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Background: The prognostic role of preoperative fibrinogen in colorectal cancer (CRC) 
patients remains controversial. Therefore, we assessed the predictive value of preoperative 
fibrinogen and developed a tool for predicting the survival of CRC patients.
Methods: This retrospective study evaluated 1869 patients who underwent curative resec-
tion for CRC. Univariate and multivariate survival analyses were conducted to identify the 
factors correlated with overall survival (OS) and cancer-specific survival (CSS). Nomograms 
were developed as a graphical representation of the Cox proportional hazards regression 
models. The performance of the nomograms was assessed by Harrell’s concordance index 
(c-index) and calibration plots.
Results: The preoperative fibrinogen levels were correlated with age, tumor differentiation, 
tumor location, pT category, and TNM stage. In the multivariate analysis, elevated fibrinogen 
level was independently correlated with worse OS and CSS (OS: hazard ratio [HR] = 0.777, 
95% confidence interval [95% CI] = 0.630–0.958, P = 0.018; CSS: HR = 0.757, 95% CI = 
0.605–0.947, P = 0.015). The nomograms could predict outcomes with a c-index for OS and 
CSS of 0.79 and 0.81, respectively. The nomograms also had a good calibration.
Conclusion: Preoperative fibrinogen level was an independent marker of poor prognosis in 
patients with nonmetastatic CRC, and there was a threshold level for the use of fibrinogen as 
a prognostic factor. Furthermore, nomograms may help predict the individual risk of OS and 
CSS in patients treated for CRC.
Keywords: colorectal cancer, fibrinogen, prognosis, TNM staging, nomogram

Background
Colorectal cancer (CRC) is the second most commonly diagnosed cancer in women 
and third in men, with an estimated 1.4 million cases and 693,900 deaths in 2012 
worldwide.1 Westernized lifestyle significantly increases the prevalence of obesity 
and physical inactivity in recent decades and may have contributed to the increase 
in the incidence of CRC.2–7 To date, TNM staging has been the most commonly 
used prognostic indicator. However, the survival difference exists within the same 
TNM stage.8 Host factors such as the systemic inflammation may be responsible for 
the observed differences in survival.9–13 Therefore, the development of simple, non- 
invasive methods is important for the accurate assessment of patient prognosis.

Fibrinogen is a soluble glycoprotein produced by hepatocytes and converted 
into fibrin by activated thrombin.14,15 It plays a major role in blood clotting, cellular 
and matrix interactions, and wound healing.16,17 In addition, fibrinogen may be 

Correspondence: Zhenning Wang  
Department of Surgical Oncology and 
General Surgery, Key Laboratory of 
Precision Diagnosis and Treatment of 
Gastrointestinal Tumors, Ministry of 
Education, First Hospital of China Medical 
University, Shenyang 110001, People’s 
Republic of China  
Tel +86-24-83283556  
Fax +86-24-22703578  
Email josieon826@sina.cn

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 13301–13309                                              13301

http://doi.org/10.2147/CMAR.S275498 

DovePress © 2020 Sun et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-5736-9453
mailto:josieon826@sina.cn
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


affected by the presence of inflammation. However, the 
mechanism involved in the synthesis of activated fibrino-
gen during inflammation is not fully understood.

Studies have shown that higher levels of fibrinogen are 
correlated with an increased risk of developing CRC.18,19 

The prognostic role of preoperative fibrinogen in CRC 
patients remains controversial. Son et al suggested that 
elevated fibrinogen levels may serve as a prognostic indi-
cator in patients with nonmetastatic colon cancer.20 

However, Pedrazzani et al showed that preoperative fibri-
nogen levels associated with major prognostic factor but 
did not help predict patient outcome after CRC surgery.21 

The primary objective of this study was to investigate the 
prognostic prediction value of preoperative fibrinogen 
level in nonmetastatic CRC. The secondary objective was 
to construct predictive models and nomograms to predict 
the survival of nonmetastatic CRC patients.

Methods
Patient Cohort
We retrospectively analyzed a cohort of CRC patients who 
underwent primary tumor resection at the Department of 
Surgical Oncology at the First Hospital of China 
Medical University (CMU-SO). According to National 
Comprehensive Cancer Network (NCCN) guideline, adju-
vant chemotherapy is recommended for high-risk stage II 
patients and stage III patients enrolled in the study, while it 
is recommended for low-risk stage II patients according to 
their physical status. Patients without recorded preopera-
tive fibrinogen levels, those with metastatic disease, and 
those who received preoperative chemoradiotherapy were 
excluded. Therefore, 1869 patients were included in the 
study. Patients were diagnosed and treated from 
April 2000 to May 2014. Follow-up was completed until 
October 2015. Median follow-up was 46 months (range of 
4–136). Clinical data, including age, sex, clinicopatholo-
gical features, and preoperative laboratory data, were 
obtained from the medical records of the patients. Blood 
parameters were measured in early-morning samples col-
lected 1 to 14 days before surgery. The albumin level was 
obtained using the hepatic function test, and neutrophil, 
lymphocyte, and platelet counts were collected using 
a routine blood test. PNI was calculated as 10 × albumin 
level (g/dl) + 0.005 × total lymphocyte count (per mm3).22 

The CRC stage was classified according to the eighth 
edition of the AJCC/UICC TNM classification system.

Statistical Analysis
Categorical variables were presented as absolute values. 
The association between preoperative fibrinogen levels 
and clinicopathologic data was evaluated using nonpara-
metric tests and Spearman rank-order correlation. Survival 
curves were depicted using the Kaplan-Meier method and 
compared using the Log rank test. Significant prognostic 
factors for OS and CSS were included in the multivariate 
Cox regression analysis by using a backward step-wise 
method. The performance in predicting the outcome was 
evaluated with the c-index, which is equivalent to the area 
under the receiver operating characteristic curve. The max-
imum c-index value (1.0) indicates perfect prediction, 
whereas 0.5 indicates a random chance of correct predic-
tion. Nomograms were formulated on the basis of the 
results of the multivariate Cox regression analysis. 
Calibration was assessed by comparing nomogram- 
predicted versus observed outcomes.

We quantified discrimination and determined the opti-
mal cut-off values for inflammatory biomarkers using the 
Bayesian information criterion (BIC).23 A smaller BIC 
value indicated a better model for predicting the outcome. 
Restricted cubic spline functions were used to estimate the 
dose-response association between the continuous variable 
and the outcome.24,25

Statistical analysis was conducted using STATA soft-
ware version 14.0 (Stata Corporation, College Station, TX, 
USA), SPSS software version 22.0 (SPSS, Chicago, IL, 
USA) and R software version 3.3.2 (http://www.Rproject. 
org). A p-value of less than 0.05 from a two-tailed test was 
considered statistically significant.

Results
The correlations between preoperative fibrinogen levels 
and clinicopathological features are shown in Table 1. 
The mean preoperative fibrinogen level was 3.81 ± 0.86 
g/L. Preoperative fibrinogen levels were significantly cor-
related with age, tumor differentiation, tumor location, pT 
category, and TNM stage (P < 0.05) but were not signifi-
cantly associated with sex (P = 0.299) and pN category 
(P = 0.359).

The results of the univariate analysis indicated that the 
preoperative fibrinogen levels were significantly asso-
ciated with prognosis of OS and CSS (Supplementary 
Table 1). Tumor differentiation, tumor stage, neutrophil 
count, lymphocyte count, platelet count, albumin level, 
neutrophil to lymphocyte ratio (NLR), platelet to 
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lymphocyte ratio (PLR), PNI, and tumor deposits were 
also significantly associated with OS and CSS. Age and 
the total number of examined lymph nodes showed 
a significant association with OS. Sex, tumor size, tumor 
location, PT, and APTT were not significantly correlated 
with survival in the univariate analysis. In the multivari-
ate analysis, age, pT category, pN category, neutrophil 
count, total number of examined lymph nodes, tumor 
deposits, and PLR were independent prognostic predic-
tors of OS, whereas the fibrinogen levels (continuous 
variable) were not (HR = 1.029, 95% CI = 0.917–1.155, 
P = 0.628, Supplementary Table 1). Similar result was 
found for CSS (HR = 1.052, 95% CI = 0.930–1.191, P = 
0.419, Supplementary Table 1). The dose-response 

relationship between fibrinogen levels and prognosis of 
cancer was estimated by the method of restricted cubic 
splines. The results indicated that the effect of fibrinogen 
levels on the prognosis of OS did not increase signifi-
cantly until a level of 3.6–3.7 g/L; for higher levels, the 
prognosis was not further deteriorated as the fibrinogen 
levels continued to increase (Figure 1). Survival analysis 
was conducted according to the fibrinogen levels 
(Supplementary Figure 1). The plotting of the survival 
analysis for eight groups according to the fibrinogen 
levels (<2.91, 2.91≤and <3.20, 3.20≤and <3.43, 
3.43≤and <3.64, 3.64≤and <3.90, 3.90≤ and <4.24, 
4.24≤ and <4.76, ≥4.76 g/L) generated eight curves, 
which were distributed in two groups (Supplementary 
Figure 1A and B). In the subgroup analysis, there was 
no difference in survival among the four groups 
(Supplementary Figure 1C–F).

The BIC method was used to determine the optimal 
cut-off values of fibrinogen. The consistency of the study 
variables was maintained by using the same method to 
define the cut-off values for the inflammatory biomar-
kers, including NLR, PLR, and PNI (Supplementary 
Table 2). After modeling fibrinogen as a dichotomous 
variable (fibrinogen ≥ 3.64 g/L and < 3.64 g/L), Kaplan- 
Meier survival analysis with Log rank tests and univari-
ate analysis were conducted to evaluate the association 
between fibrinogen levels and prognosis. The OS was 
significantly higher in patients with low fibrinogen levels 
compared with patients with high fibrinogen levels (P < 
0.001, Figure 2A). Similar survival differences were 
observed for CSS (P < 0.001, Figure 2B). We also 
identified the effect of age on the prognosis in patients 
with different fibrinogen levels. The Kaplan-Meier sur-
vival analysis stratified by age (< 62 and ≥ 62 years) 
revealed significant differences in survival among 
younger patients (Supplementary Figure 2).

In contrast to the results of the previous analysis using 
continuous variables, fibrinogen level was identified as an 
independent prognostic factor in the multivariate analysis 
(P = 0.018 for OS; P = 0.015 for CSS, Table 2 and 
Supplementary Table 3). Age, pT category, pN category, 
albumin level, total number of examined lymph nodes, and 
tumor deposits were also independently and significantly 
associated with OS (Table 2). Tumor deposits, pT cate-
gory, pN category, neutrophil count, lymphocyte count, 
and albumin level were significantly associated with CSS 
(Supplementary Table 3).

Table 1 Associations of Preoperative Fibrinogen Levels with 
Clinicopathologic Characteristics

Variable No. of 
Patients 
(%)

Mean 
Preoperative 
Fibrinogen 
Level, g/L 
(Standard 
Deviation)

P value

Age, years <0.001
≥ 62 953 (51.0) 3.90 (0.88)

< 62 916 (49.0) 3.71 (0.84)

Sex 0.299

Male 1059 (56.7) 3.80 (0.88)
Female 810 (43.3) 3.82 (0.84)

Differentiation 0.001
Well-moderate 1713 (91.7) 3.68 (0.82)

Poor-undifferentiated 156 (8.3) 4.08 (1.03)

Tumor location <0.001

Colon 788 (42.2) 3.96 (0.91)

Rectum 1081 (57.8) 3.69 (0.82)

pT category <0.001

T1 51 (2.7) 3.34 (0.83)
T2 346 (18.5) 3.56 (0.81)

T3 744 (39.8) 3.88 (0.88)

T4 728 (39.0) 3.88 (0.84)

pN category 0.359

N0 1121 (60.0) 3.81 (0.86)
N1 552 (29.5) 3.77 (0.86)

N2 196 (10.5) 3.87 (0.86)

pTNM stage <0.001

I 323 (17.3) 3.52 (0.81)

II 798 (42.7) 3.93 (0.86)
III 748 (40.0) 3.80 (0.86)
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To provide clinicians with a quantitative tool to predict 
individual prognosis, we built the nomogram on the basis 
of the multivariate logistic analysis in the primary cohort. 
Two prognostic nomograms for OS and CSS are shown in 
Figure 3. The nomograms could estimate probability by 
assigning a score (“Points” scale) to each predictor vari-
able. The sum of these variable scores corresponds to an 
outcome probability (outcome scale). In both nomograms, 
pathologic staging was the most important factor. The 

c-index for prediction of OS and CSS was 0.79 (95% CI: 
0.77–0.81) and 0.81 (95% CI: 0.78–0.83), respectively. 
The results indicated that the nomograms were superior 
to TNM classification (c-index for OS = 0.72, 95% CI = 
0.70–0.74; for CSS = 0.74, 95% CI = 0.72–0.76). The 
calibration curve showed an optimal agreement between 
the prediction and actual observation (Supplementary 
Figure 3). This illustration demonstrated good calibration 
of the nomograms.

Figure 1 Estimates of the hazard ratio and 95% confidence interval of CRC using the restricted cubic spline model by the preoperative fibrinogen level.

Figure 2 Kaplan-Meier analysis of survival based on low and high fibrinogen levels among the patients from the CMU-SO: (A) Overall survival; (B) Cancer-specific survival.
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Table 2 Univariate and Multivariate Survival Analyses of OS in Patients with Colorectal Cancer

Variable Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Age 1.018 (1.009–1.028) <0.001 1.017 (1.008–1.028) <0.001

Sex 0.057

Male 1

Female 0.825 (0.677–1.006)

Tumor Size 1.048 (0.998–1.100) 0.060

Tumor location 0.584

Colon 1

Rectum 1.057 (0.868–1.286)

Differentiation <0.001

Well- moderate 1
Poor-undifferentiated 2.221 (1.679–2.938)

pT category <0.001 <0.001
T1 1 1

T2 1.848 (0.571–5.988) 1.566 (0.482–5.086)
T3 4.304 (1.376–13.469) 2.102 (0.665–6.642)

T4 6.319 (2.018–19.788) 2.994 (0.945–9.485)

pN category <0.001 <0.001

N0 1 1

N1 4.142 (3.266–5.252) 3.460 (2.695–4.442)
N2 10.531 (8.076–13.732) 9.096 (6.856–12.066)

pTNM stage 0.001
I 1

II 1.979 (1.217–3.218)

III 8.962 (5.697–14.099)

Neutrophil count <0.001 0.093

≥3.61×109/L 1 1
<3.61×109/L 0.682 (0.559–0.832) 0.815 (0.642–1.034)

Lymphocyte count 0.001 0.062
≥1.35×109/L 1 1

<1.35×109/L 1.521 (1.190–1.945) 1.308 (0.987–1.734)

Platelet count 0.026

≥280×109/L 1

<280×109/L 0.786 (0.635–0.972)

Albumin level <0.001 0.002

≥34.6 g/L 1 1
<34.6 g/L 1.779 (1.292–2.448) 1.678 (1.203–2.341)

The total number of eLNs 0.990 (0.981–1.000) 0.041 0.984 (0.975–0.994) 0.002

Tumor deposits 1.200 (1.165–1.237) <0.001 1.102 (1.059–1.146) <0.001
PT 1.042 (0.971–1.117) 0.252

APTT 1.007 (0.992–1.022) 0.367

Fibrinogen level <0.001 0.018

≥3.64 g/L 1 1

<3.64 g/L 0.641 (0.525–0.782) 0.777 (0.630–0.958)

(Continued)
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Discussion
We retrospectively analyzed a large sample of patients. 
The results provide strong evidence that an elevated pre-
operative fibrinogen is an independent prognostic para-
meter of worse OS and CSS in patients with 
nonmetastatic CRC. Importantly, we found a threshold 
level for use of fibrinogen as a prognostic factor, and 
3.64 may be a suitable cut-off. In addition, we developed 
prediction models for patients based on demographic and 
clinicopathologic data. In contrast to TNM staging, nomo-
grams estimate risk based on several variables and provide 
a more individualized prediction of outcome.

Previous studies indicated that fibrinogen was corre-
lated with tumor stage in various types of cancer.21,26,27 In 
our study, we analyzed additional clinicopathological fac-
tors in nonmetastatic CRC patients and found that preo-
perative fibrinogen levels also associated with tumor 
differentiation and tumor location. Interestingly, our 
results suggest that fibrinogen is not correlated with pN 
category. Elevated fibrinogen levels were not correlated 
with lymph node metastasis in our cohort, but this result 
does not agree with those of other studies.21,27 The reason 
for this may be the existence of individual differences. 
However, the underlying mechanisms remain unclear, 
and further studies are necessary to elucidate these 
mechanisms.

In clinical studies, preoperative fibrinogen was an inde-
pendent marker of poor prognosis in various cancers.26–30 

Son et al suggested that preoperative hyperfibrinogenemia 
was significantly correlated with poor survival in 624 
patients with nonmetastatic colon cancer.20 Tang et al 

suggested that elevated preoperative fibrinogen levels 
were correlated with distant metastases and poor prognosis 
after curative resection in 341 patients with CRC.31 Sun 
et al reported similar results in 255 patients with CRC.32 

However, a retrospective study involving 652 CRC 
patients demonstrated that preoperative fibrinogen levels 
were associated with tumor stage but did not predict the 
prognosis of patients.21

In our study, we first analyzed fibrinogen as 
a continuous variable. Although the univariate analysis 
indicated that the preoperative fibrinogen levels were asso-
ciated with prognosis of OS and CSS, these findings were 
not confirmed in the multivariate analysis. One reason for 
this result may be that the effect of multicollinearity 
existed between fibrinogen and other independent prog-
nostic factors, and that fibrinogen was not a very good 
prognostic factor as a continuous variable.

In contrast, using the restricted cubic spline, we 
observed that at the level of 3.6–3.7 g/L, the cohort was 
divided into two parts (Figure 1). We believe that there 
was a threshold level for use of fibrinogen as a prognostic 
factor, and subsequent tests supported this hypothesis 
(Supplementary Figure 1). Consequently, the optimal cut- 
off value was 3.64 using the BIC method and this cut-off 
converted fibrinogen to a dichotomous variable.23 The 
Kaplan-Meier estimates of the survival rate showed sig-
nificantly different outcomes for the two proposed risk 
groups (P < 0.001, Figure 2). Moreover, we found that 
preoperative fibrinogen as a dichotomous variable was an 
independent prognostic factor (Table 2 and Supplementary 
Table 3). And then, we have developed prognostic nomo-
grams for OS and CSS based on the multivariable model 

Table 2 (Continued). 

Variable Univariate Multivariate

HR (95% CI) P HR (95% CI) P

NLR <0.001 0.060
≥2.23 1 1

<2.23 0.602 (0.496–0.730) 0.789 (0.617–1.010)

PLR <0.001

≥169.2 1

<169.2 0.664 (0.535–0.824)

PNI <0.001

≥41.1
<41.1 2.347 (1.609–3.425)

Abbreviations: CI, confidence interval; HR, hazard ratio; eLNs, examined lymph nodes; PT, prothrombin time; APTT, activated partial thromboplastin time; 
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; PNI, prognostic nutritional index.
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and the nomogram discrimination was superior to TNM 
classification. In summary, preoperative fibrinogen was 
a valuable factor in prognostic prediction.

Comparisons of both OS and CSS stratified by age 
were performed in our cohort (Supplementary Figure 2). 
It is of note that fibrinogen was significantly correlated 
with survival in younger patients but the association 

became less apparent in older patients. To the best of our 
knowledge, this study is the first to report such 
a phenomenon. The reasons for this are unclear. Based 
on this internal mechanism, we can carry out further 
analysis. New therapies may exist with potential implica-
tions for improving outcomes. In clinical practice, based 
on the nomogram, we would recommend that high-risk 

Figure 3 Nomograms developed for predicted overall survival (A) and cancer-specific survival (B) in patients with nonmetastatic CRC. Locate the patient’s pT stage and 
draw a straight line toward the “Points” axis to determine the score associated with that pT stage. Repeat the process for each variable, sum the scores obtained for each 
covariate, and locate this sum on the “Total Points” axis. Draw a straight line straight downwards to determine the likelihood of 3- or 5-year OS and CSS. 
Abbreviations: eLNs, examined lymph nodes; TDs, tumor deposits.
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patients with relatively poor prognosis receive adjuvant 
therapy more actively.

Fibrinogen plays an indispensable role in cancer 
progression.33–36 Steinbrecher et al suggested that fibrino-
gen was associated with the development of inflammation- 
driven malignancy.33 In addition, studies have shown that 
fibrinogen can bind growth factors from the fibroblast 
growth factor (FGF), platelet-derived growth factor 
(PDGF), and transforming growth factor-β (TGF-β) 
families.37,38 These growth factors may regulate cancer 
cell proliferation, invasion, and migration.39

Our study had a large sample compared to previous 
studies. However, the present study has several limitations. 
First, our study was retrospective and data were obtained 
from a single institution in China. Second, the prediction 
models obtained from our sample lacked external valida-
tion, and thus further studies with different populations are 
necessary to confirm our model.

Conclusion
In summary, preoperative fibrinogen level may be used as an 
independent prognostic parameter in patients with nonmeta-
static CRC. The developed nomograms can help predict the 
individual risk of OS and CSS in patients operated for CRC.

Abbreviations
AJCC, American Joint Committee on Cancer; UICC, the 
Union for International Cancer Control; TNM, the tumor– 
node–metastasis; CRC, colorectal cancer; NLR, neutrophil to 
lymphocyte ratio; PLR, platelet to lymphocyte ratio; PNI, 
prognostic nutritional index; eLNs, examined lymph nodes; 
TDs, tumor deposits; CI, confidence interval; HR, hazard 
ratio; OS, overall survival; CSS, cancer-specific survival.
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