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Abstract
Background: The prognostic value of C-reactive protein/albumin ratio (CRP/Alb), a novel
inflammation-based marker, remains unknown in nasopharyngeal carcinoma (NPC). Methods:
We conducted a retrospective review of 1572 consecutive patients with non-metastatic NPC.
Patients were randomly divided into a training set (n = 514) and validation set (n = 1058). The
prognostic value of the CRP/Alb ratio and the modified Glasgow prognostic score (mGPS; a
well-recognized inflammation-based score) was assessed. Results: Receiver-operating
characteristic analysis identified 0.05 as the optimal CRP/Alb cut-off value for disease failure in the
training set. Patients with a CRP/Alb > 0.05 had poorer overall survival (OS), distant
metastasis-free survival (DMFS) and disease-free survival (DFS) in the training set (all P < 0.05).
These results were confirmed in the validation set (all P < 0.05) and the whole cohort (all P <
0.001). In multivariate analysis of the entire cohort, the pretreatment CRP/Alb ratio was an
independent prognostic factor for OS (HR, 1.394; 95% CI, 1.004-1.937; P = 0.048) and DMFS (HR,
1.545; 95% CI, 1.124-2.122; P = 0.007), but not for DFS (P = 0.083). The mGPS had no significant
independent prognostic value for any end-point. Conclusion: CRP/Alb ratio is an useful
prognostic indicator in patients with NPC, independent of disease stage.
Key words: C-reactive protein; albumin; modified Glasgow prognostic score; nasopharyngeal carcinoma;
prognosis.

Introduction
Nasopharyngeal carcinoma (NPC) is prevalent
in southern China, Southeast Asia, North Africa, the
Middle East and Alaska [1, 2]. Radiotherapy is the
primary treatment modality for non-metastatic NPC
and chemoradiotherapy is recommended for
loco-regionally advanced disease [3-6]. Improvements
in radiation techniques due to the wide-spread
adoption of intensity-modulated radiotherapy (IMRT)
instead of 2D conventional radiotherapy have
significantly improved locoregional control [7-10],

and distant metastasis is currently the major failure
pattern in NPC [6-9, 11].
The tumor, node, metastasis staging system is
currently the most reliable tool for determining
clinical treatment strategies and predicting the
outcome of patients. A number of other clinical factors
and biological markers, including the gross tumor
volume [12], apparent diffusion coefficient (ADC) [13]
and lactate dehydrogenase levels (LDH) [14], have
also been demonstrated to provide additional
http://www.jcancer.org
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prognostic information in NPC.
Inflammation plays an important role in
carcinogenesis and tumor progression; for example,
inflammation has been reported to promote tumor
cell survival, proliferation, migration and invasion
and also stimulate angiogenesis [15-19]. Thus, the
identification of inflammation-related biomarkers has
attracted much interest in oncology research.
Recently, a novel inflammation-based prognostic
score, the C-reactive protein/albumin ratio
(CRP/Alb), was shown to have prognostic value in
predicting survival in hepatocellular carcinoma [20].
However, the prognostic value of the CRP/Alb ratio
in NPC has not yet been explored. In this study, we
performed a large scale cohort analysis to investigate
the prognostic value of the CRP/Alb ratio in patients
with NPC. We also assessed the prognostic value of
the modified Glasgow prognostic score (mGPS),
which is a well-recognized inflammation-based score
that is also based on the levels of CRP and albumin.

Patients and methods
Patients
This retrospective study was approved by the
Institutional Committee for Clinical Studies and the
requirement for informed consent was waived. From
November 2009 to February 2012, a total of 1572
consecutive patients with histologically-proven NPC
were included in this study. The mean age of the
entire cohort was 45 years (range, 14–78 years), with a
male-to-female ratio of 2.9:1.
All patients underwent a pretreatment
evaluation including a complete patient history,
physical examination, hematology and biochemistry
profiles, MRI of the neck and nasopharynx, chest
radiography, abdominal sonography, and a whole
body bone scan using single photon emission
computed tomography. Furthermore, positron
emission
tomography-computed
tomography
(PET-CT) was performed on 470/1572 (29.9%)
patients. Medical records and imaging studies were
analyzed retrospectively, and all patients were staged
according to the 7th edition of the International Union
against Cancer/American Joint Committee on Cancer
(UICC/AJCC) system. The characteristics of the
patients analyzed in this study are summarized in
Table 1.
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therapeutic clinical trial. When possible, salvage
treatments such as brachytherapy, neck dissection
and/or chemotherapy were provided in the event of
documented relapse or persistent disease.
Patients were examined at least every 3 months
during the first 2 years, and thereafter, a follow-up
examination was performed every 5 months during
years 3-5 or until death. Distant failure was defined as
the presence of metastases in locations beyond the
regional nodes to which the cancer spread via
vascular or lymphatic channels, such as the liver,
bones or mediastinal lymph nodes. Any residual
disease in the nasopharynx or cervical nodes 6 months
after completion of radiotherapy was regarded as
local relapse or regional relapse, respectively. [21]

Table 1. Clinicopathological characteristics of the 1572 patients
with NPC.
Characteristics
Sex
Male
Female
Age (years)
≤ 50
> 50
Histological type a
Keratinizing carcinoma
Non-keratinizing carcinoma
differentiated
undifferentiated
T-category b
T1
T2
T3
T4
N-category b
N0
N1
N2
N3a
N3b
Stage b
I
II
III
IV
Chemotherapy
Yes
No

Training Set (n Validation set
= 514)
(n = 1058)

P
0.579

388 (75.5%)
126 (24.5%)

784 (74.1%)
274 (25.9%)

341 (66.3%)
173 (33.7%)

750 (70.9%)
308 (29.1%)

4 (0.8%)

5 (0.5%)

29 (5.6%)
481 (93.6%)

57 (5.4%)
996 (94.1%)

101 (19.6%)
72 (14.0%)
230 (44.7%)
111 (21.6%)

183 (17.3%)
166 (15.7%)
527 (49.8%)
182 (17.2%)

77 (15.0%)
321 (62.5%)
71 (13.8%)
12 (2.3%)
32 (6.4%)

192 (18.1%)
597 (56.4%)
172 (16.3%)
20 (1.9%)
78 (7.3%)

24 (4.7%)
108 (21.0%)
235 (45.7%)
147 (28.6%)

65 (6.1%)
213 (20.1%)
518 (49.0%)
262 (24.8%)

455 (88.5%)
59 (11.5%)

900 (85.1%)
158 (14.9%)

0.071

0.735

0.068

0.773

0.243

0.073

Abbreviations: NPC, nasopharyngeal carcinoma; T, tumor; N, node.
a Pathologic type: according to the 2005 World Health Organization classification of
tumors.
b According to the 7th edition of the UICC/AJCC staging system.

Treatment
All patients were treated with IMRT; details of
the techniques used at our center have been reported
previously [10]. In total, 94.1% (1094/1572) of patients
with stage III-IV NPC received concurrent
chemoradiotherapy
±
neoadjuvant/adjuvant
chemotherapy in conjunction with a platinum-based

Evaluations during follow-up included a
complete patient history, physical examination,
hematology and biochemistry profiles, MRI of the
neck and nasopharynx, chest radiography, abdominal
sonography and a whole body bone scan. Distant
http://www.jcancer.org
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metastases were diagnosed by clinical symptoms,
physical examinations and imaging methods that
included chest radiography, a bone scan, MRI, CT
and/or abdominal sonography. All local recurrences
were diagnosed by fiber-optic endoscopy and biopsy
or MRI (or both) of the nasopharynx and the skull
base showing progressive bone erosion and soft tissue
swelling. Regional recurrences were diagnosed by
clinical examination of the neck and, in doubtful
cases, by fine needle aspiration or a MRI scan of the
neck. [22]

Statistical analysis
Statistical analyses were performed using SPSS
version 22.0 (IBM Corporation, Armonk, NY, USA).
The independent samples t-test was used to examine
the differences in continuous variables between
groups. The 1572 patients with NPC were randomly
divided into a training set (n = 514) and a validation
set (n = 1058). Categorical variables were compared
using the Chi-square test (or Fisher’s exact test, if the
expected number was less than five in at least one
cell). Area under the receiver-operating characteristic
(ROC) curves were used to select the optimal cut-off
value for the pretreatment CRP/Alb ratio in the
training set by maximizing the conditional Youden
score, based on the method described by Hanley and
McNeil [23] and Zweig and Campbell [24].
The endpoints included overall survival (OS),
distant metastasis-free survival (DMFS), locoregional
relapse-free survival (LRRFS) and disease-free
survival (DFS). OS, DMFS and LRRFS were calculated
from the first day of treatment to death, the first
distant
metastasis
or
locoregional
relapse,
respectively. DFS was defined as the latency to the
date of disease progression or death from any cause.
Actuarial rates were calculated using the
Kaplan–Meier method and compared using the
log-rank test. A Cox proportional hazards model was
used to test the independent significance of different
factors by backward elimination of insignificant
variables.[25] Host factors (age and gender), tumor
factors (pathology type, T and N classification) and
treatment
method
(radiotherapy
alone
vs.
chemoradiotherapy) were included in all analyses.
The criterion for statistical significance was set at α =
0.05 and all P-values were based on two-sided tests.

Results
Patterns of treatment failure
The median duration of follow-up for the entire
cohort was 50.0 months (range, 1.4-76.4 months). A
total of 163/1572 (10.4%), 81/1572 (5.2%) and 72/1572
(4.6%) patients developed distant metastases, local
relapses and regional relapses, respectively; 150/1572
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(9.5%) patients died and 34/1572 (2.2%) patients
experienced
both
distant
metastases
and
local-regional relapses. The 3-year OS, DMFS, LRRFS
and DFS rates for the entire cohort were 94.0%, 90.8%,
92.7% and 84.8%, respectively.

Pretreatment CRP/Alb ratio and tumor
staging
The median and mean pretreatment CRP/Alb
ratios for the entire cohort of 1572 patients with NPC
were 0.036 and 0.093, respectively (range, 0.002-4.594).
Patients with Stage III-IV disease had a significantly
higher pretreatment CRP/Alb ratio (mean, 0.106;
median, 0.043; interquartile range, 0.019-0.093) than
patients with Stage I-II disease (mean, 0.057; median,
0.024; interquartile range, 0.011-0.050; P < 0.001).

Prognostic value of the pretreatment CRP/Alb
ratio in the training set, validation set and
entire cohort
In the training set (n = 514), the optimal
pretreatment CRP/Alb ratio cut-off value with
respect to disease failure was 0.05. This value had the
maximum area under the ROC curve and was used to
classify the patients in the training set into the
CRP/Albhigh (> 0.05) and CRP/Alblow (< 0.05) groups.
As shown in Figure 1, The CRP/Albhigh group had
significantly poorer 3-year OS (89.5% vs. 97.4%, P <
0.001), DMFS (85.4% vs. 93.4%, P = 0.003) and DFS
(78.6% vs. 87.6%, P = 0.007) than the CRP/Alblow
group. However, there was no significant difference
in 3-year LRRFS (90.2% vs. 93.4%, P = 0.521) between
the CRP/Albhigh and CRP/Alblow groups in the
training set.
In the validation set (n = 1058), the 3-year OS,
DMFS, LRRFS and DFS rates for the CRP/Albhigh
group and CRP/Alblow group were 93.4% vs. 94.2% (P
= 0.031), 88.2% vs. 93.0% (P = 0.002), 92.6% vs. 93.1%
(P = 0.448) and 82.4% vs. 87.0% (P = 0.012),
respectively (Figure 2). Similarly, in the entire cohort
(n = 1572), the CRP/Albhigh group had significantly
poorer 3-year OS (92.1% vs. 95.2%, P < 0.001), DMFS
(87.3% vs. 93.1%, P < 0.001) and DFS (81.1% vs. 87.2%,
P < 0.001) than the CRP/Alblow group. Similarly to the
training set, there was no difference in the 3-year
LRRFS rates (91.8% vs. 93.2%, P = 0.315) between the
CRP/Albhigh and CRP/Alblow groups in the entire
cohort (Figure 3).
Multivariate analysis of the entire cohort (n =
1572) was performed to adjust for confounding
factors. The pretreatment CRP/Alb ratio was
identified as an independent prognostic factor for OS
(HR, 1.394; 95% CI, 1.004-1.937; P = 0.048) and DMFS
(HR, 1.545; 95% CI, 1.124-2.425; P = 0.007), but not for
DFS (HR, 1.235; 95% CI, 0.973-1.568; P = 0.083).
http://www.jcancer.org
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Figure 1: Kaplan-Meier overall survival (A), distant metastasis-free survival (B), locoregional relapse-free survival (C) and disease-free survival (D) curves for
patients with a pretreatment CRP/Alb ratio > 0.05 and < 0.05 in the training set. Abbreviations: 3-y = 3-year; CRP/Alb = C-reactive protein/albumin; OS = overall
survival; DMFS = distant metastasis-free survival; LRRFS = locoregional relapse-free survival; DFS = disease-free survival.

Figure 2: Kaplan-Meier overall survival (A), distant metastasis-free survival (B), locoregional relapse-free survival (C) and disease-free survival (D) curves for
patients with a pretreatment CRP/Alb ratio > 0.05 and < 0.05 in the validation set. Abbreviations: 3-y = 3-year; CRP/Alb = C-reactive protein/albumin; OS = overall
survival; DMFS = distant metastasis-free survival; LRRFS = locoregional relapse-free survival; DFS = disease-free survival.
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Figure 3: Kaplan-Meier overall survival (A), distant metastasis-free survival (B) and locoregional relapse-free survival (C) and disease-free survival (D) curves for
patients with a pretreatment CRP/Alb ratio > 0.05 and < 0.05 in the whole cohort. Abbreviations: 3-y = 3-year; CRP/Alb = C-reactive protein/albumin; OS = overall
survival; DMFS = distant metastasis-free survival; LRRFS = locoregional relapse-free survival; DFS = disease-free survival.

Comparison of the prognostic value of the
pretreatment CRP/Alb ratio and mGPS in
NPC
Based on the criteria for the mGPS, only 4/1572
(0.3%) patients had both a high CRP level (CRP > 10
mg/L) and hypoalbuminemia (albumin < 35 g/L;
mGPS = 2), 122/1572 (7.8%) patients had a high CRP
level but normal albumin (mGPS = 1), and the
remaining 1446 (91.9%) patients had neither risk
factor (mGPS = 0). In analysis of the entire cohort, the
mGPS had significant prognostic value for 3-year OS
(75.0% vs. 90.1% vs. 94.4%, P = 0.014), but no
significant prognostic value for DMFS (75.0% vs.
85.5% vs. 91.3%, P = 0.141), LRRFS (100.0% vs. 89.8%
vs. 92.6%, P = 0.565) or DFS (75.0% vs. 77.9% vs.
85.4%, P = 0.072).
Multivariate analysis of the entire cohort was
performed, incorporating host factors (age and
gender), tumor factors (pathology type, T and N
category), treatment method (radiotherapy alone vs.
chemoradiotherapy), the pretreatment CRP/Alb ratio
and mGPS as covariates. The CRP/Alb ratio was
confirmed as an independent prognostic factor for OS
and DMFS, whereas the mGPS was not significant for

any of these end points (P = 0.514 and 0.789,
respectively).

Discussion
As the first analysis of the prognostic value of the
CRP/Alb ratio in NPC, this study indicates that the
pretreatment CRP/Alb ratio is an independent
prognostic biomarker for overall survival and distant
metastasis-free survival.
Inflammation is recognized to promote the
initiation, progression and metastasis of cancer
[15-19]. The major pathological type of NPC,
undifferentiated non-keratinizing carcinoma - which
accounted for 94% of the cases in this cohort - was
formerly known as “lymphoepithelial carcinoma”.
This pathologic type contains prominent intermixed
lymphocytes within the tumor, which indicates a
possible role for inflammation in the development
and progression of NPC. Serum CRP and albumin are
proteins associated with the acute phase of
inflammation. The change in proinflammatory
cytokines might be the underlying mechanism of the
progonostic value of the CRP/albumin ratio. For
example, IL-6, a proinflammatory cytokine, plays an
important role in the up-regulation of CRP during
http://www.jcancer.org
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inflammation [26]. On the other hand, the
overexpression of IL-6 was linked with lower albumin
level [27]. Moreover, studies have demonstrated that
IL-6 was able to promote carcinogenesis, tumor
growth, and invasion in malignancies.[27-29] As a
novel inflammation-based prognostic score, the
CRP/Alb ratio has been demonstrated to have
prognostic value in hepatocellular carcinoma [20],
small-cell lung cancer [30], esophageal squamous cell
carcinoma [31] and gastric cancer [32]; the results of
this study indicate that the pretreatment CRP/Alb
ratio also has prognostic value in NPC.
Table 2. Summary of independent prognostic factors in
multivariate analyses in the 1572 patients with NPC.
Endpoints
OS

DMFS

DFS

Variables
Age
CRP/Alb ratio
T classification b
T1
T2
T3
T4
N classification b
N0
N1
N2
N3a
N3b
CRP/Alb ratio
T classification b
T1
T2
T3
T4
N classification b
N0
N1
N2
N3a
N3b
Age
CRP/Alb ratio
T classification b
T1
T2 vs T1
T3 vs T1
T4 vs T1
N classification b
N0
N1
N2
N3a
N3b

HR (95% CI)
1.755(1.270-2.425)
1.394(1.004-1.937)
Reference
3.095(1.313-7.297)
3.077(1.404-6.742)
6.136(2.765-13.619)
Reference
1.723 (0.886-3.352)
2.876 (1.404-5.889)
5.919 (2.307-15.187)
7.107 (3.452-14.630)
1.545(1.124-2.122)
Reference
1.295(0.697-2.406)
1.229(0.728-2.074)
2.055(1.178-3.583)
Reference
2.047(1.054-3.979)
4.123(2.045-8.315)
7.437(2.977-18.579)
7.195(3.479-14.883)
1.302(1.023-1.657)
1.235(0.973-1.568)
Reference
1.445(0.910-2.294)
1.331(0.899-1.972)
2.164(1.423-3.292)
Reference
1.948(1.241-3.059)
2.926(1.785-4.798)
4.207(1.971-8.978)
4.985(2.952-8.420)

P-value a
0.001
0.048
< 0.001
0.010
0.005
< 0.001
< 0.001
0.109
0.004
< 0.001
< 0.001
0.007
0.018
0.412
0.436
0.011
< 0.001
0.035
< 0.001
< 0.001
< 0.001
0.032
0.083
0.001
0.118
0.154
< 0.001
< 0.001
0.004
< 0.001
< 0.001
< 0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; OS, overall survival;
DMFS, distant metastasis-free survival; DFS, disease-free survival.
a P values were calculated with an adjusted Cox proportional hazards model.
b According to the 7th edition of the UICC/AJCC staging system.

The mGPS is another well-recognized
inflammation-based prognostic score that is also
based on the levels of CRP and albumin [33, 34].
However, the mGPS did not have significant

independent prognostic value for any end-point in
this cohort of patients. As only four (0.3%) and 122
(7.8%) patients had a mGPS of 2 and 1, respectively,
and the remaining patients (91.9%) had a mGPS of 0,
the mGPS cannot adequately distinguish patients
with different levels of risk in NPC. Thus, the
pretreatment CRP/Alb ratio may be more suitable for
identifying patients at high risk than the mGPS.
This study has a number of limitations. Firstly,
bias was unavoidable due to the retrospective nature
of the analysis. However, the sample size was large (n
= 1572) and we randomly divided the cohort into the
training set (n = 514) and validation set (n = 1058). The
pretreatment CRP/Alb ratio had similar prognostic
value in the training set, validation set and the entire
cohort. Secondly, this study only included patients
treated at a single center in the endemic region.
Further multi-center studies are warranted to confirm
the prognostic value of the pretreatment CRP/Alb
ratio in NPC. Additionally, the biological mechanisms
that underlie the prognostic value of the CRP/Alb
ratio in NPC are poorly understood and require
further investigation.
In conclusion, the pretreatment CRP/Alb ratio is
a useful prognostic indicator in patients with NPC
independent of disease stage, whereas the mGPS did
not have independent prognostic value for any
survival end-point. As assessment of both CRP and
albumin are simple, routinely-available and
standardized, the CRP/Alb ratio could serve as a
convenient tool to improve prognostication for
patients with NPC in the clinic. Future studies are
warranted to investigate the mechanisms underlying
the poor prognosis of patients with a high CRP/Alb
ratio and develop effective interventions to improve
the outcomes of these high-risk patients.
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