
Abstract. Background: We investigated the impact of the
pre-surgical C-reactive protein-to-albumin ratio (CAR) on
survival and recurrence after curative treatment for gastric
cancer. Patients and Methods: This study included 481
patients who underwent curative treatment for gastric cancer
between 2013 and 2017. The risk factors for overall (OS)
and recurrence-free (RFS) survival were identified. Results:
A CAR of 0.05 was regarded as the optimal critical point of
classification considering the 3- and 5-year survival rates
and patients were divided according to their CAR. The OS
rates at 3 and 5 years after surgery were significantly higher
at 92.5% and 87.9%, respectively, in the low-CAR group
compared with 84.9% and 71.9%, respectively, in the high-
CAR group. The corresponding RFS rates were 89.1% and
85.5%, and 81.0% and 72.2%, respectively, also a significant
difference. A multivariate analysis demonstrated that the
CAR was a significant independent risk factor for the OS and
marginally significant independent risk factor for the RFS.
In addition, the incidences of pancreatic fistula and
abdominal abscess were significantly higher and the rate of
introduction of adjuvant chemotherapy significantly lower in

the high-CAR group. Conclusion: The CAR was a risk factor
influencing survival in patients who underwent curative
treatment for gastric cancer. An effective perioperative care
plan and surgical strategy need to be developed according
to the CAR.

Gastric cancer is the third-most common cancer and the
second leading cause of cancer-related death worldwide (1,
2). Curative resection with lymphadenectomy and
perioperative adjuvant treatment is the standard treatment for
gastric cancer. However, almost 50% of patients develop
recurrence, even after curative treatment (3, 4). To further
improve the survival, new approaches as alternatives to
conventional treatment need to be established. 

In various malignancies, the preoperative host inflammatory
status directly and indirectly affects tumor growth. Recent
studies have also reported the preoperative inflammatory
response to be related to tumor metastasis, tumor invasion, and
chemotherapy resistance via damage to DNA, the promotion
of angiogenesis, and the inhibition of apoptosis (5-8). In
addition, some studies have shown that both short- and long-
term oncological outcomes are affected by the inflammatory
response during the perioperative period in gastrointestinal
cancer (9, 10). 

Several scoring systems for the preoperative inflammatory
status, including the Glasgow Prognostic Score, platelet-to-
lymphocyte ratio, and neutrophil-to-lymphocyte ratio, have
been developed, showing potential utility in predicting the
survival of patients with gastric cancer (11-13). However, these
scoring systems require complex calculations and use
numerous perioperative elements, rendering them difficult to
implement in daily clinical practice. Therefore, optimal tools
for comprehensively evaluating the perioperative inflammatory
status in gastric cancer treatment have not yet been established. 
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Recently, the C-reactive protein-to-albumin ratio (CAR)
was identified as a non-specific marker of systemic
inflammation (14-16). CAR has been shown to have some
clinical impact on both the short- and long-term oncological
outcomes of patients with gastrointestinal cancer, including
hepatocellular, esophageal, colorectal, and pancreatic, and
some studies have shown similar tendencies for gastric
cancer. However, few reports have described the prognostic
value of the CAR in patients who undergo curative treatment
for gastric cancer (17, 18). In addition, the mechanism
underlying the relationship between the CAR and
oncological outcomes in gastric cancer is unclear. 

Given the above, we investigated whether or not overall
(OS) and recurrence-free (RFS) survival were affected by the
CAR and clarified the clinical course according to the CAR
in patients who underwent curative treatment for gastric
cancer.

Patients and Methods

Patients. Patients were selected based on the medical records of
consecutive patients who underwent curative resection for gastric
cancer at Kanagawa Cancer Center from 2013 to 2017. The
inclusion criteria were as follows: (i) Histologically proven
adenocarcinoma, (ii) clinical stage I to III disease as evaluated using

according to the 15th edition of the general rules for gastric cancer
published by the Japanese Gastric Cancer Association (19), (iii)
curative gastrectomy for gastric cancer as a primary treatment, (iv)
complete (R0) resection of gastric cancer with radical lymph node
dissection, and (v) ≥16 harvested lymph nodes. 

Surgical procedure and adjuvant treatment. All patients underwent
total or distal gastrectomy with nodal dissection. D1+ nodal
dissection was performed for those with clinical stage IA disease,
and D2 dissection was performed for those with clinical stage IB or
higher disease. Patients diagnosed with pathological II and III
disease received S-1-based adjuvant chemotherapy within 6 weeks
after surgery.

Measurement of the CAR. The CAR was calculated as the serum
CRP level (mg/dl) divided by the serum albumin level (g/dl)
measured 1 week before surgery. 

Follow up. Patients were followed-up at outpatient clinics.
Hematological tests and physical examinations were performed at
least every 3 months for 5 years. The levels of carcinoembryonic
antigen and CA19 9 tumor marker were also checked at least every
3 months for 5 years. Patients underwent a computed tomography
examination every 6 to 12 months until 5 years after surgery

Evaluations and statistical analyses. The significance of differences
between the CAR and clinicopathological parameters was
determined using the chi-squared test. The Kaplan–Meier method
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Table I. Patient characteristics (n=481).

Characteristic                                            Whole cohort, n (%)               CAR<0.05, n (%) (n=381)            CAR≥ 0.05, n (%) (n=100)              p-Value

Age                                                                                                                                                                                                                                 0.132
   <65 Years                                                      145 (30.1%)                                 121 (31.8%)                                    24 (24.0%)                                 
   ≥65 Years                                                      336 (69.9%)                                 260 (68.2%)                                    76 (76.0%)                                 
Gender                                                                                                                                                                                                                            0.177
   Male                                                              319 (66.3%)                                 247 (64.8%)                                    72 (72.0%)                                 
   Female                                                          162 (33.7%)                                 134 (35.2%)                                    28 (28.0%)                                 
Pathological type                                                                                                                                                                                                           0.057
   Intestinal                                                       243 (50.5%)                                 184 (48.3%)                                    59 (59.0%)                                 
   Diffuse                                                          238 (49.5%)                                 197 (51.7%)                                    41 (41.0%)                                 
UICC T status                                                                                                                                                                                                                0.003
   T1                                                                 301 (62.6%)                                 251 (65.9%)                                    50 (50.0%)                                 
   T2 to T3                                                       180 (37.4%)                                 130 (34.1%)                                    50 (50.0%)                                 
Lymph node metastasis                                                                                                                                                                                                 0.011
   Negative                                                       347 (72.1%)                                 285 (74.8%)                                    62 (62.0%)                                 
   Positive                                                         134 (27.9%)                                  96 (35.2%)                                     38 (38.0%)                                 
Lymphatic invasion                                                                                                                                                                                                       0.040
   Negative                                                       334 (69.4%)                                 273 (71.7%)                                    61 (61.0%)                                 
   Positive                                                         147 (30.6%)                                 108 (38.3%)                                    39 (39.0%)                                 
Vascular invasion                                                                                                                                                                                                          0.018
   Negative                                                       276 (57.4%)                                 229 (60.1%)                                    47 (47.0%)                                 
   Positive                                                         205 (42.6%)                                 152 (39.9%)                                    53 (53.0%)                                 
Postoperative complications                                                                                                                                                                                         0.213
   Yes                                                                 68 (14.1%)                                   50 (13.1%)                                     18 (18.0%)                                 
   No                                                                 413 (85.9%)                                 331 (86.9%)                                    82 (82.0%)                                 

CAR: C-Reactive protein-to-albumin ratio; UICC: Union for International Cancer Control.



was used to calculate the OS and RFS curves. Univariate and
multivariate survival analyses were performed using a Cox
proportional hazards model. p-Values of less than 0.05 were
considered to indicate statistical significance. The SPSS software
program (v27.0 J Win; IBM, Armonk, NY, USA) was used for all
statistical analyses. This study was approved by the IRB of
Kanagawa Cancer Center (2019-eki-176).

Results

Patients. We evaluated 481 patients in the present study. The
median age was 68 (range=32-90) years, and 319 patients
were male. The median follow-up period was 62.7 months.
The median length of surgery was 267 minutes. The median
blood loss was 90 ml. The median number of harvested
lymph nodes was 44.

Survival analyses and recurrence patterns. The OS stratified
by each clinical factor was compared using the log-rank test,
and a significant difference was observed using a CAR of 0.05.
On comparing the patient backgrounds between the high-CAR
(CAR ≥0.05) and low-CAR (CAR<0.05) groups, significant

differences were noted in the pathological T status, N status,
and lymphovascular invasion in the high-CAR group (Table I). 

Each clinicopathological factor was categorized as shown in
Table II and analyzed for its prognostic significance. The
univariate analyses for the OS showed that pathological T
factor, pathological N factor, histological type, lymphovascular
invasion, and CAR were significant prognostic factors. The
CAR was therefore selected for the final multivariate analysis
model. The OS rates at 3 and 5 years after surgery were
significantly higher at 92.5% and 87.9%, respectively, for the
low-CAR group, than those of 84.9% and 71.9%, respectively,
for the high-CAR group. The OS curves are shown in Figure 1. 

The univariate analyses for RFS showed that the CAR was
a significant prognostic factor. The CAR was selected as a
marginally significant prognostic factor for the final
multivariate analysis model (Table III). The RFS rates at 3
and 5 years after surgery were higher at 89.1% and 85.5%
respectively, for the low-CAR group, compared with 81.0%
and 72.2%, respectively, for the high-CAR group, a
marginally significant difference (p=0.065). The RFS curves
are shown in Figure 2. 
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Table II. Univariate and multivariate Cox proportional hazards analysis of clinicopathological factors for overall survival.

Factor                                               No                                    Univariate analysis                                                        Multivariate analysis

                                                                                OR                      95% CI                   p-Value                  OR                     95% CI                    p-Value

Age                                                                                                                                       0.125                                                                                   
  <65 Years                                     145                1.000                                                                                                                                                  
  ≥65 Years                                     336                1.568                0.883-2.786                                                                                                              
Gender                                                                                                                                  0.219                                                                                   
  Male                                              162                1.000                                                                                                                                                  
  Female                                          319                1.403                0.818-2.409                                                                                                              
Pathological type                                                                                                                 0.049                                                                                   
  Intestinal                                       243                1.000                                                                                                                                                  
  Diffuse                                          238                1.634                1.003-2.664                                                                                                              
UICC T status                                                                                                                   <0.001                                                                                 0.049
  T1                                                                        1.000                                                                                 1.000                                                        
  T2 to T3                                                              4.553                2.695-7.691                                            1.871                1.002-3.494                     
Lymph node metastasis                                                                                                     <0.001                                                                               <0.001
  Negative                                       347                1.000                                                                                 1.000                                                        
  Positive                                         134                5.166                3.144-8.489                                            2.860                1.635-5.004                     
CAR                                                                                                                                   <0.001                                                                                 0.027
  <0.05                                            381                1.000                                                                                 1.000                                                        
  ≥0.05                                             100                2.397                1.461-3.934                                            1.762                1.067-2.909                     
Lymphatic invasion                                                                                                           <0.001                                                                                   
  Negative                                       334                1.000                                                                                                                                                  
  Positive                                         147                3.056                1.886-4.951                                                                                                              
Vascular invasion                                                                                                              <0.001                                                                                 0.015
  Negative                                       276                1.000                                                                                 1.000                                                        
  Positive                                         205                4.232                2.463-7.270                                            2.120                1.155-3.890                     
Postoperative complications                                                                                               0.811                                                                                    
  Yes                                                 68                 1.000                                                                                                                                                  
  No                                                 413                1.089                0.540-2.199                                                                                                              

CAR: C-Reactive protein-to-albumin ratio; CI: confidence intervaI; OR: odds ratio; UICC: Union for International Cancer Control.



Postoperative course of the low- and high-CAR groups.
When comparing the postoperative course between the two
groups, there were some differences in the incidence of
postoperative surgical complications and details of adjuvant
chemotherapy. The incidences of pancreatic fistula and
abdominal abscess were 8% (8/100) and 4% (4/100),
respectively, in the high-CAR group but 3.2% (12/381) and
1.0% (4/381), respectively, in the low-CAR group. The
incidences of these surgical complications were significantly

higher in the high-CAR group than in the low-CAR group
(p=0.031 and p=0.040, respectively). 

Furthermore, in the present study, there were 126 patients
who were eligible for postoperative adjuvant treatment.
Among those 126 patients (37 in the high-CAR group and
89 in the low-CAR group), 24 refused adjuvant treatment.
The incidence of refusal of adjuvant treatment was
significantly (p=0.049) higher at 29.7% (11/37) in the high-
CAR group compared with 14.6% (13/89) in the low-CAR
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Figure 2. A comparison of recurrence-free survival in patients with a high C-reactive protein-to-albumin ratio (CAR (≥0.05) vs. those with a low
CAR (<0.05).

Figure 1. A comparison of overall survival in patients with a high C-reactive protein-to-albumin ratio (CAR (≥0.05) vs. those with a low CAR
(<0.05).



group. However, there was no significant difference in the
site of first relapse between the two groups (Table IV).

Discussion

The present study explored whether or not the CAR clinically
influences OS or RFS in patients who received curative

treatment for gastric cancer. The major finding was that the
CAR was an independent risk factor for OS and marginally
significant independent risk factor for RFS. In addition, the
incidences of pancreatic fistula and abdominal abscess were
significantly higher and the introductions of adjuvant
chemotherapy significantly lower for the high-CAR group
than in the low-CAR group. Therefore, the CAR appears to be
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Table III. Univariate and multivariate Cox proportional hazards analysis of clinicopathological factors for recurrence free survival. 

Factor                                               No                                    Univariate analysis                                                        Multivariate analysis

                                                                                OR                      95% CI                   p-Value                  OR                     95% CI                    p-Value

Age                                                                                                                                       0.136                                                                                   
  <65 Years                                     145                1.000                                                                                                                                                  
  ≥65 Years                                     336                1.493                0.882-2.529                                                                                                              
Gender                                                                                                                                  0.382                                                                                   
  Male                                              162                1.000                                                                                                                                                  
  Female                                          319                1.242                0.764-2.021                                                                                                              
Pathological type                                                                                                                 0.078                                                                                   
  Intestinal                                       243                1.000                                                                                                                                                  
  Diffuse                                          238                1.499                0.956-2.350                                                                                                              
UICC T status                                                                                                                   <0.001                                                                                 0.003
  T1                                                                        1.000                                                                                 1.000                                                        
  T2 to T3                                                              3.961                2.471-6.349                                            2.292                1.336-3.932                     
Lymph node metastasis                                                                                                     <0.001                                                                               <0.001
  Negative                                       347                1.000                                                                                 1.000                                                        
  Positive                                         134                4.579                2.912-7.199                                            2.924                1.744-4.901                     
CAR                                                                                                                                     0.003                                                                                 0.065
  <0.05                                            381                1.000                                                                                 1.000                                                        
  ≥0.05                                             100                2.022                1.236-3.239                                            1.566                0.972-2.522                     
Lymphatic invasion                                                                                                           <0.001                                                                                   
  Negative                                       334                1.000                                                                                                                                                  
  Positive                                         147                2.991                1.915-4.671                                                                                                              
Vascular invasion                                                                                                              <0.001                                                                                   
  Negative                                       276                1.000                                                                                                                                                  
  Positive                                         205                3.498                2.161-5.662                                                                                                              
Postoperative complications                                                                                               0.956                                                                                   
  Yes                                                 68                 1.000                                                                                                                                                  
  No                                                 413                1.018                0.538-1.925                                                                                                              

CAR: C-Reactive protein-to-albumin ratio; CI: confidence intervaI; OR: odds ratio; UICC: Union for International Cancer Control. 

Table IV. Patterns of recurrence between the patients with low <0.05) and high (≥0.05) C-reactive protein-to-albumin ratio (CAR).

                                                                                                                                                        CAR, n (%)

Recurrence site                               All cases (n=481), n (%)                            <0.05 (n=381)                           ≥0.05 (n=100)                           p-Value

Peritoneal                                                    22 (4.6%)                                            15 (3.9%)                                       7.0%                                    0.192
Hematological                                             15 (3.1%)                                            10 (2.6%)                                       5.0%                                    0.950
Lymph node                                                10 (2.1%)                                             8 (2.1%)                                        2.0%                                    0.224
Local site                                                      9 (1.9%)                                              7 (1.8%)                                        2.0%                                    0.915

Total                                                                   56                                                        40                                                                                              



a promising clinical prognostic marker for patients who
received curative treatment for gastric cancer, and patients
with a high CAR seem to require much more attention in the
postoperative clinical course than those with low CAR. 

In the present study, the hazard ratio (HR) for a high CAR
in OS was 1.762 [95% confidence interval (CI)=1.067-
2.909], and that for the RFS was 1.566 (95% CI=0.972-
2.522). Similar HRs for the CAR in gastric cancer were
previously reported, ranging from 1.33 to 2.21 (20, 21). In
resectable gastric cancer, Toiyama et al. evaluated the
clinical impact of the CAR in 384 patients with stage I to III
gastric cancer (22). They reported that a high CAR was a
risk factor for poorer OS (HR=2.21, 95% CI=1.19-4.11;
p=0.011) and RFS (HR=1.82, 95% CI=1.03-3.23; p=0.038).
In metastatic gastric cancer, Baba et al. clarified the
prognostic impact of the CAR in 123 patients with
unresectable stage IV gastric cancer (23), demonstrating a
high CAR to be an independent risk factor for poorer OS
(HR=1.11, 95% CI=1.03-1.18). Given these previous
findings, the CAR appears to influence clinically the survival
of patients with gastric cancer in both resectable and
metastatic settings.

Regarding why the CAR affects the survival of patients
with gastric cancer, our study results suggest several possible
explanations. Firstly, the CAR status may have been
correlated with postoperative infectious complications. In the
present study, a high CAR was associated with the
occurrence of pancreatic fistula and abdominal abscess. A
similar result was observed in a previous study, where
Toiyama et al. found that a high CAR influenced the
occurrence of postoperative surgical site infection in gastric
cancer. Furthermore, those authors reported that a high CAR
was an independent risk factor for surgical site infection
(22). In addition, Lee et al. evaluated the relationship
between the CAR and perioperative surgical complications
in 128 patients with gastric cancer (24). They demonstrated
that the CAR was an independent prognostic factor of
perioperative surgical complications (HR=2.832, p=0.045).
Recently, other studies have reported that the occurrence of
postoperative surgical complications influences the
recurrence pattern and patient survival in various
malignancies (25, 26). Therefore, patients with a high CAR
tend to more frequently develop postoperative surgical
complications compared to those with a low CAR, and the
occurrence of surgical complications might then lead to a
poor prognosis. A second possible reason was that the CAR
was correlated with the introduction of postoperative
adjuvant chemotherapy. Pivotal studies have demonstrated
the effectiveness of adjuvant chemotherapy for patients with
locally advanced gastric cancer (27, 28), with the
introduction of postoperative chemotherapy proving to be a
key treatment in these patients. In the present study, the
frequency of patients in whom adjuvant treatment could not

be introduced was significantly higher for the high-CAR
group than the low-CAR group (29.7% vs. 14.6%, p=0.049).
Therefore, the patients in the High-CAR group tended not to
receive the clinical benefit of adjuvant chemotherapy. The
preoperative CAR has been shown to influence the
introduction of adjuvant chemotherapy. For example,
Tominaga et al. found that the CAR influenced the
occurrence of side-effects of adjuvant treatment in 136
patients with stage III colorectal cancer (29); the incidence
of side-effects of grade ≥III was 51.7% (15/29) in the high-
CAR group and 18.7% (20/107) in the low-CAR group.
Given these findings, the CAR status might influence the
decision to administer adjuvant chemotherapy. However,
whether or not the CAR affected the continuation of adjuvant
chemotherapy or the toxicity of adjuvant chemotherapy in
the present study is unclear. Further studies focusing on this
issue will therefore be needed.

The cut-off value of CAR was 0.05 in the present study;
in previous studies, the cut-off value ranged from 0.02 to
0.58. For example, Saito et al. evaluated the CAR as a
prognostic factor in 453 patients with stage I-IV gastric
cancer, setting the cut-off value at 0.0232 according to a
receiver operating characteristic analysis (30). Toiyama et al.
evaluated the CAR as a prognostic factor in 384 patients with
stage I-III gastric cancer (24), setting the cut-off value at
0.051 according to their own receiver operating
characteristics analysis. In addition, Li et al. evaluated the
CAR as a prognostic factor in 258 patients with stage IV
gastric cancer (26), setting the cut-off value at 0.5897. The
difference in the cut-off value of CAR might be affected by
several factors. Firstly, differences in patient background
characteristics might be responsible. For example, Saito et
al.’s study included patients with stage I-IV gastric cancer,
while Toiyama et al.’s study and the present study only
included those with stage I-III gastric cancer. Secondly, the
treatment methods differed among studies. Patients only
received chemotherapy in Li et al.’s study, while they
underwent surgery and received adjuvant chemotherapy in the
present study. Thirdly, the number of patients also differed
among studies. To utilize the CAR to determine the optimum
gastric cancer treatment strategy, it is essential to set and
establish an ideal cut-off value. Thus, further studies will be
needed in order to establish optimal evaluation methods and
optimal cut-off values of the CAR in gastric cancer.

Several limitations associated with the present study
warrant mention. Firstly, the present study was a
retrospective analysis at a single institution. Thus, there
might have been some selection bias among the patients in
this series. Secondly, the timing of the evaluation of the CAR
was not standardized, with measurements made from
preoperative days 1 to 7. This timing bias might have
influenced the present study results. Given these limitations,
the present results must be confirmed in another cohort.
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In conclusion, the preoperative CAR was shown to be a
significant prognostic factor for patients who received curative
treatment for gastric cancer. The preoperative CAR is a
promising and useful tool for developing treatment strategies
to optimize the management of patients with gastric cancer.
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