
Abstract. To assess the relationship of C-reactive
protein/albumin ratio (CAR) to outcomes and surgical site
infection (SSI) in gastric cancer (GC) treated with curative
intent, we retrospectively assessed 384 patients with GC for
CAR, SSIs, disease-free survival (DFS), overall survival (OS)
and other factors. We found SSIs in 42 patients (10.9%).
Pathological T-stage, TNM classification, body mass index,
duration of surgery, blood loss and preoperative CAR were
significantly associated with SSIs; in multivariate analyses,
CAR [hazard ratio (HR)=2.98, p=0.003] and duration of
surgery (HR=2.34, p=0.029) independently predicted SSI. Age,
sex, T-and N-stages, tumor size and serum carcinoembryonic
antigen (CEA) were associated with high CAR, and high CAR,
CEA and CA19-9 combined was associated with shorter OS
(p=0.0001) and DFS (p=0.0001). Multivariate analyses also
linked high CAR to early recurrence (HR=2.21, p=0.011) and
poor prognosis (HR=1.82, p=0.038). We show, for the first
time to our knowledge, that a high CAR predicts SSI, early
recurrence and poor prognosis in patients with GC treated with
curative intent.

Gastric cancer (GC) accounts for about 8% of all cancers and
10% of cancer-related deaths (1). Although the survival
benefit of surgical treatment for GC is recognized, related
prognostic predictive factors are inadequate, and should be
improved, as they affect treatment decision-making (2). 

Surgical site infections (SSIs) are a leading cause of
nosocomial infectious complications, accounting for 14-16%

of nosocomial infections overall and 38% of nosocomial
infections among surgical patients (3). SSIs after radical
gastrectomy for GC are a clinically important issue as they
are associated with prolonged hospitalization, increased
treatment costs, decreased patient quality of life (3-5), and
increased mortality. 

Systemic inflammatory response has been associated with
poor outcomes for many cancer types (6). Several
inflammation-based oncological prognostic systems have
been developed in the past decade (7, 8), including the
Glasgow Prognostic Score (GPS) (9). The GPS is based on
two simple components: serum levels of C-reactive protein
(CRP) and albumin, which have their own cutoff values, and
allow GPS to divide patients with cancer into three
independent groups before surgery (10). 

A high ratio of CRP to albumin (CAR), is correlated with
poor outcomes in patients with acute medical admissions and
sepsis (11, 12). CAR is quantitative, with a continuous value
range, and is reportedly a good predictor of outcomes for
patients with hepatocellular carcinoma (13), colorectal
cancer (14) and esophageal squamous cell carcinoma (15).
However, its clinical impact in GC has not been addressed. 

This retrospective study evaluated the influence of CAR
on short-term postoperative outcomes, especially SSI. We
also investigated associations between CAR and
clinicopathological findings, including overall (OS) and
disease-free (DFS) survival in patients with GC treated with
intention-to-cure (ITC). 

Patients and Methods

Patients. Data for 384 patients who had undergone ITC surgery for
GC (stages I-III) at the Department of Gastrointestinal and Pediatric
Surgery of Mie University Graduate School of Medicine from
January 2001 to December 2011 were included in this retrospective
study. Staging was performed according to the Japanese
Classification of Gastric Carcinoma (16). The type of surgical
resection (i.e. distal subtotal gastrectomy, proximal subtotal
gastrectomy, or total gastrectomy) and extent of lymph-node
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dissection were also selected according to the Japanese gastric
cancer treatment guidelines (16). Curative resection was defined as
the absence of any residual tumor in the surgical bed, with a margin
that was pathologically negative for tumor invasion. No patient
received chemotherapy or radiotherapy before ITC surgery and none
suffered perioperative mortality. 

SSIs include incisional SSIs and organ/space SSIs, and were
classified according to the criteria of the Centers for Disease Control
and Prevention (3). Incisional SSIs included wound infections, as
demonstrated by the presence of purulent fluid or pus in the wound
incision. Hyperemia and local warming at the surgical site were also
accepted as criteria for incisional SSIs. Organ/space SSIs included
anastomotic leakage and intra-abdominal abscesses, defined as the
presence of septic fluid in the peritoneal space proven by surgical
drainage or needle aspiration and bacteriological culture. Postoperative
anastomotic leakage was diagnosed using contrast radiography.

All patients received prophylactic first-generation cephalosporin
antibiotics (cefazolin) for 1 day, according to Japanese guidelines
on hospital-acquired infection; 1.0 g of cefazolin being administered
by an anesthesiologist. Infusions were started soon after induction
of anesthesia to ensure achievement of peak blood levels of
antibiotics during surgery. Further doses of antibiotics were given
every 3 h during the operation. 

Patients were followed-up using our standard protocol every 12-
16 weeks for at least 1 year. This protocol included tumor-marker
studies, computed tomography, endoscopically examinations,
ultrasonography, and chest radiography. Bone scans were performed
when bone metastasis was indicated. Data collected from inpatient
and outpatient records included demographic data (age and sex),
tumor-specific data (pathological data including T classification,
lymph-node metastasis, tumor differentiation, lymphatic and venous
ductal invasion), tumor markers [carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9 (CA19-9)] at diagnosis, and survival
data (DFS) and OS. Peripheral blood data were collected from
patients prior to surgery, and included CRP and albumin level for
calculating the CAR. 

Cut-off values were 5 ng/ml for CEA; and 37 U/ml for CA19-9,
according to normal ranges used at our hospital. Blood collection
and subsequent analyses were approved by the Institutional Review
Boards of Mie University Hospital in Japan (no. 2215). The study
was conducted in accordance with the guidelines of the 1975
Declaration of Helsinki. The need for informed consent was waived
because of the retrospective nature of the study. 

Statistical analysis. The data are presented as means±standard
deviation (SD). Comparisons were made using the Mann–Whitney
test. Correlations were analyzed by Spearman’s coefficient analysis.
The optimal cutoff thresholds of CAR for SSI prediction and
prognosis were obtained by Youden’s index. In brief, the optimal
cutoff threshold values were determined at the point on the receiver
operating characteristic curve at which Youden’s index (sensitivity
+ specificity – 1) was maximal. Survival curves were based on the
Kaplan–Meier product-limit method; comparisons were made using
the log-rank test. Prognostic factors were examined by univariate
and multivariate analyses (Cox proportional hazards regression
model). Risk factors for SSIs were examined by univariate and
multivariate analyses (logistic regression model). All p-values were
two-sided; a value of p<0.05 was considered significant. All
statistical analyses were carried out using Medcalc 7.2 for Windows
(Mariakerke, Belgium). 

Results

Patient characteristics. The study group included 264 men and
120 women, with a median age of 67 years (range=32-88 years).
Their average body mass index (BMI) was 22.34±3.45 kg/m2.
Of the 384 registered patients with GC, 178 (46.3%) underwent
open gastrectomy and 206 (53.7%) laparoscopic procedures.
Total gastrectomies were performed in 111 patients (28.9%),
distal gastrectomies in 217 patients (56.5%), proximal
gastrectomies in 27 patients (7.0%), and partial gastrectomies in
29 (7.6%). Roux-en-Y reconstructions were performed in 244
(63.6%), Billroth I in 119 (31.0%), Billroth II in 14 (3.6%), and
other reconstructions in seven (1.8%). According to the Japanese
Classification of Gastric Carcinoma, 244 (63.6%) had stage I
disease, 68 (17.7%) stage II and 72 (18.7%) stage III disease.
The median tumor size of registered patients was 30 mm
(range=4-150 mm); median duration of surgery was 307 min
(103-780 min), median blood loss was 260 ml (7-2,311 ml), and
median number of dissected lymph nodes per patient was 26 
(0-77). The median follow-up time was 47.6 months [95%
confidence interval (CI)=40.1-54.1 months). 

Association between clinicopathological findings and
postoperative SSIs. Postoperative SSIs occurred in 42 patients
(10.9%) but were not significantly associated with age, sex,
American Society of Anesthesiologists classification,
procedure (including laparotomy vs. laparoscopy), or
reconstruction of intestinal continuity (Table I). However,
they were significantly associated with longer duration of
surgery (p=0.033), more blood loss (p=0.030), higher BMI
(p=0.033), advanced pathological T-stage (p=0.047),
advanced TNM stage (p=0.034) and higher CAR level
(p=0.024; Table I). 

High CAR levels and long duration of surgery predict
postoperative SSI. We performed multivariate analysis on
factors identified as significant in Table I to identify factors
independently associated with SSI (Table II). We found that
a high CAR (>0.058) and lengthy operation (>307 min) were
independent predictors of postoperative SSI (CAR:
HR=2.98; 95% CI=1.42-6.22; p=0.0036; and duration of
surgery: HR=2.34; CI=1.08-5.06; p=0.029; Table II). 

Association between preoperative CAR and clinical factors.
Table III shows associations between clinical findings and
preoperative CAR in ITC patients with GC. CAR was
significantly higher in patients older than 67 years, with male
sex, and with indicators of tumor progression such as tumors
>30 mm, lymph-node metastasis, poor differentiation and
high CEA level. 

Associations between preoperative serum markers and early
recurrence and poor prognosis. We produced OS and DFS

ANTICANCER RESEARCH 36: 6491-6498 (2016)

6492



curves on the bases of presurgical CEA, CA19-9 and CAR
values (Figures 1 and 2). Significantly poorer OS was seen
for patients with higher CEA (p=0.017), CA19-9 (p=0.0015)
and CAR (p=0.0001; log-rank test; Figure 1). Significantly
earlier recurrence was seen in patients with elevated CEA
(p=0.015), CA19-9 (p=0.0009) and CAR (p=0.0001; log-
rank test; Figure 2). 

High CAR is an independent predictor of poor OS. We
evaluated which factors available in pre-and postoperative
clinical settings could predict survival in ITC patients
with GC. Univariate analysis identified age >67 years,
male sex, lymph-node metastasis, tumor size >30 mm,
CEA >5 ng/ml, CA19-9 >37 U/ml and CAR >0.051 as
significant predictors of shorter OS (Table IV).
Multivariate analysis using a Cox proportional hazards
model showed lymph-node metastasis (HR=9.67; 95%
CI=4.53-20.63; p<0.0001) and CAR >0.051 (HR=2.21;
95% CI=1.19-4.11; p=0.011) were independent predictors
of poor prognosis in patients with ITC GC (Table IV). 

High CAR is an independent factor in poor DFS. We
evaluated which of the available factors could predict
postoperative recurrence in ITC patients with GC.
Univariate analysis showed that age >67 years, male sex,
lymph-node metastasis, tumor size >30 mm, CEA >5 ng/ml,
CA19-9 >37 U/ml and CAR >0.051 were significantly
associated with shorter DFS (Table IV). In multivariate
analysis, higher CAR (HR=1.82; 95% CI=1.03-3.23;
p=0.038), lymph node metastasis (HR=9.96; 95% CI=4.80-
20.66; p<0.0001) and larger tumor size (HR=2.78; 95%
CI=1.14-6.77; p=0.024) were independent predictors of
early recurrence in ITC GC patients (Table IV). 
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Table I. Association between clinicopathological factors and surgical
site infections (SSIs) in patients with gastric cancer treated with intent-
to-cure.

Category                                         SSI(−)             SSI(+)            p-Value

Age 
    ≤67 Years                                    180                    17                   0.18
    >67 Years                                    162                    25                     
Gender 
    Male                                            233                    31                   0.56
    Female                                         109                    11                     
ASA classification
    I-II                                               323                    41                   0.61
    III-IV                                             19                      1                     
Surgery type
    Open                                            153                    25                   0.09
    Laparoscopic                               189                    17                     
Reconstruction
    B 1                                               109                    10                   0.51
    B 2                                                 12                      2                     
    R-Y                                              214                    30                     
    Other                                               7                      0                     
Gastrectomy type
    Total                                              94                    17                   0.17
    Distal                                          197                    20                     
    Proximal                                        23                      4                     
    Partial                                           28                      1                     
Duration of surgery
    ≤307.5 (min)                               178                    14                   0.033
    >307.5 (min)                               164                    28                     
Blood loss
    ≤260 (ml)                                    179                    14                   0.030
    >260 (ml)                                    163                    28                     
BMI
    ≤22.2 kg/m2                                178                    14                   0.033
    >22.2 kg/m2                               164                    28                     
Tumor size
    ≤30 mm                                       154                    12                   0.061
    >30 mm                                       188                    30                     
Pathological T-stage
    T1-2                                             243                    23                   0.047
    T3-4                                               99                    19                     
Pathological N-stage
    N−                                               242                    24                   0.103
    N+                                               100                    18                     
Pathological differentiation
    Differentiated                              189                    21                   0.629
    Undifferentiated                          153                    21                     
TNM classification
    I                                                   223                    21                   0.034
    II                                                    61                      7                     
    III                                                   58                    14                     
CAR
    Mean (SD)                             0.15 (0.53)       0.26 (0.48)           0.024
CEA (ng/ml)
    Mean (SD)                              6.0 (20.2)       26.9 (106.0)          0.11
CA19-9 (U/ml)
    Mean (SD)                             26.6 (86.6)       36.3 (67.4)           0.41

ASA: American Society of Anesthesiologists; BMI: body mass index;
CA19-9: carbohydrate antigen 19-9; CAR: C-reactive protein/albumin
ratio; CEA: carcinoembryonic antigen; SSI: surgical site infection.

Table II. Multivariate analyses of risk factors risk for surgical site
infection in patients with gastric cancer treated with intent-to-cure.

                                                                       Multivariate analysis

Factor                                                        HR           95% CI         p-Value

CAR (>0.058 vs. ≤0.058)                      2.98       1.42 to 6.22      0.0036
Duration of surgery 
(>median vs. ≤median)                         2.34       1.08 to 5.06      0.029

Blood loss (>median vs. ≤median)       1.57       0.71 to 3.48      0.26
BMI (>22.2 vs. ≤22.2 kg/m2)                 1.79       0.85 to 3.80      0.12
Pathological T-stage (T3-4 vs. T1-2)     1.04       0.35 to 3.07      0.93
TNM stage (III vs. I-II)                          2.02       0.63 to 6.46      0.23

Median surgical time: 307 minutes; median blood loss: 60 ml. BMI:
Body mass index; CAR: C-reactive protein/albumin ratio; CI:
confidence interval; HR: hazard ratio. 



Discussion

To our knowledge, this is the first study to demonstrate the
clinical implications of preoperative CAR in patients with GC. 

Our first finding was that CAR and long surgical duration
are independent, significant predictors of SSI occurrence in
patients after curative resection of GC. 

Next, we found that high CAR was significantly
associated with advanced GC status, including lymph-node
metastasis, serosal invasion, larger tumor size, poorly
differentiated cancer and high levels of CEA, resulting in
poor OS and DFS in ITC patients with GC. Furthermore,
high CAR is an independent predictor of shorter OS and
DFS in these patients. Collectively, preoperative CAR is a
novel predictor of both short-term outcomes (postoperative
SSIs) and long-term outcomes (recurrence and survival) in
patients with GC. 

Numerous risk factors have been associated with SSIs after
gastrectomy, including advanced age (17), BMI >25 kg/m2
(18), male sex (19), open gastrectomy (17), heavy blood loss
(4), and long surgical duration (17, 20, 21). In several large-
scale surveys, multivariate regression analyses have shown

that surgical duration is a significant risk factor for SSIs after
gastrointestinal surgery, including gastrectomy (17, 20, 21).
Although our univariate analysis also showed that patient-
related (BMI), procedure-related (blood loss and operation
duration), tumor-related factors (advanced pathological T- and
TNM stage) were significantly associated with SSIs, in
multivariate analysis, we found surgical duration was a strong
independent risk factor for SSIs. Thus, longer surgery as a
result of higher BMI, or greater blood loss as a result of
advanced tumor, may be responsible for SSIs. 

Interestingly, we also found preoperative high CAR to be
another independent risk factor of SSIs in patients with GC.
Malnutrition is common among oncology patients; it leads
to reduced performance status and quality of life, and is
associated with a high risk of postoperative infection (22-
24). The presence of systemic inflammation, as indicated by
a high CRP level and a low albumin level, is associated with
weight loss in patients with various solid tumor types (25-
27). Therefore, both high CRP and low albumin levels
(which can equate to high CAR) might be linked to
malnutrition followed by postoperative SSIs. Few data are
currently available in the literature regarding the effects of
systemic preoperative inflammation on the development of
postoperative infection. Moyes et al. reported an independent
association between systemic inflammation (elevated
preoperative white cell count and modified GPS) and
postoperative infection following ITC resection for colorectal
cancer (28). Mohri et al. also confirmed that systemic
preoperative inflammation, as evidenced by GPS,
independently predicts postoperative infection in
gastrointestinal cancer (24). Thus, these findings support our
results that CAR, which is based on CRP and albumin, is an
independent risk factor for SSIs in patients after ITC surgery
for GC. Therefore, preoperative CAR and long surgical
duration should be considered when deciding on continuation
of prophylactic antimicrobial agents or use of preoperative
intensive therapeutic antimicrobial agents. 

Surgical resection is currently the cornerstone strategy for
non-metastatic GC. In Asia, particularly in Japan and South
Korea, gastrectomy with D2 lymphadenectomy is the
standard surgical treatment (16), and Western countries also
recommend D2 dissection based on long-term follow-up data
(29). However, surgical treatment alone for advanced GC,
even complete resection, is associated with high recurrence
rates (30). Adjuvant chemotherapy has been shown to
improve outcomes for patients with advanced GC who
undergo ITC resection (31). S-1 monotherapy is the standard
adjuvant chemotherapy for patients with stage II/III GC in
Japan (32). However, not all patients benefit from adjuvant
chemotherapy and instead only have severe side-effects,
either because these patients already have excellent
prognoses, or because their tumors do not respond to certain
chemotherapeutic agents. Therefore, routine use of the
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Table III. Associations between clinicopathological factors and
preoperative serum C-reactive protein/albumin ratio (CAR).

Categories                                  Serum CAR (mean±SD)         p-Value

Age
   ≤67 Years                                         0.119±0.526                  <0.0001
   >67 Years                                         0.215±0.528                      
Gender
   Male                                                 0.195±0.579                    0.006
   Female                                              0.103±0.383                      
Lymph-node metastasis
   Absent                                              0.107±0.362                    0.0018
   Present                                              0.306±0.776                      
Serosal invasion
   Absent                                              0.105±0.392                  <0.0001
   Present                                              0.310±0.737                      
Tumor size
   ≤30 mm                                            0.108±0.393                    0.047
   >30 mm                                           0.212±0.610                      
Histology
   Well/mod                                          0.162±0.450                    0.05
   Other                                                 0.173±0.613                      
Serum CEA
   ≤5 ng/ml                                           0.149±0.498                    0.005
   >5 ng/ml                                           0.235±0.637                      
Serum CA19-9
   ≤37 U/ml                                          0.185±0.56                      0.36
   >37 U/ml                                          0.079±0.085                      

CA19-9: Carbohydrate antigen 19-9; CEA: carcinoembryonic antigen,
Well/mod: well/moderately differentiated, SD: standard deviation. 
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Figure 1. Overall survival (OS) for patients treated for gastric cancer
with curative intent (stages I-III) by preoperative serum marker levels,
including carcinoembryonic antigen (CEA) (A), carbohydrate antigen
(CA) 19-9 (B) and CRP/albumin ratio (CAR) (C). Patients with high
CEA, CA19-9 and CAR had significantly worse prognoses. 

Figure 2. Disease-free survival (DFS) for patients treated for gastric
cancer with curative intent (stages I-III) by preoperative serum marker
levels, including carcinoembryonic antigen (CEA) (A), carbohydrate
antigen (CA) 19-9 (B) and CRP/albumin ratio (CAR) (C). Patients with
high CEA, CA19-9 and CAR had significantly earlier recurrences. 



standard regimen alone cannot be supported. Our study
demonstrated that high CAR is an independent indicator of
shorter DFS and OS, and of lymph-node metastasis. CAR
may help clinicians tailor the best possible adjuvant
chemotherapy for each individual patient with ITC GC. 

The mechanism by which high CAR affects SSIs,
recurrence and survival after ITC resection for GC is unclear.
Cancer and inflammation have been shown to have a
relationship for which several possible mechanisms have
been proposed (33, 34). Firstly, tumor growth or invasion
can induce tissue inflammation. Secondly, tumor necrosis
and hypoxia, or local tissue damage, can activate
inflammatory responses. Thirdly, cancer cells and tumor-
associated leukocytes can induce production of inflammatory
cytokines, such as tumor necrosis factor, interleukin-1, -6,
and -8, and vascular endothelial growth factor. These
inflammatory cytokines and chemokines facilitate cancer
growth, invasion, metastasis, angiogenesis, subverted host
immune response, and resistance to cytotoxic drugs. Elevated
levels of CRP, a comprehensive marker of systemic
inflammation, was found to predict shorter survival in
patients with various cancer types (35-37). 

In contrast, albumin is the most abundant serum protein,
and the most commonly used marker for nutritional status.
It is also useful in predicting the prognoses of patients with
several types of cancer (38). Several mechanisms have been
proposed to explain the anticancer effects of albumin,

including its ability to stabilize cell growth and DNA
replication, buffer various biochemical changes, maintain
calcium and sex hormone homeostasis to protect against sex
hormone-induced cancer, and provide antioxidant effects
against carcinogens such as nitrosamine and aflatoxin (39).
In addition, malnutrition, which is very common among
patients with GC and is reflected by low albumin, can
weaken a number of human defense mechanisms, including
anatomic barriers, cellular and humoral immunity, and
phagocyte function, thus increasing susceptibility to infection
and further compromising the response to treatment (40). 

Collectively, we believe that nutritional status and the
systemic inflammatory response play major roles in SSI
occurrence and GC progression after curative surgery.
Therefore, CAR is a combination of indicators for these two
predictors of adverse outcome, which may further enhance
its predictive value. Prospective clinical studies failed to find
any benefit for serum albumin supplementation, and its
preoperative use for patients with cancer remains
controversial. However, some studies have found that
improved preoperative nutritional status reduced the length
of hospital stay and improve prognosis (41, 42). In addition,
there are currently several studies investigating the ability of
anti-inflammatory therapy (removing activated leukocytes
from the peripheral blood by perioperative leukocyte
apheresis) in order to prevent postoperative surgical
infections in patients with ulcerative colitis (43, 44), and to
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Table IV. Univariate and multivariate analyses for factors associated with overall (OS) and disease-free (DFS) survival.

                                                                                                                        Univariate analysis                                          Multivariate analysis

                                                              Category                             HR 95% CI                        p-Value                   HR (95% CI)                      p-Value

OS
Age                                                 >67 vs. ≤67 Years                  2.21 (1.32-3.71)                      0.0027                 1.65 (0.93-2.93)                     0.08
Gender                                                    M vs. F                          2.33 (1.21-4.46)                      0.01                     1.32 (0.62-2.77)                     0.46
Lymph-node metastasis                Present vs. Absent               10.37 (5.71-18.85)                 <0.0001                 9.67 (4.53-20.63)                <0.0001
Tumor size                                      >30 vs. ≤30 mm                   2.82 (1.56-5.12)                      0.0006                 0.76 (0.35-1.64)                     0.49
Histology                                      Other vs. Well/mod                0.93 (0.56-1.55)                      0.8                                                                         
Serum CEA                                     >5 vs. ≤5 ng/ml                    1.87 (1.11-3.15)                      0.01                     1.39 (0.78-2.47)                     0.25
Serum CA19-9                               >37 vs. ≤37 U/ml                  2.60 (1.41-4.81)                      0.0023                 1.43 (0.73-2.79)                     0.29
Serum CAR                                   >0.051 vs. ≤0.051                  2.18 (1.32-3.61)                      0.0023                 2.21 (1.19-4.11)                     0.011

DFS                                                                                                                                                  
Age                                                 >67 vs. ≤67 Years                  1.80 (1.09-3.00)                      0.022                   1.26 (0.73-2.18)                     0.39
Gender                                                    M vs. F                          2.11 (1.12-3.95)                      0.02                     1.11 (0.55-2.24)                     0.76
Lymph-node metastasis                Present vs. Absent               16.59 (8.43-32.63)                 <0.0001                 9.96(4.80-20.66)                  <0.0001
Tumor size                                      >30 vs. ≤30 mm                   8.17 (3.53-18.90)                 <0.0001                 2.78 (1.14-6.77)                     0.024
Histology                                      Other vs. Well/mod                1.43 (0.87-2.35)                      0.15                                                                       
Serum CEA                                     >5 vs. ≤5 ng/ml                    1.87 (1.12-3.14)                      0.017                   1.62 (0.94-2.81)                     0.08
Serum CA19-9                               >37 vs. ≤37 U/ml                  2.70 (1.47-4.98)                      0.001                   1.34 (0.69-2.57)                     0.37
Serum CAR                                   >0.051 vs. ≤0.051                  2.74 (1.65-4.54)                      0.0001                 1.82(1.03-3.23)                      0.038

CA19-9: Carbohydrate antigen 19-9; CAR: C-reactive protein albumin ratio; CEA: carcinoembryonic antigen; CI: confidence interval; HR: hazard
ratio; M: male; F: female; Well/mod: well/moderately differentiated.



extend survival of patients with GC in a recent trial (45). Our
findings suggest that both short- and long-term outcomes
could be improved in patients after curative surgery for GC
by boosting their nutritional status and reducing the
inflammatory status. If this is validated in clinical trials, we
would recommend preoperative nutritional and anti-
inflammatory treatments in order to optimize the CAR, and
then perform surgery at the optimal time. 

We acknowledge several potential limitations to this study.
Firstly, it was a retrospective study from a single institution,
and with a small sample. However, the surgical procedures
(R0 resection plus D2 lymphadenectomy), laboratory
examinations, and follow-up were uniform throughout the
entire study period. Another limitation is heterogeneity in the
patients’ post-surgical treatments, especially their adjuvant
chemotherapy regimen. Finally, the CAR cut-off value in this
study is likely biased because it was selected using receiver
operating characteristic analysis. Therefore, independent
studies are needed to confirm our results. 

In conclusion, we believe this study to be the first to show
that both a preoperative high CAR and long surgical duration
are independent risk factors for SSI. Moreover, analysis of both
preoperative serum markers and postoperative
clinicopathological indicators shows CAR to independently
affect OS and DFS in patients undergirding ITC surgery for
GC. Owing to its simplicity, low price and availability, CAR
can be useful in assessing SSI risk and prognosis, and enabling
perioperative management to prevent SSIs and GC recurrence.
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