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ABSTRACT

Background and Objective. According to the Barcelona
Clinic Liver Cancer (BCLC) algorithm, tumor burden and
liver function, but not tumor biology, are the key factors
in determining tumor staging and treatment modality, and
evaluating treatment prognosis. The serum a-fetoprotein
(AFP) level is an important characteristic of hepatocellu-
lar carcinoma (HCC) biology, and we aimed to evaluate its
prognostic value for patients undergoing liver resection of
early-stage HCC.

Methods. Patients who underwent curative liver
resection for early-stage HCC were identified from a
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multi-institutional database. Patients were divided into three
groups according to preoperative AFP levels: low (< 400 ng/
mL), high (400-999 ng/mL), and extremely-high (> 1000
ng/mL) AFP groups. Overall survival (OS) and recurrence
rates were compared among these three groups.

Results. Among 1284 patients, 720 (56.1%), 262 (20.4%),
and 302 (23.5%) patients had preoperative low, high, and
extremely-high AFP levels, respectively. The cumulative
5-year OS and recurrence rates were 71.3 and 38.9% among
patients in the low AFP group, 66.3 and 48.5% in the high
AFP group, and 45.7 and 67.2% in the extremely-high AFP
group, respectively (both p < 0.001). Multivariate Cox
regression analysis identified both high and extremely-high
AFP levels to be independent risk factors of OS (hazard
ratio [HR] 1.275 and 1.978, 95% confidence interval [CI]
1.004-1.620 and 1.588-2.464, respectively; p = 0.047 and
p < 0.001, respectively) and recurrence (HR 1.290 and
2.050, 95% CI 1.047-1.588 and 1.692-2.484, respectively;
p =0.017 and p < 0.001, respectively).

Conclusions. This study demonstrated the important prog-
nostic value of preoperative AFP levels among patients
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undergoing resection for early-stage HCC. Incorporating
AFP to prognostic estimation of the BCLC algorithm can
help guide individualized risk stratification and identify neo-
adjuvant/adjuvant treatment necessity.

Keywords Hepatocellular carcinoma - Alpha-
fetoprotein - Recurrence - Survival - Prognosis - Barcelona
Clinic Liver Cancer

Hepatocellular carcinoma (HCC) is a major global health
concern, representing the sixth most common cancer and
the third leading cause of cancer-related deaths worldwide.!
It is prevalent in Southeast Asia and Africa, and particu-
larly in China.” Early detection and appropriate treatment
modalities are crucial for improving survival prognosis in
HCC patients.s’6 The Barcelona Clinic Liver Cancer (BCLC)
algorithm is a widely accepted staging system that guides
treatment decisions for HCC.” It was developed based on
a comprehensive analysis of several prognostic variables,
including tumor burden, liver function, and patient perfor-
mance status. The BCLC system classifies HCC patients
into five stages (0, A, B, C, and D) and recommends spe-
cific treatment strategies for each stage. For patients with
early-stage HCC (BCLC stage 0/A), surgical resection, liver
transplantation, and local ablation therapies are the main
curative treatment options.’~ Despite its widespread use and
clinical utility, the BCLC algorithm has some potential limi-
tations. One drawback is the lack of consideration for tumor
biology, which can significantly impact patient long-term
prognosis.” Tumor biology refers to the unique molecular
and cellular characteristics of a tumor, including its growth
rate, invasiveness, and potential to metastasize. These fac-
tors can vary significantly between individual tumors and
may influence treatment response and long-term prognosis.
Therefore, incorporating tumor biology into the HCC stag-
ing system could enhance its predictive accuracy and help
guide individualized risk stratification and identify treatment
decisions, including necessary neoadjuvant/adjuvant therapy
for patients undergoing curative treatment but at high risk
of recurrence.

a-Fetoprotein (AFP) is a glycoprotein that is produced in
high amounts during fetal development.'®!! It is thought to
be involved in cell proliferation, angiogenesis, and immune
evasion of HCC, and has been observed to be elevated in
HCC.'>"'* As a result, AFP has been widely studied as a
potential biomarker for HCC diagnosis, prognosis, and
treatment response monitoring.'® Several studies have dem-
onstrated that high preoperative AFP levels are associated
with worse clinicopathologic features, increased tumor
recurrence, and shorter long-term survival after curative
treatments. %23 However, most of these studies were carried
out at a single center, had a limited sample size, performed

only univariate survival analyses, or included a heterogene-
ous mix of early-, intermediate-, and advanced-stage HCC
patie:nts.16‘28 Thus far, there has been limited evidence on
the prognostic role of AFP, specifically among patients with
early-stage HCC (BCLC stage 0/A), who are the most suit-
able candidates for curative liver resection.

We hypothesized that high preoperative serum AFP levels
would be independently associated with poorer survival and
increased recurrence rates after curative liver resection for
early-stage HCC (BCLC stage 0/A). To achieve these objec-
tives, we conducted a retrospective analysis of a large-scale,
multicenter database, and stratified patients into different
groups based on their preoperative serum AFP levels, and
compared their cumulative survival and recurrence rates.
The results of this study could have significant implications
for surgical decision making and prognostic evaluation, and
lead to better clinical outcomes for patients with early-stage
HCC.

METHODS
Study Design and Patient Population

This study was a multicenter, retrospective cohort analy-
sis designed to evaluate the prognostic value of preopera-
tive serum AFP levels in patients undergoing liver resec-
tion for early-stage HCC (BCLC stage 0/A). Patients who
underwent curative open liver resection for BCLC stage 0/A
HCC between January 2010 and December 2019 were iden-
tified from a multicenter database that included data from
10 participating hospitals in China (General Surgery Center,
First Hospital of Jilin University, Changchun, Jilin, China;
Eastern Hepatobiliary Surgery Hospital, Second Military
Medical University [Navy Medical University], Shanghai,
China; Ziyang First People’s Hospital, Ziyang, Sichuan,
China; Mengchao Hepatobiliary Hospital, Fujian Medical
University, Fujian, China; Affiliated Hospital of Nantong
University, Nantong, Jiangsu, China; First Affiliated Hospi-
tal of Shandong First Medical University and Shandong Pro-
vincial Qianfoshan Hospital, Jinan, Shandong, China; Pu’er
People’s Hospital, Pu’er, Yunnan, China; Fuyang People’s
Hospital, Fuyang, Anhui, China; Pingxiang Mining Group
General Hospital, Jiangxi, China; First Affiliated Hospital of
Harbin Medical University, Harbin, Heilongjiang, China).
The study was performed in accordance with the Declaration
of Helsinki and the Ethical Guidelines for Clinical Studies
for the enrolled centers. Due to the retrospective nature of
this study, informed consent was waived by the Institutional
Review Board of the First Hospital of Jilin University (No.
2022-553). Consent for the relevant procedures and the use
of data for research purposes was obtained from all patients
prior to treatment.
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Inclusion and Exclusion Criteria

Patients were included in the study if they met the fol-
lowing criteria: (1) pathologically confirmed diagnosis of
HCC; (2) BCLC stage 0/A HCC; (3) underwent curative
liver resection with negative surgical margins (RO resec-
tion); and (4) had available preoperative serum AFP levels
that were measured within 2 weeks before surgery. Patients
were excluded from the study if they had any of the follow-
ing: (1) under 18 years of age; (2) had recurrent HCC; (3)
had combined HCC-cholangiocarcinoma; (4) received any
preoperative treatment for HCC, such as portal vein embo-
lization, transarterial chemoembolization (TACE), local
ablation, or systemic therapy; (5) postoperative early death
within 90 days after surgery; (6) lost to follow-up within
6 months after surgery; or (7) missing data on important
prognostic variables.

Data Collection

Potential risk factors that were related to long-term
survival and recurrence after liver resection of HCC were
classified relative to the patient, tumor, and operation.
Patient-related factors included sex, age, American Soci-
ety of Anesthesiologists (ASA) score, a positive hepatitis B
virus (HBV) and hepatitis C virus (HCV) status, presence
of liver cirrhosis or portal hypertension, and Child—Pugh
grade. Tumor-related factors included preoperative serum
AFP levels, tumor size, tumor number, satellite nodules,
microscopic vascular invasion (MVI), tumor encapsulation,
and tumor differentiation, while operation-related factors
included intraoperative blood transfusion, intraoperative
blood loss, extent of hepatectomy (minor or major), type
of resection (anatomical or non-anatomical), and width of
the resection margin (narrow [< 1.0 cm] or wide [> 1.0
cm]). Cirrhosis was diagnosed on histopathological exami-
nation. Portal hypertension was defined as the presence of
splenomegaly with esophageal varicosities; tumor differen-
tiation was defined according to the Modified Edmondson
Criteria;* minor hepatectomy was defined as the removal
of fewer than three Couinaud segments; major hepatectomy
was defined as the removal of three or more segments;*"
and anatomical resection was defined by the Brisbane 2000
system, whereas non-anatomical resection included limited
or wedge resections.*

Preoperative serum AFP levels were categorized into
three groups based on previously established cut-off values:
low (< 400 ng/mL), high (400-999 ng/mL), and extremely-
high (> 1000 ng/mL). These cut-off values were chosen
based on their clinical relevance and their association with
oncological prognosis after liver resection or liver transplan-
tation for HCC in previous studies.?!-?%24-263!1

Follow-Up

Patients were regularly followed-up at each participating
hospital following a relatively unified postoperative surveil-
lance strategy for postoperative recurrence. Each participat-
ing hospital had established its own prospectively collected
database for collecting information and conducting patient
follow-up and re-evaluation. The follow-up algorithm con-
sisted of clinical examination, laboratory tests, and imaging
studies (such as contrast-enhanced computed tomography
[CT] or magnetic resonance imaging [MRI]) to monitor
for disease recurrence at 2-monthly intervals for the first
6 months, 3-monthly intervals for the next 12 years, and
then once every 6 months thereafter. Enhanced CT or MRI,
hepatic angiography, bone scan, or positron emission tomog-
raphy were performed when recurrence or distant metasta-
sis was suspected. Tumor recurrence was defined as a new
appearance of intra- or extrahepatic tumor nodule(s) with
radiological characteristics as for diagnosis of the primary
tumor, with or without a rise in the serum AFP level. Appro-
priate treatment for recurrence was carried out using repeat
liver resection, liver transplantation, local ablation, TACE,
radiotherapy, systemic therapy, or palliative care.

Outcome Endpoints

The outcome endpoints of this study were overall survival
(OS) and recurrence. OS was defined as the time from the
date of surgery to the date of death from any cause or the
last follow-up, while time to recurrence was defined as the
time from the date of surgery to the date of first documented
tumor recurrence or the last follow-up without recurrence.
Patients who were lost to follow-up or died without recur-
rence were censored at the date of their last follow-up.

Statistical Analysis

Continuous variables were presented as mean =+ standard
deviation (SD) or median with interquartile range (IQR),
depending on their distribution, whereas categorical vari-
ables were presented as frequencies and percentages. The
baseline characteristics of the three AFP groups (low, high,
and extremely high) were compared using the analysis of
variance (ANOVA) test for continuous variables and the
Chi-square or Fisher’s exact tests for categorical variables,
as appropriate. Cumulative OS and recurrence analyses were
performed using the Kaplan—Meier method, and the log-rank
test was used to compare OS and recurrence curves among
the three AFP groups. Variables with a p value < 0.10 in
the univariate analysis were included in the multivariate
Cox proportional hazards regression models to determine
the independent risk factors for OS and recurrence. Haz-
ard ratios (HRs) and 95% confidence intervals (CIs) were



1222

L.-Q. Yao et al.

calculated for each variable in the models. The proportional
hazards assumption was tested using Schoenfeld residuals,
and no significant violations were detected. Subgroup analy-
ses were performed to assess the prognostic value of serum
AFP levels in different patient subgroups. Interaction tests
were conducted to determine whether the effect of preopera-
tive serum AFP levels on OS and recurrence differed signifi-
cantly among the subgroups. All statistical analyses were
performed using SPSS statistical software (version 26.0;
IBM Corporation, Armonk, NY, USA). Two-sided p-values
< 0.05 were considered statistically significant.

RESULTS
Patient Characteristics

A total of 1284 patients who underwent curative liver
resection for early-stage HCC (BCLC stage 0/A) between
January 2010 and December 2019 were included in the
analytic cohort (electronic supplementary material [ESM]
eFig. 1); 1128 (87.9%) patients were male and 156 (12.1%)
were female, with a median age of 52 years. HBV posi-
tivity was observed in 82.6% of patients, while HCV

positivity was found in 8.7% of patients. Liver cirrhosis
and portal hypertension were present in 76.7 and 23.0% of
patients, respectively. The median tumor size was 4.0 cm
(IQR 2.7-6.0 cm) and the majority of patients had a single
tumor (95.5%). Most patients had a preoperative low AFP
level (< 400 ng/mL; n = 720, 56.1%), while 262 (20.4%)
and 302 (23.5%) patients were included in the high AFP
(400-999 ng/mL) and extremely-high AFP (> 1000 ng/
mL) groups, respectively.

The clinical characteristics and operative variables of
the patients stratified by preoperative serum AFP levels are
shown in Table 1. Significant differences were observed
among the three AFP groups in terms of age, tumor size,
tumor number, presence of M VI, presence of satellite nod-
ules, presence of incomplete tumor encapsulation, intra-
operative blood loss, presence of intraoperative blood
transfusion, extent of hepatectomy, and resection margin
(all p < 0.05). Patients with higher AFP levels were more
likely to be female, have larger and multiple tumors, MVI,
satellite nodules, incomplete tumor encapsulation, more
intraoperative blood loss, intraoperative blood transfusion,
major hepatectomy, and a narrow resection margin.

TABLE 1 Comparisons of clinical characteristics and operative variables among the three groups

Low AFP group (n = 720)

High AFP group (n = 262) Extremely-high AFP  p value

group (n = 302)

Male sex 648 (90.0)
Age, years [mean + SD] 53 +11

> 60 years 210 (29.2)
ASA score > 2 88 (12.2)
HBV (+) 591 (82.1)
HCV (+) 67 (9.3)
Cirrhosis 550 (76.4)
Portal hypertension 149 (20.7)
Child-Pugh grade B 40 (5.6)
Tumor size, cm [mean + SD] 46+32
>5.0cm 252 (35.0)
Multiple tumors 354.9)
Microscopic vascular invasion 149 (20.7)
Satellite nodules 47 (6.5)
Incomplete tumor encapsulation 280 (38.9)
Poorly tumor differentiation 270 (37.5)
Intraoperative blood loss [median (IQR)] 200 (100, 400)
Intraoperative blood transfusion 66 (9.2)
Non-anatomical resection 166 (23.1)
Major hepatectomy 64 (8.9)
Narrow resection margin (< 1.0 cm) 356 (49.4)

229 (87.4) 251 (83.1) 0.009
52412 51+12 0.167
69 (26.3) 76 (25.2) 0.370
28 (10.7) 39 (12.9) 0.708
220 (84.0) 250 (82.8) 0.786
25(9.5) 20 (6.6) 0.333
204 (77.9) 231 (76.5) 0.885
66 (25.2) 81 (26.8) 0.069
10 (3.8) 25(8.3) 0.070
43+27 6.3+42 < 0.001
90 (34.4) 160 (53.0) < 0.001
13 (5) 10 (3.3) 0.513
72 (27.5) 90 (29.8) 0.003
21 (8.0) 39 (12.9) 0.003
114 (43.5) 146 (48.3) 0.017
109 (41.6) 130 (43.0) 0.195
200 (100, 400) 300 (200, 600) 0.013
40 (15.3) 46 (15.2) 0.004
77 (29.4) 81 (26.8) 0.100
28 (10.7) 43 (14.2) 0.039
129 (49.2) 176 (58.3) 0.026

Data are expressed as n (%) unless otherwise specified

AFP o-fetoprotein, ASA American Society of Anesthesiologists, HBV hepatitis B virus, HCV hepatitis C virus, /QR interquartile range, SD

standard deviation
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Long-Term Outcomes

With a median follow-up of 52.3 months (IQR
33.7-66.2), 660/1284 (51.4%) patients developed recur-
rence and 543 (42.3%) patients died. In the entire cohort,
the cumulative 1-, 3-, and 5-year OS rates were 91.4, 76.6,
and 66.9%, respectively, while the cumulative 1-, 3-, and
5-year recurrence rates were 23.8, 40.5, and 47.5%, respec-
tively (ESM eFig. 2).

The long-term outcomes of patients stratified by preoper-
ative serum AFP levels are shown in Table 2. The cumulative
1-, 3-, and 5-year OS rates of the low, high, and extremely-
high AFP groups were 94.6, 83.7, and 71.3%; 90.1, 73.5,
and 66.3%; and 85.0, 61.2, and 45.7%, respectively (among
the three groups, p < 0.001) (Fig. 1). The 1-, 3-, and 5-year
recurrence rates of the low, high, and extremely-high AFP
groups were 18.7, 31.9, and 38.9; 27.1, 40.5%, and 48.5; and
33.1,61.3, and 67.2%, respectively (among the three groups,
p <0.001) (Fig. 2).

Subgroup Analyses

To further explore the prognostic value of preopera-
tive serum AFP levels in different patient subgroups, we
performed subgroup analyses stratified by various clinical
characteristics. The results of univariate analysis stratified
by preoperative serum AFP levels among these subgroup
analyses are presented in Fig. 3 (for OS and recurrence).
In general, the prognostic value of serum AFP levels was
consistent across the different subgroups, with high and

TABLE 2 Comparisons of long-term outcomes among the three groups

extremely-high AFP levels being associated with poorer OS
and increased recurrence in most of the subgroups. Interac-
tion tests revealed no significant interactions between serum
AFP levels and the examined subgroups, suggesting that the
effect of serum AFP levels on OS and recurrence did not
differ significantly among the subgroups.

Univariate and Multivariate Analyses for Risk Factors
of Overall Survival and Recurrence

The results of the univariate and multivariate Cox pro-
portional hazards regression analyses for OS and recurrence
are shown in Tables 3 and 4, respectively. In the univari-
ate analysis, factors significantly associated with poorer OS
included high AFP levels (HR 1.370, 95% CI 1.100-1.708;
p = 0.005), extremely-high AFP levels (HR 2.192, 95% CI
1.804-2.663; p < 0.001), liver cirrhosis, Child—Pugh grade
B, tumor size > 5.0 cm, multiple tumors, M VI, satellite nod-
ules, incomplete tumor encapsulation, poorly differentiated
tumors, intraoperative blood loss > 400 mL, intraoperative
blood transfusion, major hepatectomy, and narrow resection
margin (all p < 0.05). In the multivariate analysis, both high
(HR 1.275,95% CI 1.004-1.620; p = 0.047) and extremely-
high (HR 1.978, 95% CI 1.588-2.464; p < 0.001) AFP lev-
els remained independent risk factors for poorer OS, after
adjusting for other significant variables. Other independent
prognostic factors for OS included liver cirrhosis, tumor size
> 5.0 cm, M VI, incomplete tumor encapsulation, intraop-
erative blood transfusion, and narrow resection margin (all
p < 0.05).

Low AFP group (n = 720) High AFP group (n = 262) Extremely-high AFP p value
group (n = 302)
Period of follow-up [mean (SD)] 56.6 +26.3 51.9+275 459 +26.3 0.072
Death during follow-up 257 (35.7) 115 (43.9) 171 (56.6) < 0.001
Pattern of initial recurrence 315 (43.8) 140 (53.4) 205 (67.9) 0.033
Intrahepatic 281 (39.0) 124 (47.3) 180 (59.6)
Extrahepatic 8 (1.1) 6(2.3) 9 (3.0)
Intra- and extrahepatic 26 (3.6) 10 (3.8) 16 (5.3)
0OS, months [median (95% CI)] 95.0 (85.9-104.1) 84.8 (74.6-95.0) 51.1 (41.1-61.1) < 0.001
1-year OS rate (%) 94.6 90.1 85.0
3-year OS rate (%) 83.7 73.5 61.2
S-year OS rate (%) 71.3 66.3 45.7
Time to recurrence, months [median ~ 82.0 (73.2-90.8) 59.5 (47.3-71.6) 25.1 (20.0-30.1) < 0.001
95% CI)]
1-year recurrence rate (%) 18.7 27.1 33.1
3-year recurrence rate (%) 31.9 40.5 61.3
S-year recurrence rate (%) 38.9 48.5 67.2

Data are expressed as n (%) unless otherwise specified

OS overall survival, SD standard deviation, CI confidence interval
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The univariate analysis for risk factors of recur-
rence revealed that high AFP levels (HR 1.369, 95% CI
1.121-1.671; p = 0.002), extremely-high AFP levels (HR
1.472,95% CI 1.347-1.609; p < 0.001), age > 60 years, pos-
itive HBV, liver cirrhosis, portal hypertension, Child—Pugh
grade B, tumor size > 5.0 cm, multiple tumors, MVI,

satellite nodules, incomplete tumor encapsulation, poorly
differentiated tumors, intraoperative blood loss > 400 mL,
intraoperative blood transfusion, major hepatectomy, non-
anatomical resection, and narrow resection margin were
significantly associated with poorer RFS (all p < 0.05).
In the multivariate analysis, both high (HR 1.290, 95% CI
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1.53 (0.95 - 2.46)
2.38 (1.92 - 2.96)

2.37 (1.93 - 2.91)
0.97 (0.48 - 1.95)

2,65 (1.77 - 3.97)
2.09 (1.67 - 2.61)

2.74 (2.17 - 3.46)
1.38 (0.95 - 2.01)

2.16 (1.76 - 2.65)
2.04 (1.08 - 3.83)

2.11 (1.58 - 2.81)
1.86 (1.42 - 2.44)

2.31(1.90 - 2.83)
0.71 (0.24 - 2.10)

2.07 (1.62 - 2.65)
2.18 (1.57 - 3.03)

221 (1.79 - 2.72)
1.45 (0.85 - 2.45)

2.34 (1.74 - 3.14)
1.92 (1.48 - 2.50)

1.84 (1.41 - 2.41)
2.84 (2.12 - 3.79)

2.33(1.75 - 3.10)
2.45 (1.79 - 3.35)

2.06 (1.66 - 2.55)
2.65 (1.63 - 4.32)

2.45 (1.64 - 3.64)
2.16 (1.72 - 2.70)

2.10 (1.70 - 2.59)
2.47 (1.47 - 4.15)

217 (1.71 - 2.77)
2.01 (1.44 - 2.80)

P,value

<0.001
0.001

<0.001
0.002

<0.001
<0.001

0.077
<0.001

<0.001
0.923

<0.001
<0.001

<0.001
0.089

<0.001
0.027

<0.001
<0.001

<0.001
0.538

<0.001
<0.001

<0.001
0.173

<0.001
0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
0.001

<0.001
0.001



1226

Subgroup
Sex
Male
Female
Age
< 60 years
2 60 years
ASA
<3
23
HBV
No
Yes
HCV
No
Yes
Cirrhosis
No
Yes
Portal hypertension
No
Yes
Child-Pugh grade
A
B
Largest tumor size
<5.0cm
25.0cm
Multiple tumors
No
Yes
Microscopic invasion
No
Yes
Satellite nodules
No
Yes
Tumor encapsulation
Complete
Incomplete
Tumor differentiation
Well
Poor
Intraoperative blood loss
< 400ml
2 400ml
Intraoperative blood transfusion
No
Yes
Non-anatomical resection
No
Yes
Major hepatectomy
No
Yes
Resection margin
<1cm
=1cm

Fig. 3 (continued)

High vs. Low AFP

HR, (95% CI)

1.31 (1.06 - 1.62)
2.06 (1.08 - 3.93)

1.47 (1.17 - 1.84)
1.05 (0.69 - 1.60)

1.53 (1.24 - 1.88)
0.47 (0.22 - 1.00)

0.95 (0.52 - 1.74)
1.45 (1.18 - 1.80)

1.35 (1.10 - 1.66)
1.45 (0.71 - 2.97)

1.34 (0.84 - 2.15)
1.36 (1.09 - 1.70)

1.31 (1.04 - 1.64)
1.64 (1.08 - 2.49)

1.35 (1.10 - 1.66)
2.09 (0.87 - 5.02)

1.47 (1.13 - 1.90)
1.25 (0.92 - 1.70)

1.31 (1.07 - 1.62)
2.97 (1.44 - 6.13)

1.19 (0.92 - 1.54)
1.47 (1.07 - 2.01)

1.32 (1.07 - 1.64)
1.57 (0.86 - 2.87)

1.33 (1.00 - 1.76)
1.36 (1.11 - 1.66)

1.31 (1.00 - 1.74)
1.44 (1.08 - 1.93)

1.34 (1.03 - 1.74)
1.49 (1.07 - 2.09)

1.33 (1.07 - 1.66)
1.28 (0.77 - 2.13)

1.70 (1.10 - 2.63)
1.31 (1.05 - 1.64)

1.26 (1.01 - 1.56)
2.35 (1.35 - 4.09)

1.34 (1.03 - 1.75)
1.38 (1.02 - 1.87)

P, value

0.011
0.028

0.001
0.810

<0.001
0.050

0.875
0.001

0.004
0.305

0.218
0.006

0.020
0.021

0.004
0.098

0.004
0.156

10i@10e
0.003

0.189
0.018

0.009
0.004

0.046
0.002

0.052
0.013

0.027
0.020

0.010
0.337

0.016
0.018
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0.003
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HR, (95% CI) P,value
2.16 (1.79 - 2.61) < 0.001
261 (150 -4.55)  0.001
240 (1.96-2.94) < 0.001
1.55(1.07-2.24)  0.020
212(1.75-2.57)  <0.001
2.49 (1.55-4.00) < 0.001
1.99 (1.23 - 3.23) 0.005
224(1.85-2.71)  <0.001
2.26 (1.89-2.72) <0.001
1.07 (046 -2.49)  0.874
2552 (169-3.77) <0.001
2.08 (1.71 - 2.54)  <0.001
2.50 (2.05-3.06) <0.001
1.62 (1.09 - 2.42) 0.018
2.15(1.79-2.59) <0.001
213 (1.11-4.11) 0.023
214 (165-2.79) <0.001
1.84 (1.44-235) <0.001
2.26 (1.88-2.71) <0.001
0.81 (0.31 - 2.16) 0.680
215(1.72-2.67) <0.001
1.97 (145-2.66) <0.001
210 (1.73-2.54) < 0.001
212 (1.28-3.54) 0.173
2.33(1.81-2.99) <0.001
216 (1.81-2.58) < 0.001
207 (1.62-2.63) < 0.001
242 (1.85-3.15) < 0.001
221(1.74-2.81) <0.001
2.45(1.84-3.26) < 0.001
2.02 (167 -2.46) <0.001
2.76 (1.74 - 4.38) < 0.001
2.51(1.68-3.76) <0.001
214 (1.75-2.61) <0.001
2.07 (1.71 - 2.50) <0.001
2,67 (1.61-4.43) 0.001
2.26 (1.80-2.83) <0.001
1.90(1.42-2.55) <0.001
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TABLE 3 Univariate and
multivariate Cox regression

UV HR (95% CI) uv MV HR (95% CI) MV

! Ry p value p value

analysis of risk factors

associated with overall survival Male sex 1.001 (0.777-1.290) 0.992

after liver resection for early- Age > 60 years 1136 (0.946-1363)  0.171

stage hepatocellular carcinoma
ASA score > 2 1.241 (0.971-1.586) 0.085 NS 0.747
HBV (+) 1.089 (0.873-1.359) 0.449
HCV (+) 1.167 (0.890-1.530) 0.265
Cirrhosis 1.293 (1.052-1.588) 0.015  1.406 (1.104-1.792) 0.006
Portal hypertension 1.127 (0.932-1.363) 0.218
Child-Pugh grade B 2.035 (1.507-2.749) < 0.001  1.625 (1.167-2.263) 0.004
High (vs. low) AFP level 1.370 (1.100-1.708) 0.005  1.275 (1.004-1.620) 0.047
Extremely-high (vs. low) AFP level  2.192 (1.804-2.663) < 0.001 1.978 (1.588-2.464) < 0.001
Largest tumor size > 5.0 cm 2.038 (1.717-2.417) < 0.001  1.526(1.240-1.878) < 0.001
Multiple tumors 1.507 (1.059-2.144) 0.023 NS 0.129
Microscopic vascular invasion 2.359 (1.982-2.808) < 0.001 1.692 (1.357-2.109) < 0.001
Satellite nodules 2.269 (1.760-2.925) < 0.001 NS 0.223
Incomplete tumor encapsulation 1.954 (1.647-2.319) < 0.001 1.586(1.293-1.946) < 0.001
Poorly tumor differentiation 1.243 (1.049-1.473) 0.012 NS 0.517
Intraoperative blood loss > 400 mL 2.047 (1.619-2.587) < 0.001 NS 0.216
Intraoperative blood transfusion 2.310(1.851-2.881) < 0.001 2.058 (1.478-2.866) < 0.001
Major hepatectomy 1.890 (1.482-2.411) <0.001 NS 0.708
Non-anatomical resection 1.102 (0.906-1.340) 0.330
Narrow resection margin 2.210(1.854-2.635) < 0.001 2.046 (1.672-2.504) < 0.001

AFP o-fetoprotein, ASA American Society of Anesthesiologists, CI confidence interval, HBV hepatitis B
virus, HCV hepatitis C virus, HR hazard rate, MV multivariate, NS not significant, UV univariate

prognostic factors for recurrence included liver cirrhosis,
tumor size > 5.0 cm, multiple tumors, MVI, incomplete
tumor encapsulation, intraoperative blood transfusion, and
narrow resection margin (all p < 0.05).

DISCUSSION

The BCLC algorithm, which is widely used for staging
and guiding treatment decisions in HCC, primarily focuses
on tumor burden, liver function, and patient performance
status. However, it does not consider the unique character-
istics of tumor biology, which can significantly impact treat-
ment response and long-term outcomes. Incorporating tumor
biology into the staging system is crucial for accurate risk
stratification and treatment selection, especially for early-
stage HCC patients who are potential candidates for curative
treatments such as liver resection. In this large, multicenter,
observational study, the prognostic value of AFP levels in
patients undergoing liver resection for early-stage HCC has
been in-deep investigated. Our findings demonstrate that
preoperative high (400-999 ng/mL) and extremely-high (>
1000 ng/mL) AFP levels are independent risk factors for
poorer OS and increased recurrence rates after curative liver
resection for early-stage HCC. This suggests that preopera-
tive serum AFP levels could serve as a valuable prognostic

marker for patients with early-stage HCC undergoing liver
resection. In the subgroup analyses, we found that the prog-
nostic value of preoperative serum AFP levels was consistent
across various patient subgroups, indicating that the associa-
tion between AFP levels and patient outcomes is robust and
is not influenced by other clinical characteristics. Therefore,
preoperative serum AFP levels could potentially be used as a
stratification factor in future clinical trials or in the develop-
ment of individualized treatment strategies for patients with
early-stage HCC.

As depicted in Table 1, patients with higher preoperative
AFP levels were more likely to have larger tumor size, multi-
ple tumors, MVI, satellite nodules, incomplete tumor encap-
sulation, and other adverse clinicopathologic features. These
findings suggest that elevated AFP levels are associated with
aggressive tumor biology and increased tumor invasiveness.
Our results are consistent with previous studies that have
shown an association between high AFP levels and poor
clinicopathologic features in HCC patients. Importantly, our
study demonstrates that high and extremely-high AFP levels
are independent prognostic factors for both OS and recur-
rence after curative liver resection. Patients with extremely-
high AFP levels (> 1000 ng/mL) had significantly lower
5-year OS rates (45.7%) and higher recurrence rates (67.2%)
compared with those with low AFP levels (< 400 ng/mL)
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TABLE 4 Univariate and
multivariate Cox regression

UV HR (95% CI) uv MV HR (95% CI) MV

: R p value p value
analysis of risk factors
associated with recurrence after  pale sex 1.235 (0.961-1.588)  0.099 NS 0.114
EZ;’; fesection for early-stage Age > 60 years 1270 (1.062-1.518)  0.009 NS 0.841
ASA score > 2 1.110 (0.882-1.397) 0.374
HBV (+) 1.639 (1.302-2.062) < 0.001 NS 0.194
HCV (+) 1.566 (1.145-2.142) 0.005 NS 0.129
Cirrhosis 1.496 (1.231-1.817) < 0.001  1.270 (1.018-1.586) 0.034
Portal hypertension 1.299 (1.073-1.572) 0.007 NS 0.277
Child-Pugh grade B 1.389 (1.022-1.888) 0.036 NS 0.094
High (vs. low) AFP level 1.369 (1.121-1.671) 0.002  1.290 (1.047-1.588) 0.017
Extremely-high (vs. low) AFP level 1.472 (1.347-1.609) < 0.001  2.050 (1.692-2.484)  <0.001
Largest tumor size > 5.0 cm 1.947 (1.670-2.271) < 0.001  1.529(1.275-1.834)  <0.001
Multiple tumors 1.594 (1.153-2.204) 0.008  1.576 (1.074-2.313) 0.020
Microscopic vascular invasion 2.530(2.158-2.966) < 0.001 1.930 (1.589-2.346) <0.001
Satellite nodules 1.996 (1.575-2.529) < 0.001 NS 0.314
Incomplete tumor encapsulation 1.523 (1.306-1.775) < 0.001  1.273 (1.065-1.521) 0.008
Poorly tumor differentiation 1.421 (1.219-1.656) < 0.001 NS 0.494
Intraoperative blood loss > 400 mL 1.656 (1.333-2.058) < 0.001 NS 0.302
Intraoperative blood transfusion 1.798 (1.455-2.221) < 0.001 1.584 (1.166-2.153) 0.003
Major hepatectomy 1.550 (1.231-1.952) < 0.001 NS 0.815
Non-anatomical resection 1.515 (1.250-1.836) < 0.001 NS 0.059
Narrow resection margin 1.834 (1.569-2.143) < 0.001 1.547 (1.302-1.837) < 0.001

AFP o-fetoprotein, ASA American Society of Anesthesiologists, CI confidence interval, HBV hepatitis B
virus, HCV hepatitis C virus, HR hazard rate, MV multivariate, NS not significant, UV univariate

[both p < 0.001]. These findings highlight the importance
of considering preoperative AFP levels as an additional cri-
terion for risk stratification and treatment decision making
in early-stage HCC patients.

In the context of our study, the incorporation of AFP
levels into the BCLC staging system could enhance its pre-
dictive accuracy and help guide individualized risk strati-
fication and treatment decisions, including the selection
of neoadjuvant/adjuvant therapies for patients at high risk
of recurrence. AFP levels could serve as a complemen-
tary biomarker to assess tumor biology and predict treat-
ment response, allowing for more personalized treatment
approaches. This integration of biomarkers into the clini-
cal decision-making process holds promise for improving
patient outcomes and optimizing treatment strategies in
early-stage HCC. Furthermore, our study emphasizes the
importance of conducting further research to explore the
underlying molecular mechanisms linking elevated AFP
levels to aggressive tumor behavior and poor prognosis in
HCC. Understanding the biological pathways involved in
AFP-mediated tumor growth, angiogenesis, and immune
evasion could lead to the development of novel therapeu-
tic targets and strategies for HCC management. Addition-
ally, investigating the potential interactions between AFP
and other molecular markers, such as genetic mutations or

gene expression profiles, may provide deeper insights into
the complex biology of HCC and help identify novel thera-
peutic targets.

As some previous studies mentioned, an AFP cut-off of
200 ng/mL is a significant threshold to predict tumor recur-
rence or survival after hepatic resection or liver transplanta-
tion of HCC.2124%532 [n fact, we have performed an addi-
tional prognostic analysis between patients with preoperative
AFP < 200 ng/mL and patients with preoperative AFP of
200—400 ng/mL (ESM eFig. 3). Unfortunately, no significant
differences in OS and recurrence were found between these
two groups. Meanwhile, significant differences were found
in the present study when the AFP cut-off values were used
by two other more commonly used cut-off values, i.e., 400
and 1000 ng/mL.%>26-31:33-35

The decision to categorize patients into these three groups
was driven by a desire to capture the diverse range of AFP
levels found in HCC patients and to understand how these
levels might differentially impact prognoses. This granular-
ity was crucial, as it revealed a clear dose-response relation-
ship: as AFP levels increased, survival times decreased and
recurrence rates increased. This approach, although uncom-
mon in the current literature, was both statistically sound
and clinically relevant. It underscored the potential value
of AFP not just as a binary marker (elevated vs. normal)
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but as a stratified marker with varying prognostic impli-
cations. Admittedly, there is no consensus on the optimal
cut-off value for AFP in diagnosing HCC. Therefore, AFP
should be used in combination with other diagnostic and
prognostic markers for HCC, such as imaging studies and
other serum tumor markers, to improve the accuracy of HCC
diagnosis and prognosis.*®*” The results of this study sup-
port the association between preoperative high serum AFP
levels with OS and recurrence for early-stage HCC patients.
Furthermore, different AFP levels in an HCC patient before
treatment initiation show great potential for determining the
post-hepatectomy prognosis, while the combination of the
AFP level and other suitable biomarkers or clinical charac-
teristics are also beneficial for improved risk stratification of
prognosis for HCC. Surgeons should consider preoperative
AFP levels to optimize patient selection, especially when
considering a major resection for high tumor burden disease.
Hence, incorporating specific biomarker panels to tumor
prognostic estimation may enhance the predictive accuracy
and, in turn, maximize clinical benefit through optimization
of patient selection and prognostic evaluation for surgical
resection.

In the present study, even after adjusting for tumor bur-
den characteristics such as tumor diameter and number, pre-
operative AFP levels maintained an independent predictor
association with postoperative survival and recurrence in
patients undergoing curative resection for BCLC early-stage
HCC. This finding suggests that preoperative AFP levels
are an important tumor biological feature to be considered
when assessing HCC surgical prognosis. By incorporating
preoperative AFP levels into the evaluation, clinicians may
be able to identify patients who could benefit from neoadju-
vant or adjuvant therapies to reduce postoperative recurrence
risk and improve long-term survival outcomes. While we
acknowledge that AFP levels alone may not dictate specific
treatment decisions, their inclusion in the evaluation process
can provide additional valuable information for individual-
ized patient management.

A unique feature of our study was its focus on early-
stage HCC (BCLC stage 0/A). While the prognostic role
of AFP has been extensively studied in intermediate- and/
or advanced-stage HCC, less is known about its impact in
early-stage disease. Our results fill this knowledge gap,
showing that even among early-stage HCC patients, AFP
levels can significantly affect outcomes. These findings have
potential implications for the BCLC staging system. If AFP
levels are incorporated into this system, this could enhance
its prognostic accuracy, potentially leading to more individu-
alized and effective treatment strategies.

The strengths of our study lie in its large sample size,
long follow-up period, and rigorous statistical analysis,
which together lend credibility to our findings. However,

the implications of our study extend well beyond the data
presented here. By revealing the incremental prognostic sig-
nificance of AFP levels, our study suggests that AFP could
be a promising therapeutic target. Further research in this
direction could lead to the development of innovative treat-
ments aimed at modulating AFP levels, which could improve
outcomes for HCC patients.

It is worth noting that our study has several limitations.
First, this was a retrospective analysis based on data from a
multicenter database, which may introduce inherent biases
and limitations. Second, although we adjusted for several
clinicopathologic variables in our multivariate analysis,
there may still be unmeasured confounding factors that could
influence the results. Future studies incorporating compre-
hensive molecular profiling and genetic analysis may pro-
vide a more comprehensive understanding of the prognostic
value of AFP in HCC. Additionally, the study was conducted
in a Chinese population and the generalizability of the find-
ings to other ethnic groups should be further investigated.
Future studies involving diverse populations are needed to
validate the findings and determine any potential ethnic vari-
ations in the prognostic significance of AFP. Furthermore, it
is worth noting that AFP is not a perfect biomarker and has
certain limitations. It lacks specificity and can be elevated in
other liver diseases, such as cirrhosis and hepatitis. There-
fore, a single AFP measurement may not provide sufficient
accuracy for individual patient risk assessment. Future stud-
ies could explore the incorporation of AFP kinetics, such
as the rate of AFP decline after treatment or the AFP dou-
bling time, to further refine its prognostic value and improve
patient risk stratification.

CONCLUSIONS

This study highlights the prognostic value of serum AFP
levels in patients undergoing liver resection for early-stage
HCC. The findings underscore the importance of consider-
ing tumor biology in addition to traditional clinical param-
eters for accurate risk assessment and treatment decision
making. Incorporating AFP to prognostic estimation of the
BCLC algorithm can enhance its predictive accuracy and
guide personalized risk stratification and neoadjuvant/adju-
vant treatment necessity. Furthermore, future studies should
explore the integration of AFP with other biomarkers, such
as ctDNA analysis, genomic profiling, or immune-related
features, to further refine risk stratification and improve
clinical outcomes in patients with early-stage (BCLC stage
0/A) HCC.

SUPPLEMENTARY INFORMATION The online version con-
tains supplementary material available at https://doi.org/10.1245/
$10434-023-14525-w.
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