
Abstract. Background/Aim: We aimed to clarify the roles of
CRP and albumin as independent prognostic factors for
stage IV gastric cancer (stIVGC) patients. The optimal cut-
off value for these two markers was investigated. Patients
and Methods: 123 stIVGC patients presented at our Medical
Center from April, 2005 to March, 2011 were investigated.
Clinicopathological, tumor-specific and treatment factors
were analyzed. Univariate and multivariate Cox proportional
regression models were used to identify for favorable factors
affecting overall survival. The Receiver operating
characteristic (ROC) curve was utilized to determine cut-off
values. Results: Multivariate analysis revealed CRP (hazard
ratio (HR): 1.11; 95% confidence  interval (CI): 1.03-1.18)
to be an independent prognostic factor for survival.
According to the results of the analysis albumin was
excluded. ROC curve of the 3-month-prognosis patients
revealed a maximum area under the curve of 0.85 and a cut-
off value of 1.7 mg/dl. Conclusion: CRP can be considered
an independent prognostic factor for survival of stIVGC
patients and can be used for short-term survival prediction.

Despite advances in diagnostic procedures and treatment
strategies, stage IV gastric cancer (stIVGC) patients still
suffer from poor prognosis with 5-year survival rates being
less than 20% (1, 2). In general, definite treatment strategies
are still not clearly determined. Nevertheless, five treatment
options are proposed by the Japanese Gastric Cancer
Association (JGCA) (3, 4) and are chosen by the physicians
in charge. Therefore, an index to determine the treatment
strategy would be beneficial not only for patients but for
physicians as well.

Recently, C-reactive protein (CRP) has gathered much
attention due to its significance in predicting prognosis in
patients with colorectal cancer. Elevated serum CRP is a
result of inflammatory response and cytokines associated
with inflammation are said to promote cancer progression
(5-8).

In the current study, we investigated pre-operative serum
CRP levels in accordance with other clinicopathological
variables in order to statistically determine its importance in
stIVGC patients. Furthermore, we aimed to clarify the
optimal cut-off value, as well as its clinical significance.

Patients and Methods
Patients. Patients presented with stIVGC at the Saitama Medical
Center, Kawagoe, Japan, between April 2005 and March 2011, were
studied retrospectively by chart reviewing. All patients were
pathologically-confirmed and staging process was carried-out
according to the tumor node metastasis (TNM) staging system
adopted by the Union for Cancer Control (UICC; 7th edition, 2010)
(9). Terminology defined by JGCA (10) was used to avoid
unnecessary confusion. ECOG-PS was evaluated in every patient
upon admission. The diagnosis of stIVGC was based on clinical
findings, barium meal, gastroduodenoscopy, computed tomography,
magnetic resonance imaging, ultrasonography, otherwise at
laparotomy or staging laparoscopy. Peritoneal lavage cytology (CY)
was carried-out at the time of laparotomy and diagnostic
information was given directly from the board-certified pathologist
during operation.

Clinicopathological parameters. The parameters investigated in this
study included age, gender, ECOG-PS, tumor location, gross tumor
appearance, histological type, carcinoembryonic antigen (CEA),
carbohydrate antigen 19-9 (CA19-9), CRP and albumin levels,
tumor depth (T), regional lymph node metastasis (N), liver
metastasis (H), peritoneal dissemination (P), and peritoneal lavage
cytology (CY). Systemic chemotherapy and reduction surgery were
included in the statistical analysis, as treatment parameters.

Statistical analysis. Data are presented as median values with their
range. The relationships between the groups of patients were carried-
out using the Chi-square or Mann-Whitney U-tests, where
appropriate. Survival curves were analyzed using the Kaplan-Meier
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method, and differences were determined by the log-rank test. The
multivariate Cox proportional hazards model was used to identify for
independent prognostic factors. For determining the independent
prognostic factors, a factor with a p-value of less than 0.1 by
univariate analysis was introduced into multivariate analysis with a
forward stepwise selection. Overall survival was defined as the
period starting from the initial treatment (chemotherapy, surgery or
best supportive care) until death due to any reason. Tests were
considered significant when p was less than 0.05. Receiver operating
characteristics (ROC) analysis was used to spot for the best pair of
values for highest sensitivity and specificity, based on the peak and
the cut-off points in continuous variable. The area under the curve
(AUC) was calculated by Statflex version 5 (Osaka, Japan).

Results

One hundred twenty-three patients with stIVGC were
included in the current study. The majority of patients were
male (74%) with a median age of 69 years and ECOG PS 0
or 1 (83%). The number of patients whose tumor location
involved the proximal area of the stomach was 55 (45%).
Sixty-eight patients (55%) had their tumor localized at the
distal area only. Gross tumor appearance was invasive
mostly, type 3, 4 and 5 in 98 patients (80%). Pathologically,
all cases were diagnosed with adenocarcinoma with non-
tubular type being the majority, found in 88 patients (72%).
The majority of patients had T4 (67%) and N3 (54%).
Among the distant metastatic (M) factors, which decide for

stage IV or not, H1 was found in 46 (37%), P1 in 62 (50%),
CY in 39 (45%) and “others” in 55 (45%) patients (Table I).

The number of CY1-patients (n=39) being less than P1-
patients (n=62) seems odd since P1 should always be the same
as CY1. Upon chart reviewing, CY was a routine finding for
P0 patients (n=61), among them fourteen were CY1. The rest
of the patients (n=62) being P1, CY procedure was sometimes
neglected since P1 would be always CY1 (n=37). Therefore,
P0CY1 patients (n=14) and P1CY1 patients (n=25) add-up to
39 patients, listed as CY1 in Table I. If we consider all P1
patients as CY1, the number of CY1 patients would sum-up
to 76, instead of 39, with CY1 patients being more than P1.
The median concentrations for CEA, CA19-9, CRP and
albumin were 6.05 ng/ml, 15.5 ng/ml, 0.6 mg/dl and 3.4 g/dl,
respectively (Table I).

Treatment data of patients are listed in Table II. The
majority of patients went on to receive S-1-based regimen
(n=99). Among them, patients with S-1 alone, or S-1 in
combination with cisplatin, taxans and CPT11 were 45, 45, 8
and 1, respectively.

The relationship between clinicopathological characteristics
and cancer-specific survival rates are shown in Table III. On
univariate survival analysis, age (p=0.03), ECOG-PS
(p<0.01), liver metastasis (p=0.02), CA19-9 (p<0.01), CRP
(p<0.01), albumin (p<0.01), reduction surgery (p<0.01),
chemotherapy (p<0.01) were significantly associated with
cancer-specific survival. On multivariate analysis of the
significant variables, ECOG-PS (HR: 2.21; 95% confidence
interval(CI): 1.26-3.87; p<0.01), CRP (HR: 1.11; 95%CI:
1.03-1.18; p<0.01), reduction surgery (HR: 3.39; 95%CI:
2.04-5.65; p<0.01) and chemotherapy (HR: 2.45; 95%CI:
1.25-4.79; p<0.01) were independently-associated with
cancer-specific survival (Table III).

Using 3-, 6-, 12-, 18-, 24- and 36-months mortality rate as
an end-point, the areas under the ROC curve of CRP were
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Table I. Clinicopathological characteristics of patients.

Parameters Total

Number of patients 123
Gender (male/female) 91/32
Age (median; years) 69 (26-88)
Performance status (0/1/2 or more) 72/30/21
Tumor location (distal only/including proximal) 68/55
Gross tumor appearance* (type 0/1/2/3/4/5) 1/6/18/57/33/8
Histological type*

Tubular type 35
Non-tubular type 88

Tumor markers
CEA (ng/ml) 6.05 (0.8-3136.5)
CA19-9 (ng/ml) 15.5 (1-67867)

Serum albumin (g/dl) 3.4 (1.6-4.9)
Serum C-reactive protein (mg/dl) 0.6 (0-19.5)

TNM factors
Depth of tumor invasion (T) (1/2/3/4) 0/4/37/82
Lymph node metastasis (N) (0/1/2/3) 15/22/19/67
Distant metastases (M)

H1 46
P1 62
CY1 (n=86) 39

*Described in the English version of JGCA 14th edition.

Table II. Treatment data.

Treatment Patients

Surgery (n=78)
Reduction surgery (tumor resection) 37
Palliative surgery (by-pass surgery) 41

Chemotherapy (n=103)
S-1 + CDDP 45
S-1 + Taxan 8
S-1 + Irinotecan 1
S-1-alone 45

Treatment modality (n=123)
Chemotherapy and surgery (reduction /palliative) 34/31
Surgery-alone (reduction/palliative) 3/10
Chemotherapy-alone 38
No treatment (best supportive care) 7



0.85, 0.69, 0.71, 0.70, 0.64 and 0.66, respectively. The cut-off
values (mg/dl) were 1.7, 0.8, 0.4, 0.3, 0.2 and 0.2, respectively.
Sensitivity, specificity and accuracy are listed in Table IV. The
ROC curve of 3-months prognosis is the most reliable curve in
this study, as shown in Figure 1. The cancer-specific survival
curve of CRP, using the cut-off value of 1.7 mg/dl, calculated
from the ROC curve, is shown in Figure 2.

Discussion

The results of the present study clearly demonstrate the
importance of CRP as an independent prognostic factor for
stIVGC patients, along with conduction of reduction surgery,
chemotherapy and good ECOG-PS patients. Furthermore, the
cut-off value of CRP decreases according to survival period,

demonstrating that the higher the CRP, the poorer the
prognosis. The optimal cut-off value can be determined to be
1.7 mg/dl, defined by the most statistically-reliable ROC curve
with an AUC of 0.85, the highest in this study. This cut-off
value can be interpreted as a value which can determine the
short-term prognosis (3-months), short enough to consider best
supportive care. To our knowledge, the present study is the first
to define the clinical significance of CRP in stIVGC patients.

CRP is an acute-phase systemic inflammatory marker, which
play an important role in the host-tumor relation. It is
synthesized at the liver while albumin synthesis is
correspondingly reduced. Currently, CRP is measurable
without any variability and is reliable by standardized assays.
Elevation of CRP levels is associated with an increase of
lymphocyte activity and the response of T-lymphocytes is said
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Table III. Statistical analysis.

Univariate analysis Multivariate analysis

Variables HR (95% CI) p-Value HR (95% C.I.) p-Value

Clinicopathological factors
Age (≥70 vs. <70) 1.52 (1.03-2.24) 0.03 1.25 (0.83-1.89) 0.28
Gender (female : male) 0.77 (0.49-1.19) 0.24
Performance status (≥2 vs. 0-1) 2.88 (1.76-4.70) <0.01 2.21 (1.26-3.87) <0.01
Tumor location (including proximal vs.distal-only) 0.95 (0.65-1.41) 0.82
Gross tumor appearance (Type 4/5 vs. 0/1/2/3) 1.10 (0.73-1.64) 0.66
Histological type (non-tubular vs.tubular) 1.21 (0.79-1.86) 0.38
CEA (≥6.7 ng/ml vs. <6.7ng/ml) 1.23 (0.83-1.82) 0.3
CA19-9 (≥37 ng/ml vs. <37ng/ml) 1.75 (1.16-2.64) <0.01 1.31 (0.85-2.02) 0.22
CRP (mg/dl) (continuous variable) 1.09 (1.04-1.15) <0.01 1.11 (1.03-1.18) <0.01 
Albumin (g/dl) (continuous variable) 0.61 (0.44-0.86) <0.01 1.05 (0.70-1.57) 0.82

TNM factors
Tumor status (T4 vs. T3 or less) 0.84 (0.56-1.26) 0.4
Nodal status (N3 vs. N2 or less) 1.24 (0.84-1.83) 0.28
Liver metastasis (H1 vs. H0) 1.58 (1.07-2.34) 0.02 1.35 (0.84-2.17) 0.21
Peritoneal carcinomatosis (P1 vs. P0) 1.17 (0.80-1.73) 0.41
Peritoneal lavage cytology (CY1 vs. CY0) 1.36 (0.85-2.17) 0.2

Treatment factors
Primary tumor (non-resection vs. resection) 3.89 (2.56-5.93) <0.01 3.39 (2.04-5.65) <0.01
Chemotherapy (No vs. Yes) 2.18 (1.21-3.94) <0.01 2.45 (1.25-4.79) <0.01

HR, Hazard ratio; CI, confidential index.

Table IV. ROC analysis of CRP levels according to survival.

Overall survival (months) AUC Cut-off value (mg/dl) Sensitivity (%) Specificity (%) Accuracy (%)

3-months 0.85 1.7 76.5 78.1 77.9
6-months 0.69 0.8 67.5 67.9 67.8
12-months 0.71 0.4 66.2 61.5 64.2
18-months 0.70 0.3 64.7 62.2 65.5
24-months 0.64 0.2 64.2 57.9 63.2
36-months 0.66 0.2 63.3 60.0 63.1

AUC; Area under the curve.



to be impaired within the tumor (11, 12). Also the increase of
various cytokines and growth factors such as interleukin-6 and
tumor necrosis factor-alpha as a part of inflammatory response
may promote tumor growth (5-8). Previous studies have shown
the positive correlation of poor outcome in patients with
elevated CRP in various solid tumors (13-30). Though our
patients are most advanced gastric cancer patients and limited
in number, our results follow the conclusions of the previous
literature. Our statistical investigations have proven the
significance of CRP in stIVGC patients for the first time.

With CRP being a continuous variable, determination of its
optimal cut-off value is warranted. Forrest and colleagues have
used 1.0 mg/dl as a cut-off value (31). Later, Miki and
colleagues introduced 0.5 mg/dl (32) in their study, as
determined by ROC curve. ROC curve is a graphical plot
which is created by plotting the fraction of true-positives
(sensitivity) out of the total actual positives versus the fraction
of false-positives out of the total actual negatives (true-negative;
1-specificity). The best pair of values for highest sensitivity and
specificity determines the peak cut-off point. We hypothesized
that this cut-off point should vary according to the outcome of
the patients, since a poor outcome should link to disease
progression. Therefore, we calculated the ROC curve stratified
by prognosis and have clearly shown that CRP values tended to
be higher when life expectancy was shorter. Furthermore,
according to the AUC, the ROC curve of the 3-months
prognosis patients had the strongest power (AUC; 0.85) and its

cut-off value was 1.7 mg/dl. Other AUCs were 0.66 to 0.71
suggesting that the ROC curve of 3-months-prognosis patients
is most reliable and that CRP can be best-used as a prognostic
biomarker for patients with prognosis of 3-months. The
decrease of the cut-off value according to the prognosis
suggests that CRP is associated with the extent of disease and
can be a potential biomarker for predicting outcomes in
stIVGC patients. Therefore, CRP can be used as marker to
predict for life expectancy in stage IV gastric cancer patients,
especially in short-term, when patients, their family members,
and physicians, consider best supportive care.

In conclusion, CRP stands as one of the independent
prognostic factor for stage IV gastric cancer patients and
provides prognostic information, especially for short-term
survival. The optimal cut-off value should be set at 1.7 mg/dl,
in order to determine 3-months life expectancy for stIVGC.
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