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Background: Recent studies have indicated that the C-reactive protein/albumin (CRP/ALB) 

ratio (CAR) may represent a simple inflammation-based index for assessing the host inflamma-

tory response. In this study, the prognostic value of the CAR for distant metastasis-free survival 

(DMFS) in nasopharyngeal carcinoma (NPC) was assessed.

Methods: A total of 1,168 non-metastatic NPC patients from Sun Yat-sen University Cancer 

Center were retrospectively included. The optimal cutoff value for CAR was defined by the Cutoff 

Finder online tool. Propensity case-matched analysis was performed to adjust for potential dif-

ferences in baseline characteristics. Subsequently, the prognostic value of the CAR for DMFS 

was validated in a 756 validation cohort with NPC.

Results: The optimal CAR cutoff value was 0.081. Patients with high CAR values had significantly 

poorer DMFS than those with low CAR in univariate and multivariate analyses before propensity 

score matching. The CAR could also significantly stratify patients into different risks of developing 

distant metastasis in subgroup analysis. Propensity score analyses showed that CAR remained a 

prognostic factor for DMFS, thus excluding other interpretations and selection bias. Moreover, the 

prognostic value of the CAR was robustly confirmed in the external validation cohort.

Conclusion: CAR is an inexpensive and easy-to-measure inflammatory index that may aid 

clinicians in the development of individualized treatment and follow-up strategies for patients 

with non-metastatic NPC.

Keywords: nasopharyngeal carcinoma, metastasis, prognosis, propensity score, C-reactive 

protein, albumin

Introduction
Nasopharyngeal carcinoma (NPC) is a malignant head and neck cancer with a unique 

ethnic and geographical distribution; the annual incidence of NPC is as high as 30–80 

cases per 10,000 in the southern part of China, Southeast Asia.1 The NPC has many 

sole characteristics to distinguish itself from other head and neck carcinoma. The 

prominent histological type of NPC is the non-keratinizing carcinoma, which also has 

association with the Epstein–Barr virus (EBV). Definitive radiotherapy (RT) is recom-

mended as the first-line treatment for non-metastatic NPC due to its higher sensitivity 

to RT.2 The NPC has higher possibility of distant metastasis, and >20% of NPC patients 

ultimately develop distant metastasis even after definitive chemoradiotherapy.3 Hence, 

distant metastasis remains a burning problem to be resolved and a leading cause of 

death among patients with NPC, especially advanced NPC.4
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The widely used prognostic instrument for stratifica-

tion and therapeutic decision making in NPC is the tumor 

node metastasis (TNM) staging classification system.5 

Various studies tried to discover supplementary molecular 

biomarkers to the TNM staging to more precisely predict 

the behavior of NPC to better make a stratification of the 

NPC prognosis.5,6

In recent years, a renaissance of the inflammation–

cancer connection has occurred, stemming from different 

lines of work carried out since the 19th century when it 

was first perceived that cancer is linked to inflammation.7 

There is increasing evidence to demonstrate that inflam-

mation, both in the tumor microenvironment and systemic 

circulation, is a key determinant of disease progression 

and survival in patients with cancer. It has been suggested 

that cancer-related inflammation is linked to 15–20% of 

all cancer-related deaths worldwide, and inflammation 

has been proposed as the seventh hallmark of cancer.8,9 

C-Reactive protein (CRP) is a non-specific, acute phase 

marker of inflammation that has been associated with 

poorer survival in numerous solid malignancies, such as 

hepatocellular, colorectal, inoperable non-small-cell lung 

and breast cancers.10–12 CRPs are directly associated with 

circulating concentrations of vascular endothelial growth 

factor, contributing to the onset or progression of cancer.13 

Albumin (ALB) is also an important serum protein that 

reflects the patients’ nutritional status. Hypoalbuminemia, 

an index of malnutrition and cachexia, is an independent 

predictor of poor survival in several types of cancers, 

including NPC.14,15

Systemic inflammatory response assessment has been 

defined by a continuous variable based on CRP and ALB, 

the CRP/ALB ratio (CAR), which has prognostic value 

for  mortality in patients with sepsis and is associated with 

survival outcomes in hepatocellular carcinoma, esophageal 

squamous cell carcinoma and non-small-cell lung can-

cer.11,12,16  Mocellin et al also demonstrated that the CAR 

could be decreased by dietary supplementation with fish 

oil in patients with colorectal cancer, which was associated 

with the prevention of weight loss. However, the prognostic 

significance of the CAR in NPC has not been studied.

It was hypothesized that immune status, which can be 

assessed using the CAR, may be associated with distant 

metastasis-free survival (DMFS) in patients with NPC. Then, 

the propensity score-matched (PSM) analysis was designed 

to further validate the CAR prognosis value for DMFS in 

patients with initially diagnosed NPC.

Patients and methods
Training cohort
A total of 1,168 eligible patients with NPC treated at Sun 

Yat-sen University Cancer Center between October 2007 

and December 2009 were retrospectively enrolled. The 

pre-treatment evaluation included a complete patient his-

tory, physical examinations, hematology and biochemistry 

profiles, magnetic resonance imaging (MRI) of the naso-

pharynx and neck, chest X-ray, an abdominal sonogram, 

and a whole-body bone scan. The newly diagnosed, biopsy-

proven NPC patients without previous anticancer treatment 

and pathologically proved NPC were included. The patients 

with distant metastasis or relapsed NPC at initial diagnosis 

and patients without complete follow-up data were excluded. 

The study protocol was conducted based on the guidelines 

outlined in the Declaration of Helsinki, and the study was 

approved by the ethics committee of Sun Yat-sen University 

Cancer Center. Written informed consent was obtained from 

all patients to review their records before the treatment.

All relevant data regarding this study were successfully 

collected before the treatment, including the personal infor-

mation and the laboratory (routine blood index), staging (the 

American Joint Committee on Cancer/International Union for 

Cancer Control TNM staging system) and therapeutic data. 

Briefly, serum ALB levels were measured by the bromocre-

sol green (BCG) assay (Sekisui Chemical, Osaka, Japan) 

according to the manufacturer’s instruction. CRP levels were 

measured by a latex particle-enhanced immunoturbidimetric 

assay (Sekisui Chemical) according to the manufacturer’s 

instruction. 

Treatment
All patients were treated by definitive RT. The radiation dose 

ranges to the nasopharynx, lymph node-positive area and lymph 

node-negative area were 60–80, 60–70 and 50–60 Gy, respec-

tively. In addition, the institutional guidelines recommended no 

chemotherapy for stage I and II patients and induction, concur-

rent and adjuvant chemotherapy or combination treatment for 

stage III and IV patients. Induction or adjuvant chemotherapy 

incorporates cisplatin with 5-fluorouracil, cisplatin with taxoids 

or triplet of cisplatin and 5-fluorouracil plus paclitaxel per 

3 weeks for 2–3 cycles. Concurrent chemotherapy includes cis-

platin given on weeks 1, 4 and 7 of RT or cisplatin given weekly.

Validation cohort
A validation cohort of 756 consecutive patients with NPC 

who received definitive RT at the Sun Yat-sen University 
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between December 2009 and May 2011 was retrospectively 

enrolled. Only patients without distant metastasis at initial 

diagnosis were included; all patients had sufficient data avail-

able to assess the prognostic value of the CAR.

Follow-up
Patients were followed up every 3 months during the first 

2 years and every 6 months thereafter until death. The routine 

assessment for the distant metastasis includes the nasopha-

ryngoscopy, head and neck MRI, abdominal ultrasonography, 

chest X-rays and/or CT and bone scans per 3 months after 

the completion of the treatment during the first 3 years and 

annually thereafter. DMFS was the period from the treatment 

completion to the time of metastasis or the date of the last 

follow-up. The last follow-up was on March 30, 2016.

Statistical analysis
Comparisons between the high CAR and the low CAR were 

performed using the chi-square test or Fisher’s exact test for 

categorical variables. Continuous variables were converted 

into dichotomous variables at median value.

An optimal CAR cutoff level was selected using the web-

based system Cutoff Finder, which was designed by Budczies 

et al17 (http://molpath.charite.de/cutoff/). The R statistical 

language acts as an engine for all statistical computing and 

visualization.18 The R file is loaded as a static source to the 

R server. For each cutoff analysis, the web application calls 

the wrapper R function get.cutoff() that serves as a controller. 

The controller calls specialized R functions for each kind of 

cutoff optimization and for each kind of plot. Results of the 

cutoff optimization and plots are returned to the web server. 

Using the R code, results and plots of the web page can be 

reproduced 100%. DMFS curves were created using the 

Kaplan–Meier method and compared using the log-rank test. 

The Cox regression analysis was conducted to assess the prog-

nostic significance of CAR to DMFS; significant level of <0.2 

in the univariate Cox regression analysis was included into the 

multivariate analysis. To further evaluate the CAR significance 

to DMFS, the subgroups were applied. The subgroups were 

divided based on the significant factors in univariate analysis.

To overcome biases introduced by potential varied 

confounders between the low and high CAR values, PSM 

was carried out using version 2.9.0R software (R software, 

Vienna, Austria) via one-to-one matching using MathIt pack-

age, which is becoming increasingly used in the medical and 

surgical literature.19–21 The variables incorporated into the 

propensity matching were the variables correlated with the 

index of CAR and significant variables in the multivariate 

Cox regression of DMFS, in order to not miss the important 

prognostic factors.

Finally, the prognostic value of CAR was verified in the 

external validation cohort. The SPSS 19.0 for Windows (IBM 

Corporation, Armonk, NY, USA) was used for the statistical 

analyses. Two-sided P values < 0.05 were considered significant. 

All data have been deposited at Sun Yat-sen University Cancer 

Center for future reference (number RDDA2017000365).

Results
Patients’ characteristics and DMFS
A total of 1,168 and 756 patients were included in the train-

ing and the validation cohort for these analyses. Median 

DMFS follow-up was 68.8 months in the training data set 

and 60.25 months in the validation data set. Five-year DMFS 

in the training data set and validation data set was 85.6% 

and 83.5%, respectively. The patient characteristics are sum-

marized in Table 1.

Prognostic value of CAR for DMFS in the 
1,168 patients with NPC and the external 
cohort who underwent definitive RT
The median value of CAR in both the training database and 

external database was 0.032. The optimal cutoff value was 

found to be 0.081 using the Cutoff Finder, which produces 

the greatest distinction of the DMFS in Kaplan–Meier 

analysis (Figure 1). CAR was prominently associated with 

gender, smoking status, white blood cell (WBC), neutrophils, 

alkaline phosphatase (ALP), lactate dehydrogenase (LDH), 

EBV-DNA, T and N classification in the training cohort by 

the chi-square test (Table 2).

The CAR had the ability to distinguish between patients 

who developed distant metastasis in the training cohort 

(P < 0.001) and external cohort (P = 0.021; Figure 2A and B, 

respectively). In the multivariate analysis, the DMFS rates of 

patients with low and high CAR values remained significantly 

different (P < 0.001). In the training cohort, smoking status 

(P = 0.031), basal serum LDH level (P = 0.026), EBV-DNA 

copy number (P = 0.001), N category (P < 0.001), treatment 

method (P < 0.040) and RT technique (P = 0.004) were iden-

tified as significantly independent prognostic factors related 

to DMFS (Table 3). In addition, the prognostic value of CAR 

also exists in different subgroups (Figure 3).

PSM analysis
PSM yielded a total of 286 matched pairs of patients from 

the training cohort. The matched covariables include gender, 
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smoking status, WBC, ALP, LDH, T staging, N category, 

EBV-DNA copy number, RT technique and treatment meth-

ods. After propensity matching, the distribution of confound-

ing variables was remarkably balanced between the high 

and low CAR groups, with no significant difference in any 

clinicopathological factors (Table 2), indicating improved 

overall balance after matching.

CAR also had the ability to distinguish patients who 

developed distant metastasis after propensity matching by 

the log-rank test (P < 0.001, Figure 2C). Univariate analysis 

showed that the risk of distant metastasis was greater for 

the high CAR group than the low CAR group (P < 0.001). 

Gender (P = 0.030), LDH level (P = 0.047), EBV-DNA copy 

number (P = 0.007) and N category (P < 0.001) were also 

significantly associated with DMFS in univariate analysis 

(Table 4).

Multivariate analysis revealed that the CAR remained an 

independent prognostic factor for DMFS after the propensity 

score matching within the training cohort (P = 0.001). Com-

pared to the low CAR group (<0.081), the high CAR group 

(≥0.081) had a 1.896-times higher risk of distant metastasis 

(hazard ratio [HR], 1.896; 95% confidence interval [CI], 

1.302–2.763; P < 0.001). N category (P < 0.001) and gender 

(P = 0.014) were also independent prognostic factors for 

DMFS after the propensity score matching (Table 4).

Table 1 Clinical and laboratory characteristics of the patients in 
the training set and validation set

Characteristics Training set Validation test

Number of  
cases (%)

Number of  
cases (%)

Age, years
<45 602 (51.5) 403 (53.3)
≥45 566 (48.5) 352 (46.7)

Gender
Male 853 (73) 556 (73.5)
Female 315 (27) 200 (26.5)

Smoking status
Absent 705 (60.4) 498 (65.9)
Present 463 (39.6) 258 (34.1)

WBC, ×109/L
<6.9 608 (52.1) 413 (54.6)
≥6.9 560 (47.9) 343 (45.4)

Neutrophils, ×109/L
<4.1 601 (51.5) 400 (52.9)
≥4.1 567 (48.5) 356 (47.1)

HGB, g/L
<143 596 (51) 369 (48.8)
≥143 572 (49) 387 (51.2)

ALT, U/L
<20.6 585 (50.1) 358 (47.4)
≥20.6 583 (49.9) 398 (52.6)

AST, U/L
<20.8 588 (50.3) 377 (49.9)
≥20.8 580 (49.7) 379 (50.1)

ALP, U/L
<66.7 591 (50.6) 373 (49.3)
≥66.7 577 (49.4) 383 (50.7)

LDH, U/L
<166 583 (49.9) 379 (50.1)
≥166 585 (50.1) 377 (49.9)

EBV-DNA, copies/mL
<1,000 500 (42.8) 382 (50.5)
1,000–9,999 230 (19.7) 144 (19.1)
10,000–99,999 281 (24.1) 152 (20.1)
>100,000 157 (13.4) 78 (10.3)

CRP, mg/L
<1.49 583 (49.9) 382 (50.5)
≥1.49 585 (50.1) 374 (49.5)

ALB, g/L
<45.6 585 (50.6) 350 (46.3)
≥45.6 583 (49.9) 406 (53.7)

Radiotherapy technique
CRT 496 (42.5) 498 (65.9)
IMRT + 3DCRT 672 (57.5) 258 (34.1)

Treatment method
Radiotherapy 220 (18.8) 182 (24.1)
CCRT 494 (42.3) 244 (32.2)
Neo + radiotherapy 210 (18.0) 152 (20.1)
Neo + CCRT 244 (20.9) 178 (23.5)

T category
1 76 (6.5) 69 (9.1)
2 300 (25.7) 171 (22.6)
2 547 (46.8) 358 (47.4)
3 245 (21.0) 158 (20.9)

Table 1 (Continued)

(Continued)

Characteristics Training set Validation test

Number of  
cases (%)

Number of  
cases (%)

N category
0 246 (21.1) 162 (21.4)
1 425 (36.4) 305 (40.3)
2 310 (26.5) 201 (26.6)
3 187 (16.0) 88 (11.6)

Clinical stage
I 29 (2.5) 28 (3.7)
II 199 (17) 120 (15.9)
III 620 (53.1) 413 (54.6)
IV 320 (27.4) 195 (25.8)

Distant metastasis
Absent 981 (84) 627 (82.9)
Present 187 (16.0) 129 (17.1)

Survival status
Alive 952 (81.5) 632 (83.6)
Dead 216 (18.5) 124 (16.4)

Abbreviations: 3DCRT, three-dimensional conformal radiation therapy; ALB, 
albumin; ALP, alkaline phosphatase; AST, aspartate transaminase; ALT, alanine 
transaminase; CAR, CRP/ALB ratio; CCRT, concurrent radiotherapy; CRP, C-reactive 
protein; CRT, conventional radiotherapy; DMFS, distant metastasis-free survival; EBV-
DNA, Epstein–Barr virus DNA; GLB, globulin; HGB, hemoglobin; IMRT, intensity-
modulated radiation therapy; LDH, lactate dehydrogenase; Neo, neoadjuvant 
chemotherapy; RT, radiotherapy;  WBC, white blood cell.
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Discussion
As far as we are aware, this is the first assessment of the 

prognostic value of the CAR with respect to DMFS in patients 

initially diagnosed with NPC by the PSM method. The CAR 

was a significant prognostic factor for DMFS, even in sub-

group analysis and after PSM analysis, thus the CAR may 

be a potential novel biomarker for tailored therapy in NPC.

Accumulating evidence indicates that inflammation can 

facilitate the growth, invasion, metastasis and angiogenesis 

of cancer cells through inflammatory factors, including 

acute phase proteins such as CRP, chemokines, cytokines 

such as interleukin 6 (IL-6), transcription factors such as 

NF-κB and circulating and infiltrating immune cells derived 

from the systemic immune reaction to tumor cells or their 

secretions.10,22–25 Among various markers of inflammation, 

CRP is a non-specific acute-phase reactant regulated by pro-

inflammatory cytokines, in particular IL-6 and has also been 

proved to be associated with inferior survival of numerous 

malignancies.23,26 An elevated CRP concentration has recently 

been shown to be inversely associated with T-lymphocyte 

subset infiltration and an impaired T-lymphocytic response, 

subverting the host immune response, promoting resistance 

to cytotoxic drugs and then contributing to a poor survival 

outcome.27 Malnutrition may promote tumor growth and 

metastasis by damaging the immune system and alter tumor 

cell biology in the tumor microenvironment.15,28 ALB is an 

important serum protein that reflects the patients’ nutritional 

status and was recently recommended as an objective prog-

nostic factor for poorer survival in various types of cancers 

including NPC, and ALB is the most clinically used index 

to value the nutritional status of the patients.29  It has been 

been speculated that higher ALB level could strengthen the 

human defense mechanism including the cellar immunity, 

humoral immunity, and cell phagocytic function and be the 

mechanism of malnutrition prognosis.30–32 The enhanced 

immunology could also boost susceptibility to infection and 

further reduce the adverse reaction to treatment.30 There are 

also studies that suggest that the higher ALB could weaken 

the cell growth rate and DNA replication and stabilize the 

routine biochemical index changes, such as calcium level.41,42 

Moreover, the stable sex hormone level contributes to defense 

against sex hormone-related cancers. The antioxidant effect is 

another attribute against carcinogens, including nitrosamine 

and aflatoxin.30,32

Moreover, the presence of a systemic inflammatory 

response, as indicated by an elevated CRP level and hypoal-

buminemia, accompanies progressive loss of weight and lean 

tissue, resulting in poor performance status and higher rate of 

Figure 1 Hazard ratios (HRs) for distant metastasis-free survival (DMFS) for various cutoff points of the C-reactive protein/albumin (CRP/ALB) ratio (CAR) in patients with 
nasopharyngeal carcinoma.
Notes: The value of X-axis represented all the possible values of CAR in our patient population. The Y-axis represents HRs. From the left to right of the X-axis, all the 
possible CAR values were tested as a cutoff for discrimination of DMFS and the corresponding HR and its 95% confidence interval (CI) were calculated and plotted (two 
dashed lines represent upper and lower limits of 95% CIs, respectively, and the solid line between the two dashed lines represents HR). The vertical line designates the 
optimal cutoff point with the most significant split (log-rank test). The plots were generated using Cutoff Finder.

Significant (P<0.05) tests:1008 out of 1061 (95% CI)
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Table 2 Associations between CAR and clinicopathological features before and after propensity score matching

Characteristics CAR (before matching) CAR (after matching)

Low, n (%) High, n (%) P Low, n (%) High, n (%) P

Age, years
<45 419 (75.9) 133 (24.1) <0.768 111 (45.5) 133 (54.5) 0.063
≥45 463 (75.2) 153 (24.8) 175 (53.4) 153 (46.6)

Gender
Male 630 (73.9) 223 (26.1) 0.030 225 (50.2) 223 (49.8) 0.839
Female 252 (80.0) 63 (20.2) 61 (49.2) 63 (50.8)

Smoking status
No 545 (77.3) 160 (22.7) 0.079 152 (48.7) 160 (51.3) 0.502
Yes 337 (72.8) 126 (27.2) 134 (51.5) 126 (48.4)

WBC, ×109

<6.9 504 (82.9) 104 (17.1) <0.001 98 (48.5) 104 (51.5) 0.600
≥6.9 378 (67.5) 182 (32.5) 188 (50.8) 182 (49.2)

Neutrophils, ×109

<4.1 368 (61.3) 233 (38.7) 0.026 107 (50) 107 (50) 1.000
≥4.1 281 (50.5) 286 (49.5) 179 (50.0) 179 (50.0)

HGB, g/L
<143 440 (73.8) 156 (26.2) 0.171 158 (50.3) 156 (49.7) 0.867
≥143 442 (77.3) 130 (22.7) 128 (49.6) 130 (50.4)

ALT, U/L
<20.6 445 (76.1) 140 (23.9) 0.659 154 (52.4) 140 (47.6) 0.242
≥20.6 437 (75.0) 146 (25.0) 132 (47.5) 146 (52.5)

AST, U/L
<20.8 446 (75.9) 142 (24.1) 0.788 146 (50.7) 142 (49.3) 0.738
≥20.8 436 (75.2) 144 (24.8) 140 (49.3) 144 (50.7)

ALP, U/L
<66.7 490 (82.9) 101 (17.1) <0.001 107 (51.4) 101 (48.6) 0.602
≥66.7 392 (67.9) 185 (32.1) 179 (49.2) 185 (50.8)

LDH, U/L
<166 470 (80.6) 113 (19.4) <0.001 116 (50.7) 113 (49.3) 0.798
≥166 412 (70.4) 173 (29.6) 170 (49.6) 173 (50.4)

EBV-DNA, copies/mL
<1,000 394 (78.8) 106 (21.2) 0.002 110 (50.9) 106 (49.1) 0.146
1,000–9,999 183 (79.6) 47 (20.4) 60 (56.1) 47 (43.9)
10,000–99,999 190 (67.6) 91 (32.4) 68 (42.8) 91 (57.2)
>100,000 115 (73.2) 42 (26.8) 48 (53.3) 42 (46.7)

Radiotherapy technique
CRT 507 (75.4) 165 (24.6) 0.950 122 (50.2) 121 (49.8) 0.933
IMRT + 3DCRT 375 (75.6) 121 (24.4) 164 (49.8) 165 (50.2)

Treatment method
Radiotherapy 171 (77.7) 49 (22.3) 0.103 36 (42.2) 49 (57.6) 0.113
CCRT 383 (77.5) 111 (22.5) 137 (55.2) 111 (44.8)
Neo + radiotherapy 158 (75.2) 52 (24.8) 52 (50.0) 52 (50.0)
Neo + CCRT 170 (69.7) 74 (30.3) 61 (45.2) 74 (54.8)

T category
1 62 (81.6) 14 (18.4) <0.001 10 (41.7) 14 (58.3) 0.765
2 249 (83.0) 51 (17.0) 53 (51.0) 51 (49.0)
3 416 (76.1) 131 (23.9) 139 (51.5) 131 (48.5)
4 155 (63.3) 90 (36.7) 84 (48.3) 90 (51.7)

N category
0 210 (81.7) 45 (18.3) 0.005 41 (47.7) 45 (52.3) 0.578
1 321 (75.5) 104 (24.5) 106 (50.5) 104 (49.5)
2 235 (75.8) 75 (24.2) 87 (53.7) 75 (46.3)
3 125 (66.8) 62 (33.2) 52 (45.6) 62 (54.4)

Abbreviations: 3DCRT, three-dimensional conformal radiation therapy; ALB, albumin; ALP, alkaline phosphatase; AST, aspartate transaminase; ALT, alanine transaminase; 
CAR, CRP/ALB ratio; CCRT, concurrent radiotherapy; CRP, C-reactive protein; CRT, conventional radiotherapy; DMFS, distant metastasis-free survival; EBV-DNA, 
Epstein–Barr virus DNA; GLB, globulin; HGB, hemoglobin; IMRT, intensity-modulated radiation therapy; LDH, lactate dehydrogenase; Neo, neoadjuvant chemotherapy; RT, 
radiotherapy; WBC, white blood cell.
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mortality in patients with cancer.12,33 As a single factor alone 

may not accurately predict prognosis, inflammatory indexes 

that combine CRP and serum ALB, such as the CAR, may have 

more significant prognostic value. Ranzani et al34 first proposed 

the concept of CAR and demonstrated its value for mortality 

of septic patients. Moreover, CRP and ALB are sensitive and 

reliable immunonutritional markers that can be conveniently 

assessed in clinical laboratories using standardized parameters.

Glasgow prognostic score or modified Glasgow prognos-

tic score indexes which combine serum CRP and ALB levels 

have also been viewed as prognostic factors of NPC.32 How-

ever, the modified Glasgow prognostic score is a qualitative 

index, and the majority of initially diagnosed NPC patients 

have good performance and nutritional status. Therefore, the 

diagnosis of hypoalbuminemia before treatment restricts the 

application of this index. By contrast, the CAR is a continu-

ous variable, which could reduce the potential for systemic 

inflammation and nutritional status overestimation or under-

estimation and more precisely stratify patient’s survival.

In this study, univariate analysis showed that an elevated 

CAR (≥0.081) was associated with poorer DMFS in stages 

I–III NPC. Additionally, the binary valuable CAR was 

prominently related to other inflammatory factors such as 

WBC, ALP and LDH, indicating that the CAR may also 

carry their prognostic value, thus bringing in the potential 

prognostic interference. Then, PSM analysis is used, a tool 

used to adjust a group effect for measured confounders in 

non-randomized studies and to avoid confounding bias. The 

CAR was independently associated with DMFS in multi-

variate analysis. Moreover, subgroup analysis confirmed the 

CAR prognostic guidance value for DMFS in non-metastasis 

NPC. Therefore, these results demonstrate that high CAR, a 

chronic systemic index reflecting malnutrition and inflam-

matory state, is a poorer survival index in NPC. Therefore, 

our results indicate that the CAR may emphasize the CAR 

significance for DMFS in NPC.

Intriguingly, non-steroidal anti-inflammatory agents have 

been reported to reduce mortality in several tumor types.35 

Regulation of the immune system is a novel target that has 

been proposed as a method of improving the treatment of 

cancer, and the CAR may represent a useful indicator of 

the immune response and enhance the effectiveness of such 

strategies. It is possible that nutritional therapy, such as the 

administration of branched-chain amino acid-enriched nutri-

ent support, may improve the CAR and therefore potentially 

affect the rate of DMFS in patients with NPC.36

Figure 2 Prognostic value of the C-reactive protein/albumin ratio (CAR) for distant metastasis-free survival (DMFS) in the training cohort before matching (A), the validation 
cohort (B) and training cohort after 1:1 ratio matching (C).
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The suitable cutoff value of the CRP/ALB is different in 

different studies, even in the same tumor type. In the two stud-

ies of NPC, the cutoff values were different. In the study by 

Sun et al,37 the cutoff was set to be 0.189, which was slightly 

higher than that in the study by Tao et al38 (0.141), owing to the 

different methods and/or different patients enrolled in the study. 

In our study, a more novel and reliable method was used and 

a cutoff value was determined to be 0.089, which is similar to 

that of the study by Zhang et al.39 The prognostic significance 

was also validated in an external cohort of 756 patients.

The limitations of this study should be acknowledged. 

This was a retrospective study and a selection bias may 

Table 3 Univariate and multivariate analyses of associations between CAR and DMFS before propensity score matching in the training 
cohort

Characteristics Univariate Multivariate

HR 95% CI P HR 95% CI P

Age (≥45 years vs <45) 1.138 0.853–1.519 0.379
Gender (female vs male) 0.673 0.473–0.958 0.028
Smoking status (present vs absent) 1.484 1.113–1.979 0.007 1.376 1.030–1.839 0.031
WBC, × 109 (≥6.9 vs <6.9) 1.180 0.885–1.573 0.260

Neutrophils, × 109 (≥ 4.1 vs <4.1) 1.213 0.782–1.883 0.388

NLR, (>1.05 vs <1.05) 1.799 1.238–2.615 0.002 1.197 0.811–1.767 0.366

HGB, g/L (≥143 vs <143) 1.076 0.807–1.434 0.617

ALT, U/L (≥20.6 vs <20.6) 1.260 0.944–1.683 0.117

AST, U/L (≥20.8 vs <20.8) 1.237 0.927–1.651 0.148

ALP, U/L (≥66.7 vs <66.7) 1.148 0.861–1.530 0.348

LDH, U/L (≥166 vs <166) 1.712 1.275–2.300 <0.001 1.408 1.043–1.902 0.026
EBV-DNA, copies/mL <0.001 0.001

<1,000 1.000 1.000
1,000–9,999 1.190 0.764–1.854 0.443 1.079 0.690–1.687 0.740
10,000–99,999 1.799 1.238–2.615 0.002 1.350 0.917–1.986 0.128
>100,000 2.843 1.924–4.200 <0.001 2.276 1.515–3.420 <0.001

T category 0.003
1 1.000
2 0.745 0.378–1.471 0.397
3 1.053 0.562–1.973 0.872
4 1.635 0.856–3.125 0.137

N category <0.001 <0.001
0 1.000 1.000
1 1.750 1.024–2.992 0.041 1.562 0.906–2.693 0.109
2 2.681 1.574–4.565 <0.001 2.144 1.231–3.736 0.007
3 6.203 3.658–10.518 <0.001 4.730 2.698–8.293 <0.001

Treatment method 0.020 0.040
Radiotherapy 1.000 1.000
CCRT 0.554 0.327–0.937 0.028 1.064 0.639–1.773 0.811
Neo + radiotherapy 1.009 0.693–1.470 0.961 1.450 0.834–2.521 0.188

Neo + CCRT 1.272 0.829–1.951 0.271 0.752 0.426–1.325 0.323

Radiotherapy technique (IMRT+3DCRT vs CRT) 0.715 0.536–0.953 0.022 0.629 0.458–0.865 0.004

CAR (≥0.081 vs <0.081) 2.461 1.835–3.300 <0.001 2.063 1.526–2.788 <0.001

Abbreviations: 3DCRT, three-dimensional conformal radiation therapy; ALB, albumin; ALP, alkaline phosphatase; AST, aspartate transaminase; ALT, alanine transaminase; 
CAR, CRP/ALB; CCRT, concurrent radiotherapy; CRP, C-reactive protein; CI, confidence interval; CRT, conventional radiotherapy; DMFS, distant metastasis-free survival; 
EBV-DNA, Epstein–Barr virus DNA; GLB, globulin; HGB, hemoglobin; HR, hazard ratio; IMRT, intensity-modulated radiation therapy; LDH, lactate dehydrogenase; Neo, 
neoadjuvant chemotherapy; NLR, neutrophil to lymphocyte ratio; RT, radiotherapy; WBC, white blood cell. 

exist. However, we enrolled a relatively large training 

cohort (1,168 patients) to evaluate the value of CAR for 

DMFS. Additionally, the PSM was also conducted to reduce 

the potential confounders, and the prognostic value of 

the CAR was also validated in the validation cohort (756 

patients). However, additional assessment of patients from 

other centers and prospective data sets is necessary. CRP 

is a sensitive cancer marker but lacks specificity and other 

non-cancerous influences were not excluded (infections, 

surgery, and connective tissue disease). However, the limi-

tation were overcome, since the routine blood index was 

collected before treatment.
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Conclusion
This study indicates that the CAR represents a potential 

prognostic factor to more accurately predict patient outcomes 

Figure 3 Forest plot of subgroup analysis showing hazard ratios (HRs) and 95% CI (bars) for DMFS in 1,168 patients with nasopharyngeal carcinoma who underwent 
definitive radiotherapy.
Note: Subgroups were defined by factors showing significant associations with the C-reactive protein/albumin ratio (CAR) and DMFS.
Abbreviations: 3DCRT, three-dimensional conformal radiation therapy; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; 
CAR, CRP/ALB ratio; CI, confidence interval; CRP, C-reactive protein; CRT, conventional radiotherapy; chemo-radiotherapy, chemotherapy plus radiotherapy; DMFS, distant 
metastasis-free survival; EBV-DNA, Epstein–Barr virus DNA; GLB, globulin; HGB, hemoglobin; IMRT, intensity-modulated radiation therapy; LDH, lactate dehydrogenase; 
RT, radiotherapy; WBC, white blood cell.
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in NPC. Quantification of the CAR before treatment could 

complement current staging methods to improve disease 

staging and treatment allocation.
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