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Abstract. Certain patients with early gastric cancer succumb 
to recurrent disease and cancer-associated complications. The 
key cause of recurrence is challenging to determine, since clin-
ical blood markers that are able to predict the tumor properties 
of gastric cancer are limited. The present study investigated 
the fibrinogen concentration and neutrophil-lymphocyte ratio 
(NLR) in blood specimens from patients with gastric cancer, and 
assessed the clinical applicability of combining the fibrinogen 
concentration with the NLR (CFS-NLR) as a prognostic marker 
of gastric cancer. The present study consisted of 275 patients 
with gastric cancer, who were divided into three groups: 
Those possessing hyperfibrinogenemia (≥305 mg/dl) and a 
high NLR (≥2.34; CFS‑NLR 2 group); those possessing either 
hyperfibrinogenemia or a high NLR (CFS‑NLR 1 group); or 
those that possessed neither abnormality (CFS-NLR 0 group). 
The CFS‑NLR was significantly associated with the depth of 
tumor invasion, lymph node metastasis, lymphovascular inva-
sion and tumor stage (P<0.0001). The prognostic differences 
among the three groups were significant (P=0.0016). There-
fore, the CFS-NLR may be a potentially useful blood marker 
for predicting tumor progression and the prognosis of patients 
with gastric cancer.

Introduction

Gastric cancer is the fifth most common cancer in the world, 
and is the third leading cause of cancer-associated mortality (1). 
The ability to recognize patients with early gastric cancer has 

gradually improved due to a novel endoscopic approach that 
uses narrow band imaging. The prognosis of patients has also 
improved, with 5-year survival rates of 95-100% and 85-95% 
for mucosal and submucosal gastric cancer, respectively (2). 
However, certain patients with early gastric cancer develop 
and succumb to recurrent disease or cancer-associated 
complications. The key cause of disease recurrence is chal-
lenging to predict during the clinical management of patients 
with early gastric cancer. By contrast, the development of 
novel chemotherapy has improved the prognosis of patients 
with unresectable, advanced or recurrent gastric cancer (3). 
Although the prognosis of patients with advanced gastric 
cancer is poor, for patients that are recurrence-free there is a 
positive prognosis (3). However, predicting the postoperative 
prognosis of patients with advanced gastric cancer is chal-
lenging. Carcinoembryonic antigen (CEA) and carbohydrate 
antigen 19-9 (CA 19-9) have been used in clinical settings as 
conventional blood markers of gastric cancer. However, the 
sensitivity and specificity of immunoassays to detect these 
tumor markers, in order to identify subclinical patients at high 
risk of recurrence, is clinically limited (4).

Hepatocytes mainly synthesize fibrinogen, which is an 
acute-phase reactant glycoprotein (5). Activated thrombin 
transforms fibrinogen to fibrin in the coagulation cascade; 
therefore, fibrinogen is important in the regulation of clot 
formation, wound healing, and the inflammatory response (6). 
Furthermore, previous studies have demonstrated that elevated 
fibrinogen activity enhances tumor aggressiveness in several 
malignancies, including esophageal, stomach and colorectal 
carcinomas (7-9). Consequently, hyperfibrinogenemia is 
associated with tumor progression and a poor prognosis for 
patients with malignant disease (7-9).

The host immunosurveillance system is important in the 
prevention of tumor progression, and an imbalance facilitates 
tumor proliferation and metastasis (10). Previous studies 
have investigated the clinical significance of the systemic 
inflammatory response during tumor progression in various 
malignancies (11). The neutrophil-lymphocyte ratio (NLR) is 
a representative index that may be used to assess the systemic 
inflammatory response (12). Several studies have associated 
an elevated, preoperative NLR with tumor development and 
poor prognosis of patients with esophageal, hepatocellular and 
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colorectal cancer, including gastric cancer (13-16). However, 
fibrinogen activity and the NLR have not been simultaneously 
assessed as markers of tumor progression and prognosis in 
patients with gastric cancer.

The present study aimed to determine the preoperative 
fibrinogen concentrations and NLRs in patients with gastric 
cancer, and to evaluate the association between these values 
and clinicopathological characteristics, including prognosis. 
The present study also assessed the clinical applicability 
of combining the fibrinogen concentration with the NLR 
(CFS-NLR) as a prognostic marker of gastric cancer.

Materials and methods

Patients. The present study enrolled 275 patients (179 men 
and 96 women; age range, 31‑89 years; average age, 
66 years) with gastric cancer, who underwent gastrectomy 
with lymphadenectomy at Kagoshima University Hospital 
(Kagoshima, Kagoshima, Japan) between January 2000 and 
December 2011. A total of 87 patients that had received 
endoscopic treatment, palliative resection or preoperative 
chemotherapy or radiotherapy were excluded. The patients 
were categorized and their tumors were staged based on the 
criteria in the tumor‑node‑metastasis (TNM) classification of 
gastric carcinoma established by the Union for International 
Cancer Control (17). Table I reveals the clinicopathological 
characteristics of the patients enrolled in the present study. 
All patients were followed up every 3-6 months subsequent to 
discharge from the hospital, by regular clinical examinations, 
including tumor marker studies (CEA and CA19-9), radiog-
raphy, ultrasonography and computed tomography (CT) scans 
at Kagoshima University Hospital. The median follow-up 
period following surgery was 40 months (range, 1-123 months).

The Institutional Review Board of Kagoshima University 
Hospital approved the present study (approval no. 25-39). Prior 
to surgery, written informed consent was obtained from all the 
patients regarding the use and publication of their information.

Fibrinogen levels and NLR in blood samples. Blood speci-
mens were pre‑operatively collected to quantify the fibrinogen 
concentrations and NLR. Plasma fibrinogen concentrations 
were measured using an STA-R Coagulation Analyzer 1999 
(Roche Diagnostics K.K., Tokyo, Japan). Neutrophils and 
lymphocytes were counted using an XE-2100™ Automated 
Hematology Analyzer (Sysmex Corporation, Kobe, Hyogo, 
Japan). The NLR was calculated by dividing the neutrophil 
count by the lymphocyte count.

Scoring system of modified Glasgow prognostic score (mGPS). 
The patients were divided into three groups, using cutoff values 
adjusted in a previous study (18), as follows: Hypoalbuminemia 
(<3.8 g/dl) and a high C-reactive protein (CRP) (>0.5 mg/dl), 
(mGPS 2 group); either hypoalbuminemia or a high CRP, (mGPS 
1 group); or neither abnormality (mGPS 0 group).

Statistical analysis. The differences in the association between 
fibrinogen concentrations or the NLR and categorical clinico-
pathological characteristics were assessed using the Wilcoxon 
signed-rank test. Receiver operating characteristic (ROC) curves 
and the area under the curve (AUC) were used to assess the 

predictive value of fibrinogen concentrations and NLR to discrim-
inate between gastric cancer patients with advanced stages II-IV 
and those with early stage I. The association between CFS-NLR 
and the clinicopathological characteristics was analyzed using 
the χ2 test. Kaplan-Meier survival curves were generated, and the 
differences in survival rate were determined using the log-rank 
test. Prognostic factors were assessed by univariate and multi-
variate analyses (Cox's proportional hazards regression model). 
The data was analyzed using SAS/STAT® software (SAS Insti-
tute Inc., Cary, NC, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Fibrinogen concentrations and clinicopathological charac‑
teristics. The present study initially investigated the association 
between clinicopathological characteristics and fibrinogen 

Table I. Clinicopathological characteristics of 275 patients 
with gastric cancer.

Characteristics n

Gender
  Male 179
  Female   96
Age, years
  ≤70 159
  >70 116
Histological type
  Differentiated 109
  Undifferentiated 166
Depth of tumor invasion
  pT1 138
  pT2   17
  pT3   63
  pT4   57
Lymph node metastasis
  Negative 145
  Positive 130
Lymphatic invasion
  Negative 133
  Positive 142
Venous invasion
  Negative 152
  Positive 123
Tumor stage
  I 139
  II   44
  III   64
  IV   28

pT1, invasion of lamina propria or submucosa; pT2, invasion of 
muscularis propria; pT3, invasion of subserosa; pT4, penetration of 
serosa or invasion of adjacent structures.
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concentrations and assessed the clinical significance of the 
association during tumor progression in 275 patients with 
gastric cancer.

The mean concentration ± standard deviation (SD) 
and the range of plasma fibrinogen concentrations were 
326.5±76.7 mg/dl and 171-595 mg/dl, respectively. The 
mean ± SD of the plasma fibrinogen concentrations in 
patients with pT1‑T2 (n=155) and pT3‑4 (n=120) tumors were 
300.6±61.5 and 360.0±81.5 mg/dl, respectively (Fig. 1A). The 
plasma fibrinogen concentration was significantly associated 
with the depth of tumor invasion (P<0.0001). The mean ± SD 
of the plasma fibrinogen concentrations were significantly 
higher in patients with lymph node metastasis (n=130) than 
in patients without (n=145) (341.9±84.1 and 312.8±66.8 mg/dl, 
respectively; P=0.0019; Fig. 1B). Furthermore, the plasma 
fibrinogen concentrations were associated with lymphatic 
and venous invasion (P=0.0004 and P<0.0001, respec-
tively; Fig. 1C and D). The mean ± SD of the plasma fibrinogen 

concentrations in stage I‑II (n=183) and stage III‑IV (n=92) 
were 308.2±65.6 and 362.9±84.3 mg/dl, respectively (Fig. 1E). 
The tumor stage was also significantly associated with plasma 
fibrinogen concentrations (P<0.0001). The outcome of the 
ROC analysis demonstrated that the sensitivity of the AUC 
value for discriminating between patients with advanced and 
early gastric cancer based on plasma fibrinogen concentrations 
was 0.70 (Fig. 1F). The cutoff plasma fibrinogen concentration 
was 305 mg/dl. The sensitivity and specificity of the plasma 
fibrinogen concentration was 0.76 and 0.57, respectively. The 
patients were assigned to the high (n=163) or low (n=112) 
plasma fibrinogen groups based on the cutoff value. This 
binary system in the plasma fibrinogen level was used in 
subsequent analyses.

NLR and clinicopathological characteristics. The present 
study also assessed the association between the NLR 
and clinicopathological characteristics of patients during 

Figure 1. Association between plasma fibrinogen concentrations and clinicopathological characterisitcs in 275 patients with gastric cancer. The plasma 
fibrinogen concentration was significantly associated with (A) the depth of tumor invasion, (B) lymph node metastasis, (C) lymphatic invasion, (D) venous 
invasion and (E) tumor stage. Horizontal bars indicate the mean concentrations of plasma fibrinogen. (F) Receiver operating characteristic curve for discrimi-
nating between advanced and early gastric cancer based on plasma fibrinogen concentrations. pT1, invasion of lamina propria or submucosa; pT2, invasion of 
muscularis propria; pT3, invasion of subserosa; pT4, penetration of serosa or invasion of adjacent structures.
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gastric cancer progression. In the present 275 patients, 
the mean ± SD and range of the NLR were 2.21±1.25 and 
0.46-8.40 mg/dl, respectively. The mean ± SD of the NLR in 
patients with pT1-T2 (n=155) and pT3‑4 (n=120) tumors were 
1.91±0.94 and 2.59±1.48 mg/dl, respectively (Fig. 2A). This 
indicates a significant association between the NLR and the 
depth of tumor invasion (P<0.0001). The mean ± SD of the 
NLR was significantly higher in patients with lymph node 
metastasis (n=130) compared with patients without lymph 
node metastasis (n=145) (2.57±1.47 vs. 1.89±0.90 mg/dl; 
P<0.0001; Fig. 2B). Furthermore, the NLR was associated 
with lymphatic and venous invasion (P=0.0002 and P<0.0001, 
respectively; Fig. 2C and D). The mean ± SD of the NLR 
was significantly higher in patients with stage III‑IV disease 
(n=92) compared to patients with stage I‑II (n=183) gastric 
cancer (2.77±1.60 vs. 1.93±0.91 mg/dl; P<0.0001; Fig. 2E). The 

AUC for discriminating between patients with advanced and 
early gastric cancer based on the NLR was 0.63, according to 
ROC analysis (Fig. 2F). Therefore, the cutoff NLR was 2.34. 
The sensitivity and specificity for NLR were 0.46 and 0.76, 
respectively. All patients were classified into groups according 
to the NLR ratios, ≥2.34 (n=97) or <2.34 (n=178). This binary 
system for NLR, such as for the plasma fibrinogen concentra-
tion, was used in subsequent analyses.

Fibrinogen concentration and NLR as prognostic factors. 
The 5‑year survival rate was significantly decreased among 
patients with high fibrinogen values compared with those 
with low values (75.4 vs. 91.8%; P=0.0067; Fig. 3A) and the 
prognosis was significantly poorer for patients with NLR 
≥2.34 compared to those with NLR <2.34 (74.6 vs. 86.6%; 
P=0.0206; Fig. 3B).

Table II. Association between CFS-NLR and the clinicopathological characteristics of patients with gastric cancer.

 CFS-NLR group, n (%)
 --------------------------------------------------------------------------------------------------------------------------
Characteristics Group 0 Group 1 Group 2 P-value

Total   80 (100.0) 130 (100.0)   65 (100.0)
Gender      0.1960
  Male 52 (65.0) 79 (60.8) 48 (73.9)
  Female 28 (35.0) 51 (39.2) 17 (26.1)
Age, years      0.5540
  ≤70 50 (62.5) 74 (56.9) 35 (53.8)
  >70 30 (37.5) 56 (43.1) 30 (46.2)
Tumor location      0.0720
  Upper 21 (26.2) 26 (20.0) 23 (35.4)
  Middle 35 (43.8) 61 (46.9) 18 (27.7)
  Lower 24 (30.0) 43 (33.1) 24 (36.9)
Histological type      0.0730
  Differentiated 36 (45.0) 55 (42.3) 18 (27.7)
  Undifferentiated 44 (55.0) 75 (57.7) 47 (72.3)
Depth of tumor invasion    <0.0001
  pT1-T2 64 (80.0) 75 (57.7) 16 (24.6)
  pT3-T4 16 (20.0) 55 (42.3) 49 (75.4)
Lymph node metastasis    <0.0001
  Negative 55 (68.8) 71 (54.6) 19 (29.2)
  Positive 25 (31.2) 59 (45.4) 46 (70.8)
Lymphatic invasion    <0.0001
  Negative 53 (66.3) 60 (46.2) 20 (30.8)
  Positive 27 (33.7) 70 (53.8) 45 (69.2)
Venous invasion    <0.0001
  Negative 59 (73.8) 73 (56.2) 20 (30.8)
  Positive 21 (26.2) 57 (43.8) 45 (69.2)
Tumor stage    <0.0001
  I-II 69 (86.3) 91 (70.0) 23 (35.4)
  III-IV 11 (13.7) 39 (30.0) 42 (64.6)

CFS‑NLR, combined fibrinogen concentration and neutrophil‑lymphocyte ratio; pT1, invasion of lamina propria or submucosa; pT2, invasion 
of muscularis propria; pT3, invasion of subserosa; pT4, penetration of serosa or invasion of adjacent structures.
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CFS‑NLR and clinicopathological characteristics. The 
present study simultaneously assessed the fibrinogen concen-
tration and NLR as CFS-NLR based on each cutoff value 
established in previous prognostic analyses, to determine the 
clinical value of CFS-NLR for patients with gastric cancer. 
The patients were divided into three groups, based on the 
following criteria: Hyperfibrinogenemia (≥305 mg/dl) and a 
high NLR (≥2.34); (CFS‑NLR 2 group; n=80; 29.1%); either 
hyperfibrinogenemia or a high NLR (CFS‑NLR 1 group; 
n=130; 47.3%); or neither abnormality (CFS‑NLR 0 group; 
n=65; 23.6%).

The CFS‑NLR was significantly associated with the depth 
of tumor invasion, lymph node metastasis, lymphovascular 
invasion and tumor stage (P<0.0001; Table II).

CFS‑NLR as a prognostic factor. The 5-year survival rates of 
patients in CFS‑NLR groups 0, 1 and 2 differed significantly 
and were 92.9, 84.1 and 66.5%, respectively (P=0.0016; Fig. 4).

Univariate and multivariate analyses of the survival rate. The 
depth of tumor invasion, lymph node metastasis and CFS-NLR 
were significantly associated with prognosis in the univariate 
analysis (P<0.0001, P<0.0001 and P=0.0018, respectively; 
Table III). Multivariate analysis demonstrated that the depth of 
tumor invasion and lymph node metastasis were independent 
prognostic factors (P=0.01 and P<0.0001, respectively; Table III).

mGPS as a prognostic factor. The 5 year survival rates of 
patients in mGPS groups 0 (n=183; 66.5%), 1 (n=64; 23.3%) 
and 2 (n=28; 10.2%) differed significantly and were 87.1, 75.0 
and 63.9%, respectively (P=0.0055).

Discussion

The present study analyzed plasma fibrinogen concentrations 
and the NLR in pre-operative blood specimens obtained from 
275 patients with gastric cancer. The fibrinogen concentrations 

Figure 2. Association between NLR and clinicopathological characteristics in 275 patients with gastric cancer. The NLR was significantly associated with 
(A) the depth of tumor invasion, (B) lymph node metastasis, (C) lymphatic invasion, (D) venous invasion and (E) tumor stage. Horizontal bars indicate the mean 
NLR. (F) Receiver operating characteristic curve for discriminating between advanced and early gastric cancer based on NLR. NLR, neutrophil-lymphocyte 
ratio. pT1, invasion of lamina propria or submucosa; pT2, invasion of muscularis propria; pT3, invasion of subserosa; pT4, penetration of serosa or invasion of 
adjacent structures.
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and NLR were assessed together as the CFS-NLR and its 
association with clinicopathological characteristics, including 
prognosis, was investigated. To the best of our knowledge, this 
is the first study to determine the clinical value of CFS‑NLR 
in patients with gastric cancer.

Several studies have associated hyperfibrinogenemia 
with tumor progression and the development of metastasis 
in patients with various malignancies (7‑9); however, a 

reliable basis for elucidating this mechanism remains unknown. 
Yamaguchi et al (19) reported that interleukin-6, which is 
produced by cancer cells, stimulates fibrinogen secretion in 
patients with lung cancer. Furthermore, cancer cells synthesize 
fibrinogen (20). Fibrinogen eventually promotes tumor cell 
growth and angiogenesis through the interaction with fibroblast 
growth factor-2 and vascular endothelial growth factor (20,21). 
The present study identified a significant association between 
hyperfibrinogenemia and known clinicopathological prog-
nostic characteristics, including the depth of tumor invasion, 
lymph node metastasis, lymphovascular invasion and tumor 
stage. Furthermore, the findings that 5‑year survival rates were 
significantly decreased in patients with increased fibrinogen 
concentrations indicated that evaluating plasma fibrinogen may 
be useful for the preoperative prediction of progressive gastric 
cancer and prognosis.

Inflammatory cells in primary and metastatic tumor foci 
are important in the process of tumor cell growth, and tumor 
cells create an advantageous microenvironment by suppressing 
antitumor immunity, which enables their progression (22). A 
previous study identified an improved prognosis when patients 
with gastric cancer had a high, rather than a low, density of 
cluster of differentiation (CD) 3+ tumor‑infiltrating lympho-
cytes (23). Zhao et al (24) revealed that gastric cancer patients 
with a higher density of CD15+ tumor‑infiltrating neutrophils 
possessed a poorer prognosis. A systemic inflammatory response 

Table III. Univariate and multivariate analyses of the survival rate of patients with gastric cancer.

 Univariate analysis Multivariate analysis
Independent --------------------------------------------------------------------------------------  --------------------------------------------------------------------------------------
prognostic factor Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value

Depth of tumor invasion
  pT1-T3/pT4   4.59 2.37-8.87 <0.0001 2.44 1.24-4.82   0.0100
Lymph node metastasis
  Negative/Positive 12.77   4.58-53.10 <0.0001 8.80   3.04-37.27 <0.0001
CFS-NLR
  Group 0-1/2   2.94 1.51-5.67   0.0018 1.87 0.95-3.64   0.0695

CI, confidence interval; pT1, invasion of lamina propria or submucosa; pT3, invasion of subserosa; pT4, penetration of serosa or invasion of 
adjacent structures; CFS‑NLR, combined fibrinogen concentration and the neutrophil‑lymphocyte ratio.

Figure 3. Kaplan‑Meier survival curves for patients with gastric cancer based on (A) plasma fibrinogen concentrations and (B) NLRs. NLR, neutrophil-lymphocyte 
ratio.

  A   B

Figure 4. Kaplan-Meier survival curves for patients with gastric cancer 
based on CFS‑NLR. CFS‑NLR, combined fibrinogen concentration and the 
neutrophil-lymphocyte ratio.
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causes variations in the balance of circulating white blood cell 
constituents (25). These findings indicate that the systemic 
inflammatory response mediates increases and decreases in the 
numbers of neutrophils and lymphocytes, respectively, during 
cancer progression. The NLR has been previously investigated 
as a representative marker indicating a systemic inflammatory 
response, in patients with various malignant neoplasms (13-16). 
The present study demonstrated that the NLR is closely associ-
ated with the depth of tumor invasion, lymph node metastasis, 
lymphovascular invasion and tumor stage. Furthermore, the 
5‑year survival rate was significantly decreased for patients 
with a higher NLR. These findings suggest that the NLR is a 
potential blood marker for predicting tumor aggressiveness, in 
connection with the host microenvironment. Certain studies 
have previously revealed that the NLR may be a useful predictor 
of chemosensitivity in patients with advanced cancer (26,27).

The most salient feature of the present study was the 
assessment of the plasma fibrinogen concentration and NLR 
as a novel index, CFS‑NLR. The present study identified a 
close association between CFS-NLR and the depth of tumor 
invasion, lymph node metastasis and lymphovascular invasion, 
which are prominent clinicopathological prognostic character-
istics in patients with gastric cancer. However, to diagnose these 
characteristics in practice using preoperative imaging modali-
ties, including endoscopy, endoscopic ultrasonography, CT 
and positron emission tomography, may be challenging (28). 
The evaluation of CFS-NLR in preoperative blood specimens 
would be clinically useful for indicating the pathological status 
of tumor progression in combination with diagnostic imaging. 
Furthermore, this potential marker may aid the selection of 
patients with latent gastric cancer that may be candidates for 
neoadjuvant systemic chemotherapy. The CFS-NLR is easily 
calculated from fibrinogen concentrations and the NLR, which 
are determined by conventional blood analyses. Consequently, 
CFS-NLR may serve as a practical, cost-effective blood marker 
that does not require dedicated measuring devices.

The GPS, which is a combined index consisting of C-reac-
tive protein (CRP) and albumin, is a prominent marker that 
is associated with the systemic inflammatory response during 
tumor progression (29). Numerous studies have demonstrated 
that GPS is a useful indicator of tumor aggressive behavior 
and prognosis in patients with various malignant neoplasms, 
including gastric cancer (29,30). Furthermore, recent studies 
have proposed that the mGPS, which consists of adjusted 
values of CRP and albumin, is clinically useful (18,31). In total, 
1 study of 295 patients with gastric cancer identified a signifi-
cantly poorer prognosis among patients with a higher mGPS, 
in terms of survival rates (18). The present study assessed the 
prognostic significance of mGPS in 275 patients with gastric 
cancer, using cutoff values adjusted in the previous study (18), 
to yield 3 groups. The log‑rank test revealed a significant prog-
nostic difference between the three groups with mGPS scores 
of 0, 1 or 2 (P=0.0055). The prognostic difference between the 
same three groups classified by the CFS‑NLR also differed 
significantly (P=0.0016). Furthermore, the CFS-NLR was 
significantly associated with the prognosis in a univariate 
analysis (P=0.0018). These results suggest that CFS‑NLR is a 
more effective prognostic marker than mGPS for patients with 
gastric cancer. However, multivariate analysis did not select 
CFS‑NLR as an independent prognostic factor (P=0.0695). 

Since this result may have been affected by a short follow-up 
period and a small sample size, larger validation studies of 
patients with gastric cancer are required. Additional studies 
are being prepared to survey blood specimens from patients 
with other gastrointestinal tract cancers to assess the clinical 
significance of CFS‑NLR.

In conclusion, the present study proposes a novel prognostic 
factor, the CFS‑NLR, which is a combination of the fibrinogen 
concentration and NLR of blood specimens obtained from 
patients with gastric cancer. The present study demonstrates 
that the CFS-NLR is closely associated with tumor progression 
and prognosis in gastric cancer patients; therefore, CFS‑NLR 
may act as a convenient marker to predict tumor properties.
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