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Abstract
Background:Growing evidence showed that high pretreatment plasma fibrinogen could be used as a potential prognostic marker
in colorectal cancer (CRC). However, the conclusions were controversial. Therefore, this meta-analysis was conducted to evaluate
the prognostic value of pretreatment plasma fibrinogen in patients with CRC.

Methods:Relevant studies were searched in the databases including PubMed, EMBASE, Web of Science, Cochrane library, and
China National Knowledge Infrastructure up until December 10th, 2018. Pooled hazard ratios (HRs) with their 95% confidence
intervals (CIs) were used to estimate the effects.

Results:A total of 17 articles with 6863 patients were included in this meta-analysis. The results revealed that elevated pretreatment
plasma fibrinogen was significantly associated with both poor overall survival (univariate analysis: HR=1.69, 95% CI 1.47–1.95,
P= .000; multivariate analysis: HR=1.50, 95%CI 1.28–1.77, P= .000) and poor disease-free survival (univariate analysis: HR=1.90,
95% CI 1.49–2.41, P= .000; multivariate analysis: HR=2.08, 95% CI 1.52–2.86, P= .000) in patients with CRC.

Conclusions:High pretreatment plasma fibrinogen level is significantly associated with worse survival outcomes in CRC patients.
Plasma fibrinogen may be used as an effective prognostic marker and potential therapeutic target. Further studies are required to
support these results.

Abbreviations: 95%CI= 95% confidence interval, CRC= colorectal cancer, DFS= disease-free survival, HR= hazard ratio, NOS
= Newcastle–Ottawa Quality Assessment Scale, OS = overall survival, PFS = progression-free survival, RFS = recurrence-free
survival.

Keywords: colorectal cancer, fibrinogen, meta-analysis, prognosis
1. Introduction

Colorectal cancer (CRC) is a common digestive system cancer
and it is the third most common malignant tumor among all
cancer types following breast/prostate, lung, and bronchus
cancer all over the world.[1,2] About 1.2 million new cases and
600,000 deaths occur each year.[3] A number of studies have
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shown that early screening and treatment can reduce patients’
mortality, so it is urgent to find more relevant prognostic factors
and apply them to clinical treatment to improve the prognosis of
patients.
Chronic inflammation is relevant to the estimated 15% of the

cancer-related death,[4] and a large amount of evidence showed
that chronic inflammation was one of the most important causes
of the metastasis of CRC.[5] What’s more, a large number of
factors of the hemostatic system have been linked to the
progression of CRC, especially metastasis.[6] Fibrinolytic mecha-
nisms are important for tumor growth and proliferation, and they
are involved in important steps of cancer progression such as
tumor cell invasion, fibrin network remodeling, and capillary
hyperplasia.[7] On the contrary, the presence of tumor may affect
the coagulation and hemostasis systems of the host by altering the
molecular environment and promoting the growth, progression,
and metastasis of tumor cells.[8] Fibrinogen is a dimer with 340
kDa consisting of 3 pairs of nonidentical polypeptide chains,
termed a-, b-, and g-chains.[9] It consists of 2964 amino acids,
which are connected by disulfide bonds and synthesized by the
liver, but also exists in megakaryocytes.[10] Fibrinogen is an
important factor of both chronic inflammation and hemostatic
system.[11] Angiogenesis is considered to be important for the
growth and metastasis of tumors and fibrinogen is also involved
in the regulation of angiogenic mechanisms.[12] In addition,
fibrinogen can also protect tumor cells from the host’s antitumor
cell immune surveillance mechanism.[13]
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So far, many studies have shown that plasma fibrinogen can be
used as an inflammatory marker and also as a prognostic marker
of CRC, but controversy persists. Therefore, this meta-analysis
was performed to investigate comprehensively prognostic value
of pretreatment plasma fibrinogen in CRC patients.
2. Materials and methods

2.1. Study selection

Two authors (ML and YW) conducted independently a
comprehensive literature retrieval using the PubMed, EMBASE,
Web of Science, Cochrane library, and China National
Knowledge Infrastructure (CNKI). The search time was up to
December 10th, 2018. The following keywords and their
combinations were used in searching: “colorectal” or “rectal”
or “colon” or “bowel,” and “cancer” or “carcinoma” or
“adenocarcinoma” or “neoplasms,” and “fibrinogen.” In
addition, we also retrieved the references of the relevant articles
for data extraction and analysis.
2.2. Inclusion and exclusion

Literature inclusion criteria included the following: all primary
CRCs were all histopathologically diagnosed; assessment of the
prognostic effect of pretreatment plasma fibrinogen on overall
survival (OS), disease-free survival (DFS), recurrence-free survival
(RFS), or progression-free survival (PFS); the hazard ratio (HR)with
its 95% confidence interval (CI) for survival outcomes were
provided directly, or these values could be extracted by reading
Kaplan-Meier (KM)curve inoriginal articles; theHRand its 95%CI
extracted from theadjustedKMcurvewere regardedas the results of
multivariate analysis; otherwise, theywere regarded as the results of
univariate analysis; reports were published in English or Chinese.
Studies that did not meet the inclusion criteria and reported in case
reports, reviews, conference abstracts, letters, or systematic reviews
were excluded. The report published earlier was included when
duplicate publications came from the same cohort study. Discrep-
ancies were resolved by discussion with the third appraiser.
2.3. Data collection and quality assessment

Two authors (ML and YW) extracted independently the
following information from each included study: the first author,
publication year, country, number of patients, age, cancer stage,
metastasis, cutoff value (per 100 U of concentration) of plasma
fibrinogen, survival outcome, the HR with its 95% CI, HR
source, follow-up time, and quality assessment score. The
outcome measures were OS and/or DFS. In case HRs and their
95% CIs for survival outcomes were not provided directly, the
method introduced by Tierney et al[14] was used to extract HRs
by reading KM curve.
A quality assessment of the included studies was assessed by

using the Newcastle–Ottawa Quality Assessment Scale (NOS).
The stars obtained from the NOS, which consist of selection,
comparability, and outcome, varied from 0 to 9. A study that
scored ≥6 stars was defined as high-quality.

2.4. Statistical analysis

Statistical analyses in this meta-analysis were performed using
STATA 12.0. Pooled HRs with CIs were used to evaluate the
prognostic role of pretreatment plasma fibrinogen on OS/DFS in
2

colocrectal cancer patients. Statistical heterogeneity among
studies was tested using x2 test and I2 statistics. A fixed-effect
model was implemented if there was no obvious heterogeneity
(I2<50% and P> .1); otherwise, a random-effect model was
implemented. Sensitivity analysis was carried out to evaluate the
influence of single study on pooled results and to find the causes
of heterogeneity. Both the Begg funnel plot and Egger linear
regression test were used to check the potential publication bias.
P< .05 was considered as statistically significant.

2.5. Ethics approval

Because no patient participates in this meta-analysis directly,
ethical approval was not necessary.
3. Results

3.1. Summary of enrolled studies

At first, a total of 773 studies were available from above
databases. After 327 duplicated studies were excluded, 446
studies remained. A total of 425 studies were excluded as case
reports, reviews, irrelevant topics, animal studies, and not English
or Chinese language studies by screening the titles and abstracts,
and 21 articles were left for full-text review. In the end, 17 articles
with 6863 patients were included in this quantitative synthesis.
Details of identifying studies were described in Figure 1.
A total of 8 studies were from China, 2 studies were performed

in Korea, 2 studies were carried out in Italy, 2 studies were
actualized in Japan, the remaining 3 studies were performed in
UK, Poland, and Austria, respectively. Seventeen studies with the
numbers of participants ranging from 52 to 1869 were published
between 1992 and 2018. Except for 2 studies,[15,16] the others
studies reported the cutoff values of pretreatment plasma
fibrinogen range from 2.61 to 4.04g/L. As to survival outcomes,
OS results were reported in 14 studies, DFS results were reported
in 4 studies, RFS results were reported in 2 studies, and PFS
results were reported in 1 study. All HRs with their 95%CIs were
reported directly in original studies except 3 studies,[17–19] in
which HRs with their 95% CIs were calculated through KM
curve in the method introduced by Tierney et al indirectly. The
studies[15,18,20] calculated relative risks (RRs) with their 95% CIs
by using the Cox proportional hazardsmodel, which were pooled
with HRs together in this meta-analysis. The characteristics of
these studies were shown in Table 1.[15–31]

3.2. Prognostic value of pretreatment plasma fibrinogen
on OS in CRC

According to univariate analysis results, there were 6 studies
including 3597 patients investigating the relationship between
pretreatment plasma fibrinogen and OS in CRC. Among those
studies, towing to no obvious heterogeneity (I2=0.0%, P= .501),
fixed-effect model was used to calculate the pooled HR and its
95% CI (HR=1.69, 95% CI 1.47–1.95, P= .000) (Fig. 2A). In
addition, 14 studies including 6082 patients investigated the
relationship between pretreatment plasma fibrinogen and OS in
CRC according to multivariate analysis results. Owing to the
severe heterogeneity (I2=45.8%, P= .031), random-effect model
was used to calculate the pooled HR and its 95% CI (HR=1.50,
95% CI 1.28–1.77, P= .000) (Fig. 2B). The pooled analysis
showed that high pretreatment plasma fibrinogen was signifi-
cantly associated with worse OS in CRC patients.



Figure 1. Flow diagram of this study selection process.
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Owing to the obvious heterogeneity in multivariate analysis
results, we performed subgroup analyses by ethnicity, metastasis,
and cutoff value to explore the potential sources of heterogeneity.
The results of subgroup analysis showed that a significant
association between high pretreatment plasma fibrinogen level
and shorter OS in Asian (HR=1.48, 95% CI 1.22–1.78, P=
Table 1

Main characteristics of 18 studies included in the meta-analysis.

Study Year Country
Study simple
size (M/F)

Mean/median
age, y

Cancer
stage Metas

Lu and Wang[21] 2018 China 330 (192/138) 62 (24–91) I–IV Mixed
Sun[22] 2018 China 1869 (1059/810) NR I–III No
Hong et al[23] 2017 China 505 (265/240) 63 (27–93) I–III No
Lee et al[17] 2017 Korea 170 (107/63) 63 (28–83) I–IV Mixed
Lu et al[24] 2011 China 53 (34/19) 47 (23–70) NR Mixed
Pedrazzani et al[25] 2016 Italy 652 (373/279) NR I–IV Mixed
Son et al[26] 2013 Korea 624 (368/256) NR I–III No

Sun et al[27] 2018 China 702 NR I–III No
Sun et al[18] 2014 China 255 (135/120) 59.47±12.63 I–III No

Tang et al[15] 2010 China 341 (178/163) 58.19 (23–90) I–III No
Kawai et al[20] 2010 Japan 82 (48/34) NR NR Mixed
Wojtukiewicz et al[28] 1992 UK 58 NR IV Yes
Yamashita et al[16] 2009 Japan 569 (373/196) NR NR No
Silvestris et al[19] 2015 Italy 139 (80/59) 60.6±9.9 IV Yes

Zeman et al[29] 2013 Poland 130 (70/60) 60 (33–82) NR Mixed
Chen et al[30] 2017 China 332 (179/153) 61 (25–85) I–III No
Ghanim et al[31] 2015 Austria 52 (31/21) 62.7±11.4 IV Yes

DFS=disease-free survival, HR=hazard ratio, M/F=male/female, MV=multivariate analysis, NOS=New
recurrence-free survival, UV=univariate analysis.
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0.000) and non-Asian patients (HR=1.61, 95% CI 1.08–2.38,
P= .019). As for clinical setting of disease, the results showed that
high pretreatment plasma fibrinogen was significantly associated
with worse OS in patients with metastatic disease (HR=1.80,
95% CI 1.38–2.35, P= .000) and nonmetastatic disease (HR=
1.38, 95% CI 1.20–1.58, P= .000). However, there was no
tasis
Fibrinogen
cut-off

Outcome
measures

HRs provided
from Source

Follow-up
time, mo NOS

4g/L OS UV/MV Direct NR 7
3.64g/L OS UV/MV Direct 46 (4–136) 6
4g/L OS UV/MV Direct 43 (4–62) 7

3.27g/L OS MV Curve NR 6
4g/L OS MV Direct 46 (8–87) 6
4g/L OS MV Direct NR 6

2.61g/L OS, DFS OS:MV Direct 42 (1–66) 6
DFS:MV Direct

3.8g/L OS UV/MV Direct Up to 36 6
2.61g/L OS, DFS OS:MV Direct Up to 60 8

DFS:UV/MV Direct/Curve
per 1g/L OS MV Direct 64 (5–89) 7
3.55g/L DFS MV Direct Median, 22.5 6
4g/L OS MV Direct NR 6

per 1g/L RFS MV Direct 63.6 (1.2–217.2) 7
4.04g/L OS, PFS OS:UV/MV Direct/Curve NR 6

PFS:UV/MV Direct/Curve
4g/L DFS DFS:UV/MV Direct 39.3 (2–156) 6
4g/L OS MV Direct 69 (4–109) 7

3.25g/L OS, RFS OS:UV/MV Direct NR 7
RFS:UV/MV Direct

castle-Ottawa Scale, NR=not reported, OS= overall survival, PFS=progression-free survival, RFS=
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Figure 2. Forest plots of pooled hazard ratio (HR) for the association of pretreatment plasma fibrinogen with overall survival. (A) Univariate analysis, (B) multivariate
analysis.
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significant association between high pretreatment plasma
fibrinogen and OS of CRC patients in mixed subgroup (patients
with both non-metastatic and metastatic disease). Subgroup
analysis based on cut-off value revealed high pretreatment
plasma fibrinogen was associated with poor OS in the ≥4g/L
(HR=1.37,95%CI 1.17–1.60,P=0.000) and <4g/L groups
(HR=2.23,95%CI 1.40–3.55,P=0.001). The results of sub-
group analyses about OS were shown in Table 2.
4

3.3. Prognostic value of pretreatment plasma fibrinogen
on DFS in CRC
There were 4 studies with 576 patients investigating the
relationship between pretreatment plasma fibrinogen and DFS
in CRC according to univariate analysis results. Because there
was no obvious heterogeneity (I2=12.3%, P= .331), fixed-effect
model was implemented to calculate the pooled HR and its
95% CI (HR=1.90, 95% CI 1.49–2.41, P= .000) (Fig. 3A).



Table 2

Pooled hazard ratios for OS and DFS according to subgroup analyses in multivariate analysis.

Heterogeneity

Subgroups Studies Patients HR (95% CI) P Model I2 (%) PH value

OS
Ethnicity
Asian 10 5181 1.48 (1.22–1.78) <.001 Random 39.5 .094
Non-Asian 4 901 1.61 (1.08–2.38) .019 Random 66.4 .03

Metastasis
Yes 3 249 1.80 (1.38–2.35) <.001 Fixed 49.8 .137
No 7 4628 1.38 (1.20–1.58) <.001 Fixed 32.5 .18
Mix 4 1205 1.44 (0.98–2.12) .063 Random 57.7 .069

Cutoff value
≥4g/L 7 2069 1.37 (1.17–1.60) <.001 Fixed 11.5 .342
<4g/L 6 3672 2.23 (1.40–3.55) <.001 Random 69.6 .006
Per 1g/L 1 341 1.35 (1.03–1.76) .03 — — —

DFS
Ethnicity
Asian 4 1530 2.01 (1.30–3.11) .002 Random 61.3 .051
Non-Asian 3 321 2.40 (1.27–4.54) .007 Random 60.9 .078

Metastasis
Yes 2 191 2.44 (0.8–7.45) .117 Random 73.5 .052
No 3 1448 1.92 (1.18–3.11) .009 Random 69.6 .037
Mix 2 212 2.84 (1.59–5.06) <.001 Fixed 0 .978

Cutoff value
≥4g/L 2 269 1.93 (1.09–3.43) .024 Random 53.1 .144
<4g/L 4 1013 2.72 (1.90–3.88) <.001 Fixed 0 .539
Per 1g/L 1 569 1.38 (1.07–1.78) .013 — — —

CI= confidence interval, DFS=disease-free survival, HR=hazard ratio, OS= overall survival, PH=P for heterogeneity.

Li et al. Medicine (2019) 98:37 www.md-journal.com
Meanwhile, a total of 7 studies with 1851 patients investigated
the relationship between pretreatment plasma fibrinogen and
DFS in CRC according to multivariate analysis results. Owing to
the obvious heterogeneity (I2=55.4%, P= .036), random-effect
model was implemented to calculate the pooled HR and its 95%
CI (HR=2.08, 95% CI 1.52–2.86, P= .000) (Fig. 3B). These
results showed that high pretreatment plasma fibrinogen was
significantly related to a worse DFS in CRC patients.
Because of the severe heterogeneity in multivariate analysis

results, we carried out subgroup analyses by ethnicity, metastasis
and cutoff value to explore the potential sources of heterogeneity.
In subgroup analysis stratified by ethnicity, the results showed
that a significant association between high pretreatment plasma
fibrinogen and worse DFS in Asian (HR=2.01, 95% CI 1.30–
3.11, P= .002) and non-Asian patients (HR=2.40, 95% CI
1.27–4.54, P= .007). Subgroup analysis performed by clinical
setting of disease revealed high pretreatment plasma fibrinogen
was significantly associated with poor DFS in patients with
nonmetastatic disease (HR=1.92, 95% CI 1.18–3.11, P= .009)
and mixed subgroup (HR=2.84, 95% CI 1.59–5.06, P= .000).
However, there was no significant association between high
fibrinogen level and DFS of CRC patients in metastatic disease.
Subgroup analysis based on cutoff value demonstrated that a
high fibrinogen level was associated with poor DFS in the ≥4g/L
(HR=1.93, 95% CI 1.09–3.43, P= .024) and <4g/L groups
(HR=2.72, 95% CI 1.90–3.88, P= .001). The results of
subgroup analyses about DFS were shown in Table 2.
3.4. Publication bias

Begg funnel plots and Egger regression test were used to assess the
potential publication bias in the meta-analysis. Publication bias
5

was not obvious with both OS (P= .06, univariate analysis
results) and DFS (P= .133, multivariate analysis results) by Begg
test. However, statistically significant publication bias was found
inOS according tomultivariate analysis results (P= .016) by Begg
test (Fig. 4).What’s more, publication bias was identified withOS
(P= .013, univariate analysis results; P= .004, multivariate
analysis results) and DFS (P= .005, multivariate analysis results)
by Egger test. Because the number of studies discussing the
relationship between pretreatment plasma fibrinogen and DFS
according to univariate analysis results was small and the
heterogeneity was not obvious, publication bias was not assessed.
A trim-and-fill analysis was performed to explore whether the

publication bias influenced the stability of the results in this meta-
analysis. The updated results not changed significantly (OS:
univariate analysis: HR=1.609, 95% CI 1.387–1.866, P= .000;
multivariate analysis: HR=1.368, 95% CI 1.128–1.659, P
= .001; DFS: multivariate analysis: HR=1.693, 95% CI 1.239–
2.312, P= .001) and the shapes of adjusted funnel plots for
publication bias were not obvious asymmetrical. Therefore, the
results in our meta-analysis were robust.
3.5. Sensitivity analysis

To further confirm the stability of the pooled results, sensitivity
analyses were performed to assess the influence of each study on
pooled HRs. The results showed that any individual study was
close to the central line, so the heterogeneity was not caused by
any single study result (Fig. 5). Because the number of studies
discussing the relationship between pretreatment plasma fibrino-
gen and DFS according to univariate analysis results was limited
and the heterogeneity was not obvious, sensitivity analysis was
not performed.

http://www.md-journal.com


Figure 3. Forest plots of pooled hazard ratio (HR) for the association of pretreatment plasma fibrinogen with disease-free survival. (A) Univariate analysis, (B)
multivariate analysis.
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4. Discussion
It has been reported that malignant tumors might be associated
with abnormal blood coagulation as early as >150 years ago,[32]

which has been confirmed by following studies. In 1992,
Wojtukiewicz et al[28] reported the prognostic value of blood
coagulation tests in carcinoma of the lung and colon. The result
6

of the study including 58 colon cancer patients showed that
elevated pretreatment plasma fibrinogen was significantly
associated with worse outcomes. In the past 20 years, the
prognostic role of fibrinogen in CRC has been investigated in
many studies, but the results remain controversial. There have
been some meta-analyses investigating the prognostic value of



Figure 4. Begg funnel plots assessing the publication bias for the results. (A)
Overall survival in univariate analysis, (B) overall survival in multivariate analysis,
(C) disease-free survival in multivariate analysis.
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pretreatment plasma fibrinogen in patients with hepatocellular
carcinoma, esophageal carcinoma, urological cancers, digestive
system tumors, and solid tumors,[33–38] but no meta-analysis has
been performed specifically to study the prognostic role of
pretreatment plasma fibrinogen in CRC. What’s more, in some
studies,[21,23,27] the prognostic role of high pretreatment plasma
fibrinogen in CRC patients was significant according to
univariate analysis results, but no significant according to
multivariate analysis results, whereas in others,[19,22,31] both
were significant. Therefore, on the basis of several newly
published studies, we conducted this meta-analysis to confirm
the prognostic role of pretreatment plasma fibrinogen in CRC.
7

A total of 17 studies with 6863 patients were included in this
quantitative synthesis. In this meta-analysis, the results showed
that high pretreatment plasma fibrinogen was associated with
worse OS and DFS in CRC patients on the basis of both
univariate and multivariate analysis results. In other words, we
confirmed that the patients with high pretreatment plasma
fibrinogen maybe had worse outcomes. Subgroup analyses were
performed in multivariate analysis results of OS and DFS,
respectively. The results provided evidence that elevated
pretreatment plasma fibrinogen was significantly associated with
worse OS and DFS in Asian and non-Asian patients. The results
of subgroup analysis by clinical setting of disease showed a
significant association between high fibrinogen level and shorter
OS in patients with metastatic disease and nonmetastatic disease,
but worse DFS in patients with nonmetastatic disease and mixed
subgroup. When subgroup analysis based on cut-off value was
carried out, we found that high pretreatment plasma fibrinogen
was related to poor OS and DFS both in the ≥4g/L and <4g/L
groups. Although the heterogeneity was not eliminated complete-
ly in subgroup analyses, most of the results showed that elevated
pretreatment plasma fibrinogen was significantly linked to worse
outcomes in patients with CRC. However, the number of studies
included in subgroup analyses was limited, so more large-scale
studies were needed to confirm the results. Because publication
bias was found in some of the results, we also conducted a trim-
and-fill analysis and sensitivity analysis in the results of OS and
DFS to verify the stability of the results of this meta-analysis. All
in all, the results of this meta-analysis were robust to a certain
extent.
The proliferation and metastasis of cancer cells are related to 2

aspects, one is the genetic mutations and changes in gene
expression of cancer cells, and the other is the change of tumor
microenvironment.[39] CRC has similar characteristics, such as
chromosomal instability, microsatellite instability, the GpG
island methylator phenotype, and other mechanisms including
microRNA and inflammation.[40] Among them, the mutation of
mismatch repair and APC genes are more likely to cause
hypercoagulation than other carcinogenic mutations. So far, a lot
of studies have confirmed that abnormal coagulation and
hemostasis system are linked to behaviors of malignant tumors.
Fibrin is derived from fibrinogen and its deposition in the
extracellular matrix provides a good angiogenic bed for tumor
cells.[41] High fibrinogen level may stimulate primary macro-
phages and activated/differentiated monocytic cell lines to
upregulate the expression of macrophage inflammatory pro-
tein-1a, macrophage inflammatory protein-1b, macrophage
inflammatory protein-2, and monocyte chemoattractant pro-
tein-1.[42] Moreover, the expression of nuclear factor-kB and
interleukin-1b also enhanced when exposed to high fibrinogen
level.[43,44] So, changes of microenvironment may accelerate gene
instability or carcinogenic mutations in cancer cells. Micro-
thrombi formed by fibrin, tumor cells, and platelets adheres to the
outside of tumor cells in the high coagulation state and wraps
them up for protection, thus avoiding mechanical damage and
fighting against host’s immune monitoring system. In addition,
fibrinogen, as a bridge between cancer cells, platelets, and
vascular endothelial cells, increases the capabilities of adhesion
and binding to each other, and plays an important role in the
metastasis of tumor cells.[45] Two transplantable murine tumor
cell lines, Lewis lung carcinoma and B16-BL6 melanoma, and
fibrinogen-deficient transgenic mice were used to prove that
fibrinogen can enhance the metastasis ability of circulating tumor

http://www.md-journal.com


Figure 5. Sensitivity analysis for included studies in the meta-analysis with prognosis. (A) Overall survival in univariate analysis, (B) overall survival in multivariate
analysis, (C) disease-free survival in multivariate analysis.

Li et al. Medicine (2019) 98:37 Medicine
cells, but in further studies, the conclusion that the presence of
fibrinogen promoted tumor growth had not been confirmed.[46]

These studies showed that fibrinogen played an important role in
CRC patients.
8

The systematic evidence provided by this meta-analysis has
profound and lasting clinical implications. At first, blood sample
is obtained by peripheral venous puncture that patients tolerate
well, and it can be repeated sampling for long-term monitoring.
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Plasma fibrinogen level is detected as a part of the clinical routine,
so it is an inexpensive and widely available molecular marker.
Second, the results of this meta-analysis suggested that relevant
treatments to reduce plasma fibrinogen level were expected to
prolong survival time in patients with CRC. It has been reported
that changes in lifestyle such as smoking cessation, weight or
stress reduction, and an increase in regular physical activity may
assist in reducing plasma fibrinogen level and a regular moderate
alcohol consumption may reduce fibrinogen level slightly.[47,48]

In addition, many oral drugs such as antihypertensive drugs
incluing b-adrenergic-receptor blockers and vasodilators, hypo-
lipidemic drugs incluing fibrates and statins, niacin, curcuma
longa, and nattokinase, may decrease plasma fibrinogen level
too.[47–51] However, lifestyle modifications are regarded as a first-
line strategy to reduce fibrinogen.[47] In the light of the role of
fibrinogen in formation and metastasis of tumors, it can be used
for initial screening or in combination with other biomarkers for
the diagnosis, prevention, or treatment decision-making of CRC.
Moreover, plasma fibrinogen can be used as a stratified variable
in clinical trials of CRC.[38]

Although a rigorous and systematic retrieval was performed
before pooling results of studies, several limitations should be
considered. First, in Ghanim et al’s study,[31] because all patients
with pulmonary metastasis for CRC undergone pulmonary
metastasectomy, pulmonary lesions might affect plasma fibrino-
gen level, and the study was limited by the small number of
patients, so the study might be one of the sources of
heterogeneity. In addition, clauss clotting method was selected
to detect plasma fibrinogen in most studies, but the detection
methods of plasma fibrinogen have not been clarified in some
studies, so it might lead heterogeneity too. What’s more, the
cutoff values of pretreatment plasma fibrinogen and the
treatment methods for CRC were different from each others,
which also probably contributed to the heterogeneity. Mean-
while, the number of studies pooled in some results was too small,
whichwas probably another factor contributing to heterogeneity.
Second, several HRs and 95% CIs were not reported in original
articles,so the HR and its 95% extracted from survival curve
might not be accurate. Third, this meta-analysis only included
studies published in English and Chinese, so the language bias
might be caused. Fourth, a large portion of the included studies
were from Asia, which might reduce the generalizability of the
results. In addition, plasma fibrinogen values were inevitably
influenced by non–tumor-related factors, such as infection, liver
disease, and coagulation disorders. Therefore, more large-scale
studies are required to confirm the prognostic value of high
plasma fibrinogen in CRC patients.
5. Conclusions

In conclusion, this meta-analysis provides robust evidence that
elevated pretreatment plasma fibrinogen level is significantly
associated with worse survival outcomes in CRC patients,
suggesting that it could be used as an effective prognostic marker
and potential therapeutic target.
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