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Abstract

suggested that our results were stable.

system tumors.

Background: In recent years, the Fibrinogen to pre-albumin ratio (FPR) has been reported in many studies to be
significantly associated with the prognosis of various cancers. This systematic review and meta-analysis aimed to
investigate the prognostic value of FPR in malignant tumors of the digestive system based on available evidence.

Methods: The relevant articles published before July 1, 2021, were systematically retrieved from electronic databases
to evaluate the effect of Fibrinogen to pre-albumin ratio (FPR) on the prognosis of patients with malignant digestive
system tumors and calculate the hazard ratio (HR) and the corresponding 95% confidence interval (Cl).

Result: Thirteen articles, all from China, including 15 cohort studies and a total of 5116 cases, were included in this
study. A high FPR was associated with poor overall survival (HR=1.88, 95%Cl 1.53-2.32, P <0.001), recurrence-free
survival (HR=2.29, 95%Cl 1.91-2.76, P <0.001), progression-free survival (HR=1.96, 95%Cl: 1.33-2.90, P=0.001), com-
plications (HR=1.78, 95%Cl: 1.06-3.00, P=0.029), disease-free survival (HR=1.46, 95%Cl: 1.08-1.97, P=0.013) was
significantly associated with cancer-specific survival (HR=1.44, 95%Cl: 1.15-1.79, P=0.001). Even though intergroup
differences were present, FPR was strongly associated with overall and relapse-free survival, and sensitivity analysis

Conclusion: FPR can be used as a valuable indicator to predict the prognosis of patients with malignant digestive

Keywords: Fibrinogen to pre-albumin ratio, Prognosis, Digestive cancers

Introduction

Malignant tumors of the digestive system are among the
most common malignancies globally, including colorec-
tal carcinoma, carcinoma of the stomach, hepatic car-
cinoma, and esophageal carcinoma [1].Most patients
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are unfortunately diagnosed at advanced cancer stages.
According to the clinical staging, early cases of gastroin-
testinal cancers are usually treated by surgical resection
and postoperative adjuvant therapy. For advanced can-
cers, chemotherapy and radiotherapy are the mainstays
of oncologic therapy and can only modestly prolong the
survival of patients. Due to intratumoral heterogeneity,
malignant tumors are often resistant to chemotherapeu-
tic drugs, leading to disease recurrence and a poor overall
patient prognosis. Few oncologic treatment options are
available in advanced diseases; accordingly, it is essential
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to explore new biomarkers such as the Fibrinogen to pre-
albumin ratio (FPR) to help clinicians during prognostic
evaluation and assist in decision making.

Fibrinogen is a 340 KDa hepatocyte-produced gly-
coprotein that can be converted to fibrin by activated
thrombin. It modulates the coagulation and thrombo-
sis process and plays an important role in hemostasis,
cell attachment, and systemic inflammatory reactions
[2].High Fibrinogen is an important risk factor for vari-
ous thrombotic diseases and is also considered a marker
of blood hypercoagulability in clinical practice, which
is closely related to the occurrence and prognosis of
various cardiovascular diseases [3]. Fibrinogen is also
acknowledged as an acute-phase protein produced by
the liver and is significantly elevated during an infec-
tion or inflammatory disease. Thus, it can also be used as
a marker to mirror the inflammation level in an organ-
ism. Interestingly, malignant tumor cells can partially
express Fibrinogen [4].Fibrinogen has also been associ-
ated with vascular endothelial cell growth factor (VEGF)
and fibroblast growth factor 2 (FGF-2) and can promote
tumor cell adhesion, proliferation and migration [5].
Elevated serum fibrinogen levels are usually associated
with poor prognosis of human cancers [6, 7]. Pre-albu-
min, produced primarily in the liver, is a transportation
protein found primarily in the blood. Its main functions
are to bind and transport thyroid hormones and vitamin
A [8]. Furthermore, serum pre-albumin is an important
biomarker for assessing the nutritional status of cancer
patients [9]. Reduced pre-albumin levels have also been
documented in cancer patients and are associated with a
poor prognosis.

Even though pre-albumin and Fibrinogen are all widely
acknowledged to be associated with tumor prognosis, the
Fibrinogen to pre-albumin ratio (FPR) has rarely been
reported to evaluate the prognosis of patients with diges-
tive tumors. At present, only one meta-analysis men-
tioned the correlation between FPR and OS of cancer
patients, which proved that high FPR was associated with
poor OS in cancer patients, but there was no independ-
ent report on the relationship between FPR and malig-
nant digestive system tumors, and there was no report on
the relationship between FPR and recurrence-free sur-
vival [10]. Therefore, the aim of this study was to conduct
a systematic review and meta-analysis of available evi-
dence to assess the prognostic value of FPR in malignant
digestive system tumors.

Methods

Search strategy and selection criteria

This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [11].In this regard, the databases of
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the Cochrane Library, Embase, PubMed, Google Scholar,
Baidu Scholar, CNKI and VIP were searched for relevant
articles published not later than July 1, 2021. In addition,
we also mine studies that meet the inclusion criteria from
TCGA and GEO databases. The complete search strat-
egy is as follows: ((“fibrinogen to pre-albumin ratio” or
"fibrinogen” or "pre-albumin” or "FPR”) AND ("colorectal
cancer” or "gastric cancer” or "liver cancer” or "esopha-
geal cancer” or “cancer” or “carcinoma”)). Wildcards and
Boolean operators were used to perform a comprehen-
sive search.

The eligibility criteria were defined according to the
Population, Intervention, Comparison, Outcome and
Study Design (PICOS) strategy. Patients with digestive
tumors were identified as "Population” at the time of
retrieval; high FPR and low FPR represented "Interven-
tion" and "Comparison" respectively; overall survival
(OS), recurrence-free survival (RFS), cancer-specific sur-
vival (CSS), disease-free survival (DFS), progression-free
survival (PFS) and complication were the "Outcome” of
this study; "Study design" choice was retrospective and
prospective research, and case reports, letters, reviews,
editorials and comments were ruled out. If there were
duplicates, the most recently published record would be
included.

Data extraction

Duplicates were removed using EndNote (version X8),
and eligible studies were entered into a database built
by EpiData (version 3.0). Two reviewers independently
extracted the required data from the included studies
using a special Excel spreadsheet, including author name,
publication date, study location, study design (prospec-
tive or retrospective research), type of patient, sample
size, age composition, gender, primary treatment (surgi-
cal and others), cutoff value, methods for choosing FPR
cutoff value, outcome, data source (crude data or fitted
curve) and duration of follow-up. Outcome indicators
included primary (OS and RFS) and secondary outcome
indicators (CSS, DFS, PFS and complications). The inclu-
sion of relevant literature and the processing of all data
were performed by two independent reviewers (BL and
HD). Points of disagreement were reconciled by a discus-
sion with a third reviewer.

Statistical analysis

All statistical analyses were performed using STATA
(version 12). The extracted data was used for calculat-
ing hazard ratios (HRs) and 95% CI and used to evaluate
the prognostic value of FPR in digestive system malig-
nant tumors. I? statistics were used to quantify the het-
erogeneity between the included studies and calculated
the proportion of variation due to heterogeneity rather
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than due to chance; I? values ranged from 0 to 100%, with
higher values indicating greater heterogeneity. If I* > 50%,
the random-effects model was chosen; otherwise, the
fixed-effects model was selected. Moreover, subgroup
analysis was conducted to explore whether publishing
time, methods for choosing FPR cutoff value (ROC or
X-tile), cutoff value, types of cancer (colorectal cancer,
gallbladder cancer, gastric cancer, hepatocellular cancer
or esophageal squamous cell cancer), study design (pro-
spective or retrospective), treatment option (surgical
resection or others) and sample capacity had any influ-
ence on the results. In addition, sensitivity analysis was
used to evaluate the reliability and stability of the results,
and Begger’s and Egger’s tests were used to test whether
there was a potential publication bias in the study. P > 0.05
is considered to be free of publication bias, otherwise the
trim-and-fill method will be used for reevaluation. All
tests were bilateral tests, and P<0.05 was considered to
be statistically significant.

Results

Study characteristics

The flowchart documenting retrieval of studies from
electronic databases is illustrated in Fig. 1. A total of 13
relevant articles were included in this study, including
15 cohort studies and 5116 patients [12—24]. Unfortu-
nately, we have not found any studies that meet the inclu-
sion criteria from TCGA and GEO databases. Among
the included articles, all the studies were conducted in
China,7 were retrospective analyses, and 8 were prospec-
tive analyses, the year of publication was from 2017 to
2021,the sample size was 42—-1014, and the FPR cutoff
value was 0.014—31.84.The meta-analysis involved a vari-
ety of malignant digestive tumors, including colorectal
carcinoma (CRC), carcinoma of the stomach (GC), car-
cinoma of gall bladder (GBC), hepatic carcinoma (HCC),
esophageal squamous cell carcinoma (ESCC) and colo-
rectal mucinous adenocarcinoma (CMA). In addition,
ten studies reported OS, four studies reported RFS, two
studies reported PFS, and one study reported on postop-
erative complications, CSS, and DFS. Baseline informa-
tion for each study is shown in Table 1.

FPR and overall survival

A total of 3313 patients included in 10 cohort stud-
ies were analyzed to assess the prognostic significance
of FPR levels on OS in malignant digestive tumors.
The combined forest plot showed that a high FPR was
associated with poor OS (HR=1.88, 95%CI 1.53-
2.32, p<0.001). Due to the significant heterogeneity
(I’ =50.8%, p=0.032), we used the random effect model
(Fig. 2) and performed a hierarchical subgroup analysis
by time of publishing, sample size, cutoff value, methods
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for choosing FPR cutoff value, cancer site, treatment
option and designed type (Table 2). High FPR was sig-
nificantly associated with poor OS, although intergroup
differences were present. Moreover, the heterogeneity
in some subgroups was eliminated when we stratified
according to factors, including "ROC", "sample capac-
ity> 330", "retrospective"” and "other treatment options".

Sensitivity analysis and Publication bias for OS

Sensitivity analysis was used to assess the influence of
individual studies on the aggregate result, with one inclu-
sion study deleted at a time. The results showed that all
of the included studies were close to the centerline, and
omitting any of the studies did not change the significant
effect of FPR on OS, demonstrating that our results were
robust and reliable (Fig. 3) In the present study, Begg’s
test (p=0.004) and Egger’s test (p=0.001) were used to
investigate publication bias in the included literature, and
the funnel plots were asymmetric (p<0.05), suggesting
that there might be publication bias in this study (Fig. 4a,
b). Then, we use the trim-and-fill method to identify and
correct possible publication biases. A symmetrical fun-
nel diagram was obtained by adding four studies, none-
theless, the corrected HR did not change significantly
(HR=1.572, 95% CI 1.242-1.989, p<0.001), suggesting
that our conclusion is stable (Fig. 4c).

FPR and recurrence-free survival

Four studies involving 1,920 patients reported the asso-
ciation between FPR and postoperative recurrence-free
survival in patients with malignant tumors of the diges-
tive system. The comprehensive results showed that
a high FPR was related to poor RFS in patients with
malignant digestive system tumors (HR=2.29, 95%
CI 1.91-2.76, p<0.001). In the absence of heterogene-
ity (I*=35.3%, P=0.201), we used a fixed-effect model
(Fig. 5). In addition, we performed subgroup analyses
based on publication time, sample size, study type, and
cancer type. The results showed that FPR was an inde-
pendent prognostic factor affecting RFS in each sub-
group (Table 3) After deleting each study, we recalculated
the merger of HR and 95% CI for sensitivity analysis
(Fig. 6). The final results suggested that the deletion of
any study cohort did not affect the RES. In other words,
the combined results of our meta-analysis were stable.
In addition, both Begg’s test (p=1.000) and Egger’s test
(p=0.522) indicated no potential publication bias was
present in the meta-analysis of RFS (Fig. 7a, b).

Association between FPR and other outcomes

We also investigated the effects of FPR on the progno-
sis of complications, PFS, DFS, and CSS in patients with
malignant tumors of the digestive system. The prognostic
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value of FPR for progression-free survival was reported
in two cohort studies, including 113 patients (Fig. 8A),
using a fixed-effect model due to the absence of heteroge-
neity. (I*=0.0%, p=0.511) The combined results showed
that PFS was significantly shorter in patients with high
FPR than in patients with low FPR (HR=1.96, 95%CI:
1.33-2.90, p=0.001). A study involving 584 patients
showed that high FPR was an independent risk factor

for complications and disease-free survival (HR=1.78,
95%CI 1.06-3.00, p=0.029 and HR=1.46, 95%CI 1.08—
1.97, p=0.013) (Fig. 8B, C). Similarly, a study involving
372 patients showed that FPR was an independent pre-
dictor of cancer-specific survival in patients with malig-
nant tumors of the digestive system (HR=1.44, 95%CI
1.15-1.79, p=10.001) (Fig. 8D).
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Fig. 2 Forest plot for the association between FPR and overall survival

Discussion

Pre-albumin, also known as transthyretin, is synthesized
by the liver and regulates vitamin A and thyroxine syn-
thesis and transportation [8].Given that the half-life of
pre-albumin is only about two days, it can reflect minor
changes caused by malnutrition and liver insufficiency in
a short period [12, 25].Fibrinogen has been reported to
be involved in the formation of the inflammatory micro-
environment, inflammatory level, angiogenesis, malig-
nant tumor cell proliferation, invasion, and metastasis as
an important inflammatory factor [26]. Available meta-
analyses suggest that fibrinogen is a prognostic factor for
acute myeloid leukemia, venous thromboembolism, car-
diovascular disease, and solid tumors [27-30].

Mounting studies have shown that pre-albumin(PA)
and fibrinogen regulate the occurrence and development
of various tumors, and their levels in peripheral blood
are closely related to the patient’s survival and sensitivity
to therapy [31, 32].As a novel, effective, economical and
practical biomarker, the fibrinogen to pre-albumin ratio
(FPR) is not only gradually used to evaluate the prognosis
of digestive system tumors such as colorectal cancer [20],
hepatocellular carcinoma [16] and gastric cancer [13],

but also as an index to predict the prognosis of lung [33]
and bladder cancer [34]. A study of patients with NSCLC
reported that FPR is an independent factor affecting OS
in patients with advanced NSCLC [33]. However, most
studies on FPR have explored the relationship between
FPR and malignant tumors of the digestive system. In
other words, PFR may be an important indicator in the
field of malignant digestive system tumors research. A
study of 230 patients showed that FPR was superior to
other biomarkers to independently predict survival of
HCC patients and could identify which patients would
benefit from adjuvant chemotherapy [16]. Ying et al. [23]
suggested that FPR was more effective than other inflam-
matory markers in predicting recurrence of CRC in stage
II-1II surgical patients.

Single markers of fibrinogen and pre-albumin are lim-
ited and unstable in predicting the prognosis of diges-
tive system tumors [13]. Hailun Xie et al. [20] found that
pre-albumin and fibrinogen themselves do not affect
postoperative complications and long-term prognosis of
patients with colorectal cancer, while FPR can be used as
a predictor of postoperative complications and long-term
prognosis of colorectal cancer. FPR can not only reflect
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Table 2 Subgroup Meta-analysis of FPR and OS
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Subgroup No. of cohorts No. of patients Pooled HR (95% Cl) P Heterogeneity
12 (%) P,
Altogether 10 3313 1.88(1.53,2.32) <0.001 508 0.032
Publishing time
<2020 1872 2.10(1.67,2.64) <0.001 259 0.24
>2020 4 1441 1.61(1.25,2.09) <0.001 53.0 0.095
Sample capacity
<330 5 1012 239(1.553.70) <0.001 60.9 0.037
>330 5 2301 1.57 (1.35,1.83) <0.001 14.3 0323
Methods for choosing FPR cut-off value
ROC 2 645 147(1.21,1.78) <0.001 0.0 0.635
X-tile 8 2668 2.11(1.61,2.77) <0.001 50.8 0.047
Cut-off value
<18 4 1235 1.96 (1.34,2.89) 0.001 69.8 0.019
>18 6 2078 1.75(1.44,2.12) <0.001 39.0 0.146
Study designed type
Retrospective 1536 1.50(1.28,1.76) <0.001 23 0.381
Prospective 6 1777 232(1.68,3.19) <0.001 436 0.115
Treatment option
Surgical resection 7 2586 1.92 (1.48,2.48) <0.001 62.8 0.013
Others 3 727 1.80(1.29,2.52) 0.001 3.0 0357
Cancer site
GC 2 633 1.83(1.33,2.51) <0.001 20.8 0.261
CRC 5 1858 2.00(1.42,2.81) <0.001 495 0.095
GBC 1 220 1.57(1.00,2.46) 0.049 NA NA
HCC 1 230 4.16(2.06,8.39) <0.001 NA NA
ESCC 1 372 1.43(1.15,1.78) 0.002 NA NA

the level of inflammation in patients, but also indicate the
nutritional status of patients [35].Patients with high FPR
have reduced nutritional levels and a reduced burden of
cancer-related inflammation, which can lead to impaired
immune detection and recovery [36]. FPR balances the
effects of inflammation and nutrition, and is a compre-
hensive indicator that reflects a patient’s biological status
more comprehensively.

The reason why FPR is related to the prognosis of
digestive tract tumors is not clear. However, there are
several possible mechanisms. Fibrinogen and pre-albu-
min are liver acute phase positive and negative pro-
teins, respectively [37]. Kris A et al. [38] reported that
fibrinogen plays an important role in the occurrence and
development of inflammation-dependent cancer. In the
process of cancer development, microvascular destruc-
tion caused by inflammation results in the accumula-
tion of fibrinogen and other FDPS, which stimulates the
secretion of more cytokines and chemokines and further
promotes the invasion of cancer [39, 40]. Many stud-
ies have shown that fibrinogen increases the metastatic

potential of tumor cells. Fibrinogen can act as a bridge
between platelets and circulating tumor cells (CTCs),
thus promoting platelet adhesion to CTCs [41]. In par-
ticular, thrombin can catalyze the conversion of fibrino-
gen in the circulatory system into a dense fibrin matrix,
which then connects with platelets to form a stable skel-
eton and extracellular matrix around tumor cells to pro-
tect them from being killed by immune cells [42, 43]. In
addition, fibrinogen can also directly bind to the inter-
cellular adhesion molecule-1 (ICAM-1) of endothelial
cells to promote tumor cell migration [44]. In addition,
animal experiments showed that tumor cell metastasis
was significantly inhibited in fibrinogen deficient mice
[45]. Pre-albumin has a shorter half-life than albumin, is
more susceptible to dramatic changes in liver function
and responds more quickly to nutritional requirements
[46]. It has been reported that IL-6 secreted by tumor-
related fibroblasts can inhibit pre-albumin and stimulate
fibrinogen, resulting in the decrease of pre-albumin and
the increase of fibrinogen [37]. In other words, the value
of FPR also increases. People with high FPR cues have
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malnutrition, impaired liver function, hypoproteinemia,
and hypercoagulable state, which are usually clinical
symptoms of patients with digestive tract tumors. There-
fore, the study of FPR will reveal the relationship between
cancer-related inflammation, disease and nutrition, indi-
cating the progress of the disease.

Herein, we included 13 studies involving 5116 patients
with malignant tumors of the digestive system. Existing
evidence indicates that FPR is a sensitive indicator for
predicting the prognosis of patients in this population,
and patients with a high FPR exhibited worse OS than
those with a low FPR. In the meantime, subgroup analy-
sis was also conducted to explore the influence of various
factors on our final findings. Although publication time,
sample size, cutoff value, source of cutoff value, cancer
site, treatment option and type of study varied in differ-
ent groups, a high FPR was still significantly associated
with poor prognosis. We further verified the stability of
the meta-analysis by conducting sensitivity analysis and
adjusting for censoring. In addition, we further discussed
the relationship between FPR and recurrence-free sur-
vival in patients. The comprehensive results showed that
FPR was an independent predictor of RFS in patients
with malignant digestive system tumors. At the same
time, subgroup analysis showed that although there were
differences in publication time, sample size, research
type and cancer system among different subgroups, high

EPR still correlated significantly with poor RES. Sensitiv-
ity analysis indicated that our conclusions on RFS were
robust, and the funnel chart exhibited no potential pub-
lication bias. In addition, we also discussed the relation-
ship between FPR and other prognostic indicators of
malignant tumors of the digestive system. A high FPR
was associated with adverse clinical outcomes in terms of
CSS, DFES, PFES, and complications. In all events, FPR can
be considered an important and practical clinical indica-
tor to predict patient prognosis.

To the best of our knowledge, this is the first meta-
analysis to comprehensively examine the prognostic
value of FPR in patients with malignant tumors of the
digestive system. Based on the available evidence, FPR
was associated with significant outcomes (OS and RES)
in the present study and correlated with adverse clinical
outcome indicators (complication, DFS, PFS and CSS).
We also performed a rigorous subgroup analysis and
sensitivity analysis to further demonstrate the prognos-
tic significance of FPR in these patients. In addition, the
cut-off values of FPR in most of the included studies are
mainly concentrated in the range of 18 to 23.1, which
provides a certain reference value for clinically determin-
ing the critical value of FPR.

However, it should be noted that there are some
limitations in our meta-analysis. First of all, all the
included studies were conducted in China; accordingly,
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a Begg's funnel plot with pseudo 95% confidence limits

log[hr]

'w_

0 2 4 5

s.e. of logihr]

b Egger's publication bias plot

standardized effect

I | I
0 5 10
precision
Fig. 4 Plots for publication bias test in meta-analysis for overall survival. a Begg's funnel plot; b Egger’s publication bias plot; ¢ The trim-and-fill
methods;
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Fig.5 Forest plot for the association between FPR and recurrence-free survival
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Table 3 Subgroup Meta-analysis of FPR and RFS
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Subgroup No.of cohorts No. of patients Pooled HR (95% Cl) P Heterogeneity
(%) P,
Altogether 4 1920 2.29(1.91,2.76) <0.001 353 0.201
Publishing time
<2021 1 230 1.77(1.04,2.99) 0.034 NA NA
>2021 3 1690 2.32(1.73,3.11) <0.001 436 0.170
Sample capacity
<480 2 387 1.94(1.26,2.99) 0.002 0.0 0.534
> 480 2 1533 2.38(1.94,2.92) <0.001 71.8 0.060
Study designed type
Retrospective 1 157 2.36(1.12,4.99) 0.025 NA NA
Prospective 3 1763 2.17(1.59,2.97) <0.001 56.8 0.099
Cancer site
HCC 1 230 1.77(1.04,2.99) 0.034 NA NA
CRC 3 1690 232(1.733.11) <0.001 436 0.170
Meta-analysis estimates, given named study is omitted
| Lower CI Limit o Estimate | Upper CI Limit
Lei Zhang (2018) [ o SSUUUURRRUUUSPUURIURITY DOTTRROOS
Hougqun Ying-1 (2021) || i SETTUURUSIURURRURIUIO NSRRI |
Houqun Ying_2 (2021) .......................................... T
Yucui Liao (2021) ........................................... L3 . |
]
0.37 0.54 0.80 1.05 1.16
Fig. 6 Sensitivity analysis for the association between FPR and RFS. RFS: recurrence-free survival

the drawn conclusions mainly indicate that FPR has
certain clinical value in the treatment of patients with
malignant tumors of the digestive system in China;
accordingly, more large scale studies worldwide are
needed to provide sufficient evidence to substantiate

the veracity of our findings. Moreover, significant het-
erogeneity was present in our meta-analysis, which
may have been caused by the small number of included
studies and samples. Finally, due to the limited num-
ber of included studies, the cutoff value of FPR in CSS,
DEFS, PFS and complications remains to be explored.
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Fig. 8 Forest plot for the association between FPR and progression-free survival (a)/ complication (b)/ disease-free survival (c) / cancer-specific

survival (d)
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Fig. 8 continued
Conclusion patients with malignant tumors of the digestive system.

According to this meta-analysis, high FPR is significantly =~ However, large multicenter studies worldwide are still
correlated with poor prognosis, which can be harnessed  needed to substantiate our findings.
clinically as an indicator to predict the prognosis of
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