 (0.286-2.448)
2.113 (0.722-6.185)
0.897 (0.202-3.976)
1.603 (0.362-7.106)
0.953 (0.303-2.994)
0.744 (0.168-3.297)
0.081
0.998
0.744
0.172
0.886
0.534
0.934
0.697
1.448 (0.423-4.954)
25,973,937 (0-inf)
4.444 (0.569-34.730)
1.267 (0.386-4.155)
1.425 (0.182-11.140)
0.374 (0.109-1.277)
0.639 (0.138-2.963)
2.020 (0.536-7.618)
0.555
0.998
0.155
0.696
0.736
0.116
0.567
0.299
1.068 (0.535-2.134)
0.853 (0.203-3.574)
1.671 (0.723-3.861)
1.670 (0.830-3.361)
1.389 (0.424-4.552)
0.715 (0.322-1.587)
0.887 (0.399-1.971)
1.452 (0.628-3.357)

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

p-value

LRRFS
PFS

p-value

0.851
0.827
0.299
0.151
0.588
0.410
0.769
0.383
1.633 (0.719-3.711)
0.622 (0.145-2.662)
1.454 (0.580-3.645)
1.443 (0.648-3.215)
1.535 (0.362-6.518)
0.566 (0.236-1.356)
1.198 (0.499-2.874)
2.239 (0.932-5.376)
0.242
0.522
0.425
0.369
0.561
0.202
0.686
0.071
Age (< 50 yr/ 50 yr)
Pathology (WHO I/II-III)
T category (1-2/3-4)
N category (0-1/2-3)
AJCC stage (I-II/III-IV)
AAPR (< 0.4876/ 0.4876)
ALB (< 44.5 g/L/ 44.5 g/L)
ALP (< 89.5 IU/L/ 89.5 IU/L)

The median follow-up duration was 50.6 months. The
baseline characteristics were compared between patients
according to the pre-RT value of AAPR in Table 1. Although,
patients with ECOG performance status 2 were more frequent in the AAPR < 0.4876 group (8.0% vs. 0.7%, p=0.032)
and the performance status of 10 patients was unknown,
most of the patients had a good performance status (ECOG
performance status 0-1 in 92.4% of the patients). More than
half of patients with an AAPR < 0.4876 had a T4 category disease (56.0% vs. 22.8%, p=0.002) but the N category and AJCC
stage were comparable between two groups. The range of
ALB level was 34-52 g/L and the ALP level ranged from 27
to 136 IU/L. Using propensity scores, 20 patients with an
AAPR < 0.4876 were matched successfully with 80 patients
with AAPR  0.4876 (Table 1).

HR (95% CI)

1. Patient characteristics

p-value

Results

OS

This study has been approved by the institutional review
board of Seoul National University Hospital (No. H-1705037-852). Considering that this was the retrospective study,
the written informed consents of patients were waived.

Variable

4. Ethical statement

Table 2. Cox proportional hazards analysis for survival outcomes in nasopharyngeal carcinoma patients after PSM

ables and the independent t test for continuous variables
were used to compare baseline characteristics. The propensity score matching (PSM) was performed based on age at
diagnosis, sex, Eastern Cooperative Oncology Group (ECOG)
performance status, immunohistochemistry (IHC) of EpsteinBarr virus (EBV), T category, N category, AJCC stage, and
use of NCT, CCRT, and ACT. Propensity score were generated using a multivariable logistic regression model. Then a
1:4 match between the AAPR < 0.4876 group and  0.4876
group was performed using the nearest neighbor-matching
method (caliper=0). Survival curves were calculated using
the Kaplan-Meier method and were compared using the logrank test. Cox proportional hazards regression was used to
identify prognostic factors for survival outcomes. A p-value
of < 0.05 was considered to be statistically significant. All of
the statistical analyses were conducted using R project ver.
3.4.2 (R Foundation for Statistical Computing, Vienna, Austria).

DMFS
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Table 3. Baseline characteristics of locoregionally advanced nasopharyngeal carcinoma patients
Before PSM
Characteristic

AAPR < 0.4876
(n=21)

AAPR  0.4876
(n=113)

55 (32-75)

Age (yr)
Sex
Male
Female
ECOG PS
0-1
2
Unknown
Pathology (WHO)
Type I
Type II
Type III
EBV IHC
Positive
Negative
Unknown
T category
T1
T2
T3
T4
N category
N0
N1
N2
N3
AJCC stage
III
IV
CCRT
No
Yes
NCT
No
Yes
ACT
No
Yes

After PSM
p-value

AAPR < 0.4876
(n=17)

AAPR  0.4876
(n=68)

p-value

49 (16-73)

0.023

55 (34-75)

52.5 (21-73)

0.206

16 (76.2)
5 (23.8)

81 (71.7)
32 (28.3)

0.874

14 (82.4)
3 (17.6)

53 (77.9)
15 (22.1)

0.947

17 (81.0)
2 (9.5)
2 (9.5)

106 (93.8)
1 (0.9)
6 (5.3)

0.034

15 (88.2)
0(
2 (11.8)

62 (91.2)
1 (1.5)
5 (7.4)

0.747

2 (9.5)
11 (52.4)
8 (38.1)

10 (8.8)
68 (60.2)
35 (31.0)

0.790

1 (5.9)
10 (58.8)
6 (35.3)

5 (7.4)
43 (63.2)
20 (29.4)

0.888

12 (57.1)
0(
9 (42.9)

64 (56.6)
7 (6.2)
42 (37.2)

0.484

11 (64.7)
0(
6 (35.3)

41 (60.3)
0(
27 (39.7)

0.956

2 (9.5)
0(
5 (23.8)
14 (66.7)

30 (26.5)
18 (15.9)
32 (28.3)
33 (29.2)

0.005

2 (11.8)
0(
5 (29.4)
10 (58.8)

15 (22.1)
0(
23 (33.8)
30 (44.1)

0.490

3 (14.3)
7 (33.3)
8 (38.1)
3 (14.3)

10 (8.8)
25 (22.1)
55 (48.7)
23 (20.4)

0.526

3 (17.6)
6 (35.3)
7 (41.2)
1 (5.9)

9 (13.2)
21 (30.9)
31 (45.6)
7 (10.3)

0.894

6 (28.6)
15 (71.4)

57 (50.4)
56 (49.6)

0.108

6 (35.3)
11 (64.7)

31 (45.6)
37 (54.4)

0.623

3 (14.3)
18 (85.7)

8 (7.1)
105 (92.9)

0.502

2 (11.8)
15 (88.2)

5 (7.4)
63 (92.6)

0.921

9 (42.9)
12 (57.1)

59 (52.2)
54 (47.8)

0.582

8 (47.1)
9 (52.9)

32 (47.1)
36 (52.9)

1.000

19 (90.5)
2 (9.5)

98 (86.7)
15 (13.3)

0.907

15 (88.2)
2 (11.8)

61 (89.7)
7 (10.3)

1.000

Values are presented as median (range) or number (%). PSM, propensity score matching; AAPR, albumin-to-alkaline phosphatase ratio; ECOG PS, Eastern Cooperative Oncology Group performance status; WHO, World Health Organization; EBV,
Epstein-Barr virus; IHC, immunohistochemistry; AJCC, American Joint Committee on Cancer; CCRT, concurrent chemoradiotherapy; NCT, neoadjuvant chemotherapy; ACT, adjuvant chemotherapy.
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A

0.6
0.4

AAPR
< 0.4876
≥ 0.4876
p=0.010

0.2
0

AAPR
< 0.4876
≥ 0.4876
Locoregional relapse–free survival

Progression-free survival

0.8

0 12 24 36 48 60 72 84 96 108 120
Time (mo)

C

1.0
0.8
0.6
0.4
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< 0.4876
≥ 0.4876
p=0.009

0.2
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< 0.4876
≥ 0.4876

0

0 12 24 36 48 60 72 84 96 108 120
Time (mo)
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68 63 50 48 35 29 16 14 11 6

0.8
0.6
0.4
0.2
0

AAPR
< 0.4876
≥ 0.4876

17 15 11 9 7 4 3 3 3 3 3
68 64 57 52 45 39 29 26 20 12 11

1
5

B

1.0

Distant metastasis–free survival

Overall survival

1.0

AAPR
< 0.4876
≥ 0.4876
p=0.024

0 12 24 36 48 60 72 84 96 108 120
Time (mo)
17 13 8 7 4 3 2 1 1 1
68 59 47 44 31 28 17 14 10 5

1
4

D

1.0
0.8
0.6
0.4
0.2

AAPR
< 0.4876
≥ 0.4876

0

AAPR
< 0.4876
≥ 0.4876
p=0.940

0 12 24 36 48 60 72 84 96 108 120
Time (mo)
17 14 11 9 5 3 2 1 1 1
68 60 51 47 33 28 16 14 11 6

1
5

Fig. 2. The Kaplan-Meier survival curves of overall survival (A), progression-free survival (B), locoregional relapse–free
survival (C), and distant metastasis–free survival (D) comparing patients with locoregionally advanced nasopharyngeal carcinoma according to the albumin-to-alkaline phosphatase ratio (AAPR) after propensity score matching.

2. Survival outcomes
The Kaplan-Meier survival curves are shown in Fig. 1. The
5-year OS rates in the AAPR < 0.4876 group and the AAPR
 0.4876 group were 58.8% (95% confidence interval [CI],
38.9% to 88.8%) and 83.7% (95% CI, 75.7% to 92.6%), respectively (p=0.200) (Fig. 1A). The 5-year PFS rates in the AAPR
< 0.4876 group and the AAPR  0.4876 group were 57.4%
(95% CI, 38.7% to 85.0%) and 69.9% (95% CI, 60.0 to 81.4%),
respectively (p=0.410) (Fig. 1B). Patients with an AAPR
 0.4876 had higher 5-year LRRFS rates (88.1%; 95% CI, 80.0%
to 97.0% vs. 77.0%; 95% CI, 59.5% to 99.6%) but it was not
statistically significant (p=0.100) (Fig. 1C). DMFS rates were
similar between two groups (87.2%; 95% CI, 71.9% to 100.0%
vs. 81.9%; 95% CI, 73.4% to 91.4%, p=0.530) (Fig. 1D).

In the Cox proportional hazards analysis for survival outcomes, the AAPR was not a significant prognostic factor
(Table 2).
3. Subgroup analysis of LA-NPC patients
We conducted subgroup analysis for patients with stage
III-IVB NPC. Patient and treatment characteristics of LANPC before and after PSM are shown in Table 3. The KaplanMeier survival curves for LA-NPC patients are shown in
Fig. 2. The AAPR  0.4876 group in LA-NPC patients had
higher 5-year OS, PFS, and LRRFS rates (OS: 85.8%; 95% CI,
77.6% to 94.9% vs. 41.1%; 95% CI, 20.6% to 81.9%; p=0.010;
PFS: 71.0%; 95% CI, 60.4% to 83.4% vs. 42.5%; 95% CI, 23.7%
to 76.4%; p=0.024; and LRRFS: 86.1%; 95% CI, 76.8% to 96.5%
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PSM, propensity score matching; OS, overall survival; PFS, progression-free survival; LRRFS, locoregional relapse–free survival; DMFS, distant metastasis–free
survival; HR, hazard ratio; CI, confidence interval; WHO, World Health Organization; inf, infinity; AJCC, American Joint Committee on Cancer; AAPR, albuminto-alkaline phosphatase ratio; ALB, albumin; ALP, alkaline phosphatase.

0.766 (0.247-2.377)
26674545 (0-inf)
0.757 (0.205-2.801)
2.752 (0.745-10.170)
1.072 (0.340-3.380)
1.057 (0.231-4.841)
0.929 (0.251-3.434)
0.935 (0.205-4.276)
0.644
0.998
0.677
0.129
0.906
0.943
0.912
0.931
Age (< 50 yr/ 50 yr)
Pathology (WHO I/II-III)
T category (1-2/3-4)
N category (0-1/2-3)
AJCC stage (III/IV)
AAPR (< 0.4876/ 0.4876)
ALB (< 44.5 g/L/ 44.5 g/L)
ALP (< 89.5 IU/L/ 89.5 IU/L)

0.095
0.311
0.464
0.463
0.886
0.014
0.734
0.015

2.122 (0.877-5.139)
0.533 (0.158-1.801)
1.494 (0.510-4.384)
1.363 (0.596-3.117)
1.061 (0.474-2.376)
0.341 (0.144-0.805)
1.174 (0.464-2.974)
2.909 (1.234-6.857)

0.277
0.512
0.300
0.187
0.694
0.029
0.891
0.116

1.524 (0.713-3.258)
0.670 (0.202-2.221)
1.747 (0.608-5.024)
1.650 (0.784-3.470)
1.158 (0.558-2.402)
0.416 (0.189-0.914)
0.942 (0.401-2.213)
1.919 (0.851-4.332)

0.462
0.674
0.310
0.681
0.423
0.016
0.545
0.112

1.571 (0.472-5.228)
0.644 (0.083-5.002)
2.886 (0.372-22.360)
1.272 (0.403-4.013)
1.633 (0.491-5.430)
0.243 (0.077-0.769)
0.626 (0.137-2.860)
2.652 (0.797-8.821)

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

HR (95% CI)

p-value

HR (95% CI)

p-value

LRRFS
PFS
OS

Variable

Table 4. Cox proportional hazards analysis for survival outcomes in locoregionally advanced nasopharyngeal carcinoma patients after PSM

DMFS
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vs. 64.9%; 95% CI, 44.2% to 95.3%; p=0.009). There was no
significant difference in 5-year DMFS rate between two
groups (83.0%; 95% CI, 63.5% to 100.0% vs. 82.8%; 95% CI,
73.5% to 93.3%; p=0.940).
In the Cox proportional hazards analysis for LA-NPC patients, high AAPR was a better prognostic factor for OS, PFS
and LRRFS (OS: hazard ratio [HR], 0.341; 95% CI, 0.144 to
0.805; p=0.014; PFS: HR, 0.416; 95% CI, 0.189 to 0.914;
p=0.029; and LRRFS, HR: 0.243, 95% CI, 0.077 to 0.769;
p=0.016, respectively) (Table 4).

Discussion
In the present study, we investigated the prognostic value
of AAPR before RT in non-metastatic NPC patients. Our
results showed that low AAPR was associated with poor OS,
PFS, and even LRRFS rates in LA-NPC. These findings suggest that the AAPR is a promising prognostic factor for patients with non-metastatic LA-NPC.
For several decades, there have been efforts to reduce both
LRF and side effects of RT in NPC [23-25]. However, there
are still significant portion of patients suffering from LRF. A
number of prognostic factors of LRF are known, including
tumor stage and Epstein-Barr virus status [7,10]. Nonetheless, tailored treatment strategy according to the prognostic
factors could not be introduced into daily practice due to lack
of clinical experience. Hence, finding prognostic factors other
than previously known factors may be helpful in considering
individualized treatment. Various studies investigated the
role of serum markers due to its easy accessibility [10-16].
Accumulating evidence has clarified the prognostic value
of ALB and ALP in various malignancies including NPC,
head and neck squamous cell carcinoma and colorectal cancer [11-16]. ALB is considered as a marker of malnutrition
and has ability to stabilize DNA during cell cycle [26]. It was
known that pretreatment ALB  43.0 g/L in NPC patients
was related to poorer OS and DMFS [14]. In terms of malnutrition, low ALB level may reflect profound impairment of
immunity, eventually leading to a decreased response to
anti-cancer treatment [27]. ALP, an enzyme that dephosphorylates various molecules, such as nucleotides, proteins, and
alkaloids [28], is an emerging prognostic factor in several
types of carcinomas [13,15,16]. Li et al. [15] reported that
increased pretreatment ALP level in patients with nonmetastatic NPC receiving radical RT had poor effects on both
OS and local recurrence–free survival. However, multivariate analysis did not identify pretreatment ALP level as an
independent prognostic factor. The authors suggested that
increased ALP level may be associated with severe invasion
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of skull base. Xie et al. [16] also reported that elevated pretreatment ALP level was independent predictor of poor OS
and tumor-free survival in patients with non-metastatic
NPC. In that study, the authors also explained these findings
as a result of bony structure invasion. In addition, they suggested another possibility that ALP may affect the survival
of NPC patients through matrix metalloproteinase-9, which
is associated with chemoresistance in metastatic gastric carcinoma [29]. The concept of AAPR was first introduced for
patients who underwent curative surgery for hepatocellular
carcinoma [17], and Nie et al. [18] applied it to metastatic
NPC patients. We hypothesized that the AAPR would predict survival outcomes in patients with non-metastatic NPC
as well as metastatic NPC.
To our knowledge, this is the first study to examine the
prognostic value of AAPR before RT in patients with nonmetastatic NPC. We performed the PSM to control the imbalance between two groups. The Cox proportional hazards
analysis showed that an AAPR < 0.4876 was not associated
with poor survival outcomes. We performed subgroup
analysis for patients with stage III-IVB NPC, which were considered as LA-NPC, because these patients were expected to
have more tumor burden. The AAPR was significantly associated with OS, PFS, and LRRFS in subgroup analysis.
In addition to ALB and ALP, liver function was evaluated
with total bilirubin, aspartate aminotransferase, and alanine
aminotransferase levels for LA-NPC patients. There were no
significant differences in the proportion of patients out of
normal range between the two groups. In terms of renal function, there was also no difference between the two groups in
patients with glomerular filtration rate less than 60 mL/min/
1.73 m2.
As oropharynx infiltration occurred, swallowing became
difficult and caused dietary problems, affecting ALB levels.
But there was no one who had dietary problems and no difference in oropharynx infiltration ratio between two groups
in LA-NPC (low AAPR, 9 patients [52.9%] vs. high AAPR,
28 [41.2%]; p=0.547).
The question of whether the AAPR reflected the patient's
ability to perform CCRT and this might result in treatment
outcomes could be raised. However, in LA-NPC patients
after PSM, only two patients in high AAPR group received
concurrent cisplatin with 25% dose reduction (1 patient due
to emesis and the other due to grade 4 neutropenia). ACT
was performed in two patients in low AAPR group and
seven in high AAPR group. Among them, one patient with
low AAPR discontinued chemotherapy because of selfrefusal. One patient with high AAPR experienced progression of disease and stopped chemotherapy. Based on these
findings, it could be seen that the AAPR was not related the
patient’s performance of treatment. The complete remission
of primary site in head and neck CT or MRI taken median

1.2 months after RT was observed in two patients (13.3%) in
low AAPR and 28 patients (41.2%) in high AAPR group.
Although there was a marginal significance (p=0.072), the
difference in complete remission rate between the two groups
seemed to be the difference of prognosis after treatment. No
one received any surgical intervention after CCRT.
Our findings suggested that low AAPR before RT may be
associated with poor prognosis in patients with NPC, especially LA-NPC. In particular, the AAPR before RT could predict the risk of LRF, which might be considered for planning
of RT. In other words, caution should be taken to de-intensify
locoregional treatment for patients with low AAPR. The
AAPR might comprehensively reflect the patient’s condition
such as nutrition and immunity and the characteristics of
NPC including severity and treatment resistance that each
component of the AAPR implies. That is, low AAPR can be
interpreted as malnutrition, decreased immunity, increased
treatment resistance, and relatively severe NPC condition.
Intervention of ALB for patients with low AAPR might be
considered to increase AAPR and correct malnutrition, resulting in better response of treatment.
Tumor stage was not statistically different but showed
poor prognosis in the advanced stage. The reason for not
having statistical significance might be that the number of
patients was small and the distribution of stage was not even.
In addition, we thought that the point that the treatment
method according to the stage did not differ greatly in the
patient group after the PSM was a limit to the statistical verification ability. Our study, unlike previous studies, did not
identify ALB and ALP as independent prognostic factors in
outcomes other than OS. Therefore, it can be considered that
the AAPR predicts the prognosis of LA-NPC better than
these factors do.
There were some limitations in our study. First, this study
was a retrospective study conducted in a single institution
and failed to use an independent cohort confirming the prognostic value of the AAPR. Secondly, we used the most recent
AAPR values that we though would be good representations
of the patient's condition, but there was a limit because of
one measurement. External validation of optimal cutoff of
AAPR is also required. Third, selection bias may occur
because patients who did not have a routine blood test
within 1 month before RT were excluded among patients
with NPC who received radical RT between 1998 and 2016.
Finally, data on other known biochemical markers such as
EBV IHC status and DNA viral load, C-reactive protein, and
lactate dehydrogenase, were lacking and were not included
in the analysis. Future prospective clinical trials to validate
the prognostic value of AAPR are needed and basic research
also needs to be conducted to uncover the underlying mechanism.
In conclusion, the AAPR, derived from a routine blood test
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readily and inexpensively, could be an independent prognostic factor for patients with non-metastatic LA-NPC. By
obtaining the AAPR before RT, physicians could know the
current nutritional status of patients and the characteristics
of NPC, which may be helpful in determining the nutritional
intervention or treatment plan.
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