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Purpose: This study was aimed to evaluate the clinical significance and prognostic value of CRP/albumin ratio (CAR) in
patients with gastric cancer.

Methods: The data of 205 gastric cancer patients who underwent surgery was analyzed retrospectively. The association of
CAR with the clinical features and prognostic value in gastric cancer was analyzed. The data of this study was combined
with previous studies to further determine the prognostic value of CAR in patients with gastric cancer using a meta-
analysis method.

Results: Cox analysis revealed that preoperative CAR was an independent prognosis indicator in patients with gastric
cancer. High expression of CAR indicated a shorter survival time than in those with lower expression. CAR has a higher
prognostic value in the 1-, 3-, and 5-year overall survival in patients with gastric cancer. CAR showed significant difference
regarding the gastric cancer patients’ age, M stage, and clinical stage. The discriminate value of CAR in M stage of
gastric cancer was high (area under the curve, 0.809). A meta-analysis combining previous data and our data showed that
preoperative CAR demonstrated a significant association with the overall survival of patients with gastric cancer.
Conclusion: This study demonstrated that preoperative CAR could serve as an important prognostic indicator in patients

with gastric cancer.
[Ann Surg Treat Res 2021;100(6):338-346]
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INTRODUCTION

As one of the most common digestive malignant tumors,
gastric cancer accounts for about 5.7% of the total cancer cases
according to the GLOBOCAN 2018 data [1]. Although the
survival of some patients with gastric cancer improved with
the advancement of the therapeutic methods, those patients
at a later stage of cancer continue to have a poor prognosis
[2]. Therefore, finding effective prognostic indicators for these
patients could help clinicians make proper treatment decisions.

Currently, some serum tumor indicators such as CA 125,
CA 153, CA 19-9, and CEA have been applied to assess the
diagnostic and prognostic values in patients with gastric cancer.
For example, the elevation of CA 19-9 level was correlated with
female sex and presence of lymph node metastasis in gastric
cancer, and elevation of CEA level was an independent risk
factor for poor prognosis of early gastric cancer [3]. However,
these indicators were subject to low sensitivity and specificity
for different stages of cancer [3,4]. In addition, some novel
indicators calculated from conventional biomarkers, such as

Received December 14, 2020, Revised March 8, 2021,
Accepted March 23, 2021

Corresponding Author: Ji-hong Bai

Department of Pharmaceutics, Affiliated Hospital of Guilin Medical
University, 15 Lequn Road, Guilin, Guangxi 541001, China

Tel: +86-773-2863561, Fax: +86-773-2833086

E-mail: glmubai@163.com

ORCID: https://orcid.org/0000-0002-5835-5731

*Qian Yu and Ke-zhi Li contributed equally to this work as co-first authors.
Copyright (©) 2021, the Korean Surgical Society

(€O Annals of Surgical Treatment and Research is an Open Access Journal. All
articles are distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.


mailto:glmubai@163.com

Qian Yu, et al: CRP/ALB ratio predict the prognosis in gastric cancer

neutrophil lymphocyte ratio (NLR) [5,6], platelet lymphocytes
ratio (PLR) [7], and CRP/albumin ratio (CAR) [8,9], have
been reported to enhance the prognostic values in patients
with various cancers. Among these indicators, the clinical
significance and prognostic value of CAR in gastric cancer
continue to require further elucidation.

CAR is a novel inflammation-based prognostic indicator;
the high value of CAR was associated with poor outcome in
various diseases, including sepsis [10], pancreatitis [11], and
some cancers [12]. The prognostic value of CAR in patients
with gastric cancer has also been explored [13-15]. However, the
robustness of previous studies still requires validation through
further studies. Therefore, in order to derive a more precise
assessment of the prognostic value of CAR in gastric cancer,
we analyzed the data of gastric cancer and combined our data
with previous data, which may further verify the role of CAR in
gastric cancer.

METHODS

Selection of gastric cancer patients
The data of patients with gastric cancer who underwent

surgery was retrospectively analyzed at the Guangxi Medical
University Cancer Hospital (Guilin, China) between January
2015 and October 2019. Inclusion criteria are (1) diagnosis of
gastric cancer was confirmed histologically and (2) all gastric
cancer patients underwent surgical treatment. Patients with
autoimmune diseases, infectious diseases, severe hematologic
diseases, or major organ failure were excluded. This study was
approved by the Ethics Committee of the Guangxi Medical
University Cancer Hospital with a waiver for informed consent
(No. KY2020015).

Data collection and calculation
The clinical features of gastric cancer were collected including

patient age, sex, tumor location, differentiation grade, and TNM
stage. TNM stage was defined based on the American Joint
Committee on Cancer criteria, 8th edition [16]. Preoperative
laboratory blood parameters, such as CRP, albumin, neutrophil,
lymphocytes, platelet, and the tumor biomarkers (CEA, CA125,
CA153, and CA 19-9) were collected. The NLR, PLR, and CAR
were calculated. Overall survival (OS) was calculated from the
date of surgery to the date of death or last follow-up.

Statistical analysis
Continuous data was presented as a median and interquartile

range from 25th to 75th percentile. Mann-Whitney U-test
or Student t-test were used to compare continuous variables
between the 2 groups when appropriate. The chi-square test
was applied to categorical variables between groups. Kaplan-
Meier curve and the log-rank test were used to evaluate the

survival time between the 2 groups. Cox regression analysis was
employed to identify the prognostic indicators in patients with
gastric cancer. The receiver operating characteristic (ROC) curve
and the area under the curve (AUC) was conducted to assess the
prognostic value of CAR. All statistical tests were 2-sided and
P-values of <0.05 were considered statistically significant. The
statistical analyses were performed using IBM SPSS Statistics
ver. 21.0 (IBM Corp., Armonk, NY, USA) and R ver. 35.1 (R
Foundation for Statistical Computing, Vienna, Austria).

Meta-analysis for the data
The performance of meta-analysis on the prognostic value of

CAR in gastric cancer was conducted as in our previous study
[17]. Briefly, the relevant articles were retrieved and assessed
from the databases (PubMed, Web of Science, and Chinese
National Knowledge Infrastructure before October 2020, using
"Creactive protein/albumin ratio,” "CAR," or "gastric cancer”
as search terms) based on certain criteria and the data of these
articles (author's name, number of patients, cutoff value of
CAR, stage of cancer, follow-up and hazard ratio [HR] values for
survival) was extracted. The differences among the subgroups
were assessed using meta-regression analysis. The random-
effects model (DerSimonian-Laird method) was used to
combine the HRs if there was significant heterogeneity across
the studies; otherwise, a fixed-effects model (Mantel-Haenszel
method) was conducted. R ver. 3.5.1 was used to conduct
the meta-analysis. The P-values of <0.05 were considered
statistically significant.

RESULTS

Clinical characteristics of the study populations
The patient selection flow chart is shown in Fig. 1. A total

of 205 patients with gastric cancer who underwent surgical
treatment were finally selected in this study. The median age of
the patients was 58 years. The median follow-up was 44 months
(1-64 months). All of 124 patients were alive and 81 patients
dead during the follow-up period. The details of patients with
gastric cancer are listed in Table 1.

Univariate and multivariate Cox regression analysis

for the clinical features
The univariate Cox regression analysis was performed by

including the clinical features, including patient sex, age,
histological grade, TNM stage, and laboratory variables. The
results showed that patients’ age, CEA, CA 125, CA 153, CA 19-
9, high-sensitivity CRP, N stage, M stage, NLR, and CAR were
significantly associated with the survival of patients with
gastric cancer. Then, the multivariate Cox regression analysis
for these variables showed that patient age (HR, 1.04; 95%
confidence interval [CI], 1.01-1.06), M stage (HR, 3.56; 95%
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Fig. 1. The patient selection
flowchart of the present study.
CAR, CRP/albumin ratio.

Table 1. Clinical characteristic of the patients with gastric
cancer

Variable Data

Age (yr) 58 (48-66)
Sex

Female/male 79/126
Smoking 100
Ulcer 103
Helicobacter pylori infection 101
Body mass index (kg/m’) 22 (20-25)
Tumor location

Antrum/body/cardiac/fundus 154/22/21/8
Grade of differentiation

Well/poor/moderate 5/128/72
T stage

T1/T2/T3/T4 12/36/26/131
N stage

NO/NT/N2/N3/Nx 50/50/46/35/24
M stage

MO/M1/Mx 161/40/4
Clinical stage

Y 12/44/105/44
CRP (mg/L) 2.60 (1.20-5.70)
hsCRP (mg/L) 0.79 (0.15-2.06)
Albumin (g/L) 40 (36.4-42.8)
CEA (ng/mL) 2.07 (1.38-3.78)
CA 125 (ng/mlL) 11.50 (7.49-20.20)
CA 153 (U/mlL) 9.16 (6.80-13.00)
CA 19-9 (U/mL) 11.27 (5.20-26.66)
NLR 2.01 (1.52-2.90)
PLR 163.64 (118.75-229.82)
CAR 0.07 (0.03-0.15)

Values are presented as number only or median (interquartile
range).

hsCRP, high-sensitivity CRP; NLR, neutrophil lymphocyte ratio;
PLR, platelet lymphocytes ratio; CAR, CRP/albumin ratio.

CI, 1.89-6.07), and CAR (HR, 1.86; 95% CI, 1.13-3.01) were
considerably associated with the survival in patients with
gastric cancer (Table 2).

Survival analysis and prognostic value of CAR in

patients with gastric cancer
Using the median value as cutoff (CAR, 0.022), the Kaplan-

Meier curve and logrank test revealed that, patients with high
values of CAR have shorter survival time than those with low
values (Fig. 2A). We next determined the prognostic value of
CAR in gastric cancer patients in different survival times, and
found that CAR has a good performance in predicting the 1-,
3-, and 5-year survival in patients with gastric cancer, with the
AUC as 0.758, 0.742, and 0.787, respectively (Fig. 2B). In order to
evaluate the effect of different stage of cancer on the prognostic
value of CAR, we conducted subgroup analysis by dividing the
patients into 3 subgroups based on the clinical stage (stage I,
stage II + 111, and stage IV), and the results failed to show that
CAR was associated with the prognosis of patients in these
subgroups (P > 0.05).

Association of CAR with the clinical features in

gastric cancer
The association of CAR with the clinical features of gastric

cancer, including patient’s age, sex, histological grade, TNM
stage, and clinical stage, were analyzed, respectively. As Table 3
showed, CAR value was remarkably increased in patients with
M1 stage compared with MO stage (P < 0.001), and elevated in
stage IV compared with stage I and stage I + III (P = 0.001);
however, no obvious differences were observed between CAR
and other clinical features (P > 0.05).
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Table 2. Identify prognostic biomarkers for patients with gastric cancer using Cox analysis

Univariate analysis

Variable
HR (95% CI)
Age 1.02 (1.00-1.04)
Sex 1.09 (0.98-1.21)
CRP 1.01 (0.99-1.02)
Albumin 0.93 (0.91-0.95)
CEA 1.00 (1.00-1.03)
CA 125 1.00 (1.00-1.01)
CA 153 1.02 (1.01-1.03)
CA 19-9 1.01 (1.00-1.03)
hsCRP 1.14 (1.07-1.22)
T stage 1.04 (0.74-2.67)
N stage 1.07 (1.32-1.63)
M stage 5.53 (3.34-8.65)
Clinical stage 1.03 (0.99-1.06)
NLR 1.03 (1.01-1.05)
PLR 0.98 (0.97-1.06)
CAR 2.05 (1.56-2.69)

Multivariate analysis

P-value HR (95% Cl) P-value

0.017
0.099
0.129
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.304
0.002
<0.001
0.123
0.005
0.144
<0.001

1.04 (1.01-1.06) 0.003

1.00 (1.00-1.00) 0.002

<0.001

3.56 (1.89-6.07)

1.86 (1.13-3.01) 0.020

HR, hazard ratio; Cl, confidence interval; hsCRP, high-sensitivity CRP; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocytes

ratio; CAR, CRP/albumin ratio.

A -
1.00
Z 0.75 1 .
=
[0}
Qo
[
& 0.50 -
©
2
2
@
0.25 7 Strata
P=0.010 —+= High expression
== Low expression
0 20 40 60
Time (mo)
No. at risk
% High expression 4135 92 55 3
(% Low expression 4 32 28 13 0
(mo) O 20 40 60

Time-ROC curve

1.0 ] —
e ///,
0.8 A e
Iy
> -~
g 06+
B -
5
0 0.4 - e
0.2 —— AUC at 1 year = 0.758
e —— AUC at 3 year = 0.742
7 AUC at 5 year = 0.787
0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 2. (A) Kaplan-Meier curve for the CRP/albumin ratio (CAR) in patients with gastric cancer using median value as a cutoff.
(B) The prognostic value of CAR in predicting the 1-, 3-, and 5-year survival in patients with gastric cancer. ROC, receiver
operating characteristic; AUC, area under the curve.

Discrimination value of CAR in different M stage of

gastric cancer

Since there was a significant difference of CAR value in M

stage and clinical stage of patients, we further evaluated the
discriminate value of CAR in M stage and clinical stage of
gastric cancer; the ROC method was used to calculate the AUC
of CAR. As Fig. 3 illustrates, CAR could reach a high predictive
value in different M stage with the AUC value of 0.809, and the

predictive value in the different clinical stage was moderate
with the AUC value of 0.679.

Meta-analysis for the prognostic value of CAR in

gastric cancer
Seven studies [13-15,18-21] with 1978 patients that evaluated

the prognostic value of CAR in patients with gastric cancer
were included in the meta-analysis. The details of included

Annals of Surgical Treatment and Research 341



342

Table 3. Association of CAR with the clinical features in

gastric cancer

Annals of Surgical Treatment and Research 2021;100(6):338-346

studies are listed in Table 4. All the data of CAR in predicting
the prognosis of patients was extracted from multivariate Cox
regression. By combing these data with our data, we found that

Variable CAR value, HR (95% Cl)  P-value
CAR was significantly associated with the survival of patients
Seli(/\ale 0.09 (0.04-0.21) 0,792 with gastric cancer (HR, 1.94; 95% CI, 1.67-2.27; Mantel-Haenszel
Fernale 0.04 (0:02_0:1 0) ' method, I = 0, P heterogeneity = 0.891) (Fig. 4A). The subgroup
Age (yn) analysis by dividing the cutoff value into <0.1 or >0.1 showed
<60 0.05 (0.02-0.13) 0.863 that both of CAR with different cutoff value have significant
260 0.08 (0.04-0.16) prognostic value in gastric cancer (both P < 0.05, Mantel-
Smoking 0.294 Haenszel method). Meta-regression analysis revealed that no
Yes 0.09(0.04-0.23) significant difference between these 2 subgroups (P > 0.05)
UE Sr 0.05 (0.02-0.12) 0.484 (Fig. 4B), suggesting that different cutoff value did not affect
Yes 0.05 (0.02-0.13) the prognostic value of CAR in patients with gastric cancer. No
No 0.09 (0.04-0.20) publish bias was found across these studies (P > 0.05).
Helicobacter pylori infection 0.107
Yes 0.08 (0.03-0.22) DISCUSSION
No 0.06 (0.03-0.14)
Body mass index (kg/m”) 0.393 The development and progression of cancer is a complicated
2? 88; Eggi:g?l; process, and many factors have been contributed to gastric
T stage carcinogenesis. Among them, systemic inflammatory response
T 0.03 (0.01-1.14) 0.501 and nutritional status are 2 important contributors [22].
T2+T3+T4 0.06 (0.01-4.32) Evidences showed that CAR was an important inflammation-
N stage based prognostic indicator that was associated with the survival
NO 0.04(0.01-0.14) 0.067 of various cancers [23,24]. In the present study, we found that
MNst]angeNz N3 0.08 (0.05-0.68) CAR was an important prognostic indicator in patients with
MO 0.05 (0.01-4.33) <0.001 gastric cancer, which was in agreement with previous studies
M1 0.09 (0.01-1.85) [13,14,21]. We also found that CAR has a higher prognostic
Clinical stage value in predicting the 1-, 3- and 5-year survival of patients. In
I 0.03 (0.01-0.05) 0.001 agreement with previous studies [13,15,21], our results showed
=+ 0.05 (0.02-0.11) that CAR was associated with M stage and clinical stage of
\% 0.31 (0.08-0.72)

CAR, CRP/albumin ratio; HR, hazard ratio; Cl, confidence interval.

gastric cancer, and the discriminate value for the different M
stage was higher, suggesting that the CAR might be used to
differentiate the M stage of gastric cancer.

A _ i
1.0 1 e 1.0
081 0.8
> >
S 0.6 S 0.6
[ 3
3 3
o 0.4 » 0.4
—— Best cut-off: 0.3566 —— Best cut-off: 0.04774
0.2 —— FRR: 0.06803 0.2 —— FRR: 0.2308
—— TPR: 0.5455 —— TPR: 0.6044
—— AUC: 0.8092 — AUC: 0.6792
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity

Fig. 3. Discriminated value of C-reactive protein/albumin ratio (CAR) in different TNM stage of gastric cancer. (A) M stage
(MO vs. M1; cutoff: 0.357). (B) Clinical stage (I vs. Il + 1l + 1V; cutoff: 0.048). ROC, receiver operating characteristic; FPR, false
positive rate; TPR, true positive rate; AUC, area under the curve.
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Table 4. Characteristics of included studies

Study Year/ Median No. of HR (95% Cl) Design Cutoff Treatment Tumor Follow-up
country  age (yr) patients value stage (mo)
Kudou et al. [18] 2019/Japan 65 144 2.378(1.025-5.249) Retrospective  0.100 Surgery -1V 60.0
Liu et al. [19] 2015/China 59 455  1.626 (1.191-2.219) Retrospective  0.025 Surgery -1 25.0
Toiyama etal. [15]  2016/Japan 67 384 2.21(1.19-4.11) Retrospective  0.058 Surgery 111 47.6
Mao et al. [13] 2017/China 59 337  1.78(1.20-2.65)  Retrospective 0.3778  Surgery -1V 60.0
Toyokawa et al. [20] 2018/Japan 65 75 2.161(1.332-3.507) Retrospective  0.030 Surgery Il 120.0
Saito et al. [14] 2018/Japan 70 453 1.975(1.152-3.386) Retrospective 0.0232  Surgery A% 61.9
Liu etal. [21] 2018/China 64.8 130 2.27(1.76-3.39)  Retrospective  0.440 Surgery -1V 60.0
HR, hazard ratio; Cl, confidence interval.
A Wei .
eight Weight
Study TE seTE HR HR 95% CI (fixed)  (random)
Kudou 0.87 0.4167 —é—'— 2.38 [1.05-5.38] 3.6% 3.6%
Liu 0.49 0.1587 —'—i— 1.63 [1.19-2.22] 24.6% 24.6%
Toiyama 0.79 0.3162 — 2.21 [1.19-4.11] 6.2% 6.2%
Mao 0.58 0.2021 —'—:v— 1.78 [1.20-2.65] 15.2% 15.2%
Toyokawa 0.77 0.2470 —iE— 2.16 [1.33-3.51] 10.2% 10.2%
Saito 0.68 0.2750 —i— 1.98 [1.15-3.39] 8.2% 8.2%
Liu 0.82 0.1672 —i—'— 2.27 [1.64-3.15] 22.2% 22.2%
Our data 0.62 0.2499 —a— 1.86 [1.14-3.04] 9.9% 9.9%
I
1
Fixed effect model < 194 [1.67-2.27]  100.0% -
Random effects model < 1.94 [1.67-2.27] - 100.0%
itv: P =0% 2= - f f f i
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Fig. 4. Forest plot of the Meta analysis. (A) Forest plot of hazard ratio (HR) for the association of CRP/albumin ratio (CAR) with
overall survival (OS) in patients with gastric cancers. (B) Forest plot of HR for the association of CAR with OS in gastric cancers
with different cutoff values. TE, treatment estimate; seTE, standard error of TE; Cl, confidence interval.
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Serum CRP is an acute-phase protein and reported to be a
sensitive prognostic indicator in a variety of inflammatory
diseases and cancers [25,26]. A study has shown that reduction
of CRP as an early predictor of postoperative complications
and a reliable discharge indicator after gastrectomy for
gastric cancer [27]. On the other hand, serum albumin level
is an indicator of body nutrition status, low albumin level
indicates a malnutrition status and often second to patients
with gastrointestinal cancers, especially those at an advanced
stage [28,29]. CAR is calculated based on both serum CRP
and albumin level, which is more reliable than single one
in predicting the outcome of the malignancy [30]. Although
other inflammation-based prognostic indicators, such as NLR
and PLR, have been shown to associate with the prognosis
in patients with gastric cancer, the present study failed to
confirm the prognostic value of them by using multivariate Cox
regression analysis. CAR also reflects immune and nutritional
status of the patients, while other prognostic indicators such
as prognostic nutritional index (PNI) were also found to be
associated with the prognosis of the patients with cancers.
A previous study reported a comparison of CAR with PNI in
363 cancer and non-cancer patients which showed that PNI
and CAR were both useful to predict the long-term survival of
patients. Moreover, CAR has better performance than PNI in
predicting the short-term survival of patients. These results
suggest that these indicators might not stable in predicting the
survival of patients with gastric cancer compared with CAR.

TNM stage is one of the most important criteria in
predicting the prognosis of patients with various cancers, and
many studies reported that inflammation-based prognostic
indicators, including NLR, PLR, and CAR, were associated with
the TNM stage in gastric cancer. For example, Toiyama et al.
[15] reported that CAR was significantly increased in gastric
cancer with lymph node metastasis and poor differentiation.
Liu et al. [19] observed that CAR was associated with the lymph
node metastasis and clinical stage of gastric cancer. A similar
result was found in the report of Mao et al. [13]. However, in
the present study, we failed to show the association with the
clinical features, including the TNM stage, which was similar to
the report by Saito et al. [14], indicating that the change of CAR
might be independent of the TNM stage. Moreover, our results
showed that CAR has a moderate value in discriminating the
M stage (MO and M1) and clinical stage (I and I + III + 1V),
which may help to identify the patients who are at high risk
and provide them proper treatment. In this study, the results
indicated that only M stage, but not T stage or N stage, was as
in independent prognostic factor in predicting the prognosis
of patients. We speculated that the relative sample size might
explain these results, and a larger cohort is necessary to verify
these results.

As in other studies, our results were based on a single center,

which may be subject to several limitations. In order to achieve
a more robust conclusion, we conducted a meta-analysis by
combing our data with previous studies. As shown from the
meta-analysis, including 7 studies with larger gastric cancer
patients, CAR was shown to be significantly associated with
the survival of patients with gastric cancer, which further
confirmed the prognostic value of CAR in these patients.
Unlike other novel prognostic biomarkers, CRP and albumin are
routine laboratory tests using blood samples in clinical practice.
Thus, the results of CAR can be obtained easily and do not add
extra costs to the patients, making it an attractive biomarker
for the prognosis of gastric cancer. For instance, a patient with
high CAR should be considered for surgery or added necessary
adjuvant chemotherapy. In addition, the follow-up interval after
treatment must be shorter compared with those of low CAR
values. Therefore, CAR could be considered as an indicator of
simplicity, cheapness, and easy availability in clinical settings.

However, we acknowledged several limitations in the present
study, which might reduce the robustness of the conclusion.
First, our study was a retrospective design, single-center study,
which potentially leads to selection bias. Second, many factors
affect the serum levels of CRP and albumin, but we could
not adjust these confounding factors in this study. Third,
the postoperative therapy was different across the patients,
which might also induce bias. Fourth, American Society of
Anesthesiologists and Eastern Cooperative Oncology Group
were important indicators used to evaluate the patient's
condition before surgery; however, due to lack of data in our
center, we could not analyze the relation of these scores with
the CAR. Therefore, a future larger-scale study with prospective
design by addressing the aforementioned issues is warranted to
validate our findings.

In conclusion, the present study demonstrates that
preoperative CAR is associated with the prognosis of patients
with gastric cancer after surgery, which may help to provide
proper treatment for patients.
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