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Abstract

Background Hypercoagulation is associated with tumor progression and metastasis in various types of malignancy.
We compared the prognostic value of preoperative plasma fibrinogen level with those of other prognostic markers in
patients with gastric cancer and assessed whether fibrinogen level was an independent prognostic indicator.
Methods We collected preoperative data from 609 consecutive patients with gastric cancer who underwent curative
gastrectomy. A receiver operating curve (ROC) was used to compare the sensitivity and specificity of carcinoem-
bryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), C-reactive protein (CRP), platelet count, platelet-to-
lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), and fibrinogen level in predicting recurrence.
Recurrence-free survival (RFS) and overall survival (OS) were compared between the normal and high fibrinogen
groups.

Results In the ROC analysis, the area under the curve (AUC) was 0.534 for CEA, 0.552 for CA19-9, 0.587 for CRP,
0.565 for platelet count, 0.567 for PLR, 0.522 for NLR, and 0.692 for fibrinogen. Plasma fibrinogen level increased
with tumor stage. The high fibrinogen (>350 mg/dl) group had significantly worse RFS (p < 0.001) and OS
(p < 0.001) than the normal fibrinogen (<350 mg/dl) group. Cox multivariate analysis of RFS revealed that fib-

Conclusions

prognosis after gastric cancer surgery.

rinogen level was an independent prognostic factor (p < 0.001) in addition to sex, pT stage, and pN stage.
Preoperative plasma fibrinogen level had the highest predictive value for recurrence among seven
known prognostic markers. Since fibrinogen level is an independent factor for RFS, it would be useful for predicting

Introduction

Gastric cancer is the fifth most common malignancy and
the third leading cause of cancer death worldwide [1-3].
Although surgery is the only curative treatment for gastric
cancer, the high recurrence rate after surgery has not sub-
stantially improved. Many studies have shown that various
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prognostic markers based on blood tests can predict
recurrence after surgery in patients with gastric cancer.
Carcinoembryonic antigen (CEA) and carbohydrate anti-
gen 19-9 (CA19-9) are commonly used tumor markers, but
they have insufficient sensitivity and specificity for
detecting recurrence in patients with gastric cancer [4, 5].
However, there are other prognostic markers based on
blood tests. A previous study reported that C-reactive
protein (CRP) was associated with tumor stage and might
be predictive of tumor invasion and lymph node metastasis
in patients with gastric cancer [6]. With regards to platelet
count, thrombocytosis and platelet-to-lymphocyte ratio
(PLR) have been reported as independent prognostic
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markers in patients with gastric cancer [7, 8]. Neutrophil-
to-lymphocyte ratio (NLR) reflects inflammation status and
is associated with clinical stage and survival in patients
with gastric cancer [9].

In addition, some studies have focused on the relation-
ship between various cancers and hemostasis [10, 11].
Hypercoagulation, as indicated by high fibrinogen level,
has been reported to be associated with tumor progression,
metastasis, and survival in patients with gastric cancer [12,
13]. However, there have not been any studies comparing
the prognostic value of fibrinogen and other prognostic
markers. Thus, the aim of this study was to compare the
sensitivity and specificity of preoperative plasma fibrino-
gen to those of other prognostic markers, such as CEA,
CA19-9, CRP, platelet count, PLR, and NLR, for predict-
ing recurrence in patients with gastric cancer. We also
assessed whether fibrinogen is an independent prognostic
indicator after adjusting for other prognostic factors in a
multivariate analysis.

Patients and methods
Patients

We reviewed the records of 949 consecutive patients who
underwent gastrectomy for histologically diagnosed ade-
nocarcinoma of the stomach between January 2001 and
December 2011 at Osaka University Hospital. Patients who
underwent R1 or R2 resection, received neoadjuvant
chemotherapy before surgery, or died within 30 days of
surgery were excluded. Pathological tumor stage was
evaluated using the third English edition of the Japanese
classification of gastric carcinoma, which was established
by Japanese Gastric Cancer Association [14]. Levels of
plasma fibrinogen, serum CEA, serum CA19-9, serum
CRP, as well as platelet, lymphocyte, and neutrophil
counts, were examined within 30 days before surgery. The
cut-off value for fibrinogen was defined as 350 mg/dl,
based on the upper reference value at our hospital and other
report [15]. This study was approved by the institutional
review board of Osaka University Hospital.

Statistical analysis

A receiver operating curve (ROC) was used to compare
the sensitivity and specificity of fibrinogen levels for
predicting recurrence compared to those of other
biomarkers. Associations between fibrinogen and clinico-
pathological factors were analyzed using the Chi-square
test for categorical variables and the Mann—Whitney U test
for continuous variables. Recurrence-free survival (RFS)
was defined as the period from the date of surgery to the

date of detection of the first recurrence or death from any
cause. Overall survival (OS) was defined as the period
from the date of surgery to the date of death from any
cause. Survival was estimated using the Kaplan—Meier
method and compared using the log-rank test. The hazard
ratio (HR) for recurrence or death in the high fibrinogen
group was estimated with a Cox proportional hazards
model. Multivariate Cox regression analysis was per-
formed to adjust for potential confounding factors. A
statistically significant difference was indicated by
p < 0.05. All statistical analyses were performed using
SPSS Statistics software, version 22 (IBM Corp., Armonk,
NY, USA).

Results

This study included 609 eligible patients with data avail-
able for seven variables: CEA, CA19-9, CRP, platelet
count, PLR, NLR, and fibrinogen. The ROC for predicting
recurrence is shown in Fig. 1. The area under the curve
(AUC) was 0.534 for CEA, 0.552 for CA19-9, 0.587 for
CRP, 0.565 for platelet count, 0.567 for PLR, 0.522 for
NLR, and 0.692 for fibrinogen. When the cut-off value for
fibrinogen was defined as 350 mg/dl, the upper reference
value at our hospital, the sensitivity and specificity of fib-
rinogen were 52 and 78 %, respectively.

We examined the association between fibrinogen and
clinicopathological factors (Table 1). The normal fibrino-
gen (<350 mg/dl) group included 445 patients (73.1 %),
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Fig. 1 Receiver operating curve (ROC) for predicting recurrence
with carcinoembryonic antigen (CEA), carbohydrate antigen 19-9
(CA19-9), C-reactive protein (CRP), platelet count, platelet-to-
lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), or
fibrinogen
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Table 1 Baseline characteristics of 609 patients between the normal
and high fibrinogen groups

Characteristics Normal fibrinogen High fibrinogen  p value
(<350 mg/dl) (=350 mg/dl)
group (n = 445) group (n = 164)

Age (years) 0.005
Median (range) 66 (30-92) 68 (37-86)

Sex 0.600
Male 316 (71.0 %) 120 (73.2 %)

Female 129 (29.0 %) 44 (26.8 %)

Location 0.071
Upper 112 (25.2 %) 56 (34.1 %)

Middle 173 (38.9 %) 52 (31.7 %)
Lower 160 (36.0 %) 56 (34.1 %)

Histological type 0.303
Differentiated 238 (53.5 %) 80 (48.8 %)
Undifferentiated 207 (46.5 %) 84 (51.2 %)

pT <0.001
T1 273 (61.3 %) 61 (37.2 %)

T2 58 (13.0 %) 24 (14.6 %)
T3 80 (18.0 %) 40 (24.4 %)
T4 34 (7.6 %) 39 (23.8 %)

pN 0.013
NO 318 (71.5 %) 96 (58.5 %)

N1 52 (11.7 %) 27 (16.5 %)
N2 45 (10.1 %) 20 (12.2 %)
N3 30 (6.7 %) 21 (12.8 %)

pStage <0.001
I 288 (64.7 %) 70 (42.7 %)

I 89 (20.0 %) 48 (29.3 %)
I 66 (14.8 %) 42 (25.6 %)
v 2 (0.4 %) 4 (2.4 %)

Adjuvant 0.005
chemotherapy
Yes 74 (16.6 %) 44 (26.8 %)

No 371 (83.4 %) 120 (73.2 %)

and the high fibrinogen (>350 mg/dl) group had 164
patients (26.9 %). The high fibrinogen group included
more patients of older age (p = 0.005), advanced pT stage
(» < 0.001), and advanced pN stage (p = 0.013). Sex,
tumor location, and histological type were not significantly
associated with fibrinogen levels. Plasma fibrinogen levels
increased with tumor stage (Fig. 2).

The median follow-up time for all patients in this study
was 55 months. When all patients were grouped into
quartiles by plasma fibrinogen level, there was a difference
in RFS among the quartiles (log-rank p < 0.001), but the
lowest and second lowest quartiles had similar RFS
(Fig. 3a). Based on the cut-off value of 350 mg/dl, the high
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Fig. 2 Mean and standard deviation of plasma fibrinogen levels by
pathological tumor stage. p values were calculated with ¢ test

fibrinogen group had significantly worse RFS than the
normal fibrinogen group [HR 3.42; 95 % confidence
interval (CI) 2.38-4.91; log-rank p < 0.001] (Fig. 3b). The
5-year RFES rate in the high fibrinogen group was 62.0 %,
compared to 86.1 % in the normal fibrinogen group. The
high fibrinogen group had also significantly worse OS than
the normal fibrinogen group [HR 2.73; 95 % CI 1.80-4.14;
log-rank p < 0.001]. The 5-year OS rate was 73.2 % in the
high fibrinogen group and 89.3 % in the normal fibrinogen
group. Recurrence was observed in 102 patients (normal
fibrinogen group, 49 patients; high fibrinogen group, 53
patients). Regarding the first site of recurrence, the high
fibrinogen group had significantly more common recur-
rence in the peritoneum (p = 0.008), liver (p < 0.001), and
lymph nodes (p < 0.001) than the normal fibrinogen group
(Table 2).

Subgroup analysis by pT stage showed that the high
fibrinogen group had significantly worse RFS than the
normal fibrinogen group in both the pT1-2 (log-rank
p <0.001) and pT3-4 subgroups (log-rank p = 0.003)
(Fig. 4a, b). There was also a significant difference in the
pT1-2 (log-rank p = 0.003) and pT3—4 subgroups (log-rank
p = 0.017) with regards to OS. Even when we divided
patients into pT1 and pT2—4 subgroups, both subgroups
showed significant differences between the normal and high
fibrinogen groups (pT1, log-rank p = 0.050; pT2-4,
p < 0.001). We also conducted another subgroup analysis of
RFS by the presence or absence of adjuvant chemotherapy.
The analysis showed that the high fibrinogen group had
significantly worse RFS than the normal fibrinogen group in
both subgroups (with adjuvant chemotherapy, log-rank
p = 0.004; without adjuvant chemotherapy, log-rank
p < 0.001).
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Fig. 3 Recurrence-free survival by plasma fibrinogen level quartile
(a) and between the normal and high fibrinogen groups (b)

Cox multivariate analysis of fibrinogen and seven clin-
icopathological factors (age, sex, tumor location, histo-
logical type, pT stage, pN stage, and adjuvant
chemotherapy) revealed that fibrinogen >350 mg/dl was a
statistically significant independent prognostic factor of

poor RFS, along with male sex, pT3—4 disease, and pN1-3
disease (Table 3). The adjusted HR for recurrence in the
high fibrinogen group was 2.25 (95 % CI 1.55-3.28;
p < 0.001). Even when operative procedure (total gas-
trectomy or other), surgical approach (open or laparo-
scopic), and lymphadenectomy (D2 or other) were included
in the Cox multivariate analysis as intermediate factors, the
HR for recurrence in the high fibrinogen group was not
essentially changed (HR 2.21; 95 % CI 1.51-3.22;
p < 0.001).

Discussion

There have been many studies focused on predicting
prognosis using preoperative blood tests in patients with
gastric cancer. Although some studies have identified
CEA, CA19-9, CRP, platelet count, PLR, and NLR as
prognostic markers in patients with gastric cancer, there
have been no studies evaluating which markers are best
suited to predict recurrence in gastric cancer [4-9, 12,
13]. Based on ROC analysis, this study revealed that
preoperative plasma fibrinogen level had the highest
prognostic value compared with other six preoperative
markers in patients with gastric cancer. The high fib-
rinogen group was significantly older, had more
advanced pT and pN stage, and was an independent factor
for poor RFS.

Cancer patients are often in a hypercoagulable state
[16]. Some studies have shown that cancer patients have
higher fibrinogen levels than non-cancer patients [11, 17].
Previous studies have described the mechanisms of
hyperfibrinogenemia in patients with malignancy [13, 18—
21]. Malignant cells often have high levels of the fibrino-
gen receptor called intercellular adhesion molecule 1
(ICAM-1), and platelets also have a fibrinogen receptor
called olIB3 integrin. As a result, malignant cells bind to
platelets through fibrinogen. These aggregates form tumor
thrombi that bind to the endothelium of other organs.
Through this mechanism, fibrinogen plays a role in tumor
progression and metastasis.

Table 2 First sites of recurrence between the normal and high fibrinogen groups

Normal fibrinogen (<350 mg/dl) group (n = 445) High fibrinogen (=350 mg/dl) group (n = 164) p value

Total 49 (11.0 %) 53 (32.3 %) <0.001
Peritoneum 26 (5.8 %) 20 (12.2 %) 0.008
Liver 9 (2.0 %) 18 (11.0 %) <0.001
Lymph nodes 8 (1.8 %) 14 (8.5 %) <0.001
Others 6 (1.3 %) 9 (5.5 %) 0.003

High fibrinogen group included eight duplicated cases
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Fig. 4 Recurrence-free survival of patients with pT1-2 (a) and
pT3—4 tumors (b) between the normal and high fibrinogen groups

Previous studies have shown that preoperative fibrino-
gen level in patients with gastric cancer is associated with
tumor progression and metastasis [11-13, 22]. Yamashita

Table 3 Cox multivariate analysis for recurrence-free survival

et al. reported that the OS rate in patients with T2 tumors
was significantly lower in the high fibrinogen group than
that in the normal fibrinogen group, but there was no dif-
ference in the two groups among patients with T3—4 tumors
[13]. They speculated that high preoperative fibrinogen
levels reflected only lymph node or liver metastases but not
peritoneal metastasis, but our study suggests that fibrinogen
levels can be statistically associated with any type of
recurrence, including peritoneal metastasis. Indeed, there
have been some studies suggesting that fibrinogen might
play a crucial role in the development of peritoneal carci-
nomatosis [23, 24]. As a result of the increased perme-
ability of tumor microvessels, plasma fibrinogen can
extravasate into the peritoneal cavity and accumulate in the
peritoneum, where it is degraded to fibrin by thrombin. In
the peritoneum, fibrin may help stimulate neovasculariza-
tion and provide the matrix that reorganizes the stroma,
thereby enhancing tumor metastasis to the abdominal
cavity. Thus, this mechanism is consistent with our find-
ings. However, adjuvant chemotherapy may decrease the
peritoneal recurrence even in the high fibrinogen patients.
Indeed, there were no significant difference between peri-
toneal recurrence and fibrinogen level in the patients who
underwent adjuvant chemotherapy in our study (log-rank
p = 0.752).

There are some limitations in this study. Our study
included some censored cases who did not reach 5 years
after surgery, which may indicate the possibility of bias in
the survival analyses. Another limitation was retrospective
and single-institution study, which may lead to some
potential biases. Thus, a prospective multicenter study to
validate our findings is warranted.

In conclusion, we revealed that preoperative plasma
fibrinogen levels have the highest value for predicting
recurrence among seven known prognostic markers in
patients with gastric cancer. Predicting recurrence and
prognosis in patients with gastric cancer using preoperative
fibrinogen levels in addition to TNM stage may help
determine whether adjuvant chemotherapy is indicated.

Variables Categories HR (95 % CI) p value
Age (years) >65 1.37 (0.94-2.00) 0.101
Sex Male 1.83 (1.17-2.87) 0.008
Location Upper 1.27 (0.87-1.86) 0.215
Histological type Undifferentiated 1.06 (0.72-1.56) 0.755
pT T34 3.95 (2.51-6.22) <0.001
pN N1-3 3.31 (2.15-5.08) <0.001
Adjuvant chemotherapy No 1.08 (0.71-1.65) 0.712
Fibrinogen level >350 mg/dl 2.25 (1.55-3.28) <0.001

HR hazard ratio, CI confidence interval
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