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Purpose: Preoperative fibrinogen levels are associated with the development, recurrence
and metastasis of malignant tumors. This study was designed to investigate the clinical value
of preoperative fibrinogen/lymphocyte count ratio (FLR) index in hepatocellular carcinoma
(HCO).

Patients and Methods: The clinical data of 479 patients with HCC who underwent radical
resection were retrospectively analyzed. The correlation between FLR and clinicopathologi-
cal features was analyzed by chi-square test or non-parametric test. The overall survival (OS)
and progression-free survival (PFS) were analyzed by Kaplan—-Meier method.

Results: The optimal cut-off value of FLR was determined as 1.6 according to the receiver
operating characteristic curve (ROC) analysis, in order to predict prognosis for HCC patients
after radical resection. It was further found that FLR level was correlated with tumor size,
TNM stage, microvascular invasion and prognosis. Multivariate Cox regression analyses
found that FLR was an independent predictor for postoperative OS (overall survival) (p =
0.002) and PFS (progression-free survival) (p = 0.001) in patients with HCC; and the 1-, 3-
and 5-year OS and PFS of HCC patients in the FLR <1.6 level group were significantly
higher than those in the FLR >1.6 level group.

Conclusion: Preoperative FLR level is a novel and effective predictor of prognosis in
patients with HCC, and elevated FLR level is associated with poor prognosis in patients
with HCC.
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Introduction

Hepatocellular carcinoma (HCC), one of the leading causes of cancer death in
China, is insidious and has a high degree of malignancy.! Radical resection and
professional rehabilitation training can improve the overall survival of patients with
HCC,? however, HCC patients’ long-term survival is still poor,® and some biomar-
kers were reported and used to predict the prognosis of HCC patients and guide
clinical decision-making. At present, the conventional and classic factors indicators
used to predict the prognosis of HCC are AFP, tumor size, TNM stage, micro-
vascular invasion, etc. In view of the existence of obvious heterogeneity of HCC, it
is necessary to explore more novel potential factors for sub-stratification analyses.
Therefore, it is important to find more effective biomarkers to identify high-risk
patients who are prone to suffer from recurrence and metastasis and provide better
personalized treatments.
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The inflammatory response plays an important role in the
progression of malignant tumors.* Inflammatory cells such as
neutrophils,” macrophages,® and lymphocytes’ are all
involved in the biological behaviors of tumors. Fibrinogen
is a coagulation factor synthesized in hepatic cells, is one
kind of the positive acute-phase proteins, and fibrinogen is
often increased during systemic inflammation.® On one hand,
as a hemostatic factor, fibrinogen is a key factor in tumor
progression; on the other hand, fibrinogen can bind to recep-
tors that regulate tumor progression by regulating cell pro-
liferation, cell migration, and apoptosis,g and therefore, affect
tumor progression. Recent studies have shown that inflam-
matory response-related biomarkers can potentially predict
the prognosis of tumors, such as systemic immune-inflam-
mation index (SII),' neutrophil to lymphocyte ratio
(NLR),'"'? platelet lymphocyte ratio (PLR),"* lymphocyte-

1415 otc. As a new and effective

to-monocyte ratio (LMR),
method to predict the prognosis of cancer patients, inflam-
mation index will be much more concerned. In view of the
important role of fibrinogen and lymphocytes in tumor pro-
gression, this study focused on the potential application value
of plasma fibrinogen level to peripheral blood lymphocyte

ratio (FLR) index in the prognosis of HCC.

Patients and Methods

Research Object

The clinical data of 479 HCC patients who underwent radical
resection in our hospital from 2006 to 2012 were retrospec-
tively studied. The inclusion criteria were: postoperative patho-
logical diagnosis of HCC; received radical resection and
without distant metastasis. The exclusion criteria were: did
not receive surgery, did not receive radical surgery, received
liver transplantation, received anti-tumor therapy such as
radiotherapy or chemotherapy before surgery; radiographic
examination confirmed recurrence within 2 months after sur-
gery; death within 2 months after surgery. And 156 patients
were excluded due to the lack of clinical data, and therefore a
total of 479 patients were enrolled and analyzed in this study.
This study is in line with the declaration of Helsinki Principles.
This study was approved by the Ethics Committee of the
Affiliated Hospital of Guilin Medical University, and complied
with the Declaration of Helsinki. Written informed consent
was obtained from all patients (Figure 1).

Clinical Information
Patients’ general information and clinical data were col-
lected, including gender, age, and laboratory results.

Patients with liver cancer (n = 1496) ’

msurgery (n =570)

NoHCC (n = 235) \
Non-radical surgery (n = 37)
Received liver transplantion (n =

6)

Have received anti-tumor therapy
suchas radiotherapyor
chemotherapy before surgery (n =

11)

Death within 2 months after

surgery (n = 2)

Qck of clinical data etc (n = 156y
v

479 patients were included in the final
analysis

Exclusion (n =1017)
_

Figure | Flow chart shows the selection of patients eligible for this study.

Laboratory tests include blood routines and biochemical
indicators. Tumor size, tumor number, tumor location, and
microvascular invasion were determined according to the
postoperative specimens. The clinical stage of the tumor
refers to the TNM staging criteria (Table 1).

Follow-Up and Observation Index

All patients were followed up regularly by outpatient
service or telephone until death or the deadline of March
31, 2019. The patients were reviewed every 2 months
within the first 2 years after surgery and every 3—6 months
thereafter. The follow-up monitoring includes symptoms,
signs, blood routine, blood biochemistry, liver function,
serum alpha-fetoprotein (AFP), abdominal ultrasonogra-
phy, etc., and Computed Tomography (CT) or Magnetic
Resonance Imaging (MRI) examinations if necessary.
Progression free survival (PFS) was defined as the time
from surgery to recurrence, metastasis, death or the last
follow-up, and overall survival (OS) was defined as the
time from surgery to death or the last follow-up.

Statistical Analysis

Part of the data was expressed as the mean +SD, and
statistical analyses were performed using the SPSS22.0
software (SPSS Inc., Chicago, IL). p < 0.05 was consid-
ered statistically significant. The correlation between FLR
and clinicopathological characteristics was analyzed by
chi-square test or non-parametric test. OS and PFS were
analyzed by Kaplan—Meier method using the Log rank
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Table | Clinical and Biochemical Data of Examined Patients

Parameter MeantSD*

Age (years) 50.21%11.46
HBsAg: positive/negative (n) 402/77

Tumor size (range, cm) 8.31+4.92

WBC (x10°/L) 6.40+2.31

LYMPH (x107/L) 1.65£0.61

Platelets (x10°/L) 183.65£79.86
Albumin (g/L) 38.59+4.78
Globulin (g/L) 31.07+6.05

TB (umol/L): median, range 13.37 (3.66—229.05)
DB (umol/L): median, range 4.9 (0.5-168.2)
ALT (U/L) 47.28+45.61

AST (U/L) 54.07+48.26

ALP (U/L) 102.72+68.15

AFP 337.2 (0.25-328,030)
FIB 2.96x1.05

FLR 2.05+1.14

Note: *Data presented as mean * SD or others.

Abbreviations: SD, standard deviation; N, number of patients; HBsAg, hepatitis B
surface antigen; AFP, alpha-fetoprotein; WBC, white blood cell; LYMPH, lymphocyte
count; TB, total bilirubin; DB, direct bilirubin; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALP, alkaline phosphatase.

test. Cox regression model was used to evaluate the multi-
factor hazard ratio.

Results
The Optimal Cutoff Value of FLR

The ROC curve analysis was used to obtain the optimal
cut-off value of FLR, and the optimal cut-off value was
determined as 1.6 to predict postoperative patients’ survi-
val, with relatively high sensitivity and specificity
(Figure 2).

Relationship Between Preoperative FLR
Level and Clinicopathological
Characteristics of HCC

The relationship between preoperative FLR and clinico-
pathological variables in patients with HCC was analyzed,
as is shown in Table 2. The optimal cut-off value of FLR
was determined according to the ROC curve and then all
patients were divided into two groups: low FLR level
group (FLR < 1.6, n = 196) and high FLR level group
(FLR > 1.6, n = 283). The results showed that there was a
positive correlation between FLR level and tumor size (>5
cm) (¢° = 32.69, p < 0.001), TNM III-1V stage (> =
33.86, p < 0.001), microvascular invasion (x> = 19.40, p
< 0.001) and recurrence (* = 9.218, p = 0.002). However,
no correlation was found between preoperative FLR and

1.0
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> 0.6 -
-
2
‘®
5
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0.2 4
AUC=0.679;95%CI,0.633-0.721
P<0.0001
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1 - Specificity

Figure 2 Determination of the cut-off value for FLR in HCC patients.
Abbreviations: FLR, plasma fibrinogen level to lymphocyte ratio; HCC, hepato-
cellular carcinoma.

age, hepatitis B surface antigen, tumor number, alcohol
consumption, and serum alpha-fetoprotein level (p > 0.05).
Figure 3A—C showed that TNM stage, tumor size, and
microvascular invasion were positively correlated with
FLR levels (p < 0.001). The above results suggested that
high FLR level status was more likely to promote malig-
nant progression, invasion and postoperative recurrence
of HCC.

Predictive Factors Analysis of OS and PFS

for Postoperative HCC Patients

Univariate analysis showed that preoperative FLR > 1.6
(HR =2.03; 95% CI: 1.62-2.51, p <0.001), tumor size (>5
cm), tumor number >2, TNM III-IV stage, recurrence,
microvascular invasion, AFP > 20ng/mL were unfavorable
predictors of OS. Multivariate Cox regression model ana-
lysis suggested that preoperative FLR > 1.6 (HR = 1.56;
95% CI: 1.18-2.09, p = 0.002), tumor size (> 5 cm), TNM
M-IV stage, recurrence, microvascular invasion were
independent predictors of shorter OS. Likewise, in the
univariate analysis, preoperative FLR > 1.6 (HR = 1.96;
95% CI: 1.60-2.47, p < 0.001), tumor size (>5 cm), tumor
number >2, TNM II-1IV stage, microvascular invasion,
AFP > 20 ng/mL were unfavorable predictors of PFS.
And multivariate Cox regression model analysis revealed
that only preoperative FLR > 1.6 (HR = 1.58; 95% CI:
1.21-2.10, p = 0.001), tumor size (>5 cm), TNM III-IV
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Table 2 Correlation Between the Clinicopathologic Variables and FLR in HCC

Clinical Character Clinical Variable No.of Patients FLR level x? p value
< 1.6 n (%) > 1.6 n (%)

Age (years) <55 319 131(41.1) 188(58.9) 0.009 0.926
> 55 160 65(40.6) 95(59.4)

HBsAg Negative 77 34(44.2) 43(55.8) 0.398 0.528
Positive 402 162(40.3) 240(59.7)

Tumor size (range, cm) <5 170 99(58.2) 71(41.8) 32.69 <0.001

309 97(31.4) 212(68.6)

Tumor number Single 351 146(41.6) 205(58.4) 0.249 0.618
Multiple 128 50(39.1) 78(60.9)

Drinking Absent 267 114(42.7) 153(57.3) 0.789 0.374
Present 212 82(38.7) 130(61.3)

TNM stage =l 210 117(55.7) 93(44.3) 33.86 <0.001
N-1v 269 79(29.4) 190(70.6)

Microvascular invasion Absent 341 161(47.2) 180(52.8) 19.40 <0.001
Present 138 35(25.4) 103(74.6)

Recurrence Absent 367 164(44.7) 203(55.3) 9.218 0.002
Present 112 32(28.6) 80(71.4)

AFP (ng/mL) <20 143 67(46.9) 76(53.1) 2.970 0.85
> 20 336 129(38.4) 207(61.6)

Abbreviations: FLR, plasma fibrinogen level to lymphocyte ratio; N, number of patients; HBsAg, hepatitis B surface antigen; TNM, tumor-node-metastasis; AFP, alpha-

fetoprotein; AST, aspartate aminotransferase.

stage, microvascular invasion were independent predictors
of shorter PFS (Table 3).

The Predictive Value of FLR and the
Novel Model Based on 4 Variables for OS
and PFS in HCC

According to the Kaplan—-Meier analysis, in the low FLR
level group, the median OS was 69.2 months and the
median PFS was 60.4 months, whereas in the high FLR
level group, the median OS was 44.2 months and the
median PFS was 34.4 months. As for PFS, the 1-, 3-,
and 5-year progression-free survival rates of patients in
the low FLR level group were significantly higher than
those in the high FLR level group, respectively (74% vs
56.25%, 46.5% vs 43.6% and 24.1% vs 18.9%, p < 0.001).
For OS, the 1-, 3-, and 5-year overall survival rates of the
low FLR level group were significantly higher than those
of the high FLR level group (86.7% vs 77.4%, 61.7% vs
39.6% and 48.8% vs 25.4%, p < 0.001) (Figure 4A and B).

Then, each of the four important variables was
assigned and re-evaluated in order to construct a new

scoring model, including FLR, tumor size, TNM stage,
and microvascular invasion. One point would be given to
the following circumstances: FLR > 1.6, tumor size (>5
cm), TNM III-IV stage, and microvascular invasion;
otherwise, the score is 0. Therefore, the highest score is
4, and the lowest score is 0. According to their scores,
HCC patients were divided into the low-risk group (score
0 points), the medium-risk group (score 1-2), and the
high-risk group (score 3—4). The analysis revealed that
PFS (p < 0.001, y* = 81.8) and OS (p < 0.001, y* =
111.2) were significantly different among the three groups
(Figure 4C and D), suggesting that this novel scoring
model constructed by four variables may have favorable
predictive value for the prognosis of HCC.

Comparison of FLR and AFP on PFS and
OS in Subgroups of HCC

In the subgroup of patients with tumor size <3 cm, com-
pared to FLR < 1.6, patients with FLR > 1.6 had a shorter
PFS (median survival time: 82.2 vs 50.8 months, p =
0.011), and a shorter OS (median survival time: 88.0 vs
60.9 months, p = 0.023) (Figure 5A-D); similar results
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Figure 3 Box plot showing the relationship between FLR levels and TNM stage (A) TD (B) and Microvascular invasion (C).

Abbreviations: TD, tumor diameter; TNM, tumor-node-metastasis.

were found in the subgroup of patients with tumor size <5
cm: patients with FLR > 1.6 had a shorter PFS (median
survival time: 77.1 vs 48.4 months, p < 0.001) and a
shorter OS (median survival time: 85.8 vs 60.8 months, p
< 0.001) (Figure SE-H). In contrast, there was no prog-
nostic prediction value for AFP (cut-off value: 20 ng/mL)
in the above two subgroups.

Discussion

Researches on the mechanism of tumor progression and
improvements on tumor treatment strategies will help
improve the quality of life for HCC patients.'® The
mechanism of hepatoma’s development and progression
is complicated; and it is the result of a combination of
various factors, and one critical factor is the inflammation
condition. Inflammation is closely related to the occur-
Inflammation in the tumor

4
rence of tumors.

microenvironment also promotes tumor growth, prolifera-
tion and metastasis. Chronic hepatitis is also a major factor
in the development of HCC, and inflammation in the liver
micro-environment can promote the development of liver
cancer.'” Fibrinogen, a coagulation factor synthesized in
hepatocytes, is one kind of the positive acute-phase pro-
teins that plays an important role in the development of
inflammation. Fibrinogen can change the functions of
inflammatory cells function through different receptors
and mechanisms.'® As a hemostatic factor, fibrinogen is
the critical and decisive factor of tumor cell’s metastasis
potency, for it can combine with other proteins and deposit
on the extracellular matrix, and then functioning as a
scaffold, which can combine with the growth factors, as
a result, promotes cell proliferation, adhesion and tumor
metastasis.'” Studies have shown that elevated serum fibri-
nogen levels are associated with poor prognosis in patients
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Table 3 Univariate and Multivariate Cox Regression Analyses of the FLR with Clinicopathologic Characteristics

Variables Univariate Analysis Multivariate Analysis

HR 95% CI p value HR 95% CI p value
Overall survival
FLR (> 1.6 vs < 1.6) 2.03 1.62-2.51 < 0.001 1.56 1.18-2.09 0.002
Gender (male vs female) .11 0.80-1.53 0.526
Age, yeas (> 55 vs = 55) 0.85 0.68—1.07 0.163
HBsAg (positive vs negative) 1.01 0.75-1.34 0.960
Cirrhosis (positive vs negative) 0.97 0.66—1.40 0.884
Tumor size, cm (>5 vs < 5) 2.30 1.76-2.87 < 0.001 1.39 1.09-1.76 0.007
Tumor number (multiple vs single) 1.42 1.12-1.80 0.003
Drinking (present vs absent) 1.06 0.86-1.31 0.572
TNM stage (IlI-IV vs I-I) 2.37 2.02-3.12 < 0.001 1.71 1.31-2.26 < 0.001
Recurrence (present vs absent) 2.06 1.70-2.65 < 0.001 1.62 1.26-2.16 0.001
Vascular invasion (present vs absent) 2.16 1.76-2.63 < 0.001 1.41 1.09-1.84 0.009
AFP, ng/mL (> 20 vs < 20) 1.45 I.16-1.86 0.002
Progression-free survival
FLR (> 1.6 vs = 1.6) 1.96 1.60-2.47 < 0.001 1.58 1.21-2.10 0.001
Gender (male vs female) 1.07 0.77-1.48 0.656
Age, yeas (> 55 vs = 55) 0.89 0.71-1.12 0.329
HBsAg (positive vs negative) 1.02 0.76—1.36 0.905
Cirrhosis (positive vs negative) 0.98 0.67-1.41 0.953
Tumor size, cm (> 5 vs < 5) 2.12 1.68-2.66 < 0.001 1.38 1.08-1.75 0.008
Tumor number (multiple vs single) 1.38 1.09-1.72 0.007
Drinking (present vs absent) 1.04 0.84-1.29 0.700
TNM stage (III-IV vs I-1) 2.24 1.86-2.83 < 0.001 1.66 1.32-2.31 < 0.001
Vascular invasion (present vs absent) 1.89 1.53-2.32 < 0.001 1.43 1.12—-1.81 0.004
AFP, ng/mL (> 20 vs < 20) 1.44 1.13-1.82 0.004

Abbreviations: HR, hazard ratio; Cl, confidence interval; HBsAg, hepatitis B surface antigen; TNM, tumor-node-metastasis; AFP, alpha-fetoprotein.

20722 esophageal cancer,” ovarian

with liver cancer,
cancer.”* The involvement of lymphocytes in the immune
function plays an extremely important role in many
aspects, such as tumor immunization assessment® and
immunological therapy.

In this study, the optimal cut-off value of FLR was
determined to be 1.6, and based on this value, elevated
FLR level was found to be positively correlated with
tumor size, TNM stage, microvascular invasion, recur-
rence, and poor prognosis of HCC, suggesting that FLR
may play a crucial role in HCC, and that high FLR level
can promote tumor’s growth, vascular invasion and other
biological behaviors evolution in HCC, and then exert a
great impact on the recurrence and survival prognosis of
postoperative HCC patients. In view of this important
finding, the malignant progression of HCC could be post-
poned, postoperative recurrence could be reduced and

patients’ survival time may be prolonged, if HCC patients’

physical condition is well managed, such as the fibrinogen
level and inflammatory condition are well controlled, the
immune environment is improved, etc.

For patients with elevated FLR and poor prognosis, it
is possible to select appropriate treatment methods based
on the actual clinical conditions of the patients, such as
consider the combined treatment of transarterial chemoem-
bolization (TACE) + radiofrequency ablation (RFA)
instead of surgical resection.”’ Furthermore, the applica-
tion of different staging standards also has an impact on
the prognosis of HCC patients.”® The current international
staging standards include Barcelona Clinic Liver Cancer
(BCLC) staging system, Hong Kong Liver Cancer
(HKLC) staging system, TNM staging system, etc.
Medical institutions should select a more suitable staging
system for their HCC patients.*

Except for FLR being an independent predictor of
survival prognosis in HCC, some previous studies have
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found that larger tumor size (greater than 5 cm), higher
TNM stage (stage III-1V), and microvascular invasion are
all independent predictors for poor prognosis of HCC. In
this study, these results have been verified again.
Interestingly, the new scoring model precisely consisting
of the above four independent predictive factors has
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prominent prognostic potency for HCC, and its potential
significance is worthy of further discussions.

Although the study has found a series of indicators or
models that appear to be useful in the diagnosis and prog-
nosis of HCC, AFP is still the index for HCC’s diagnosis

and postoperative monitoring in clinical practice, but
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Figure 4 Kaplan—Meier curves of progression-free survival (A) and overall survival (B) are shown for HCC patients. Progression-free survival curves (C) and overall

survival curves (D) for the HCC patients according to the score.
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Figure 5 Kaplan—Meier analysis revealed the relationship of FLR and AFP with PFS or OS in the HCC patients with tumor size < 3cm (A-D) and tumor size < 5cm (E-H).
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actually, AFP’s ability to predict prognosis for small and
medium-sized HCC is limited.*® In this study, we investi-
gated the postoperative survival of HCC patients with
tumor size <5 cm and <3 cm, respectively, and the results
showed that AFP has no prognostic significance in these
sub-groups; in contrast, HCC patients in these sub-groups
can be favorably divided into two significant groups: FLR
< 1.6 group and FLR > 1.6 group. It was suggested that
FLR may be a new potential indicator of HCC’s prognosis
prediction, and FLR may be better than AFP to some
extent.

This study also has certain limitations. For example,
this was a retrospective study in which patients were
selected from a single medical institution with 83.9%
cases were hepatitis B-related HCC, 156 patients were
excluded due to lack of clinical data, and the data of
FLR were collected preoperatively. In the following stu-
dies, multi-centered and different viral types originated
HCC patients should be enrolled in prospective analyses,
and regular follow-up data should also be added for com-
prehensive demonstration of FLR’s potential value in the
prognosis of HCC. The FLR, a low-cost and easily
obtained indicator for HCC prognosis, is worthy of further
investigations for its important significance in the future
clinical practice; and it is expected that FLR might have
greater potential for more accurate prognostic prediction
and better guidance significance for clinical decision-mak-
ing in HCC patients.
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