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Abstract

Background The ratio of C-reactive protein to albumin (CRP/AIb) is a biochemical marker of systemic inflammatory
response and has been associated with poor survival in cancer. This study retrospectively investigated the rela-
tionship between the CRP/AIb ratio and prognosis in gastric cancer patients.

Methods This study enrolled 453 patients with a histopathological diagnosis of gastric adenocarcinoma who
underwent curative surgery.

Results A statistically significant weak correlation was observed between CRP/AlD ratio and neutrophil/lymphocyte
ratio (NLR) (r = 0.19; P < 0.0001). There were statistically significant correlations between high CRP/Alb ratio and
age (P = 0.0004), tumor size (P = 0.02), depth of invasion (P = 0.012), and lymph node metastasis (P = 0.022). A
high NLR was significantly correlated with age (P = 0.0027), tumor size (P = 0.0006), depth of invasion
(P < 0.0001), lymphatic involvement (P = 0.0031), venous involvement (P = 0.0022), and stage of disease
(P = 0.0024). Based on results by receiver operating characteristic analysis, patients were divided as follows: CRP/
Alb ratio > 0.0232 (CARM#") CRP/AIb ratio < 0.0232 (CAR™Y), NLR > 2.43 (NLRM#") and NLR < 2.43
(NLRM™). Five-year survival rates of patients with both CARM™ 2" and NLR™2" either CAR™E? or NLR™€" and both
CAR™" and NLR™V were 59.6, 75.8, and 87.5%, respectively, with statistically significant differences
(P < 0.0001). Multivariate analysis revealed that the combination of CRP/Alb ratio and NLR was an independent
prognostic indicator.

Conclusions The combination of CRP/Alb ratio and NLR may be useful in predicting prognosis in gastric cancer

patients.

Introduction

It was estimated that there were approximately 989,600
new cases of gastric cancer and 738,000 deaths worldwide
in 2008, accounting for 8 and 10% of total cancer cases and
cancer deaths, respectively [1]. As such, determining
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postoperative prognosis factors in gastric cancer patients
has clinical importance. To this end, serum markers are
easy to measure and are useful for diagnosis, predicting
survival rates, and monitoring recurrence following surgery
[2, 3].

The close correlation between inflammation and cancers
was first discovered by Virchow in 1863 [4]. The systemic
inflammatory response plays an important role in cancer
development and progression. Pretreatment serum-based
inflammatory indicators such as the neutrophil-lymphocyte
ratio (NLR), the modified Glasgow prognostic score
(mGPS), platelet-lymphocyte ratio (PLR), and C-reactive
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protein (CRP) can be derived from routine tests and have
been associated with prognosis in various types of cancer
[5, 6]. Recently, the ratio of C-reactive protein to albumin
(CRP/AID ratio) has been identified as another serum-based
inflammatory indicator. An elevated CRP/Alb ratio was
linled to poor prognosis in septic patients [7, 8]. In addi-
tion, several studies have reported that the CRP/ALIDb ratio is
significantly related to prognosis in various types of can-
cers [9, 10]. However, whether the CRP/Alb ratio is
associated with prognosis in gastric cancer patients has not
yet been elucidated.

The CRP/Alb ratio is believed to reflect nutritional
status as well as inflammation status of patients because
serum albumin level is included in this marker. Since it has
been well known that immune status is also closely cor-
related with prognosis in various types of cancers, we
speculate that combination analysis of the CRP/Alb ratio
and some markers that reflect patient’s immune status can
predict the prognosis of patients more accurately than
single usage of the CRP/Alb ratio. To this end, we used
NLR because NLR includes lymphocyte count and is
believed to reflect patient’s immune status as well as
inflammation status. In this regard, Choi et al. [11] recently
demonstrated that NLR was associated with the density of
CD4 + T cells within the tumor microenvironment, indi-
cating the close correlation between NLR and patient’s
immune status. Therefore, the aim of this study was to
validate the prognostic significance of combination of the
CRP/Alb ratio and NLR in gastric cancer patients.

Materials and methods

This study was based on a retrospective analysis of 453
gastric adenocarcinoma patients who underwent curative
gastrectomy (RO resection) at our institution between Jan-
uvary 2005 and December 2013. The clinicopathologic
findings were determined according to the Japanese Clas-
sification of Gastric Carcinoma [12]. All patients under-
went either distal partial, proximal partial, or total
gastrectomy with regional dissection of the lymph nodes.
Five patients were treated with neoadjuvant chemotherapy,
64 patients were treated with adjuvant chemotherapy, and
10 patients were treated with perioperative chemotherapy.
No patients were treated by radiation therapy. Patients were
periodically checked for early recurrence by diagnostic
imaging including chest X-ray, double-contrast barium
meal study, upper gastrointestinal fiberscopy, ultrasonog-
raphy, and computed tomography. Causes of death and
patterns of recurrence were determined by reviewing
medical records including laboratory data, ultrasonogra-
phy, computed tomography, scintigrams, peritoneal punc-
tures, and laparotomies, or by direct inquiry with family
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members. In some cases, postmortems were undertaken to
determine the cause of death. The detailed cause of death
for every patient in the current study was known. At the
time of analysis, the median follow-up of the 343 surviving
patients was 61.9 months. Of the 110 deaths, 53 were
related to recurrence of gastric cancer, 57 to an unrelated
malignancy and an unrelated disease or accident. The
patients who died of other disease (74.5 £ 8.9) were sig-
nificantly older than either the patients who were alive
(66.2 &+ 12.0: P < 0.0001) or those who died of recurrence
of gastric cancer (69.8 £ 10.9; P = 0.013).

From the patient’s records, we collected preoperative
blood test data including serum Alb (g/dL), CRP (mg/dL),
and total peripheral blood lymphocyte and neutrophil
counts (/mm?>). The CRP/Alb ratio was defined by dividing
the CRP level by the Alb level. The NLR was defined by
dividing the peripheral neutrophil count by the peripheral
lymphocyte count. We obtained institutional review board
approval for this study, and the informed consent require-
ment was waived.

Statistical analysis

The Mann—Whitney U test was used to evaluate the dif-
ferences between the two groups. The Youden index was
calculated using the receiver operating characteristic
(ROC) analysis to determine an optimal cutoff value for
CRP/Alb ratio and NLR for survival analysis. Survival
curves were calculated according to the Kaplan—Meier
method. Differences between survival curves were exam-
ined with the log rank test. We used multivariate analysis
of factors considered prognostic of overall survival (OS),
with Cox’s proportional hazards model and a stepwise
procedure. P < 0.05 was considered significant. GraphPad
Prism (GraphPad Software, Inc., La Jolla, CA, USA) and
Stat View (Abacus Concepts, Inc., Berkeley, CA, USA)
software were used for the statistical analyses.

Results

The mean CRP/Alb ratio and NLR were 0.0856 (range
0.002—4.23) and 2.53 (range 0.52-13.0), respectively.
There was a statistically significant weak correlation
between the CRP/AIb ratio and the NLR (r = 0.19;
P <0.0001) (Fig. 1). Table 1 shows the -correlations
among the CRP/AIb ratio, the NLR, and clinicopathologi-
cal variables in gastric cancer patients. There were statis-
tically significant correlations between a high CRP/Alb
ratio and age (P = 0.0004), tumor size (P = 0.02), depth
of invasion (P = 0.012), and lymph node metastasis
(P = 0.022). On the other hand, a high NLR was signifi-
cantly correlated with age (P = 0.0027), tumor size
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Fig. 1 Correlation between the CRP/AIb ratio and the NLR in
patients with gastric cancer. The CRP/Alb ratio showed statistically
significant weak correlations with NLR (r = 0.19; P < 0.0001)

(P = 0.0006), depth of invasion (P < 0.0001), lymphatic
involvement (P = 0.0031), venous involvement
(P = 0.0022), and stage of disease (P = 0.0024).

ROC curves were constructed for the survival status, and
the area under the curve (AUC) values were compared to
assess the discrimination ability of each inflammation-
based prognostic score, including CRP/Alb ratio, NLR, and
modified glasgow prognostic score (mGPS) (Fig. 2).
Among the three prognostic scores, the CRP/Alb ratio had
the highest AUC values, followed by the NLR and mGPS.
We next investigated the prognostic significance of the
CRP/AID ratio and the NLR in patients with gastric cancer.
ROC analysis showed the optimal cutoff value of CRP/Alb
ratio and NLR to be 0.0232 (AUC 0.57-96, P = 0.0024)
and 2.43 (AUC 0.585, P = 0.0071), respectively. Based on
these results, patients were divided as follows: CRP/Alb
ratio > 0.0232  (CAR™#" 5 =170),  CRP/Alb
ratio < 0.0232  (CAR™Y, 1 =1283), NLR > 243

Table 1 Relationships between CRP/AIb ratio and NLR and clinicopathological variables in patients with gastric cancer

Variables CRP/Alb ratio P value NLR P value

Age (years) 0.0004 0.0027
<70 (n = 222) 0.088 £ 0.255 240 £ 1.55
>70 (n = 231) 0.0833 £+ 0.324 2.66 + 1.42

Gender 0.051 0.77
Male (n = 331) 0.0878 £+ 0.237 2.61 + 1.68
Female (n = 122) 0.0793 £+ 0.406 2.51 £ 1.41

Tumor size (cm) 0.02 0.0006
<4 (n = 282) 0.0671 £+ 0.224 236 £ 1.39
>4 (n = 171) 0.116 £ 0.376 2.82 + 1.60

Depth of invasion 0.012 <0.0001
T1 (early) (n = 284) 0.0737 £ 0.316 2.32 + 1.29
T2/3/4 (advanced) (n = 169) 0.106 £ 0.246 2.89 + 1.71

Lymph node metastasis 0.022 0.053
Absent (n = 344) 0.0821 £+ 0.315 249 £+ 1.51
Present (n = 109) 0.0965 £+ 0.201 2.68 + 1.40

Lymphatic involvement 0.27 0.0031
Absent (n = 186) 0.0883 + 0.378 2.33 + 1.41
Present (n = 267) 0.0837 £ 0.213 2.68 + 1.53

Vascular involvement 0.57 0.0022
Absent (n = 232) 0.08 + 0.343 2.33 + 1.30
Present (n = 221) 0.0914 £+ 0.227 2.75 + 1.64

Histology 0.77 0.76
Differentiated (n = 247) 0.101 £+ 0.354 248 + 1.36
Poorly differentiated (n = 206) 0.0666 £ 0.191 2.59 £ 1.63

Stage 0.13 0.0024
/I (n = 392) 0.0816 £+ 0.301 248 + 1.50
II/IV (n = 61) 0.111 £ 0.227 2.90 £+ 1.39

All results expressed as mean + SD
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Fig. 2 Comparison of the areas under the curves for outcome prediction among the three inflammation-based prognostic scores [CRP/Alb ratio
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Fig. 3 a Survival curves according to the CRP/AIb ratio. The
S-year survival rate was significantly worse in patients with
CAR™®" than in those with CAR™™ (81.7 vs. 90.3%, P = 0.025).
b Survival curves according to the NLR. The 5-year survival rate
was significantly worse in patients with NLR™E" than in those with
NLR™Y (82.1 vs. 91.1%, P = 0.041)

difference was statistically significant (P = 0.026,
Fig. 3a). Furthermore, 5-year survival rates were signifi-
cantly related to NLR (NLR“*": 91.1%; NLR"€": 82.1%;
P = 0.041; Fig. 3b).

Among the 453 patients included in the current study, 95
were both CAR™E" and NLR™€" (5-year survival: 59.6%);
179 were either CAR™E" or NLR™E" (5-year survival:
75.8%); and 179 were both CAR*™ and NLR*™ (5-year
survival: 87.5%). The patients with both CAR™" and
NLR"Y¥, those with either CARM 2" or NLRM€" those with
both CARME" and NLR™E" were assigned 0, 1, and 2,
respectively. ROC analysis indicated that AUC of the
combination of CRP/Alb and NLR for the survival sta-
tus was 0.654, which was much higher than that of the
individual use of either the CRP/AIb ratio or NLR (Fig. 4).
The prognosis of the CAR™&"/NLR"" group was signif-
icantly worse than for those who were either CAR™" or
NLR™#" and the CAR™Y/NLR"*" group (Fig. 5). Finally,
multivariate analysis indicated that the combination of
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Fig. 4 ROC curves of the combination of CRP/Alb and NLR for
the survival status
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Fig. 5 a Overall survival curves according to the combination of
CRP/AID ratio and NLR. The 5-year survival rates were 59.6, 75.8,
and 87.5% in patients with both CARM™E" and NLR™E" either
CARME" or NLRM" and both CAR™*" and NLR™", respectively.
The difference was statistically significant (P < 0.0001). b Disease-
specific survival curves according to the combination of CRP/Alb
ratio and NLR. The 5-year survival rates were 76.0, 89.6, and 91.4%
in patients with both CAR™E" and NLR™#" either CAR™E" or
NLRY€" and both CAR™™ and NLR™Y, respectively. The
difference was statistically significant (P = 0.0013)

CRP/Alb ratio and NLR was an independent prognostic
indicator (Table 2).

Discussion

Recent reports suggest that the outcomes for cancer
patients are determined by tumor-related factors as well as
by patient-related factors. Several studies have demon-
strated that depth of invasion and lymph node metastasis
are the most important tumor-related prognostic factors in
gastric cancer [13, 14]. Inflammation, malnutrition, and
immune status are patient-related factors related to prog-
nosis in gastric cancer patients.

In the current study, we demonstrated that the CRP/Alb
ratio, thought to be an inflammatory marker, was

significantly related to prognosis in gastric cancer patients.
CRP is an acute-phase reactant produced by hepatocytes
and regulated by inflammatory cytokines, particularly IL-6
[15]. CRP is one of the most frequently used serum
markers to evaluate inflammation status in patients and has
been identified as a prognostic indicator in gastric cancer
patients [16]. Because a high CRP/Alb ratio reflects high
serum level of CRP, it follows that the CRP/AIb ratio
would also be a prognostic indicator in gastric cancer
patients. A high CRP/Alb ratio also reflects decreased
serum level of albumin. Serum albumin is produced in the
liver and the most abundant blood plasma protein. Serum
albumin is the traditional standard factor used to assess a
patient’s nutritional status. Gastric cancer often causes
lumen obstruction and bleeding, which leads to malnutri-
tion and increases a patient’s risk of postoperative com-
plications. Therefore, it is important to improve a patient’s
preoperative nutritional status before surgery to avoid
postoperative complications. There are several assessment
tools used in nutritional evaluation including the subjective
global assessment (SGA) [17], the mini nutritional
assessment (MNA) [18], and the Nutritional Risk Screen-
ing 2002 (NRS 2002) [19]. Onodera’s prognostic nutri-
tional index (PNI) is also used to evaluate patient’s
nutritional assessment. It is a simple index calculated by
serum albumin and total lymphocyte count and has been
proposed as a prognostic indicator in patients with gas-
trointestinal malignancies [20]. Recent report indicated that
PNI could predict the prognosis of gastric cancer patients
[21]. CRP/Alb ratio is an indicator that reflects both
inflammation and nutritional status that are closely related
to prognosis of gastric cancer patients.

The mGPS is also a serum-based inflammatory indicator
that is assessed by both serum albumin level and CRP.
Previous studies have suggested that the mGPS represents
potential prognostic indicators in various types of cancers
including gastric cancer [22-24]. Of note, although both
mGPS and CRP/Alb used the same variables, the CRP/Alb
ratio predicts the patients’ outcomes more precisely than
the mGPS due to the presence of continuous variables. In
addition, Kinoshita has speculated that the mGPS may
overestimate or underestimate the inflammatory status
because it scores the serum CRP and Alb value separately
[9]. Conversely, the CRP/AIDb ratio integrates the CRP and
Alb values more reasonably, thus decreasing the potential
overestimate or underestimate. In fact, it has been
demonstrated that the CRP/Alb ratio was a more useful
prognostic indicator in pancreas cancer [25] and hepato-
cellular carcinoma [9] than the mGPS. Furthermore, our
study also demonstrated that the CRP/Alb ratio was more
useful than the mGPS at predicting the prognosis of gastric
cancer.
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Table 2 Multivariate analyses of factors prognostic of overall survival in patients with gastric cancer

Variables P value HR* 95% CI°
Age (years)” <0.0001 1.054 1.033-1.075
Tumor size (cm)* 0.0038 1.112 1.035-1.196
Lymph node metastasis (NO-N3)® 0.0147 1.325 1.057-1.661
Lymphatic involvement (1y0-3)° 0.0053 1.455 1.118-1.893
Combination of CRP/Alb ratio and NLR 0.0342

CARME" and NLR™E" versus CAR™" and NLR“*¥ 0.0133 1.975 1.152-3.386

CARME" or NLR™#" versus CAR™" and NLR™*" 0.0283 1.759 1.062-2.915

4Continuous variable

"Lymph node metastasis: NO, no regional lymph node metastasis; N1, metastasis in 1-2 regional lymph nodes; N2, metastasis in 3-6 regional

lymph nodes; N3, metastasis in 7 or more regional lymph nodes
“Lymphatic involvement: ly0-ly3, grade of lymphatic invasion
dHR, hazard ratio

°Cl, confidence interval

The NLR is another serum-based inflammatory indicator
shown in several studies to be a useful prognostic indicator
in various types of cancers [26-28]. A high NLR reflects a
decreased lymphocyte count, as well as an increased neu-
trophil count. Neutrophil and lymphocyte are related to
inflammation and immune activity, respectively. Although
both the CRP/Alb ratio and NLR are considered to be
serum-based inflammatory indicators, our results indicated
that the correlation between the CRP/Alb ratio and NLR
was very weak. Therefore, we hypothesized that the com-
bination of CRP/AIb ratio and NLR might be more useful
in predicting the prognosis of gastric cancer patients than
the individual use of either the CRP/Alb ratio or NLR. In
fact, AUC of the combination of CRP/AIb ratio and NLR
was much higher than that of the individual use of either
the CRP/AIb ratio or NLR, indicating that the combination
of CRP/AIb ratio and NLR might be more useful to predict
the prognosis of gastric cancer patients than the individual
use of either the CRP/AIb ratio or NLR. Furthermore, our
results clearly demonstrated that the combination of CRP/
Alb ratio and NLR was an independent prognostic indi-
cator. The combination of CRP/AIb ratio and NLR makes
it possible to evaluate inflammation, immune status, and
nutritional status, which are all thought to be patient-re-
lated prognostic factors.

There are a few limitations in the present study. First,
because our study was retrospective there is some bias. In
particular, the majority of the patients included in this
study are early gastric cancer. Therefore, the usefulness of
the combination of the CRP/Alb ratio and NLR as prog-
nostic indicator in advanced gastric cancer patients should
be confirmed in a large-scale study. Second, we used
0.0232 as a cutoff value for the CRP/AIb ratio. In other
studies, Kinoshita et al. [9] used 0.037 and Haruki et al.
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[29] used 0.03, suggesting the optimal cutoff value of the
CRP/AIb ratio might be dependent on the type of cancer. It
will be important to determine an optimal cutoff value of
the CRP/ALID ratio for routine clinical usage by analysis of a
large-scale study. Third, the number of patients included in
the current study was small; therefore, a large-scale,
prospective, randomized, controlled trial is needed to
confirm the results. Fourth, it is known that inflammation,
immune status, and nutritional status are influenced by
aging. In the current study, AUC of the combination of the
CRP/AID ratio in patients aged 75 and more (AUC 0.620;
P = 0.025) was much lower than that in those aged under
75 years (AUC 0.688; P < 0.0001). Therefore, it is unclear
that the combination of the CRP/Alb ratio and NLR is
useful to accurately predict the prognosis of elderly gastric
cancer patients. Therefore, the usefulness of the combina-
tion of the CRP/AIb ratio and NLR as prognostic indicator
in elderly patients should be confirmed in a large-scale
study.

In conclusion, the combination of the CRP/Alb ratio and
NLR appears to be useful in predicting prognosis in gastric
cancer patients. Because serum markers are a quick, easy,
and noninvasive assay, measuring the CRP/Alb ratio and
NLR may be a useful biological marker in routine clinical
settings.
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