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Abstract
Purpose  This study evaluated the prognostic value of C-reactive protein–to–albumin (CAR) and neutrophil-to-lymphocyte 
ratios (NLR) in conjunction with host-related factors in patients with unresectable advanced or recurrent gastric cancer.
Methods  A total of 411 patients with unresectable advanced gastric cancer were treated at Kochi Medical School between 
2007 and 2019. Associations between clinicopathological parameters and systemic inflammatory and nutritional markers, 
including CAR and NLR, with overall survival were analyzed retrospectively.
Results  The optimal cut-off values of predicted median survival time were 0.096 (sensitivity, 74.9%; specificity, 42.5%) 
for CAR and 3.47 (sensitivity, 64.1%; specificity, 57.5%) for NLR, based on the results of receiver operating characteristic 
analysis. A weak significant positive correlation was identified between CAR and NLR (r = 0.388, P < 0.001). The median 
survival time was significantly higher in patients with intestinal-type than those with diffuse-type histology (18.3 months vs. 
9.5 months; P = 0.001), CAR < 0.096 than those with CAR ≥ 0.096 (14.8 months vs. 9.9 months; P < 0.029), and those with 
NLR < 3.47 than NLR ≥ 3.47 (14.7 months vs. 8.8 months; P < 0.001). Multivariate survival analysis revealed that diffuse-
type histology (hazard ratio (HR) 1.865; 95% confidence interval (CI) 1.397–2.490; P < 0.001)), 1 or more performance 
status (HR 11.510; 95% CI 7.941–16.683; P < 0.001), and NLR ≥ 3.47 (HR 1.341; 95% CI 1.174–1.769; P = 0.023) were 
significantly associated with independent predictors of worse prognosis.
Conclusions  High CAR and NLR are associated with poor survival in patients with unresectable and recurrent gastric cancer.
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Introduction

Gastric cancer is the fourth most prevalent malignancy 
worldwide and the second leading cause of cancer-related 
deaths [1–3]. Despite the continuous advancements in thera-
peutic methods, studies have shown that patients with unre-
sectable advanced or metastatic gastric cancer have a poor 
prognosis [4]. Chemotherapy with or without molecular tar-
geted drugs is the recommended treatment for these patients, 

while extensive surgery with regional lymphadenectomy 
is an effective treatment for localized disease [5]. Various 
prognostic factors used to predict the long-term survival of 
patients with gastric cancer have been reported, with carci-
noembryonic antigen (CEA) and carbohydrate antigen 19–9 
(CA19-9) as the most commonly used tumor biomarkers 
[6]. However, the sensitivity and specificity of these tumor 
markers are insufficient in clinical practice.

Recently, significant attention has been paid to the asso-
ciation between malignancies and various nutritional status 
and inflammatory biomarkers, which have been considered 
crucial for predicting cancer survival [7, 8]. Several studies 
have suggested that preoperative systemic inflammatory and 
nutritional markers such as the neutrophil-to-lymphocyte 
ratio (NLR), prognostic nutrition index (PNI), and Glasgow 
prognostic score (GPS) are associated with the progression 
and prognosis of many malignancies [9]. Recent studies have 
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also indicated that an elevated C-reactive protein–to–albu-
min ratio (CAR) was independently associated with poor 
outcomes in patients with gastric cancer, including cohorts 
with different stages [10, 11]. However, the predictive ability 
of CAR in patients with unresectable advanced gastric can-
cer remains insufficient when used individually, and novel 
biomarkers that could predict prognosis precisely should be 
explored.

Recent advances of new chemotherapeutic and molecular 
targeting agents improved the survival of patients with meta-
static gastric cancer. In addition, conversion therapy, which 
is a surgical treatment aiming at a curative resection after 
drug therapy for tumors that were originally unresectable, 
has become a popular concept in the field of surgical oncol-
ogy [12, 13]. At the same time, the treatment for recurrent 
cancer patients after curative resection by surgery is also 
important. Therefore, the exploration of potential prognostic 
markers in patients with unresectable advanced or recurrent 
gastric cancer is a prominent issue in the surgical field.

Therefore, we investigated the prognostic value of sys-
temic inflammatory and nutritional indices on survival, 
including CAR and NLR in conjunction with host-related 
factors, calculated at the time of diagnosis in a large sample 
of patients with unresectable advanced or recurrent gastric 
cancer based on pathological parameters.

Patients and methods

Patients

This retrospective study included 411 patients with unresect-
able advanced or recurrent gastric cancer at Kochi Medical 
School between January 2007 and December 2019 based on 
a medical information database. Gastric cancer diagnoses 
were determined by esophagogastroduodenoscopy, biopsy 
specimen analysis, computed tomography, magnetic reso-
nance imaging, ultrasonography of the abdomen, and posi-
tron emission tomography. We reviewed the medical records 
and collected data on the following patient characteristics: 
age, sex, histological type, history of gastrectomy, meta-
static sites, baseline blood cell count, and serum chemical 
parameters before treatment initiation. Patients who might 
be indicated for surgery including the case of isolated local 
recurrence were excluded in this study.

Blood samples were collected and analyzed for serum 
concentrations of albumin and C-reactive protein (CRP), as 
well as neutrophil and lymphocyte cell counts. Tumor histol-
ogy was categorized as intestinal type (well-differentiated, 
moderately differentiated, and papillary adenocarcinoma) 
or diffuse type (poorly differentiated, mucinous adenocarci-
noma and signet ring cell carcinoma) according to Lauren’s 
classification [14].

Treatment

When the patients had insufficient organ function or per-
formance status according to the Eastern Cooperative 
Oncology Group performance status (ECOG PS) of 3 or 
more, best supportive care (BSC) to palliate symptoms 
was performed. Patients who could not eat enough due to 
refractory cancer cachexia or uncontrollable stenosis of the 
gastrointestinal tract also received BSC. Patients with both 
a human epidermal growth factor receptor 2 (HER2) status 
of 3 + or 2 + (based on immunohistochemical staining of 
tumor samples) and positive results by fluorescence in situ 
hybridization analyses following their clinical examination 
were treated with the monoclonal antibody trastuzumab to 
the combination of cisplatin and capecitabine, according 
to the ToGA trial, which demonstrated that response rate, 
progression-free survival, and overall survival are greatly 
improved by adding trastuzumab [15].

The patients with sufficient organ function and per-
formance status according to the ECOG PS of 2 or less 
were treated using platinum compounds plus fluoropy-
rimidines as first-line treatment, following the previous 
large-scale randomized controlled trials [16, 17]. A total 
of 214 patients (67.7%) were shifted to second-line treat-
ment with taxanes, irinotecan, and ramucirumab after 
evidence of disease progression [18]. Furthermore, 171 
patients (54.1%) were shifted to third-line treatment using 
other anti-tumor drugs, including nivolumab and triflu-
ridine tipiracil, similar to recent randomized controlled 
trials [19, 20].

Overall survival (OS) after treatment was calculated 
from the date of pathological diagnosis to the date of death 
or the final follow-up visit.

Measurement of serum variables

Venous blood samples were collected at the time of diag-
nosis and during chemotherapy, and the proportion of par-
ticular cell types was determined using Giemsa-stained 
blood smears. Cut-off values for the target laboratory 
examinations were defined by the upper limit of normal 
values set by the automatic biochemical detector, the 
machine used in our hospital for biochemical analysis. The 
recommended normal upper limits of serum tumor mark-
ers were as follows: 3.4 ng/mL for CEA, 37 ng/mL for 
CA19–9, and 35 U/mL for CA125. A result was considered 
positive when the value of the serum marker was higher 
than the upper limit for this marker in serum from healthy 
patients. The neutrophil count divided by the lymphocyte 
count and the CRP divided by albumin were recorded 
as NLR and CAR, respectively. The PNI was calculated 
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using the following formula: PNI = serum albumin level 
(g/L) + [5 × total lymphocyte count (/L)] [21].

Statistical analysis

Differences between mean values of the two patient groups 
were tested for significance using the Mann–Whitney U 
test for continuous variables and Pearson’s chi-square test 
for categorical variables. The correlation between each 
variable was evaluated by calculating Pearson’s product 
moment correlation coefficient. The optimal cut-off level 
was determined based on receiver operating characteristic 
(ROC) curve analysis using Youden’s index. We used the 
Kaplan–Meier method to generate cumulative survival rates 
and compared them using the log-rank test to evaluate the 
statistical significance. Statistical analyses were performed 

using SPSS version 22.0. The Cox proportional hazards 
regression analysis was used to identify factors indepen-
dently associated with survival. For the subgroup analysis 
of OS, the hazard ratios (HRs) and 95% confidence intervals 
(CIs) within each subgroup were summarized. When various 
factors were considered in the multivariate analysis, all were 
dichotomized according to the univariate analysis.

Results

Patient characteristics

Table 1 summarizes the clinical characteristics of patients 
with unresectable advanced gastric cancer. The study 
cohort comprised 265 men and 146 women with a median 

Table 1   Clinical characteristics 
of patients (n = 411) with 
unresectable advanced gastric 
cancer

CAR​, C-reactive protein–to–albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PNI, prognostic nutrition 
index

Age, median (range), years 70 (19–93)
Survival time, median (range), months 11.6 (0.1–98.3)
Sex (%)
  Male 265 (64.5)
  Female 146 (35.5)

Treatment
  Best supportive care 95
  Anti-tumor drug treatment 316

Histological type
  Intestinal 157
  Diffuse 254

Disease status
  Initially metastatic 293
  Recurrent after curative resection 118

Metastasis site
  Hematogenous metastasis (liver, lung, bone) 147
  Peritoneum 182
  Lymph node 82

Laboratory examination
  Albumin (mg/dL), median (range) 3.6 (1.5–5.0)
  C-reactive protein (mg/dL), median (range) 1.0 (0.0–21.4)
  White blood cells count (/mm3), median (range) 7000 (1700–26,900)
  Neutrophil count (/mm3), median (range) 4680 (422–28,580)
  Lymphocyte count (/mm3), median (range) 1345 (75–7800)

Serum tumor markers
  Carcinoembryonic antigen (ng/mL), median (range) 4.9 (0.3–7882)
  Carbohydrate antigen 19–9 (U/mL), median (range) 21.8 (0.6–10,779)
  Carbohydrate antigen 125 (U/mL), median (range) 22.8 (3.7–12,638)

Inflammatory response and nutritional biomarkers
  CAR, median (range) 0.253 (0.0–9.588)
  NLR, median (range) 3.51 (0.24–31.33)
  PNI, median (range) 36.0 (0.0–50.1)
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age of 70 years (range, 19–93 years). The median sur-
vival time was 11.6 months (range, 0.7–85.5 months), and 
the overall 1-, 2-, and 3-year survival rates after therapy 
were 49.2%, 24.7%, and 14.4%, respectively. Of these 
411 patients, 157 had intestinal-type tumors and 254 had 
diffuse-type tumors. On diagnosis, 293 patients were clas-
sified as having metastatic cancer and 118 were classi-
fied as having recurrent cancer following curative resec-
tion of gastric cancer. The median pretreatment values of 
CEA, CA19–9, and CA125 among all 411 patients were 
4.9 ng/mL (range, 0.3–7882 ng/mL), 21.8 U/mL (range, 
0.6–10,779 U/mL), and 22.8 U/mL (range, 3.7–12,638 U/
mL), respectively. The median, pretreatment CAR, NLR, 
and PNI across all patients (n = 411) were 0.253 (range, 
0.0–9.588), 3.51 (range, 0.24–31.33), and 36.0 (range, 
0.0–50.1), respectively.

Correlation of serum variables and survival

The correlation between each variable such as serum 
inflammatory and nutritional index, and survival was 
evaluated. A weak significant positive correlation was 
identified between CAR and NLR (r = 0.388, P < 0.001; 
Fig. 1). There was no significant relationship between 
OS and CAR (r =  − 0.102, P = 0.039), OS and NLR 
(r =  − 0.167, P < 0.001), and OS and PNI (r = 0.173, 
P < 0.001).

Cut‑off values of CAR and NLR

According to ROC curve analysis for the predicted median 
survival time, the optimal cut-off values of CAR, NLR, 
and PNI for OS were 0.096 (sensitivity, 74.9%; specific-
ity, 42.5%), 3.47 (sensitivity, 64.1%; specificity, 57.5%), 
and 30.1 (sensitivity, 74.3%; specificity, 27.4%), respec-
tively (Fig. 2). The area under the curve (AUC) was 0.573 
(95% CI, 0.513–0.634; P = 0.019) for CAR, 0.599 (95% 
CI, 0.539–0.659; P = 0.002) for NLR, and 0.444 (95% CI, 
0.384–0.505; P = 0.074) for PNI. When the combined value 
that was calculated by multiplying CAR by ten and adding 
NLR to increase diagnostic sensitivity and specificity, the 
optimal cut-off values of this marker for OS were 5.02 (sen-
sitivity, 71.9%; specificity, 49.7%).

Association of serum inflammatory and nutritional 
index and survival

The median survival time for patients treated with anti-
tumor drug was significantly higher than for those without 
anti-tumor drug (14.2 months vs. 3.5 months; P < 0.001) 
(Fig. 3A). Similarly, the median survival time of patients 
with intestinal-type histology was significantly higher 
than of those with diffuse-type histology (18.3 months vs. 
9.5 months; P = 0.001) (Fig. 3B). The patients (n = 411) 
were divided into group based on the pretreatment median 
CAR (< 0.096 and ≥ 0.096), NLR (< 3.47 and ≥ 3.47), and 

Fig. 1   Scatter plot of C-reactive 
protein–to–albumin (CAR) 
compared to the neutrophil-
to-lymphocyte ratio (NLR). A 
weak significant positive cor-
relation was observed between 
CAR and NLR (r = 0.388, 
P < 0.001)
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PNI (< 30.1 and ≥ 30.1). The median survival time was also 
significantly higher in patients with CAR < 0.096 than those 
with CAR ≥ 0.096 (14.8 months vs. 9.9 months; P < 0.029) 
and NLR < 3.47 than those with NLR ≥ 3.47 (14.7 months 
vs. 8.8 months; P < 0.001) (Fig. 4).

Univariate and multivariate survival analyses

 Table 2 summarizes the clinical characteristics and sur-
vival of patients in the present study using univariate and 
multivariate analyses. In the univariate analysis, anti-
tumor drug treatment was significantly associated with 
a favorable outcome (HR 0.214; 95% CI 0.157 – 0.291; 
P < 0.001), while diffuse-type histology (HR 1.538; 95% CI 
1.176–2.012; P = 0.002), 1 or more ECOG PS (HR 11.322; 
95% CI 8.426–15.213), CAR ≥ 0.096 (HR 1.284; 95% CI 
1.025–1.608; P = 0.030), NLR ≥ 3.47 (HR 1.588; 95% CI 
1.266–1.992; P < 0.001), and combined value of CAR and 
NLR ≥ 5.02 (HR 1.382; 95% CI 1.094–1.745; P = 0.007) 
were significantly associated with a poor outcome.

In multivariate analysis of OS, anti-tumor drug treatment 
was significantly associated with a favorable outcome (HR 
0.268; 95% CI 0.182–0.393; P < 0.001), while diffuse-type 
histology (HR 1.865; 95% CI 1.397–2.490; P < 0.001), 1 
or more ECOG PS (HR 11.510; 95% CI 7.941–16.683; 
P < 0.001), and NLR ≥ 3.47 (HR 1.341; 95% CI 1.174–1.769; 
P = 0.023) was significantly associated with a poor outcome. 
The survival rate was not significantly associated with age, 
sex, disease status, metastasis site, CAR, and PNI.

Comparison between the systemic drug treatment 
and the BSC group

Table 3 shows the results of univariate analysis of the 
clinicopathological characteristics between the patients 
who underwent systemic drug treatment and BSC. The 
median survival time was significantly longer in patients 

Fig. 2   Receiver operating characteristic (ROC) curve analysis of the 
C-reactive protein–to–albumin ratio (CAR), neutrophil-to-lympho-
cyte ratio (NLR), prognostic nutrition index (PNI), and combined 
value of CAR and NLR for survival status of patients with advanced 
gastric cancer

Fig. 3   Kaplan–Meier estimates of overall survival for patients with unresectable and recurrent gastric cancer according to drug treatment (A) 
and histological type (B). There were significant differences in survival between the groups (P < 0.001; stratified log-rank test)
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who underwent systemic drug treatment than those who 
received BSC (14.2 months vs. 3.5 months, P < 0.001). 
CAR, NLR, and combined value of CAR and NLR were 
significantly lower in patients who underwent systemic 
drug treatment than those who received BSC (0.203 vs. 
0.607; P = 0.049, 3.30 vs. 4.49; P = 0.004, 5.71 vs. 10.31; 
P < 0.001, respectively). PNI was significantly higher in 
patients who underwent systemic drug treatment than 
those who received BSC (36.1 vs. 34.1; P = 0.003).

Analysis for recurrent gastric cancer compared 
to initially metastatic disease

Table 4 shows the results of univariate analysis of the 
clinicopathological characteristics between the patients 
with recurrence after curative resection and initially meta-
static gastric cancer. The incidence of patients who under-
went systemic drug treatment was significantly higher 
in patients with recurrent gastric cancer than those with 
initially metastatic disease (85.6% vs. 73.4%, P = 0.008). 
CAR, NLR, and combined value of CAR and NLR were 
significantly lower in patients with recurrent gastric can-
cer than those with initially metastatic disease (0.045 vs. 
0.575; P < 0.001, 2.43 vs. 4.19; P < 0.001, 2.83 vs. 9.25; 
P < 0.001, respectively). PNI was significantly higher in 
patients with recurrent gastric cancer than those with ini-
tially metastatic disease (40.6 vs. 33.2; P < 0.001).

Survival analysis of patients who underwent best 
supportive care

Table 5 summarizes the clinical characteristics and sur-
vival of patients who underwent the best supportive care 
to remove the confounding effect of chemotherapy using 
univariate and multivariate analyses. In multivariate analy-
sis of OS, diffuse-type histology (HR 5.463; 95% CI 2.159 
– 13.825; P < 0.001), and CA125 ≥ 42.5 U/mL (HR 2.751; 
95% CI 1.220 – 6.203; P = 0.012) was significantly associ-
ated with a poor outcome. The survival rate was not signifi-
cantly associated with age, sex, disease status, metastasis 
site, CAR, NLR, and PNI.

Discussion

We found that increased CAR and NLR were significantly 
associated with a poor OS, and NLR was an independent 
predictor of poor prognosis in patients with unresectable 
advanced gastric cancer, indicating that these indicators 
might be used as potential markers to define the prognosis 
of these patients. This is the first study to demonstrate the 
relationship between CAR and prognosis in patients with 
unresectable advanced gastric cancer.

In the current study, a significant positive correlation 
was identified between CAR and NLR. Serum albumin is 
produced by hepatocytes and regulated by proinflammatory 

Fig. 4   Kaplan–Meier estimates of overall survival of patients with 
unresectable and recurrent gastric cancer according to C-reactive 
protein–to–albumin ratio (A) and neutrophil-to-lymphocyte ratio (B). 

There were significant differences in survival between the groups 
(P = 0.030, P < 0.001, respectively; stratified log-rank test)
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cytokines and plays an important regulatory role in body 
fluid distribution substrate transport and acid-based physiol-
ogy between the intravascular and extravascular space [22]. 
Circulating lymphocytes play an important immunological 
role in various carcinomas and their levels are associated 
with survival, and neutrophils contribute to inflammation by 
activating pro-angiogenic factors [23]. CRP is also produced 

by liver cells and is an inflammatory marker that plays a 
crucial role in tumor development and distant metastasis and 
tumor progression and prognosis [24–26]. Therefore, CAR 
and NLR are related to inflammation, nutrition, and immune 
activity, which represent the balance between inflammatory 
activation and regulatory factors. As shown in our results, 
the combined value of CAR and NLR might be a candidate 

Table 2   Overall survival of patients for unresectable or recurrent gastric cancer using univariate and multivariate analyses

ECOG PS, Eastern Cooperative Oncology Group performance status; CAR​, C-reactive protein–to–albumin ratio; NLR, neutrophil-to-lymphocyte 
ratio; PNI, prognostic nutrition index

Variable Overall survival

Univariate Multivariate

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age group, years 0.297
   < 70 1

   ≥ 70 1.126 (0.901–1.409)
Sex 0.843
  Male 1
  Female 0.977 (0.772–1.235)

Treatment  < 0.001  < 0.001
  Best supportive care 1 1
  Anti-tumor drug treatment 0.214 (0.157–0.291) 0.268 (0.182–0.393)

Histological type 0.002  < 0.001
  Intestinal 1 1
  Diffuse 1.538 (1.176–2.012) 1.865 (1.397–2.409)

Disease status 0.164
  Initially metastatic 1
  Recurrent after curative resection 0.839 (0.655–1.074)

Metastasis site 0.335
  Hematogenous metastasis (liver, lung, bone) 1
  Peritoneum 1.254 (0.926–1.700)
  Lymph node 1.023 (0.746–1.402)

ECOG PS <0.001  < 0.001
   < 1 1 1
   ≥ 1 11.322 (8.426–15.213) 11.510 (7.941–16.683)

CAR​ 0.030 0.301
   < 0.096 1 1
   ≥ 0.096 1.284 (1.025–1.608) 0.862 (0.651–1.142)

CAR​ 0.085
   < 0.253 1
   ≥ 0.253 1.232 (0.971–1.562)

NLR  < 0.001 0.023
  < 3.47 1 1
   ≥ 3.47 1.588 (1.266–1.992) 1.341 (1.174–1.769)

PNI 0.963
   < 30.1 1

   ≥ 30.1 1.006 (0.793–1.275)
Combined value of CAR and NLR 0.007 0.174
   < 5.02 1 1
   ≥ 5.02 1.382 (1.094–1.745) 0.661 (0.363–1.201)
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for a reliable marker to predict survival for patients with 
unresectable advanced or recurrent gastric cancer.

Based on our results, patients with advanced gastric 
cancer having high CAR had worse survival times than 
those with low CAR. Recently, a growing amount of evi-
dence has suggested that the CAR at diagnosis could be a 
favorable prognostic factor and a more reliable evaluation 
tool for the physiological status of cancer patients, includ-
ing lung, esophageal, gastric, and colorectal cancer [10, 11, 
25, 27–32]. Liu et al. reported that CAR was independently 
associated with OS in their retrospective analysis of 455 
patients with gastric cancer undergoing curative resection 
[33]. In an analysis of 453 patients who underwent curative 
surgery for gastric cancer, Saito et al. reported that the com-
bination of CAR and NLR was an independent prognostic 
indicator [10]. They used CAR and NLR cut-off values of 

0.0232 and 2.43, respectively, as determined by ROC analy-
sis; and Mao et al. also showed a significant prognostic value 
of these markers using CAR and NLR cut-off values of 0.38 
and 3.14, respectively [10, 25]. This value is different from 
previous studies, which may be due to the difference in study 
populations. Although 0.096 and 3.47 were defined as the 
cut-off values of CAR and NLR in the present study, the 
optimal cut-off values remain unclear due to the retrospec-
tive nature of studies demonstrating the prognostic signifi-
cance of these markers in cancer patients.

Multivariate analysis showed that NLR was indepen-
dently related to poor survival in our cohort, which indicated 
the prognostic value of systemic inflammatory response 
markers in patients with gastric cancer. Numerous studies 
have demonstrated that NLR is a reliable marker associated 
with poor prognosis in various solid tumors [9, 10, 25]. We 

Table 3   Comparison of clinicopathological characteristics between the patients who underwent systemic drug treatment and BSC

BSC, best supportive care; CAR​, C-reactive protein–to–albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PNI, prognostic nutrition index

Variable Systemic drug treatment group 
(n = 316)

BSC group (n = 95) P value

Age, median (range), years 71 (19–93) 69 (33–89) 0.984
Survival time, median (range), months 14.2 (0.4–98.3) 3.5 (0.1–19.1)  < 0.001
Gender (%) 0.744
   Male 206 60
  Female 111 35

Histological type 0.144
  Intestinal type 127 30
  Diffuse type 189 65

Disease status 0.007
  Initially metastatic 215 78
  Recurrent after curative resection 101 17

Metastasis site 0.616
  Hematogenous metastasis (liver, lung, bone) 112 35
  Peritoneum 143 37
  Lymph node 61 21

Laboratory examination
  Albumin (mg/dL), median (range) 3.6 (1.5–5.0) 3.5 (1.7 – 4.8) 0.068
  C-reactive protein (mg/dL), median (range) 0.72 (0.0–21.4) 1.9 (0.0 – 16.3) 0.039
  White blood cells count (/mm3), median (range) 6800 (1700 – 26,900) 8550 (240 – 1840) 0.012
  Neutrophil count (/mm3), median (range) 4540 (1156 – 21,251) 6165 (422 – 2858) 0.010
  Lymphocyte count (/mm3), median (range) 1395 (245 – 4750) 1270 (750 – 7800) 0.244

Serum tumor markers
  Carcinoembryonic antigen (ng/mL), median (range) 4.65 (0.40 – 7882) 7.9 (0.3 –2287) 0.818
  Carbohydrate antigen 19–9 (U/mL), median (range) 18.5 (0.6 – 10,779) 42.6 (1.5 – 4343) 0.262
  Carbohydrate antigen 125 (U/mL), median (range) 20.4 (3.7 – 12,638) 42.5 (5.9 – 7070) 0.361

Inflammatory response and nutritional biomarkers
 CAR, median (range) 0.203 (0.0–6.710) 0.607 (0.0–9.588) 0.049
 NLR, median (range) 3.30 (0.51–31.33) 4.49 (0.24–28.0) 0.004
 PNI, median (range) 36.1 (0.0–50.1) 34.1 (0.0–48.1) 0.003
 Combined value of CAR and NLR 5.71 (0.25–75.83) 10.31 (0.90–110.43)  < 0.001
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also confirmed that anti-tumor drug treatment and intestinal-
type histology were independent poor prognostic factors of 
advanced gastric cancer. The parameters used by these indi-
ces can be easily calculated and routinely evaluated in labo-
ratory tests during pretreatment diagnostic workup, which 
is also a simple and objective indicator.

In the results of our study, CAR, NLR, and PNI showed 
significantly different levels between the patients who under-
went systemic drug treatment and those who received BSC. 
Similarly, CAR, NLR, and PNI showed significantly differ-
ent levels between the patients with recurrent gastric cancer 
and those with initially metastatic disease. The Japan Clini-
cal Oncology Group (JCOG) validated a prognostic scoring 
index for advanced gastric cancer, in which ECOG PS ≥ 1, 
number of metastatic sites ≥ 2, no prior gastrectomy, and 

elevated alkaline phosphatase were selected [34, 35]. Gener-
ally, the patients with insufficient organ function, ECOG PS 
of 3 or more, or insufficient dietary intake due to cachexia 
were performed BSC to palliate symptoms, and the present 
study adopted this standard as well. Therefore, systemic 
inflammatory and nutritional markers such as CAR, NLR, 
and PNI might be worse levels in patients who underwent 
BSC than those who underwent systemic drug treatment.

Gastric cancer is divided into intestinal and diffuse 
types according to the Lauren classification [14]. In the 
present study, we also demonstrated that diffuse-type 
gastric cancer was independently associated with poor 
survival compared to intestinal-type cancer. This result 
was consistent with previous studies, which showed that 
histological type according to the Lauren classification 

Table 4   Comparison of clinicopathological characteristics between the patients with recurrence after curative resection and initially metastatic 
gastric cancer

CAR​, C-reactive protein–to–albumin ratio; NLR, neutrophil-to-lymphocyte ratio; PNI, prognostic nutrition index

Variable Recurrent after curative resection 
group (n = 118)

Initially metastatic group 
(n = 293)

P value

Age, median (range), years 70 (36–93) 71 (19–91) 0.754
Survival time, median (range), months 15.1 (0.2–69.3) 10.7 (0.1–90.0) 0.163
Gender (%) 0.506
  Male 79 186
  Female 39 107

Drug treatment for cancer 0.008
  Absence 17 78
  Presence 101 215

Histological type 0.045
  Intestinal type 54 103
  Diffuse type 64 190

Metastasis site 0.379
  Hematogenous metastasis (liver, lung, bone) 47 100
  Peritoneum 46 136
  Lymph node 25 57

Laboratory examination
  Albumin (mg/dL), median (range) 4.1 (2.6–5.0) 3.4 (1.5–4.7)  < 0.001
  C-reactive protein (mg/dL), median (range) 0.2 (0.0–13.6) 1.93 (0.0–21.4)  < 0.001
  White blood cells count (/mm3), median (range) 5650 (2400–26,900) 7500 (1700–21,600)  < 0.001
  Neutrophil count (/mm3), median (range) 3500 (1000–21,251) 5185 (422–28,580)  < 0.001
  Lymphocyte count (/mm3), median (range) 1500 (492–44,100) 1280 (750 -7800)  < 0.001

Serum tumor markers
  Carcinoembryonic antigen (ng/mL), median (range) 5.7 (0.7 -7882) 4.6 (0.3–2287) 0.292
  Carbohydrate antigen 19–9 (U/mL), median (range) 17.5 (1.3–10,779) 23.4 (0.6–8077) 0.766
  Carbohydrate antigen 125 (U/mL), median (range) 16.1 (4.5–12,638) 28.3 (3.7–7070) 0.659

Inflammatory response and nutritional biomarkers
  CAR, median (range) 0.045 (0.0–4.387) 0.575 (0.0–9.588)  < 0.001
  NLR, median (range) 2.43 (0.901–17.86) 4.19 (0.24 -31.33)  < 0.001
  PNI, median (range) 40.6 (0.0–50.1) 33.2 (0.0–47.1)  < 0.001
  Combined value of CAR and NLR 2.83 (0.25–52.97) 9.25 (0.57–110.43)  < 0.001
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Table 5   Overall survival of patients who underwent best supportive care for unresectable or recurrent gastric cancer using univariate and multi-
variate analysis

Variable Overall survival

Univariate Multivariate

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age group, years 0.876
  < 69 1
   ≥ 69 0.961 (0.584–1.581)

Gender 0.347
  Male 1
  Female 1.276 (0.768–2.120)

Histological type  < 0.001  < 0.001
  Intestinal 1 1
  Diffuse 3.484 (1.741–6.972) 5.463 (2.159–13.825)

Disease status 0.708
  Initially metastatic 1
  Recurrent after curative resection 0.883 (0.461 -1.691)

Metastasis site 0.213
  Hematogenous metastasis (liver, lung, bone) 1
  Peritoneum 1.254 (0.926–1.700)
  Lymph node 0.832 (0.623–1.111)

Albumin 0.468
   < 3.5 mg/dL 1
   ≥ 3.5 mg/dL 0.831 (0.504–1.371)

C-reactive protein 0.390
   < 1.9 mg/dL 1
   ≥ 1.9 mg/dL 1.257 (0.746–2.117)

White blood cell count 0.527
   < 8550 /mm3 1
   ≥ 8550 /mm3 1.171 (0.718–1.910)

Neutrophil count 0.497
   < 6165 /mm3 1
   ≥ 6165 /mm3 1.183 (0.729–1.918)
Lymphocyte count (/mm3), median (range) 0.596
   < 1270 /mm3 1
   ≥ 1270 /mm3 1.143 (0.698–1.871)
Carcinoembryonic antigen 0.333
   < 7.9 ng/mL 1
   ≥ 7.9 ng/mL 1.354 (0.733–2.501)

Carbohydrate antigen 19–9 0.999
   < 42.6 U/mL 1

   ≥ 42.6 U/mL 1.000 (0.541–1.848)
Carbohydrate antigen 125 0.009 0.015
   < 42.5 U/mL 1 1

   ≥ 42.5 U/mL 2.486 (1.255–4.923) 2.751 (1.220–6.203)
C-reactive protein–to–albumin ratio 0.981
   < 0.607 1
   ≥ 0.607 1.007 (0.588–1.723)
Neutrophil-to-lymphocyte ratio 0.870
   < 4.49 1
   ≥ 4.49 0.957 (0.568–1.613)
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was an independent prognostic factor for predicting the 
survival of postoperative patients with gastric cancer and 
unresectable advanced gastric cancer [2, 9, 36]. However, 
some studies analyzed the histological type of gastric can-
cer and found no such independent association on multi-
variate analysis [37, 38]. Therefore, further studies are 
needed to confirm the reliability and accuracy of using 
the histological type according to the Lauren classifica-
tion as a prognostic indicator for advanced gastric cancer, 
because gastric cancer has a heterogeneous pathological 
classification.

PNI is calculated using the total lymphocyte count in 
peripheral blood and serum albumin levels and is an effec-
tive indicator for assessing the nutritional and immunologi-
cal conditions of cancer patients [21]. It was initially devel-
oped to estimate the risk of perioperative complications such 
as delayed tissue repair, anastomotic leakage, and the length 
of postoperative hospital stay in patients undergoing gastro-
intestinal surgery [39]. Although the present study could not 
show the significance of using PNI for unresectable gastric 
cancer patients, various studies have reported that combined 
scoring systems, including this marker, can identify patients 
with a poor nutritional status to predict postoperative com-
plications and survival [21, 39, 40].

The generalizability of the conclusions is important 
because the present study has a number of potential limita-
tions and strengths. First, the present study was retrospec-
tive in nature and thus might be influenced by selection bias 
associated with survival data, which needs further validation 
by prospective studies. Second, this study could be affected 
by patient selection bias since it was conducted in a single 
institution, while it had a relatively large number of subjects. 
Third, the cut-off values according to ROC curve analysis 
for the predicted median survival time had only moderate 
sensitivity and specificity, which were therefore not particu-
larly valid. Further studies with adequate statistical power, 
especially prospective multicenter clinical trials, are needed 
in routine clinical practice using CAR and NLR as predic-
tors for the prognosis of patients with unresectable advanced 
gastric cancer.

In conclusion, high CAR and NLR are associated with 
worse survival in patients with unresectable advanced gas-
tric cancer, suggesting that these biomarkers, with their sim-
plicity and availability, are useful in predicting the prognosis 
of these patients. Notably, a high NLR is an independent 
unfavorable prognostic factor in such patients as well as dif-
fuse-type histology. Further studies are required to confirm 
the generability of our results to improve the management 
of advanced gastric cancer.
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