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Inflammation and activation of the coagulation cascades have a role in the pathogenesis of malignancy,
including hepatocellular carcinoma (HCC). This retrospective study aimed to investigate the prognostic role
of the combined fibrinogen and neutrophil-to-lymphocyte ratio (F-NLR) in patients with resectable HCC.

This retrospective study included 292 patients with HCC who underwent surgical resection. The receiver oper-
ating characteristic (ROC) curve was used to determine the cut-off value of preoperative fibrinogen (Fib) lev-
els and the neutrophil-to-lymphocyte ratio (NLR). The. Hyperfibrinogenemia was >3.35 g/L, and an increased
NLR was >2.47. The F-NLR was calculated for all patients. Kaplan-Meier survival curves, univariate analysis,
multivariate analysis, and subgroup analysis were used to identify independent prognostic factors for overall
survival (OS) and disease-free survival (DFS). The receiver operating characteristic (ROC) curve analysis of the
F-NLR score and OS, according to the Barcelona Clinic Liver Cancer (BCLC) stage, was performed.

Increased F-NLR scores were significantly associated with the presence of tumor thrombus (P=0.001), larger tu-
mor diameter (P<0.001), vascular invasion (P<0.001), and increased BCLC stage (P<0.001). Multivariate analysis
showed that the F-NLR score was an independent predictor of OS (P<0.001) and DFS (P=0.002). The prognos-
tic role of F-NLR was significant for BCLC stage 0—I (P=0.004; P<0.001) and BCLC stage II-Ill (P=0.026; P=0.005)
for OS and DFS, respectively.

In patients with resectable HCC, the combined F-NLR score, a new indicator of systemic inflammation, was an
independent prognostic indicator.
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Background

Worldwide, hepatocellular carcinoma (HCC) is the third leading
cause of cancer-related death and is the sixth most common
cause of malignancy [1]. Due to the high rate of hepatitis B
virus (HBV) infection, the number of cases of HCC diagnosed
in China represent approximately 50% of total Europe and
Northern America cases [2]. Surgical resection of the primary
tumor is considered to provide good clinical outcome for pa-
tients with HCC in the early stages. However, despite signifi-
cant advances in surgical techniques, the recurrence rates
and mortality rates in patients with HCC after liver resection
remain high. Currently, alpha-fetoprotein (AFP) is used as a
serum tumor biomarker for patients with HCC and is used
following surgery to monitor recurrence, but its diagnostic ef-
ficacy is unreliable [3]. Therefore, it is necessary to find new
biomarkers to evaluate prognosis in patients with HCC fol-
lowing hepatic resection.

In recent decades, studies have shown that systemic inflam-
matory response may have a role in tumor progression [4,5].
The prognostic role of indicators of a systemic including the
monocyte-to-lymphocyte ratio (MLR), the platelet-to-lympho-
cyte ratio (PLR), and the neutrophil-to-lymphocyte ratio (NLR)
have been demonstrated in many tumors [6-13]. Also, pre-
vious studies have shown that fibrinogen plays an impor-
tant role in systemic inflammatory response and tumorigen-
esis [14-17]. Sun et al. showed that an increased NLR, PLR,
and reduced LMR were significantly associated with cancer-
specific survival (CSS), overall survival (OS) and with malig-
nant phenotypes in patients with esophageal squamous cell
carcinoma [6]. Ji et al. showed that increased level of plasma
fibrinogen was significantly associated with poor prognosis in
tumors of the gastrointestinal tract [17].

Recent studies have shown that the combined fibrinogen and
neutrophil-to-lymphocyte ratio (F-NLR) score was a prognostic
marker for outcome in patients with several tumors, including
gastric cancer, non-small cell lung cancer (NSCLC), ovarian
cancer, and esophageal cancer [18-22]. However, the prog-
nostic role of the F-NLR score for patients with HCC remains
unknown. Therefore, this retrospective study aimed to inves-
tigate the prognostic role of the combined F-NLR score in pa-
tients with resectable HCC at a single center.

Material and Methods

Patients

This retrospective study included 292 patients with primary
hepatocellular carcinoma (HCC) who underwent liver resec-
tion at the Third Affiliated Hospital of Sun Yat-sen University
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between 2009 and 2015. The study was conducted according
to the standards of the Helsinki Declaration and was approved
by the Ethics Committee of the Third Affiliated Hospital of Sun
Yat-sen University.

Study inclusion and exclusion criteria

All patients had a histologically confirmed diagnosis of pri-
mary HCC and were staged according to the Barcelona Clinic
Liver Cancer (BCLC) staging system [3]. The Child-Pugh class
was determined for the severity of liver damage, with class A
(no liver damage), class B (moderate liver damage), and class C
(severe liver damage). The study inclusion criteria were pa-
tients diagnosed with primary HCC, which was confirmed by
two pathologists, with no other concurrent malignant tumors,
and who had negative tumor margins on surgical resection.
Patients included in the study also had no history of infection
or inflammatory disease one month before surgery, and all pa-
tients had complete laboratory data. Study exclusion criteria in-
cluded preoperative anti-inflammatory, immunosuppressive, or
anti-tumor therapy, or a history of other primary malignancies.

Clinical data evaluated for patients with HCC who
underwent liver resection

Perioperative blood transfusion was defined as the infusion
of red blood cell concentrate before, during, or after surgery.
Patients who were infused other blood products, such as al-
bumin, platelets, and fresh frozen plasma were not considered
to have had a transfusion. After surgical resection, patients
were followed every three months for the first three years, and
then for every six months. Routine laboratory tests were re-
corded, including liver function tests and measurement of se-
rum alpha-fetoprotein (AFP). Imaging studies were performed
for all patients and included abdominal ultrasound, and mag-
netic resonance imaging (MRI), or thoracoabdominal computed
tomography (CT). A bone scan was performed if the recurrence
of HCC was suspected.

Evaluation of the combined fibrinogen and neutrophil-to-
lymphocyte ratio (F-NLR)

The results of laboratory investigations performed one week
before surgery were recorded from the patient medical re-
cords. Data were analyzed for alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP),
fibrinogen (Fb), prealbumin (PA), albumin, gamma-glutamyl
transpeptidase (GGT), the neutrophil count, the platelet count,
the lymphocyte count, and the monocyte count. The neutro-
phil count divided by the lymphocyte count was defined as
the neutrophil-to-lymphocyte ratio (NLR). The platelet count,
divided by the lymphocyte count, was defined as the plate-
let-to-lymphocyte ratio (PLR). The monocyte count divided by
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Table 1. Clinical and demographic characteristics of the patients with hepatocellular carcinoma (HCC) included in this study.

Characteristic Patients (%) Characteristic Patients (%)

Age (years)

<50 151 (51.7)
"""" o 41 w@sy
CGender
"""" male 258 (84
"""" Female 34 (18
CMesAe
"""" Negatve 34 (L
"""" Positve 258 (884)
CCimhoss
"""" N 8 oy
e 203 695
CTanstson
"""" N 160 (48
e 132 @s2)

Multiple 85 (29.1) MLR 0.26 (0.19-0.36)

AFP — alpha fetoprotein; BCLC — Barcelona-Clinic Liver Cancer staging system; ALT — alanine aminotransferase; AST — aspartate
aminotransferase; ALP — alkaline phosphatase; Fib — fibrinogen; PA, prealbumin; ALB — albumin; GGT — gamma-glutamyl
transpeptidase; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte ratio.

the lymphocyte count was defined as the monocyte-to-lym- value as the continuous variable with the largest Youden in-

phocyte ratio (MLR). dex. Based on the ROC curve analysis, the optimal cut-off val-
ue for fibrinogen was 3.35 g/L, the optimal cut-off value for
Optimal cut-off values for fibrinogen and the NLR, the NLR was 2.47. The AUC for fibrinogen was 0.640, and the

AUC for the NLR was 0.604.
The area under the curve (AUC) of the receiver operating charac-
teristic (ROC) curve was used to identify the optimal cut-off
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Figure 1. Receiver operating characteristic (ROC) curve analysis of a combined fibrinogen and neutrophil-to-lymphocyte ratio (F-NLR)
score and overall survival (OS) in patients with resectable hepatocellular carcinoma (HCC). (A) ROC curve analysis for OS and
fibrinogen. (B) ROC curve analysis for OS and NLR. ROC — receiver operating characteristic; NLR — neutrophil-to-lymphocyte

ratio; OS — overall survival.

The F-NLR score

The F-NLR scores were 2, 1, and 0. Patients with a fibrino-
gen level >3.35 g/L and an increased NLR >2.47 had an F-NLR
score of 2. Patients with only one of the two criteria had an
F-NLR score of 1. Patients with none of these criteria had an
F-NLR score of 0.

Follow-up, disease-free survival (DFS), and overall survival
(0s)

Disease-free survival (DFS) and overall survival (OS) were
the primary study outcomes. DFS was defined as the inter-
val between the time of surgery and first tumor progression
or death or date of the last follow-up. OS was defined as the
interval between the time of surgery and the time of death
or last follow-up.

Statistical analysis

Data were analyzed using SPSS software version 20.0 (SPSS Inc.,
Chicago, IL, USA). The categorical variables were described
by frequency (%). If the continuous variables satisfied a nor-
mal distribution, they were expressed as the mean+standard
deviation (SD) using the 95% confidence interval (Cl). If the
data did not conform to a normal distribution, the median
and the 25-75% quartiles were used. Differences between the
F-NLR score and the clinicopathological features or laboratory

parameters were evaluated using the chi-squared (x?) test and
the Kruskal-Wallis test, respectively. The Kaplan-Meier method
and the log-rank test were used to compare the survival data
between groups. Cox proportional hazard regression analy-
sis was used to screen for independent prognostic factors for
0S and DFS. Significant parameters in the univariate regres-
sion analysis were validated using multivariate analysis using
a forward step-wise method. A p-value <0.05 was considered
as statistically significant.

Results

Baseline characteristics of patients with resectable HCC

There were 292 patients with hepatocellular carcinoma (HCC)
who underwent liver resection. The study group included
141 patients (48.3%) who were >50 years of age, and 34 fe-
male patients (11.6%). There were 258 patients (88.4%) who
were positive for hepatitis B surface antigen (HBsAg), 132
patients (45.2%) had a blood transfusion, 22 patients (7.5%) had
Child-Pugh class B liver function, and 85 patients (29.1%) had
multiple lesions. The median age was 50 years (range, 41.3-58.8
years) at the time of diagnosis. Using the Barcelona Clinic
Liver Cancer (BCLC) class, there were 21 (7.2%), 96 (32.9%),
57 (19.5%), and 118 (40.4%) patients with BCLC class 0, class A,
class B, and class C, respectively. Other baseline data, including
laboratory and hematological parameters, are shown in Table 1.
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Table 2. Associations between the clinicopathological characteristics of the patients with hepatocellular carcinoma (HCC) included in
this study and the fibrinogen and neutrophil-to-lymphocyte ratio (NLR).

Fibrinogen

Variables Low Fib group,  High Fib group, P-value Low NLR group, High NLR group, P-value
n=185 n=107 n=204 n=88

Age (years) 0.168 0.525

AFP — alpha fetoprotein; BCLC — Barcelona-Clinic Liver Cancer staging system.
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Table 3. Hematological parameters of the patients with hepatocellular carcinoma (HCC) included in this study and the fibrinogen and
neutrophil-to-lymphocyte ratio (NLR).

Fibrinogen
Variables Low Fib group, High Fib P-value Low NLR group, High NLR group,
n=185 group, n=107 n=204 n=88
B pson20  @osio M5 gsoson  oosse O
s pros0  Goosso)  °®  Gsowso  Geossg 02
oy 0580 @somo OO ooy amo 0%
B o299  Geeey 0 oxsey  geenn OO
e g02145  (moa0 % (mamay  amoams O
(MBED S A R T T O e
R pos5  @oiso ™ ooy poriwe 0%
B assaay  qrassy OO w200 @omary OO
e o sesy O ariny  amsissy 00
MR (0.1%—2;32) (o.zgf;.44) <0.001 (0,1(;'_23,30) (o.z(;—gg.sz) <0.001

AFP — alpha fetoprotein; BCLC — Barcelona-Clinic Liver Cancer staging system; ALT — alanine aminotransferase; AST — aspartate
aminotransferase; ALP — alkaline phosphatase; Fib — fibrinogen; PA — prealbumin; ALB — albumin; GGT — gamma-glutamyl
transpeptidase; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte ratio.

The receiver operating characteristic (ROC) curves for fibrino-
gen and the neutrophil-to-lymphocyte ratio (NLR) for overall
survival (OS) are shown in Figure 1. The area under the ROC
curve for fibrinogen and NLR were 0.640 and 0.604, respectively.

The associations between the clinicopathologic features
and laboratory parameters and fibrinogen or NLR in
patients with resectable HCC

The associations between fibrinogen or NLR and clinicopatho-
logical features in patients with HCC are shown in Table 2.
Fibrinogen levels were significantly correlated with the presence
of tumor thrombus in HCC (P=0.001), tumor diameter (P<0.001),
vascular invasion (P<0.001), differentiation (P=0.043), and the
Barcelona Clinic Liver Cancer (BCLC) class (P<0.001). Also, the
value for the NLR was significantly associated with a history of
blood transfusion (P=0.009), the Child-Pugh grade (P=0.035),
and tumor thrombus (P=0.048). The association between fi-
brinogen and NLR and the clinical and laboratory parameters
in patients with HCC are shown in Table 3. Fibrinogen levels
were significantly correlated with levels of alkaline phospha-
tase (ALP) (P<0.001), fibrinogen (Fib) (P<0.001), gamma-glutamy!

transpeptidase (GGT), (P<0.001), NLR (P<0.001), platelet-to-lym-
phocyte ratio (PLR) (P<0.001), and monocyte-to-lymphocyte
ratio (MLR) (P<0.001). Also, the value of NLR was significantly
associated with ALP (P=0.005), Fib (P<0.001), GGT (P=0.010),
NLR (P<0.001), PLR (P<0.001), and MLR (P<0.001).

The associations between the patient clinicopathologic
features, laboratory parameters, and the combined
fibrinogen and neutrophil-to-lymphocyte ratio (F-NLR)
groups (scores 2, 1, and 0) in patients with resectable HCC

The results of the associations between the three groups of
F-NLR (scores 2,1, and 0) and the laboratory parameters in pa-
tients with resectable HCC are presented in Tables 4 and 5.
In the three here were significant associations between the
F-NLR and tumor thrombus (P=0.001), tumor diameter (P<0.001),
vascular invasion (P<0.001), BCLC stage (P<0.001), ALP (P<0.001),
Fib (P<0.001), ALB (P=0.027), GGT (P<0.001), NLR (P<0.001),
PLR (P<0.001), and MLR (P<0.001) were statistically different
between the three groups of F-NLR (scores 2, 1, and 0).
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Table 4. Association between the clinicopathologic features and the combined fibrinogen and neutrophil-to-lymphocyte ratio (F-NLR).

Variables
Age (years) 0.315 Tumor diameter (cm) <0.001
<50 68 57 26 <5 98 49 15
>50 76 44 21 55 46 52 32
~ Gender 0119 Tumor number 0.202
,,,,,,, mae 128 & 4 Single 107 65 35
,,,,,,, Female 16 6 2 Multiple 37 36 12
B ey AFP 0.936
,,,,,,, g A2 e e <400 99 68 33
Positive 132 85 41
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, >400 45 33 14
Cirrhosis 0.241 oo
———————————————————————————————————————————————————————————————————————————————————— Vascular invasion <0.001
No 40 37 12
——————————————————————————————————————————————————————————————————————————————————————————— No 101 56 17
Yes 104 64 35
"""""""" Yes 43 45 30
Transfusion 0.181
No 83 57 20 LRI 0.069
Yes 61 44 27  Wellmeseeis 157 9% o
Child-Pugh grade 0942 P oor7 ,,,,,,,,,,,,, 77 ,,,,,,,,,,,,,,,,,,,,,,,,,
A 133 94 43  BClCstage <0.001
B 11 7 4 ° Lo 6 °
Tumor thrombus 0.001 A 60 27 >
No 136 92 36 B 26 23 8
Yes 8 9 11 C 43 45 30

AFP — alpha fetoprotein; BCLC — Barcelona Clinic Liver Cancer.

Table 5. Relationship between hematological parameters and the combined fibrinogen and neutrophil-to-lymphocyte ratio (F-NLR).

Variables

ALT (U/L) 35.0

—_

25.3-49.0) 41.0 (27.0-60.5) 38.0 (31.0-46.0) 0.435

MLR 0.22 (0.16-0.28) 0.29 (0.22-0.36) 0.44 (0.31-0.55) <0.001

AFP — alpha fetoprotein; BCLC — Barcelona-Clinic Liver Cancer staging system; ALT — alanine aminotransferase; AST — aspartate
aminotransferase; ALP — alkaline phosphatase; Fib — fibrinogen; PA — prealbumin; ALB — albumin; GGT — gamma-glutamyl
transpeptidase; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte ratio.
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Figure 2. Kaplan-Meier survival curves for overall survival (OS) and disease-free survival (DFS) using the combined fibrinogen and
neutrophil-to-lymphocyte ratio (F-NLR), in patients with resectable hepatocellular carcinoma (HCC). (A) Kaplan-Meier survival
curve for overall survival (OS) and the F-NLR. (B) Kaplan-Meier survival curve for disease-free survival (DFS) and the F-NLR.
0S - overall survival; DFS — disease-free survival; F-NLR — combined fibrinogen and neutrophil-to-lymphocyte ratio (F-NLR).

Survival curve analysis of F-NLR for OS and DFS

The Kaplan-Meier method and log-rank test evaluated the sur-
vival differences among the three groups of F-NLR (scores 2,
1, and 0). Survival curves showed that the different scores of
F-NLR distinguished between the survival curves of patients
with HCC with three separate groups for OS (P<0.001) and DFS
(P<0.001) (Figure 2). Subgroup analysis of the prognostic role
of the F-NLR in patients with HCC was evaluated for different
tumor stages, which showed that F-NLR had a prognostic role
in OS and DFS in patients with HCC, regardless of subgroups
of BCLC stage (Figure 3).

Univariate and multivariate analyses of 0OS

Univariate regression analysis showed that patient age
(P=0.006), tumor thrombus (P=0.046), tumor diameter
(P=0.002), AFP (P=0.013), vascular invasion (P=0.003), BCLC
stage (P=0.002), ALT (P=0.045), AST (P=0.039), ALP (P=0.003),
Fib (P=0.001), GGT (P=0.003), NLR (P=0.001), PLR (P=0.002),
MLR (P=0.001), and F-NLR (P<0.001) were significantly asso-
ciated with OS. These variables were included in multivariate
regression analysis using a forward step-wise method. The re-
sults showed that patient age (P=0.013), AFP (P=0.021), GGT
(P=0.014), and F-NLR (P<0.001) were independent factors for
0S in patients with resectable HCC in this study (Table 6).

Univariate and multivariate analyses for DFS

Univariate regression analysis showed that patient age
(P=0.011), a history of blood transfusion (P=0.002), tumor
thrombus (P<0.001), tumor diameter (P<0.001), tumor num-
ber (P<0.001), AFP (P=0.023), vascular invasion (P<0.001), BCLC
stage (P<0.001), ALT (P=0.038), AST (P=0.005), ALP (P<0.001),
Fib (P<0.001), GGT (P=0.003), NLR (P<0.001), PLR (P<0.001),
MLR (P<0.001), and F-NLR (P<0.001) were significantly asso-
ciated with DFS. These variables were included in multivar-
iate regression analysis using a forward step-wise method.
The results showed that patient age (P=0.015), a history of
blood transfusion (P=0.016), tumor thrombus (P=0.006), tumor
number (P=0.007), ALP (P=0.010), MLR (P=0.019), and F-NLR
(P=0.002) were independent factors for DFS in patients with
resectable HCC in this study (Table 7).

Discussion

Although there have been recent developments in the diagno-
sis and treatment of hepatocellular carcinoma (HCC), the 5-year
overall survival (OS) rate of patients remains unsatisfactory [2].
The progression of tumors are not only determined by the bio-
logical characteristics of the tumor, but may be influenced by
preoperative biochemical and hematological parameters [4,5].
The use of appropriate prognostic indicators can provide risk
stratification for patients with HCC and guidance for the choice
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Figure 3. Kaplan-Meier survival curves for overall survival (OS) and disease-free survival (DFS) using the combined fibrinogen and
neutrophil-to-lymphocyte ratio (F-NLR) according to the Barcelona Clinic Liver Cancer (BCLC) stage in patients with resectable
hepatocellular carcinoma (HCC). (A, B) Kaplan-Meier survival curve for overall survival (OS) using the F-NLR according to the
Barcelona Clinic Liver Cancer (BCLC) stage. (C, D) Kaplan-Meier survival curve for disease-free survival (DFS) using the F-NLR
according to the BCLC stage. OS — overall survival; DFS — disease-free survival; BCLC — Barcelona Clinic Liver Cancer stage.

of treatment. The aim of this retrospective study was to inves-
tigate the prognostic role of the combined fibrinogen and neu-
trophil-to-lymphocyte ratio (F-NLR) in patients with resectable
HCC at a single center. Demographic, clinicopathological, and
laboratory parameters of 292 patients with HCC were analyzed
correlated with the three groups of F-NLR (scores 2, 1, and 0).

Inflammation is recognized to be associated with tumor de-
velopment and progression. The inflammatory response pro-
motes the production of inflammatory mediators in tumor
cells and the tumor microenvironment that facilitate tumor
cell growth, invasion, and angiogenesis [5,23].
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Table 6. Univariate and multivariate analyses of overall survival (OS).

Univariate analysis Multivariate analysis

Variable Hazard ratio LEVETGRENT

confidence p-Value (HR) confidence
interval (CI) interval (CI)

Age (years) (<50 vs. >50) 0.006 0.409 0.217-0.774 0.013 0.446 0.235-0.845

F-NLR (2/1/0) <0.001 2.187 1.523-3.141 <0.001 2.011 1.390-2.909

0S - overall survival; AFP — alpha fetoprotein; BCLC — Barcelona-Clinic Liver Cancer staging system; ALT — alanine aminotransferase;
AST — aspartate aminotransferase; ALP — alkaline phosphatase; Fib — fibrinogen; PA — prealbumin; ALB — albumin; GGT — gamma-
glutamyl transpeptidase; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio; MLR — monocyte-to-lymphocyte
ratio.

The neutrophil-to-lymphocyte ratio (NLR) is a marker of human neutrophils can produce cytokines involved in cancer cell pro-
cancer as lymphocytes play a significant role in immune editing liferation, migration, and proliferation, including vascular endo-
and immune surveillance, and can also inhibit the invasion, thelial growth factor (VEGF), tumor necrosis factor-a (TNF-or),
migration, and proliferation of tumor cells [4]. Activation of T and interleukins [25,26]. In 2017, Yuan et al. showed that an
lymphocytes can destroy tumor cells and induce tumor cell apop- increased neutrophil count in the peripheral blood was an inde-
tosis [24]. Increased circulating lymphocyte counts are favorable pendent indicator of poor prognosis in patients with HCC treated
prognostic indicators in patients with HCC [24]. Also, circulating ~ with sorafenib [27]. Therefore, the neutrophil-to-lymphocyte
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Table 7. Univariate and multivariate analysis of disease-free survival (DFS).

Univariate analysis

Variable

Age (years) (<50 vs. >50)

Hazard ratio

Multivariate analysis

Hazard ratio

(HR) confidence

interval (CI)

confidence
interval (CI)

p-Value

0.448-0.902 0.453-0.920

<0.001

F-NLR (2/1/0)

1.519-2.374 1.496 1.161-1.929

DFS — disease free survival; AFP — alpha fetoprotein; BCLC — Barcelona-Clinic Liver Cancer staging system; ALT — alanine
aminotransferase; AST — aspartate aminotransferase; ALP — alkaline phosphatase; Fib — fibrinogen; PA — prealbumin; ALB — albumin;
GGT - gamma-glutamyl transpeptidase; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio; MLR — monocyte-to-

lymphocyte ratio.

ratio (NLR) has been used as a marker of the systemic inflam-
matory response in patients with HCC.

Hyperfibrinogenemia has also previously been shown to be
associated with poor prognosis in many tumors, but the un-
derlying mechanisms remain unclear. However, fibrinogen can
facilitate the adhesion of cancer cells to platelets, leading to

This work is licensed under Creative Common Attribution-
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the formation of platelet aggregation around the cancer cells,
which may prevent immune attack [28]. Fibrinogen can regu-
late the proliferation, invasion, and metastasis of tumor cells
by binding to growth factors, including platelet-derived growth
factor (PDGF), fibroblast growth factor-2 (FGF-2), and vascu-
lar endothelial growth factor (VEGF) [29-31]. Tumor progres-
sion is accompanied by an increased inflammatory response
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with leukocyte infiltration in the tumor matrix, which convert
fibrinogen to fibrin that promotes tumor angiogenesis [25].
Also, studies have shown that fibrinogen can facilitate epi-
thelial-mesenchymal transition (EMT) of cancer cells and pro-
mote invasion and metastasis [14]. In this study, the novel
preoperative prognostic index, the F-NLR score, was studied
that combines fibrinogen, neutrophil, and lymphocyte counts.
The F-NLR score may reflect the preoperative inflammatory re-
sponse and changes in the tumor microenvironment in HCC.

The F-NLR score has previously been shown as an indepen-
dent variable in the prognosis of patients with ovarian cancer,
gastric cancer, non-small cell lung cancer (NSCLC), and esoph-
ageal cancer [18-22]. However, studies on the prognostic sig-
nificance of the F-NLR score in patients with HCC undergoing
radical hepatectomy have not been conducted previously.
In this retrospective study, the prognostic significance of the
F-NLR score in patients with HCC following hepatic resection
showed a significant correlation with tumor thrombus, larger
tumor diameter, vascular invasion, and an increased Barcelona
Clinic Liver Cancer (BCLC) stage, which was supported by sub-
group analysis. Univariate and multivariate regression analy-
sis showed that the F-NLR score was an independent risk fac-
tor for prognosis in patients with HCC following liver resection.

Currently, the BCLC stage is an important predictive and prog-
nostic method for the selection of treatment options for pa-
tients with HCC [3]. However, the BCLC stage in HCC mainly
reflects the pathological behavior of the resected tumor.
The findings from the present study showed that the preoper-
ative F-NLR score represented a new prognostic biomarker for
patients with HCC which does not require additional diagnostic
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costs as the results of routine laboratory investigations can
be used. Also, the F-NLR score can be used to supplement the
BCLC stage to identify patients at high risk of recurrence or
spread for HCC.

This study had several limitations. This study was retrospec-
tive and was conducted at a single-center with a small sample
size. Because some inflammatory indicators were not routinely
tested at our center, there was no data to analyze, including
for C-reactive protein. Also, this study included patients who
underwent radical hepatic resection for HCC, and the findings
may not apply to patients with HCC who have unresectable
primary tumors. Therefore, the findings from this retrospec-
tive study require validation with large-scale, multicenter, con-
trolled clinical studies.

Conclusions

This retrospective study aimed to investigate the prognostic
role of the combined fibrinogen and neutrophil-to-lymphocyte
ratio (F-NLR) in patients with resectable hepatocellular carci-
noma (HCC). The combined F-NLR score, a new inflammatory
indicator, was shown to be an independent predictor of prog-
nosis in terms of overall survival (OS) and disease-free sur-
vival (DFS), according to the Barcelona Clinic Liver Cancer (BCLC)
stage. Further prospective clinical studies are needed to deter-
mine whether the combined F-NLR score has a clinical role in
identifying high-risk patients with HCC and whether this test
can be used to benefit patients by part of the evaluation for
individualized treatment.
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