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Abstract

Noninvasive tools for the prognosis of a-fetoprotein negative hepatocellular carcinoma (HCC) are urgently needed. The present
study proposed a prognostic system based on preoperative plasma prothrombin time and fibrinogen (PT/Fbg system). With
respect to a-fetoprotein (AFP)-negative HCC, we compared the prognostic value in PT/Fbg system, Glasgow Prognostic Score,
and aminotransferase/aspartate aminotransferase ratio. The present study retrospectively analyzed patient characteristics, clin-
icopathological factors, and the level of pretreatment biomarkers in 628 patients with HCC. Patients with increased PT and Fbg
levels were allocated a score of 2, patients with only one of these abnormalities were assigned score |, and patients with neither of
these abnormalities were allocated a score of 0. The following distributions of the PT/Fbg system scores were observed: 187
(29.78%) patients had a score of 0, 305 (30.65%) had a score of |, and 134 (22.69%) patients had a preoperative score of 2. The
prognostic significance of the PT/Fbg system was determined using univariate and multivariate Cox hazard analyses in AFP-
negative HCC. Multivariate analysis revealed that patients with a higher PT/Fbg system exhibited worse overall survival (OS) than
patients with a lower PT/Fbg system. Our study proposes preoperative evaluation of the plasma PT/Fbg system to predict the OS
of patients with AFP-negative HCC.
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Introduction

Liver resection and transplantation are effective approaches for
the treatment of hepatocellular carcinoma (HCC); however, the
S-year survival rate after curative resection remains low, at
54.1% to 61.5%, and ultimately results in poor overall survival
(0S).! Abdominal ultrasonography and serum o-fetoprotein
(AFP) are widely used to detect HCC at an early stage. How-
ever, the diagnosis sensitivity of ultrasound is only 60%, and it
is highly dependent on operator experience; ultrasound also has
a poor ability to differentiate malignant nodules from benign
nodules in the small cirrhotic liver.? Alpha-fetoprotein has
been used for the identification of HCC since the 1970s. How-
ever, the diagnostic power of AFP is continuously questioned
and debated as follows: (1) Only 60% to 70% patients with
HCC exhibit increased serum AFP**; (2) Approximately11%
to 47% of patients with liver cirrhosis exhibit nonspecific ele-
vation of serum AFP. Other traditional tumor markers, such as
CEA and CA199, are used to screen and evaluate HCC, and
these tumor markers also exhibit a low sensitivity in the detec-
tion of HCC. Therefore, the search for reliable and efficient
serum biomarkers for the prognostic evaluation of HCC, espe-
cially in AFP-negative HCC (AFP levels <20 ng/mL), remains
an urgent open task.

Several factors, including pathological stage, Glasgow Prog-
nostic Score (GPS), and serum biomarkers, are used as indepen-
dent predictors of survival in patients with a variety of common
solid tumor. However, the prognostic value of these factors is not
as good as expected. First, pathological stage (TNM stage),
without consideration of the biological variability of the tumor
itself, results in different clinical outcomes even within the same
stage using similar treatment strategies. Second, GPS is based on
C-reactive protein (CRP) and albumin levels, and large varia-
tions in clinical benefit were found because of the damaged liver
function and nutritional deficiencies.’ Third, serum biomarkers,
such as liver function tests, partially consist of alanine amino-
transferase (ALT) and aspartate aminotransferase (AST), and the
ALT/AST ratio (LSR) exhibits a low sensitivity for HCC prog-
nosis and related to liver functional impairment which might be
caused by various diseases such as liver fibrosis and cirrhosis.
Glasgow Prognostic Score and LSR also do not play a role in the
progression of AFP-negative HCC.>°

An abnormal coagulation system, including prothrombin
time (PT), activated partial thromboplastin time, thrombin
time, and fibrinogen (Fbg), is implicated in several pathologi-
cal conditions, including cancer, and may be associated with
aggressive tumor growth, progression, and poor survival,
which was observed in lung cancer,” penile cancer,® and mel-
anoma.” Our previous study found that plasma coagulation
biomarkers were predictive of survival in HCC and esophageal
squamous cell carcinoma (ESCC).'*'" Our findings suggested
that the combination of plasma PT and Fbg levels (PT/Fbg
system) was a valuable predictor of survival in patients with
HCC that the impaired coagulation parameters are associated
with pathological stage of HCC: patients exhibited longer PT
levels in advanced HCC than that in early-stage disease.

Furthermore, positive relationship was found between higher
Fbg and tumor number, tumor size, node metastasis, and patho-
logical stage in HCC. Based on the previous study, we hypothe-
sized that this coagulation biomarker would be a valuable
biomarker in the prognosis of patients with AFP-negative
HCC.

We performed a retrospective study to evaluate the prog-
nostic value of the PT/Fbg system, GPS, and LSR and PT/Fbg
system is the optimal method of assessing the prognosis of
patients with AFP-negative HCC.

Materials and Methods

Ethics Approval and Consent to Participate

This study was approved by the Institute Research Ethics Com-
mittee of the Sun Yat-Sen University Cancer Center, Guangz-
hou, China (approval no. 2017-FXY-129). All patients
provided written informed consent prior to enrollment in the
study. The raw data underlying this article are available upon
request to the corresponding author or the Research Data
Deposit public platform (http://www.researchdata.org.cn, with
the approval RDD Number as RDDA2018000385).

Patients

A total of 628 patients with AFP-negative HCC from Sun
Yat-Sen University Cancer Center were recruited in our retro-
spective study between April 2008 and January 2015. Patient
characteristics, clinicopathological factors, and survival times
were extracted from the electronic medical record system, and
coagulation biomarkers and HCC-related serum markers were
extracted from the laboratory information system. Table 1 dis-
plays the retrieved data. Only the first records of hospitaliza-
tions were retained, and the levels of all the laboratory markers
were tested prior to treatment. All of the patients met the diag-
nostic criteria for HCC. Patients with other conditions that may
alter plasma coagulation levels, such as other tumors, pulmon-
ary embolism, VTE, or disseminated intravascular coagulation,
were excluded. Tumor staging was evaluated using the Amer-
ican Joint Committee on Cancer Staging system (AJCC, 2002;
Greene) modified TNM staging classification.

Laboratory Measurements

All blood samples were collected between 7 am and 8 am.
Plasma samples were collected into anticoagulation tubes, and
serum samples were clotted at room temperature. Both samples
were centrifuged at 3500 rpm/min for 10 minutes at room tem-
perature. The Sysmex CA-7000 automatic coagulation analyzer
(Sysmex Corporation, Kobe, Japan) was used to measure the
levels of coagulation biomarkers. All reagents used in this study
were provided by a kinetic nephelometric detection system using
a Diagon Dia-Timer 4 (Diagon Ltd, Budapest, Hungary).
A Hitachi 7600 automatic biochemical analyzer (Hitachi High
Technologies, Tokyo, Japan) was used to measure the levels of
CRP, albumin, ALT, and AST, and the reagents were provided
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Table 1. Basic Characteristics of Patients With AFP-Negative HCC.

5-Year OS (Months) P

Characteristics No. (%) Mean (95% CI) Value

Gender (n)
Male 561 (89.33%) 30.3 (28.91-31.69) .838
Female 67 (10.66%) 29.4 (25.20-33.61)

Age (years)
>57 333 (53.03%) 30.43 (28.66-32.19) .674
<57 295 (46.97%) 29.95 (27.97-31.93)

TNM stage (n)
land Il 442 (70.38%) 33.43 (32.03-34.83) <.001
Il and IV 186 (29.62%) 22.53 (19.89-25.18)

T stage
TI-2 458 (72.93%) 33.30 (31.90-34.70) <.001
T3-4 170 (27.07%) 21.86 (19.14-24.58)

Node stage
NO 587 (93.47%) 30.81 (29.47-32.14)  .001
NI1-2 41 (6.53%) 21.56 (15.41-27.72)

Distant metastases
Yes 29 (4.62%) 23.31 (15.79-30.83)  .024
No 599 (95.38%) 30.54 (29.21-31.87)

Treatment
Resection 305 (48.57%) 33.51 (31.76-35.26) <.001
Local ablation 83 (13.21%) 31.92 (28.78-35.05)
Interventional 203 (32.32%) 25.89 (23.47-28.30)
therapy
Other 37 (5.89%) 22.78 (15.94-29.63)

ECOG
0-1 613 (97.61%) 30.27 (29.93-31.62)  .452
2 15 (2.39%) 27.27 (21.46-33.07)

Alcohol behavior
Previous/current 222 (35.35%) 29.99 (27.82-32.16)  .970
Never 391 (62.26%) 30.18 (28.52-31.85)

Family history of cancer
Yes 127 (20.22%) 31.43 (28.44-3441) 338
No 487 (77.55%) 29.20 (28.42-31.38)

HBs Ag
Negative 90 (14.33%) 22.74 (19.34-26.14) <.001
Positive 380 (60.51%) 31.87 (30.17-33.57)

HBe Ag
Negative 413 (65.76%) 30.01 (28.38-31.64) .752
Positive 57 (9.08%) 30.93 (25.87-35.99)

HBc Ab
Negative 42 (6.69%) 21.33 (16.34-26.33) .00l
Positive 428 (68.15%) 30.98 (29.37-32.60)

LSR
>1.065 240 (38.22%) <.001
<1.065 388 (61.78%)

GPS
0 438 (69.75%) <.001
| 154 (24.52%)
2 36 (5.73%)

PT/Fbg system score
0 187 (29.78)  34.87 (32.71-37.04) <.001
I 305 (48.57%) 30.65 (28.75-32.55)
2 134 (21.34%) 22.69 (19.87-25.52)

Abbreviations: AFP, alpha-fetoprotein; Cl, confidence interval; ECOG, Eastern
Cooperative Oncology Group; GPS, Glasgow Prognostic Score; HBs Ag, hepa-
titis B surface antigen; HBe Ag, hepatitis B e-antigen; HBc Ab, hepatitis B core
antibody; HCC, hepatocellular carcinoma; LSR, ALT/AST ratio; OS, overall
survival; PT/Fbg, prothrombin time and fibrinogen.
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Figure |. Relationship between preoperative PT/Fbg system score
and TNM stage. Patients with early TNM stage had a lower PT/Fbg
system score than patients with advanced TNM stage in AFP-negative
HCC. Greater than 60% of patients in TNM stage | had a PT/Fbg
system score of 0, approximately 20% of TNM stage Il patients had a
score of 0, approximately 10% of TNM stage lll patients had a score of
0, and 5% of TNM stage Il patients had a score of 0. AFP indicates alpha-
fetoprotein; HCC, hepatocellular carcinoma; PT/Fbg, prothrombin time
and fibrinogen.

by Wako Pure Chemical Industries (Japan). Informed consent
was obtained from each patient prior to use of serum and plasma.
All patients provided written informed consent. The Institute
Research Ethics Committee of the Sun Yat-Sen University Can-
cer Center, Guangzhou, China, approved this study.

Follow-Up

All patients with HCC were advised to receive regular follow-
ups after completion of the primary therapy according to clin-
ical guidelines. Patients were generally followed up every 3
months in the first 2 years and annually thereafter for patients
without evidence of recurrence in the following 3 to 5 years.
Patients who did not visit our hospital as scheduled were tele-
phoned for follow-ups to obtain the treatment information and
living status (performed by The Medical Information Unit in
our Cancer Center). The last follow-up occurred in June 2016.
The outcome of our study was OS. Overall survival was
defined as the time from the diagnosis of HCC to the date of
the last follow-up or death. The LSR was calculated as the
serum ALT level divided by the serum AST level.

Statistical Analysis

Data sets were analyzed using IBM SPSS software 16.0 (IBM,
Chicago, Illinois). A receiver operating characteristic (ROC)
curve was used to estimate the optimal cutoff values of
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Table 2. Univariate and Multivariate Analyses: Clinicopathological Factors, PT/Fbg System Score, and Overall Survival.

Univariate Analysis

Multivariate Analysis

Variables HR 95% Cl P Value HR 95% Cl P Value
Gender

Male vs female 1117 0.664-1.881 677
Age (years)

<57 vs >57 1.320 0.940-1.855 .109
TNM stage

Il vs 1I-IV 5.044 3.592-7.083 <.001 2.754 1.836-4.131 <.001
T stage

TI-2vs T3-4 4611 3.298-6.445 <.001
Node stage

NO vs N1I-2 4.102 2.618-6.424 <.001
Distant metastases

Yes vs No 3.300 1.930-5.641 <.001
Treatment

Resection vs local ablation vs Interventional therapy vs other 1.670 1.422-1.961 <.001 1.299 1.068-1.579 .009
ECOG

0-1vs2 0.300 0.042-2.149 231
Alcohol behavior

Yes vs no 0.948 0.668-1.347 0.767
Family history of cancer

Yes vs no 0.668 0.420-1.063 .089
HBs Ag

Negative vs positive 0.444 0.294-0.670 <.001 0.563 0.329-0.963 .036
HBe Ag

Negative vs positive 0.886 0.486-1.612 691
HBc Ab

Negative vs positive 0.399 0.238-0.670 .001 0.707 0.361-1.387 313
LSR

>1.065 vs <1.065 2.222 1.591-3.103 <.001 1.677 1.141-2.465 .008
GPS

Score Ovs | vs 2 2991 2.377-3.764 <.001 1.390 0.991-1.950 .057
PT/Fbg system

Score Ovs | vs 2 2,671 2.083-3.426 <.001 1.899 1.334-2.705 <.001

Abbreviations: Cl, confidence interval; GPS, Glasgow Prognostic Score; HBs Ag, hepatitis B surface antigen; HBe Ag, hepatitis B e-antigen; HBc Ab, hepatitis B core
antibody; LSR, ALT/AST ratio; PT/Fbg, prothrombin time and fibrinogen.
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Figure 2. Kaplan-Meier survival curves of 5-year overall survival in patients with AFP-negative HCC. A, Patients with lower PT/Fbg system

scores exhibited better OS (P < .001); (B) Patients with lower LSR exhibited better OS (P < .001). AFP indicates alpha-fetoprotein;

HCC, hepatocellular carcinoma; LSR, ALT/AST ratio; OS, overall survival; PT/Fbg, prothrombin time and fibrinogen.
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Table 3. Relationship Between Clinicopathological Factors and PT/Fbg System Score.
PT/Fbg System Score, No. (%)
Variables Score 0, 187 (29.78) Score |, 305 (48.57) Score 2, 134 (21.44) P Value
Gender
Male 171 (91.44) 265 (86.89) 123 (91.79) .163
Female 16 (8.56) 40 (13.11) I (821)
Age (years)
<53 90 (48.13) 135 (44.26) 69 (51.49) .350
>53 97 (51.87) 170 (55.74) 65 (48.51)
TNM stage
| 122 (65.24) 159 (52.13) 36 (26.86) <.001
Il 34 (18.18) 64 (20.98) 25 (18.66)
n 22 (11.76) 47 (15.41) 44 (32.84)
v 9 (14.82) 35 (11.48) 29 (21.64)
T stage
TI-2 159 (85.03) 232 (76.07) 65 (48.51) <.001
T3-4 28 (14.97) 73 (23.93) 69 (51.49)
Node stage
NO 182 (97.33) 289 (94.75) 114 (85.07) <.001
NI-2 5 (2.67) 16 (5.25) 20 (14.93)
Distant metastases
No 181 (96.79) 291 (95.41) 125 (93.28) 337
Yes 6 (3.21) 14 (4.59) 9 (6.72)
Treatment
Resection 111 (59.36) 148 (48.52) 46 (34.33) <.001
Local ablation 26 (13.90) 49 (16.07) 8 (5.97)
Interventional therapy 40 (21.39) 97 (31.80) 64 (47.76)
Other 10 (5.35) I (3.61) 16 (11.94)
ECOG
0-1 182 (97.33) 296 (97.05) 133 (99.25) 364
2 5 (2.67) 9 (2.95) I (0.75)
Alcohol behavior
Never 112 (59.89) 196 (64.26) 81 (60.45) .570
Previous/current 69 (36.90) 102 (33.44) 51 (38.06)
Family history of cancer
No 139 (74.33) 243 (79.67) 103 (76.87) .569
Yes 41 (21.93) 57 (18.69) 29 (21.64)
HBs Ag
Negative 17 (9.09) 59 (19.34) 14 (10.45) .001
Positive 113 (60.43) 173 (56.72) 93 (69.40)
HBe Ag
Negative 118 (63.10) 203 (66.55) 91 (67.91) .18l
Positive 12 (6.42) 29 (9.51) 16 (11.94)
HBc Ab
Negative 124 (66.31) 203 (66.56) 100 (74.63) .025
Positive 6 (3.21) 29 (9.51) 7 (5.22)
LSR
>1.065 51 (27.27) 123 (40.33) 65 (48.51) <.001
<1.065 136 (72.73) 182 (59.67) 69 (51.49)
GPS
0 178 (95.19) 224 (73.44) 35 (26.12) <.001
| 8 (4.28) 75 (24.59) 70 (52.24)
2 I (0.53) 6 (1.97) 29 (21.64)

Abbreviations: GPS, Glasgow Prognostic Score; HBs Ag, hepatitis B surface antigen; HBe Ag, hepatitis B e-antigen; HBc Ab, hepatitis B core antibody; LSR, ALT/
AST ratio; PT/Fbg, prothrombin time and fibrinogen.

laboratory biomarkers. ALT/AST ratio was calculated as the
serum ALT level divided by the serum AST level. Glasgow
Prognostic Score was estimated using CRP and albumin as

follows: GPS 0, patients with a CRP <10 mg/L and albumin
>35 g/L; GPS 1, patients with only higher CRP or lower
albumin; GPS 2, patients in whom CRP was >10 mg/L and
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albumin concentration <35 g/L. Patients with elevated PT and
Fbg levels were assigned a score of 2 in the PT/Fbg system,
patients with only one of these biochemical abnormalities were
assigned a score of 1, and patients without elevated PT and Fbg
levels were assigned a score of 2. Univariate and multivariate
analyses of clinical variables were performed using Cox propor-
tional hazards regression models. The results of this survey were
analyzed using Kaplan-Meier survival curves with the log-rank
test and proportional hazard model. Correlation between the
PT/Fbg system and clinical characteristics was assessed using
x? tests. P values <.05 indicated statistically significant differ-
ences. All reported P values are 2 sided.

Results

Basic Characteristics of the Study Populations

Table 1 shows the basic characteristics of the 628 consecutive
AFP-negative HCC cases who were finally included to quan-
tify the potential associations between the PT/Fbg system and
AFP-negative HCC. A total of 89.33% patients were males, and
139 patients died of cancer. There were 380 (60.51%), 57
(9.08%), and 428 (68.15%) patients who were hepatitis B sur-
face antigen (HBs Ag) positive, hepatitis B e-antigen (HBe Ag)
positive, and hepatitis B core antibody (HBc Ab) positive,
respectively. A total of 222 (35.35%) cases reported a history
of drinking, and 127 (20.22%) cases had a family history of
cancer. Of this, 305 (48.57%) patients received surgical resec-
tion, 83 (13.62%) patients received local ablation, 201
(32.01%) patients received interventional therapy, and 37
(5.89%) patients undergone other therapies (including chemor-
adiotherapy, targeted therapy). The median follow-up period
was 31.0 months. TNM classifications of early and advanced
stages were observed in 442 (70.38%) and 186 (29.62%)
patients, respectively. Greater than 60% patients in TNM stage
I had a PT/Fbg system score of 1, and approximately 10% of
TNM stage III patients had a PT/Fbg system score of 0
(Figure 1).

Distribution of LSR, GPS, and PT/Fbg System Scores

The optimal cutoff point of LST was 34.8, which evaluated
using ROC analysis. There were 387 (61.62%) lower LSR
patients and 239 (38.06%) higher LSR patients, and the mean
OS rates were 32.43 and 26.62 months, respectively. A total of
437 (69.59%) patients were assign a GPS score of 0, 153
(24.36%) patients were assigned score 1, and 46 (7.32%)
patients were assigned score 2, and the mean OS rates were
34.19, 22.66, and 13.94 months, respectively. The optimal cut-
off points for PT and Fbg were also defined using ROC.
Patients without increased PT levels (<11.95 seconds) and Fbg
levels (<2.88 g/L) were assigned a PT/Fbg system score of 0,
patients with only one of these biochemical abnormalities were
assigned a score of 1, and patients with elevated PT levels
(>11.95 seconds) and hypoalbuminemia (>2.83 g/L) were
assigned a score of 2. A total of 187 (29.78%) of these patients

Table 4. Relationship Between Child-Pugh Factors and PT/Fbg
System Score.

PT/Fbg System Score, No. (%)

Score 0, Score |, Score 2,
Variables 187 (29.78) 305 (48.57) 134 (21.44) P Value
TBIL (mmol/L)
<34.2 185 (98.93) 295 (96.72) 126 (94.03) .061
34.2-51.3 2 (1.07) 3 (0.98) 3(2.24)
>51.3 0 (0) 4 (1.31) 5(3.73)
ALB (g/L)
<28 0 (0) 1 (0.33) 6 (4.48) <.001
28-34 2 (1.07) 15 (4.92) 28 (20.90)
>35 185 (98.93) 286 (93.77) 100 (74.62)
PT (s)
<l4 187 (100) 284 (93.11) 116 (86.57) <.001
15-17 0 (0) 17 (5.57) 18 (13.43)
>18 0 (0) I (0.33) 0 (0)

Abbreviation: PT/Fbg, prothrombin time and fibrinogen; TBIL, total bilirubin;
ALB, albumin.

had an FA score of 0, 305 (48.57%) patients had an FA score of
1, and 134 (21.34%) patients had a preoperative FA score of 2,
and the mean OS rates were 34.87, 30.65, and 22.69 months,
respectively (Table 1).

Prognostic Values of LSR, GPS, and PT/Fbg System

Univariate and multivariate analyses identified specific prog-
nostic indexes associated with AFP-negative HCC. Table 2
shows that TNM stage (P < .001), T stage (P < .001), node
stage (P < .001), distant metastases (P < .001), treatment
(P < .001), HBs Ag (P < .001), HBc Ab (P = .001), LSR
(P <.001), GPS (P < .001), and PT/Fbg system score (P <
.001) were significantly associated with OS. Multivariate anal-
ysis demonstrated that patients with a higher PT/Fbg system
score had worse OS than patients with lower PT/Fbg system
scores (HR = 1.899; 95% confidence interval [CI]: 1.334-
2.705; P < .001), and patients with LSR >34.8 had worse OS
than patients with an LSR <34.8 (HR: 1.677; 95% CIL: 1.141-
2.465; P = .008). The survival curves of patients with AFP-
negative HCC were constructed using the Kaplan-Meier
method and compared using the log-rank test. ALT/AST ratio
and PT/Fbg system scores were closely associated with OS that
high LSR level and higher PT/Fbg system associated with
shorter OS (P <.001, P < .01, respectively; Figure 2).

Relationship Between PT/Fbg System Score
and Clinicopathological Characteristics

Tables 3 and 4 present the associations between PT/Fbg sys-
tem score and clinicopathological variables in patients with
AFP-negative HCC. The PT/Fbg system score was associated
with TNM stage (P < .001), T stage (P < .001), node stage
(P < .001), HBs Ag (P < .001), HBc Ab (P < .001), and
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Figure 3. The prognostic significance of PT/Fbg system scores in AFP-negative HCC. OS was significantly different in all subgroups. A, TNM
stage |-l (P <.001); (B) TNM stage Ill-IV (P = .001); (C) HBs-Ag negative (P = .002); (D) HBs-Ag positive (P < .001); (E) HBC-Ab negative
(P = .009); (F) HBC-Ab positive (P < .001). AFP indicates alpha-fetoprotein; HCC, hepatocellular carcinoma; OS, overall survival; PT/Fbg,
prothrombin time and fibrinogen.
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treatment (P <.001). We analyzed the prognostic effect of the
PT/Fbg system score in subgroups based on TNM stage, HBs
Ag, and HBc Ab to further examine the relationship between
PT/Fbg system and survival. Patients with a higher PT/Fbg
system score exhibited significantly shorter OS than patients
with a lower PT/Fbg system score in stage I-1I (P <.001) and
stage III-IV (P = .001) subgroups, HBs Ag negative (P =
.002) and HBs Ag positive (P < .001) subgroups, and HBc
Ab negative (P = .009) and HBc Ab positive (P < .001)
subgroups (Figure 3).

Moreover, we analyzed the prognostic effect of the PT/
Fbg system score in subgroups based on treatment. Patients
with a lower PT/Fbg system score exhibited similar OS
among all the treatment strategies (P = .849). In PT/Fbg
system score 1, most patients (48.52%) undergone resection,
patients with interventional therapy and other

therapies(including chemoradiotherapy, targeted therapy)
exhibited similar OS, which were shorter than OS with
resection and local ablation (P < .001). In PT/Fbg system
score 2, most patients (47.76%) undergone interventional
therapy, and the OS was shorter than resection and local
ablation (P < .001; Figure 4).

The AUC of PT/Fbg System Score in AFP-Negative HCC

The ROC curve was plotted to assess the discrimination ability
of LSR and PT/Fbg system in patients with AFP-negative
HCC, as shown in Figure 5. Assessed by AUC, the prognostic
values of PT/Fbg system were 0.684 (95% CI: 0.633-0.734,
P <.001), which was higher than LSR (AUC: 0.601, 95%
CI: 0.547-0.655, P <.001).
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Discussion

Hepatocellular carcinoma is an extremely poor prognostic can-
cer that remains one of the most common and aggressive
human malignancies worldwide.'? Alpha-fetoprotein is the
best tumor marker of HCC, and it is used for the clinical diag-
nosis of liver cancer screening, prognostic judgment, and recur-
rence monitoring.'> However, recent studies reported that the
sensitivity of AFP for the diagnosis of HCC is only 40% to
65%, and the specificity is 76% to 96%. Notably, AFP expres-
sion in many cases of liver cancer is not elevated or even
expressed.'* Therefore, AFP-negative HCC is not as easily
diagnosed, and it was the focus of our study.'> Numerous
recent studies were performed to identify a diagnostic biomar-
ker for AFP-negative HCC, but all of these potential candidates
exhibit poor specificity and sensitivity.

Liver function tests are routine laboratory tests, and serum
ALT and AST are the circulating transaminases in the body that
are used as specific markers of liver dysfunction; ALT and
AST catalyze the transfer of amino groups to generate products
in gluconeogenesis and amino acid metabolism,'®'” and many
earlier investigations noted the relationship between LSR and
the risk of malignancies, including hepatocellular cancer,®
gastric cancer,'” and esophageal cancer.”’ The probable
mechanisms underlying these associations were that the sub-
clinical inflammation may be associated with the change in
LSR levels, which may continue to damage the tissue and cause
some noninfectious diseases. The GPS is a scoring system
based on inflammation (CRP and ALB), and it was validated
as a useful tool for predicting the prognosis for various cancers,
including gastric cancer,”' lung cancer,”” pancreatic cancer,”
and hepatocellular cancer.>* Glasgow Prognostic Score also
measures inflammation factors, and a systemic inflammatory
response is part of the tumor. The release of pro-inflammatory

cytokines may stimulate liver production of CRP and increase
the demand for certain amino acids. Cytokines, such as
interleukin-6 (IL-6) and tumor necrosis factor (TNF), may
modulate the production of ALB by hepatocytes via an increase
in the permeability of the microvasculature to increase the
transcapillary passage of ALB.?* However, the clinical utility
of LSR and GPS in patients with AFP-negative HCC has not
been reported. Inflammation and LSR levels are not always
elevated, and many other factors influence these states in
patients with AFP-negative HCC.

Our previous study demonstrated that the combination of
plasma PT and Fbg levels could be evaluated as a valuable
predictor of survival in patients with HCC. However, the pres-
ent study is the first study to review the prognostic value of
coagulation system tests in AFP-negative HCC, and we defined
the optimal cutoff values of PT and Fbg using ROC. Patients
were divided into 3 groups using our PT/Fbg system: score 0,
score 1, and score 2. We demonstrated that PT/Fbg system
scores were associated with 5-year OS in patients with ESCC.
Furthermore, we observed that patients with a higher PT/Fbg
score exhibited significantly poor 5-year OS compared to
patients with a lower PT/Fbg score both in the entire cohort
(HR = 1.899; 95% CI: 1.334-2.705; P <.001) and in subgroups
stratified by TNM stage (stage I-II and stage III-IV) and treat-
ment (resection, local ablation, interventional therapy, and
other). The present data shows that the preoperative PT/Fbg
score is significantly associated with TNM stage and OS, indi-
cating that patients with higher PT/Fbg score show more pro-
gressed disease and poorer prognosis. Therefore, based on the
preoperative FA score which is independent of clinical stage,
we can identify patients who have high risk of poor prognosis
preoperatively (among all the treatment).

We also used the AUC values to compare the discriminatory
ability of PT/Fbg system scores with LSR in patients with AFP-
negative HCC. Our results demonstrated that the AUC value of
the PT/Fbg system (AUC: 0.684, 95% CI: 0.633-0.734,
P <.001) was higher than the other values. We further investi-
gated whether the PT/Fbg system score was related to the clin-
ical-pathological parameters of the tumor to determine the
factors that may affect the plasma PT/Fbg system. PT/Fbg sys-
tem scores correlated with TNM stage, tumor stage, node stage,
HBs Ag, and HBc Ab. Notably, these factors were also relevant
predictive factors of tumor progression. These findings demon-
strated that the PT/Fbg system score predicted AFP-negative
HCC prognosis and preoperatively identified patients who
exhibited a high risk of recurrence and in whom additional treat-
ments may be suggested. However, large-scale clinical trials are
required to confirm the true value of this system.

Cancer is a pro-inflammatory state in which inflammatory
cells actively participate in the occurrence of tumor develop-
ment, such as tumor cell proliferation, survival, and migration.
Systemic inflammation may not be severe in patients with
AFP-negative HCC, and patients with abnormal GPS scores
or LSR levels are uncommon. The liver plays an important role
in the metabolism and synthesis of clotting factors. The ability
of the synthesis of clotting factors and anticoagulation proteins
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is damaged in various liver diseases, such as hepatitis, liver
cirrhosis, and HCC.?® Multivariate analysis demonstrated that
the PT/Fbg system scores were significant prognostic factors of
postoperative survival and related to TNM stage. Therefore, the
PT/Fbg system is superior to GPS and LSR as a prognostic
indicator in patients with AFP-negative HCC. The presumed
mechanism was described previously: first, the clotting factors,
tissue coagulation enzymes and fibrinolytic factors decline,
which damages liver cells in AFP-negative HCC?’; second,
tumor cells directly produce various procoagulant activities
and pro-inflammatory cytokines, including tissue factor, cancer
procoagulant, TNF-a, IL-1b, and vascular endothelial growth
factor.?®3! Therefore, the imbalance of tumor, coagulation, and
inflammation in blood coagulation disorders promotes tumor
growth, invasion, and metastasis.>?

In conclusion, our results indicate that PT/Fbg system scor-
ing is a promising novel biomarker that is complementary to
AFP for the diagnosis of AFP-negative HCC. This system may
help clinicians identify high-risk patients with AFP-negative
HCC. There were some limitations to our study. Our study was
a retrospective analysis in our hospital, and the result must be
validated in large prospective multicenter trials. We expect that
the PT/Fbg system scoring will facilitate personalized multi-
disciplinary treatments to improve outcomes for patients with
AFP-negative HCC.
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