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Abstract

Background The prognostic significance of preoperative plasma fibrinogen in patients with operable gastric cancer
remains under debate. This study aimed to elucidate the prognostic value of fibrinogen in gastric cancer patients
underwent gastrectomy.

Methods A total of 4351 patients with gastric cancer collected from three comprehensive medical centers were
retrospectively evaluated. Patients were categorized by minimum P value using X-tile, while the baseline con-
founders for fibrinogen was balanced through propensity score matching (PSM). The relationships between fib-
rinogen and other clinicopathologic features were evaluated, and nomogram was constructed to assess its prognostic
improvement compared with TNM staging system.

Results Fibrinogen was significantly correlated with macroscopic type, tumor differentiation, tumor size, and T and
N stage. The factors, fibrinogen and T stage as well as N stage, were identified to be independent prognostic factors
after PSM. Nomogram based on fibrinogen demonstrated a smaller Akaike information criterion (AIC) and a larger
concordance index (C-index) than TNM staging system, illustrating that fibrinogen might be able to improve the
prognostic accuracy.

Conclusions Preoperative plasma fibrinogen levels in gastric cancer patients were significantly correlated with tumor
progression, which could be regarded as a reliable marker for survival prognostic prediction.
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Introduction

Being the secondary leading cause of cancer-related mor-
tality in China, gastric cancer is one of the most common
gastrointestinal malignances worldwide, despite that global
incidence is declining [1]. Identification of prognostic
factors for gastric cancer becomes increasingly crucial in
predicting patients’ survival. The hypercoagulability of
blood has been demonstrated to be associated with malig-
nancies [2, 3]. As an important coagulation factor, plasma
fibrinogen synthesized by liver, which can be converted to
fibrin by activated thrombin, has been recently illustrated
to participate in tumorigenesis, stroma formation, angio-
genesis, and tumor metastasis [4—7]. Nevertheless, previ-
ous studies showed that fibrinogen could be regarded as an
independent predictor [8—11], whereas some proposed that
it was not related to the survival outcome of patients with
malignancy [12[. Moreover, there has been no unanimous
consensus reached on what clinical roles were played by
fibrinogen so far, and the clinical significance of preoper-
ative fibrinogen has not been well addressed for gastric
cancer patients till now [8, 13-16].

It is highly necessary, therefore, to elucidate the prog-
nostic significance of fibrinogen and to determine its
potential clinical value in gastric cancer patients. We aimed
to investigate the prognostic significance of preoperative
plasma fibrinogen levels in gastric cancer patients enrolled
in three medical centers.

Patients and methods
Patients

From January 2002 to June 2012, 4351 gastric cancer
patients, who underwent gastrectomy in West China
Hospital, Southwest Hospital, and Guangdong General
Hospital, were analyzed in this study. Exclusion criteria for
patients were as follows: (1) multiple stomach tumors; (2)
palliative surgical operation; (3) death because of postop-
erative complications in hospital stay; (4) peritoneal dis-
semination or distant metastasis; (5) patients who were lost
to follow-up; (6) incomplete medical records. Finally, 3072
candidates were totally included as shown in Fig. 1.
Specifically, 2737 of them, who were enrolled in Southwest
Hospital and West China Hospital, were randomized with a
sample size ratio 2:1, into inner training cohort and inner
validation cohort, while 335 candidates in Guangdong
General Hospital were defined as an independent validation
cohort.

Definition of fib-high/low groups and baseline
characteristics

On the basis of optimal cutoff point, 3.20 g/L, determined
by X-tile, gastric cancer patients were categorized into Fib-
high group (> 3.20 g/L) and Fib-low group (< 3.20 g/L).
The clinicopathologic and demographic factors included

Fig. 1 The flow diagram of

patients enrolled in this study
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age, gender, extent of gastrectomy, surgical approach,
tumor differentiation, tumor location, tumor size, macro-
scopic type, and pathological TNM stage[17].

Follow-up and survival

Patients were periodically followed up through telephone
interviews, outpatient visits, and letters. The follow-up was
arranged as bellows: every 3 months during the first
2 years after surgery, and then every 6 months in the fol-
lowing 3 years, and thereafter every 12 months till death.
The survival time was calculated from the date of operation
to the last follow-up time, June 2017, or date of death.
Overall survival in this study was the primary endpoint.
The changed telephone numbers or contact address and
patients’ refusal to the outpatients visit were the main cause
to follow-up losses. Of the 4351 patients, 3898 (89.6%)
were followed up.

Statistical analysis

Optimal cutoff point of preoperative fibrinogen was
selected from log-rank y* statistics by minimum P value
using the X-tile program [18]. Ranked and unordered cat-
egorical variables were assessed by Mann—Whitney U and
Chi-square test, respectively, by SPSS (SPSS, version 23.0,
Inc., Chicago, IL, USA). Cox’s regression model was used
to perform univariate and multivariate survival analyses.
The log-rank test and Kaplan—-Meier method were utilized
to calculate cumulative survival rates.

To reduce the impact of potential confounding factors
and effects of selection bias, such as baseline clinico-
pathologic factors or uneven patient distribution between
the Fib-high and Fib-low groups, 1:1 propensity score
matching was applied to adjust for gender, age, tumor size,
macroscopic type, tumor differentiation, and T stage and N

Table 1 Comparison and validation of different cutoff points for
fibrinogen

Authors (ref.) Cutoff point (g/L) AIC C- P
index

Yu et al. [8] 1.50; 4.00 865.1 0.732 < 0.05
Yu et al. [13] 3.90 930.3 0.687 < 0.01
Arigami et al. [14]  3.05 9422 0.661 < 0.01
Lee et al. [15] 4.00 886.9 0.722 < 0.05
Yamashita et al.[16] 3.10 858.4 0.737 < 0.05
This study 3.20 855.7 0.743 < 0.01

AIC Akaike information criterion, ref. reference

stage. A 0.2-width caliper of the standard deviation of the
logit was applied to match across the two groups [19]. The
Regression Modeling Strategies package in R program was
used to display nomogram and calibration curve, whereas
Harrell Miscellaneous package was applied to compare the
predictive ability of survival among different staging sys-
tems. Additionally, the prognostic accuracy and discrimi-
natory ability of each system were evaluated by
concordance index (C-index) and Akaike information cri-
terion (AIC), respectively. A larger C-index means a more
accurate prognostic prediction [20], but a larger AIC value
corresponds to a model with a worse discriminatory ability
for predicting outcome [21]. A p value of < 0.05 (two
side) was regarded to be statistically significant.

Results

Clinicopathologic characteristics and correlation
analysis

X-tile plots showed that the optimal cutoff point for fib-
rinogen was 3.20 g/L in gastric cancer patients (Fig. 2),

Fig. 2 Division of patients by
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according to which patients were categorized into Fib-high
group (> 3.20 g/L) and Fib-low group (< 3.20 g/L).
Moreover, various cutoff points proposed previously were

validated using our sample to compare their prognostic
prediction ability with the cutoff point produced in this
study, as demonstrated in Table 1. We found that

Table 2 Clinicopathologic factors of training, validation and propensity-score-matched cohorts stratified by preoperative plasma

fibrinogen.n(%)
Variables Training cohort (n = 1825) Validation cohort (n = 912) Propensity-score-matched cohort
(n = 842)
Fib-high Fib-low P value  Fib-high Fib-low P value  Fib-high Fib-low P value
(n = 830) (n =995) (n = 426) (n = 486) (n =421) (n =421)

Gender 0.110 0.074 0.327
Male 602 (72.5) 687 (69.0) 298 (70.0) 366 (75.3) 303 (72.0) 289 (68.6)

Female 228 (27.5) 308 (31.0) 128 (30.0) 120 (24.7) 118 (28.0) 132 (31.4)

Age(years) 0.059 0.102 0.262

< 65 532 (64.1) 680 (68.3) 278 (65.3) 342 (70.4) 284 (67.5) 300 (71.3)
> 65 298 (35.9) 315 31.7) 148 (34.7) 144 (29.6) 137 (32.5) 121 (28.7)
Tumor location 0.083 0.059 0.778
Upper third 224 (27.0) 227 (22.8) 70 (16.4) 74 (11.1) 112 (26.7) 118 (28.1)
Middle third 120 (14.4) 138 (13.9) 24 (5.7) 48 (14.0) 60 (14.2) 57 (13.5)
Lower third 486 (58.6) 630 (63.3) 332 (77.9) 364 (74.9) 249 (59.1) 246 (58.4)
Tumor size (cm) 0.002 0.004 0.407
<5 454 (54.7) 589(59.2) 230 (54.0) 216 (44.4) 232 (55.2) 219 (52.1)
>5 376 (45.3) 406(40.8) 196 (46.0) 270 (55.6) 189 (44.8) 202 (47.9)

Tumor 0.001 < 0.001 0.194
differentiation
Well/moderately 266 (32.1) 251 (25.2) 150 (35.2) 306 (63.0) 75 (17.9) 91 (21.7)

Poorly/ 564 (67.9) 744 (74.8) 276 (64.8) 180 (37.0) 346 (82.1) 330 (78.3)
undifferentiated

Macroscopic type < 0.001 0.007 0.200
Borrmann 0-I1 488 (58.8) 687 (69.0) 256 (60.1) 334 (68.7) 254 (60.3) 273 (64.9)
Borrmann III-1IV 342 (41.2) 308 (31.0) 170 (39.9) 152 (31.3) 167 (39.7) 148 (35.1)

Surgical approach 0.384 0.367 0.108
Open 578 (69.6) 674 (67.7) 277 (65.0) 302 (62.1) 270 (64.1) 292 (69.4)
Laparoscopic 252 (30.4) 321 (32.3) 149 (35.0) 184 (37.9) 151 (35.9) 129 (30.6)

Gastrectomy extent 0.194 0.117 0.341
Total 302 (36.4) 401 (40.3) 155 (36.4) 189 (38.9) 184 (43.7) 202 (48.0)

Distal 481 (58.0) 535 (53.8) 248 (58.2) 269 (55.3) 222 (52.7) 201 (47.7)
Proximal 47 (5.7) 59 (5.9) 13 (6.6) 28 (5.8) 15 (3.6) 18 (4.3)

T stage < 0.001 0.001 0.160
T1 101 (12.2) 188 (18.9) 64 (15.0) 103 (21.2) 49 (11.6) 57 (13.5)

T2 105 (12.7) 219 (22.0) 76 (17.8) 113 (23.3) 57 (13.5) 67 (15.9)
T3 245 (29.5) 230 (23.1) 112 (26.3) 126 (26.0) 116 (27.6) 89 (21.1)
T4 379 (45.7) 358 (36.0) 174 (40.8) 144(29.6) 199 (47.3) 208 (49.4)

N stage 0.034 0.002 0.852

NO 143 (17.2) 189 (19.0) 80 (18.8) 123 (25.3) 93 (22.1) 89 (21.1)
N1 250 (30.1) 337 (33.9) 102 (23.9) 141 (29.0) 117 (27.8) 127 (30.2)
N2 264 (31.8) 256 (25.7) 143 (33.6) 113 (23.3) 122 (29.0) 114 (27.1)

N3 173 (20.8) 213 (21.4) 101 (23.7) 109 (22.4) 89 (21.1) 91 (21.6)

Chemotherapy 0.353 0.006 0.251
Present 693 (83.5) 814 (81.8) 326 (76.5) 408 (84.0) 349 (82.9) 335 (79.5)
Absent/unclear 137 (16.5) 181 (18.2) 100 (23.5) 78 (16.0) 72 (17.1) 86 (20.5)
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Fig. 3 Propensity score distributions of patients before matching (a) and after matching (b). Kaplan—Meier survival analyses of patients in the
cohorts before matching (c) and after matching (d)

application of the cutoff point of 3.20 g/L could produce a
smaller AIC value as well as a larger C-index, as compared
with other cutoff points reported previously (all p < 0.05,
Table 1).

Clinicopathologic features were compared between the
Fib-high and Fib-low group in the training, validation, and
propensity-score-matched cohort (Table 2). Fibrinogen was
illustrated to be significantly associated with tumor dif-
ferentiation (p < 0.05), tumor size (p < 0.05), macroscopic
type (p < 0.05), T stage (p < 0.05), and N stage (p < 0.05)
both in the training and in the validation cohort. Specifi-
cally, patients were more likely to be with macroscopic
type II-IV, deep tumor invasion, and wide lymph nodes
metastasis in Fib-high group than that in Fib-low group.
Additionally, we found that poorly/undifferentiated his-
tology was more prevalent in Fib-low group among train-
ing cohort but much more common in Fib-high group in

validation cohort. Likewise, larger tumor size was associ-
ated with Fib-high in training cohort, while much more
common in Fig-low in validation cohort. However, fib-
rinogen was not significantly associated with age
(p > 0.05), gender (p > 0.05), tumor location (p > 0.05),
gastrectomy extent (p > 0.05), and surgical approach
(p > 0.05) in all of the cohorts.

Prognostic significance of fibrinogen

In order to balance the baseline and to reduce the potential
confounding factor impact and selection bias effect, 1:1
propensity score matching was utilized to adjust for gender,
age, tumor size, tumor differentiation, macroscopic type,
and T stage and N stage between the Fib-high and Fib-low
groups. Though an initial dissimilarity across the two
groups was demonstrated in Fig. 3a according to
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Table 3 Cox regression analyses predicting overall survival in propensity-score-matched cohort

Variables Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value

Gender

Male 1 1

Female 0.843 (0.612-0.904) 0.035 0.749 (0.632-1.022) 0.381
Age (years)

< 65 1 1

> 65 1.404 (1.013-1.869) 0.009 1.173 (0.939-1.556) 0.195
Fibrinogen

Fib-low 1 1

Fib-high 1.109 (1.032-1.457) 0.011 1.162 (1.013-1.291) 0.039
Tumor location

Upper 1

Lower/middle 0.906 (0.629-1.018) 0.081 - -
Tumor size

<5cm 1

> 5cm 1.051 (1.002-1.171) 0.037 1.305 (0.830-1.326) 0.112
Tumor differentiation

Poorly/Undifferentiated 1 1

Well/Moderately 1.012 (1.001-1.396) 0.023 1.105 (0.729-1.281) 0.098
Macroscopic type

Borrmann III-IV 1 1

Borrmann 0-II 0.893 (0.652-0.942) 0.017 0.900 (0.782-1.043) 0.301
Surgical approach

Open 1 - -

Laparoscopic 0.989 (0.678-1.201) 0.078 - -
Gastrectomy extent

Total 1 - -

Distal 0.877 (0.679-1.103) 0.069 - -

Proximal 1.125 (0.897-1.524) 0.103 - -
T stage

T1 1 1

T2 1.739 (1.019-2.284) 0.005 1.374 (1.026-1.872) 0.026

T3 2.031 (1.302-2.909) 0.003 1.535 (1.224-1.925) 0.029

T4 2.894 (1.804-4.538) < 0.001 2.601 (1.852-3.968) < 0.001
N stage

NO 1 1

N1 1.735 (1.243-2.426) 0.011 1.412 (1.110-1.812) 0.029

N2 2.214 (1.382-2.996) 0.009 1.687 (1.223-2.048) 0.019
N3 2.975 (1.931-4.093) < 0.001 2.436 (1.592-3.988) 0.006
Chemotherapy

Present 1 1

Absent/unclear 1.156 (1.004-1.921) 0.035 1.043(0.831-1.721) 0.191

HR hazard ratio, CI confidence interval, — not enter the regression model

propensity score distributions before match, it was quite
homogeneous after matching (Fig. 3b), illustrating the
adequacy of balance achieved by the propensity score

@ Springer

model, and all of the clinicopathologic features were found
to be balanced (all p > 0.05) between the two groups in
Table 2. Moreover, patients with Fib-low were illustrated
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to be with a better survival rate than those who were with
Fib-high, in both the cohorts before and after matching
(Fig. 3c, d).

Cox’s regression model is displayed in Table 3 to ana-
lyze the prognostic value of fibrinogen in the propensity-
score-matched cohort. Univariate analysis showed that
some clinicopathologic features, including of gender
(HR = 0.843, p =0.035), age (HR = 1.404, p = 0.009),
tumor size (HR = 1.051, p = 0.037), fibrinogen (HR =

1.109, p =0.011), tumor differentiation (HR = 1.012,
p = 0.023), macroscopic type (HR = 0.893, p = 0.017), T
stage (T2 vs. T1, HR = 1.739, p =0.005; T3 vs. TlI,
HR =2.031, p=0.003; T4 vs. TI, HR =2.894,
p < 0.001), N stage (N1 vs. NO, HR = 1.735, p = 0.011;
N2 vs. NO, HR =2.214, p =0.009; N3 vs. NO, HR =

2.975, p < 0.001) and chemotherapy status (HR = 1.156,
p = 0.035), were significant prognostic factors, whereas
tumor location(HR = 0.906, p = 0.081), surgical approach
(HR =0.989, p = 0.078), and gastrectomy extent (Distal
vs. Total gastrectomy, HR = 0.877, p = 0.069; Proximal
vs. Total gastrectomy, HR = 1.125, p = 0.103) were illus-
trated to be not significant risk factors for overall survival.
However, multivariate Cox regression analysis indicated
that only fibrinogen and pathological T and N stages were
significantly associated with patients’ survival prognosis,
revealing that they were independent prognostic factors.

Nomogram was performed in this study to predict 5-year
overall survival (Fig. 4a). Independent prognostic factors,
fibrinogen and T stage and N stages, were included in the
nomogram plot, either in the inner training cohort or in the
validation cohort. Kaplan—-Meier survival analysis for fib-
rinogen were suggested in Fig. 5, and the corresponding

calibration curves in the training and validation cohorts
showed that the predictive probability was closely similar
to the actual 5-year overall survival rate. Besides, this
nomogram was applied in another independent cohort to
validate its prognostic accuracy in Fig. 4b, the calibration
curve showed a similar result as illustrated in the validation
cohort.

Furthermore, AIC value and c-index were utilized to
compare the discriminatory ability and prognostic accu-
racy, respectively, between this nomogram and TNM
staging system in Table 4. Significant improvement in
prognostic prediction was found not only in the training
and validation cohort, but also in the independent cohort.
To be specific, TNM staging system was demonstrated to
produce a smaller c-index (all p < 0.05) and a larger AIC
(all p < 0.05) than the present nomogram.

Discussion

Fibrinogen was identified to be an independent prognostic
factor for gastric cancer patients, and additional attention
should be paid on it. No uniform consensus, nonetheless,
has been reached yet so far, due to the evaluation criteria
and because of limitation of inconsistent cutoff point
[8, 13—16]. Actually, no well-recognized and unified cutoff
point for fibrinogen existed for gastric cancer. We applied
the optimal cutoff point, 3.20 g/L, to categorize patients
into Fib-high and Fib-low groups in this study, which
indicated more predictive accuracy and showed a better
discriminatory ability than those reported previously.
Moreover, we found that patients in Fib-high group were
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Table 4 The comparison of accuracy and discriminatory ability between the present nomogram and TNM staging system

Factor Training cohort Validation cohort Independent cohort

TNM Nomogram P value TNM Nomogram P value TNM Nomogram P value
C-index 0.682 0.723 0.003 0.702 0.734 < 0.001 0.691 0.719 < 0.001
AIC 780.4 730.1 0.046 832.2 798.4 0.035 965.6 872.7 0.032

AIC Akaike information criterion

companied with more aggressive features and worse bio-
logical behavior than patients in Fib-low group, both in the
training and in the validation cohort, which illustrated that
fibrinogen might be correlated with the tumor progression
of gastric cancer.

Specifically, patients in Fib-high group was found more
frequently with the presence of deep tumor invasion and
advanced macroscopic type as well as wide lymph nodes

@ Springer

metastasis, being consistent with previous studies in which
a strong correlation between fibrinogen and increased
metastatic potential, advanced tumor stage in various
tumors was increasingly being recognized [7, 8, 13-16].
Fibrinogen, as an acute-phase protein regulating clotting
and fibrinolysis in the blood, could probably be induced by
cancer cells directly activating the clotting response or
indirectly stimulating mononuclear cells secretion [22],
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which could be the reason why patients with aggressive
features were more frequently distributed in the Fib-high
group in the present study. However, we found that his-
tology type and tumor size were not consistently allocated
in two groups, as for the training and validation cohort.
This inconformity of these two variables above might be
attributed to their uneven distributions of the two cohorts.
Meanwhile, our results demonstrated that there might exist
multicollinearity with fibrinogen, and these could be the
potential confounding factors for fibrinogen. Therefore,
propensity score matching was applied to reduce the mul-
ticollinearity and to balance the baseline. After matching,
fibrinogen was illustrated to be an independent predictor,
and patients with Fib-low showed a better survival as
compared to those with Fib-high.

In addition to T and N stages, fibrinogen was also
demonstrated to be an independent predictor by multi-
variate Cox regression analysis. A nomogram including of
these three independent predictors was constructed in the
training cohort, and calibration curves were further per-
formed to validate this nomogram not only in the inner
validation cohort but also in the independent cohort, which
revealed a reliability and a good concordance estimate for
the 5-year overall survival. Moreover, an excellent staging
system is expected to provide guidance of choosing
appropriate adjuvant treatment and accurate prognostic
estimation [23]. Hence, AIC value and C-index were used
to demonstrate how much improvement was achieved in
prognostic prediction using this nomogram. The present
nomogram, as compared with TNM staging system,
showed a better discriminatory ability and indicated more
predictive accuracy in survival prediction, not only in
training cohort and validation cohort but also in the inde-
pendent cohort.

Apart from our clinical findings that preoperative
plasma fibrinogen was correlated with aggressive clinico-
pathologic features, tumor progression and overall survival
of gastric cancer patients, previous in vitro studies revealed
that fibrinogen can enhance the cell migration and invasion
of gallbladder cancer [24] and esophageal squamous cell
carcinoma [7] by inducing epithelial-mesenchymal tran-
sition (EMT) process through the signal pathway of
p-AKT/p-mTOR, which demonstrated that fibrinogen pro-
moted cell proliferation in vitro, reminding us that fib-
rinogen could stimulate the cancer cells’ growth via a
certain kind of pathway which needed further study to
elucidate its mechanism.

Limitations also existed in our study. Firstly, some
factors could be observed by chance regardless of the large
number of patients, and optimal cutoff point of preopera-
tive serum fibrinogen could possibly make sense only in
our study. In addition, only fibrinogen among the factors
entered in the nomogram could be obtained preoperatively,

which could limit its application in the formulation of
optimal therapeutic strategy. Moreover, the mechanism of
fibrinogen enhancing the proliferation of gastric cancer
cells was still unknown. Therefore, more investigations are
needed to evaluate the significance of preoperative plasma
fibrinogen and to elucidate the mechanism affecting pro-
liferation before stronger statement can be done.

Conclusion

Preoperative plasma fibrinogen levels in gastric cancer
patients were significantly correlated with tumor progres-
sion, which could be regarded as a reliable marker for the
prognostic prediction, and nomogram based on fibrinogen
may improve the prognostic accuracy for survival
prediction.
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