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Introduction: AFP positivity (=20 ng/mL) is often used as one of the diagnostic criteria for HCC. The aim of this study is to analyze
the prognosis of advanced HCC with negative (<20 ng/mL) AFP at baseline following systemic drug treatment.

Methods: In this study, 91 patients with AFP-negative advanced HCC who received systemic drug treatment in Nanjing Jinling
Hospital from February 2011 to September 2023 were collected, and 213 patients with AFP-positive advanced HCC were collected as
the control group. A propensity score model was used to adjust for potential confounding variables. Cox regression analysis was used
to clarify the differences of prognosis in subgroups for HCC patients.

Results: Following propensity score matching with 1:2 ratio, 90 HCC patients from Group A (AFP-negative) and 180 from Group
B (AFP-positive) were chosen to participate in the final analysis set. The OS of AFP-negative HCC patients was extended by 13.5
months compared to AFP-positive HCC patients. Within the AFP-negative HCC group, the top-ranked first-line treatment options
were TKIs combo ICIs (mPFS = 9.5m, mOS = 37.1m), chemotherapy combo ICIs (mPFS = 8.1m, mOS = 15.5m), and TKIs (mPFS =
5.6m, mOS = 28.2m). Subgroup analysis indicated that among AFP-negative HCC patients, those without PVTT or with HBV DNA
<501U/mL had longer survival time. For HCC patients who opted for TKIs combo ICIs as their first-line treatment and then switched
to TKIs alone for second-line treatment, the mOS and 95% CI were 30.7 (24.8-NA) months.

Conclusion: The survival time of AFP-negative HCC patients was significantly longer than that of AFP positive HCC patients.
Patients with no PVTT or HBV DNA <501U/mL have relatively better efficacy of systemic drug therapy. With the AFP-negative HCC
patients, TKIs combo ICIs are preferentially recommended for the first-line therapy, and TKIs are used for the second-line therapy
after progression.

Keywords: hepatocellular carcinoma, alpha-fetoprotein, systemic anti-tumor therapy, immune checkpoint inhibitors, multi-line
therapy

Introduction

Globally, primary liver cancer (PLC) stands as one of the most prevalent malignant tumors. There were 906,000 new
cases of liver cancer globally each year, ranking sixth among all malignant tumors; 830,000 deaths per year, ranking third
in 2021." Hepatocellular carcinoma (HCC) is the primary pathological type of PLC, accounting for 85% to 90%.>* In
China, the primary cause of HCC is chronic infection with the hepatitis B virus (HBV).>”" Currently, systemic drug
therapy was the primary clinical treatment chosen for advanced HCC, but the prognosis remains unpromising.®® Alpha-
fetoprotein (AFP) is a key screening tool for liver cancer recommended by guidelines around the world,' and also used
for evaluating the efficacy of clinical treatment of HCC.'"'? Serum AFP >20 ng/mL was considered as a reliable
indicator for the diagnosis of HCC. However, about 30% of HCC are AFP-negative (<20 ng/mL)."
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The mechanism of AFP no-expression is unclear and may be attributed to the silencing of AFP promoter due to
mutation or inhibition.'* The driver mutation gene of AFP-negative liver cancer may be associated with the Wnt/p-
catenin pathway or TERT promoter mutations, but the mechanism remains unclear.'”> Abnormal DNA methylation could
serve as a significant mechanism underlying AFP negativity.'® For instance, hypermethylation of tumor suppressor genes
or hypomethylation of proto-oncogenes may suppress AFP expression. Additionally, LINC00853 as a IncRNAs, exhibit
high expression in AFP-negative liver cancers, potentially inhibiting AFP production by regulating post-transcriptional
modifications.!” AFP-negative HCC may exhibit distinct immune micro-environment characteristics, including variations
in PD-L1 expression levels or tumor-infiltrating lymphocytes (TILs).'® Furthermore, AFP negativity in HBV-related liver
cancer might be linked to micro-environment of HBV infection, gene mutations or DNA integration, but the mechanism
remains to be further validated."’

Currently, none of the existing large-scale Phase III clinical trials of advanced HCC clearly distinguish AFP status,
leading to a lack of evidence-based support for the prognosis of AFP-negative patients. For instance, it remains to be
verified whether systemic drug treatment, such as tyrosine kinase inhibitors (TKIs), chemotherapy, and TKIs combined
with immune checkpoint inhibitors (ICIs), yields similar efficacy in the AFP-negative subgroup as it does in the AFP-
positive subgroup.’®?! At present, some studies have shown that the clinical characteristics of AFP-negative HCC are
significantly different from those of AFP-positive patients, such as smaller size, more intact tumor envelope, better
pathological stage, and better prognosis.”>** In terms of treatment strategies, AFP-negative patients may be more suitable
for surgical resection or local treatment because of their relatively indolent tumor biological behavior.”> However, most
of the existing studies focus on AFP-positive patients, and there is still a lack of prospective clinical trials for AFP-
negative groups.'? Therefore, the efficacy of systemic drug therapy for patients with AFP-negative HCC needs to be
clarified, and more evidence is urgently needed to optimize treatment decisions and provide data support for the update of
liver cancer treatment guidelines.

Materials and Methods

Patients

The study subjects were patients with advanced HCC who underwent systemic drug therapy at the Department of
Oncology, Nanjing Jinling Hospital, between February 2011 and September 2023. A cohort study design was employed
to recruit AFP-negative (<20 ng/mL) HCC patients as the study group, while the control group included AFP-positive
(>20 ng/mL) HCC patients. Additionally, efforts were made to enhance the collection of patients’ subsequent diagnostic
and treatment information, as well as to closely monitor their progress. This research protocol adhered to the ethical
principles outlined in the 2013 Declaration of Helsinki. The study was approved by the Jinling Hospital Ethics
Committee, with the approval number DZQH-KYLL-23-16. Each included subject signed an informed consent before
participating in this study.

The sample size estimation for this study was determined based on a cohort study design, focusing on comparing the
overall survival (OS) rates between AFP-negative HCC patients (Group A) and AFP-positive HCC patients (Group B).
Given the relatively low proportion of AFP-negative HCC, the study aimed to recruit participants at a 1:2 ratio. With
estimated hazard ratio (HR) of 0.60 (Group A vs Group B), an 80% endpoint event occurrence rate, 0=0.05, and =0.20,
it was estimated that a minimum of 57 subjects in Group A and 114 subjects in Group B would be required. Follow-up
continued until 80% of the anticipated death events were observed. Taking into account instances of loss to follow-up and
incomplete data collection, the final sample size included 91 subjects in Group A and 213 in Group B.

Inclusion and Exclusion Criteria

The screening of the target population for this study was conducted strictly in accordance with the established inclusion
and exclusion criteria outlined below. The inclusion criteria encompassed: a. Pathologically confirmed HCC or clinically
diagnosed advanced primary liver cancer; b. Age >18 years, inclusive of both males and females; c. No opportunity for
radical surgery; d. Participation in at least one systemic drug treatment; e. Expected survival time >12 weeks; f. Provision
of informed consent for participation in this research project.
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Exclusion criteria included: a. Pathologically confirmed other types of tumors, such as intrahepatic cholangiocarci-
noma or mixed liver cancer; b. Failure to complete a full cycle of systemic drug treatment; c. Poor overall health status
with short expected survival time; d. Patients who refused to participate in this study.

Baseline Demographic and Clinical Information Collection

After inclusion and exclusion, 304 patients finally entered the analysis set (shown in Figure 1). The baseline demographic
and clinical information of the enrolled patients were extracted from the medical records of patients in Nanjing Jinling
Hospital, including age, gender, medical record number, contact information, home address, and past history of related
liver diseases. The baseline indicators of patients undergoing systemic treatment were collected, such as Alanine
aminotransferase (ALT), Aspartate transaminase (AST), total bilirubin (TBIL) and AFP. HBV infection related indicators
were recorded, including two pairs of hepatitis B (HBsAg, HBsAb, HBeAg, HBeAb, HBcAb) and HBV DNA. Relevant
indicators of liver cancer disease were collected: surgical operation, portal vein tumor thrombus (PVTT) and tumor stage.

Screening for advanced primary liver

cancer (PLC) n=467
Excluded
Pathologically diagnosed as non-HCC
n=36
Radical surgery for early liver cancer
n=37
Patients with treatment of systemic Expected lifetime < 3 months
drug therapy n=13
n=381
Excluded
Non-standard system drug treatment
n=42
No tumor efficacy evaluation conducted
First-line treatment of systemic n=35
drug therapy for HCC
n=304
Group A Group B
HCC with AFP negative HCC with AFP positive
n=91 n=213
Propensity score matching(PSM)
Ratio 1:2
Group A Group B
n=90 n=180

Figure | Flow chart of patient selection.
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Follow-Up

In addition to the baseline data of liver cancer patients, the information of systemic drug treatment or local treatment of
follow-up patients were also collected. Collect the information of systemic drug treatment, including the treatment plan
and drug dose of first-line, second-line and third-line treatment. After the above standardized systemic drug treatment, the
tumor of changes for target lesions were evaluated according to RECIST 1.1 criteria. In addition, the duration of systemic
drug treatment of patients, including progression-free survival (PFS) and overall survival (OS) were also followed up,
which were fully recorded. All the above information should be accurately entered into the computer-related software for
subsequent statistical analysis.

Statistical Methods

All collected data were sorted and analyzed by IBM SPSS statistical software (version 25.0 (Armonk, NY, USA; IBM
Corporation) and R software (version 4.4.2; R core team). The measurement data are expressed by mean + standard
deviation and analyzed by r-test. Count data are expressed as frequency (percentage), and y” test or fisher’s exact test was
used. The propensity score matching (PSM) method was used to balance the differences between the two groups at
baseline, by Mathlt package (version 4.7.0). The matching variables included age, gender, ECOG score, Child Pugh
score, local treatment, and etiology. All parameters were set as default except “ratio”, which was set as 2. Cox regression
model was used to analyze the influence of subgroup factors on PFS and OS in HCC patients. Univariate and multivariate
analysis were used to determine the independent risk factors affecting the prognosis of the disease. Kaplan—-Meier method
and hazard ratio (HR) were used to evaluate the influence of risk factors on disease outcome, and Log rank test was used
to determine the difference between groups. Land-mark analysis was used to evaluate the effect of treatment intervention
at specific time points using jskm R package. Complete case analysis was used to handle missing data. The test cut-off of
all statistical analysis in this study was a = 0.05.

Results

Basic Information of Included Patients

The baseline characteristics of Group A and Group B were compared before and after PSM to assess potential imbalances.
Three hundred and four patients with advanced HCC were finally enrolled in this study, including 91 in group A (AFP-
negative) and 213 in group B (AFP-positive). A PSM was used to adjust for potential confounding variables, incorporating
some predictors: age, gender, ECOG, Child Pugh, local treatment and etiology (Supplementary Table 1). After PSM, 90

people in group A and 180 people in group B were selected to enter the final analysis set. 77 (85.6%) and 161 participants
(89.4%) were male in group A and B, with no statistical difference between the groups (P > 0.05).

Before PSM, significant differences were observed in age distribution (P = 0.004), tumor stage (P = 0.003), presence
of PVTT (P =0.001), HBsAg status (P = 0.024), and AST positive (P = 0.007), indicating notable disparities between the
two groups. After PSM, Group A (n = 90) and Group B (n = 180) demonstrated improved balance, though significant
differences persisted in age (P = 0.034), tumor stage (P = 0.003), PVTT (P = 0.003), HBsAg status (P = 0.04), and AST
positive (P = 0.022). These factors may be important reasons for AFP negativity. No significant differences were
observed in gender, etiology, ECOG performance status, Child-Pugh score, HBV DNA levels, ALT, TBIL, albumin,
platelet count, and local treatment before or after PSM (P > 0.05). These findings highlight the effectiveness of PSM in
reducing baseline imbalances while underscoring the need to account for residual differences in age, tumor stage, PVTT,
HBsAg status, and AST levels in subsequent analyses (Table 1). In the post-PSM dataset, only 2 variables, including
tumor stage and HBV DNA have missing data. Eleven (4.1%) participants were missing in tumor stage, 18 (6.7%) were
missing in HBV DNA.

Effectiveness of HCC Patients with AFP-Negative

By cox regression survival analysis, we compared the differences of PFS and OS between the two groups. The results
showed that the median PFS (mPFS) of group A and group B were 6.0 months and 3.9 months, respectively (HR = 0.750,
P = 0.023) (shown in Figure 2A). The median OS (mOS) of group A was 29.3 months with 95% CI:23.5-37.1 months,
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Table | Basic Patient Information Before and After PSM

Variables Before PSM After PSM
Group A | Group B | Pvalue | Group A | Group B | P value
(n=91) | (n=213) (n=90) | (n=180)

Gender, n (%) 0.291 0.464
Female 13 (14.3) 20 (9.4) 13 (14.4) 19 (10.6)

Male 78 (85.7) 193 (90.6) 77 (85.6) 161 (89.4)

Age, n (%) 0.004 0.034
<50 25 (27.5) 100 (46.9) 25 (27.8) 79 (43.9)
50~60 36 (39.6) 53 (24.9) 35 (38.9) 51 (283)

260 30 (33) 60 (28.2) 30 (33.3) 50 (27.8)

Etiology, n (%) 0.113 0.163

Alcoholic 7(7.7) 4(1.9) 7(7.8) 3(1.7)
HBV 67 (73.6) 157 (73.7) 66 (73.3) 137 (76.1)
HCV 1 (1.1) 4(1.9) 1 (1.1) 422
Unknown 6 (6.6) 12 (5.6) 6 (6.7) 11 (6.1)

Virus & alcoholic 10 (1) 36 (16.9) 10 (11.1) 25 (13.9)

Tumor stage, n (%) 0.003 0.003
BCLC A 6 (7.1) 3(14) 6 (7.1) 3(17)

BCLC B 13 (15.3) 15(7.2) 13 (15.5) 11 (6.3)
BCLC C 66 (77.6) 189 (91.3) 65 (77.4) 161 (92)

PVTT, n (%) 0.001 0.003
No 66 (72.5) 110 (51.6) 65 (72.2) 95 (52.8)

Yes 25 (27.5) 103 (48.4) 25 (27.8) 85 (47.2)

ECOG, n (%) 0.698 |
<l 86 (94.5) 197 (92.5) 85 (94.4) 170 (94.4)

22 5(5.5) 16 (7.5) 5(5.6) 10 (5.6)

Child Pugh, n (%) 0.394 0.746
A 81 (89) 180 (84.5) 80 (88.9) 156 (86.7)

B 10 (1) 33 (15.5) 10 (11.1) 24 (13.3)

HBV DNA, n (%) 0.448 0415
<501U/mL 52 (62.7) 115 (56.9) 51 (622) 95 (55.9)
2501U/mL 31 (37.3) 87 (43.1) 31 (37.8) 75 (44.1)

HBsAg, n (%) 0.024 0.04
Negative 26 (28.9) 35 (16.7) 26 (28.9) 31 (17.2)

Positive 64 (71.1) 175 (83.3) 64 (71.1) 149 (82.8)

HBeAg, n (%) 0.241 0.237
Negative 74 (82.2) 158 (75.2) 74 (82.2) 135 (75)

Positive 16 (17.8) 52 (24.8) 16 (17.8) 45 (25)

ALT, n (%) 0.999 0.999
<37U/L 57 (62.6) 134 (62.9) 56 (62.2) 111 (61.7)
237U/L 34 (374) 79 (37.1) 34 (37.8) 69 (38.3)

AST, n (%) 0.007 0.022
<40U/L 57 (62.6) 96 (45.1) 56 (62.2) 84 (46.7)
240U/L 34 (37.4) 117 (54.9) 34 (37.8) 96 (53.3)

TBIL, n (%) 0.143 0.386
<20.5umml/L 79 (86.8) 168 (78.9) 78 (86.7) 147 (81.7)
220.5umml/L 12 (13.2) 45 (21.1) 12 (13.3) 33 (183)

Albumin, n (%) 0.999 0.399
<35umml/L 14 (15.4) 32 (15) 14 (15.6) 20 (11.1)
235umml/L 77 (84.6) 181 (85) 76 (84.4) 160 (88.9)

Local treatment, n (%) 0.075 0.481
No 76 (83.5) 156 (73.2) 75 (83.3) 142 (78.9)

Yes 15 (16.5) 57 (26.8) 15 (16.7) 38 (21.1)

Notes: PSM factors: age, gender, ECOG, Child Pugh, local treatment, etiology.
Abbreviations: PSM, propensity score matching; HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; BCLC,
Barcelona Clinic Liver Cancer; PVTT, portal vein tumor thrombus; ECOG, Eastern Cooperative Oncology
Group; HBsAg, Hepatitis B surface Antigen; HBeAg, Hepatitis B e Antigen; ALT, Alanine aminotransferase;
AST, Aspartate transaminase; TBIL, total bilirubin.
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Figure 2 Follow-up information of patients with liver cancer after systemic anti-tumor therapy. (A) PFS of HCC patients, (B) OS of HCC patients, (C) landmark analysis of PFS at
24 months and (D) landmark analysis of OS at 24 months. (mPFS, median progression-free survival; mOS, median overall survival; HR, hazard ratio; Cl, confidence interval.).

while that of group B was 15.8 months with 95% CI:12.4-20.4 months. The survival time of AFP-negative HCC patients
was 13.5 months longer than that of AFP-positive HCC patients (HR = 0.734, P = 0.050)(shown in Figure 2B).
Considering the crossover of survival curves, land-mark analysis was used to distinguish the efficacy difference before
and after the landmark time of 24 months. In the first 24 months, both the PFS and OS of group A were significantly
better than that of group B (HR = 0.695 and 0.469, P = 0.007 and 0.001, respectively) (shown in Figure 2C and D). The
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above results show that AFP-negative HCC patients have significant survival advantage compared with AFP-positive
HCC patients after systemic drug treatment.

Effect of Different Treatment Strategies on AFP-Negative HCC

The first-line systemic drug treatment options for patients with advanced HCC were as follows: tyrosine kinase inhibitors
(TKIs) (37, 41.1% for Group A; 65, 36.1% for Group B), chemotherapy (12, 13.3% for Group A; 41, 22.8% for Group
B), immune checkpoint inhibitors (ICIs) (7, 7.8% for Group A; 12, 6.7% for Group B), TKIs combo ICIs (27, 30.0% for
Group A; 29, 16.1% for Group B), and chemotherapy combo ICIs (3, 3.3% for Group A; 21, 11.7% for Group B).
(Table 2).

Among all the included patients with HCC, the TKIs combo ICIs treatment group had the longest mPFS (7.1 months)
and the longest mOS (30.3 months) (shown in Figure 3A and B). In group B, the mPFS and mOS of ICIs alone
population were 8.1 months and 43.8 months, respectively (shown in Figure 3C and D). In group A, the order of survival
time of each treatment sub-group was as follows: TKIs combo ICIs treatment (mPFS = 9.5m, mOS = 37.1m),
Chemotherapy combo ICIS treatment (mPFS = 8.Im, mOS = 15.5m), and TKIs treatment (mPFS = 5.6m, mOS =
28.2m) (shown in Figure 3E and F).

Risk Factors Affecting Prognosis

To analyze the impact of different subgroups on patient survival outcomes, univariate Cox regression analysis was
conducted for Group A and B separately. In Group A, PVTT [yes vs no, HR (95% CI):2.09 (1.21, 3.60)] and HBV
DNA [>501U/mL vs <501U/mL, HR (95% CI): 2.24 (1.29, 3.88)] had significant effect on OS (p < 0.05), while Child-
Pugh score (B vs A), local treatment (yes vs no), gender (male vs female), age (260 vs <50), HBsAg (positive vs
negative), ALT (positive vs negative), AST (positive vs negative), TBIL (positive vs negative) had no statistical effect
on OS (P > 0.05). (Figure 4). In Group B, however, the Child-Pugh score [B vs A, HR (95% CI):1.75 (1.07,2.88)],
local treatment [yes vs no, HR (95% CI):0.43 (0.27, 0.70)] and first-line treatment strategy [T2 vs T1, HR (95%
CI):2.28 (1.43, 3.64)] had significant effect on OS (p < 0.05), while gender (male vs female), age (=60 vs <50), PVTT
(yes vs no), HBV DNA (positive vs negative), HBsAg (positive vs negative), ALT (positive vs negative), AST
(positive vs negative), TBIL (positive vs negative) and other factors had no statistical effect on OS (P > 0.05) (shown
in Supplemental Figure 1).

Sensitivity Analysis: Multi-Line Therapies

Factors influencing the OS of systemic drug therapy in Group A include not only subgroup differences but also variations
in treatment strategies. Beyond first-line systemic drug therapy, subsequent multi-line treatments also indirectly impact
the OS of HCC patients. After initially opting for TKIs alone to combat tumor progression, 13.0% of Group A patients

Table 2 The Systemic Drug Therapies Between the Two Groups

Before PSM After PSM
Group A Group B P value | Group A Group B P value
(n=91) (n=213) (n =90) (n = 180)
First line treatment, n (%) 0.015 0.016
TI 37 (40.7) 77 (36.2) 37 (41.1) 65 (36.1)
T2 13 (14.3) 48 (22.5) 12 (13.3) 41 (22.8)
T3 7(7.7) 14 (6.6) 7(7.8) 12 (6.7)
T4 27 (29.7) 34 (16.0) 27 (30.0) 29 (16.1)
TS5 3(33) 24 (11.3) 3(3.3) 21 (11.7)
13 4 (44) 16 (7.5) 4 (4.4) 12 (6.7)

Abbreviations: Tl, tyrosine kinase inhibitors (TKIs); T2, Chemotherapy; T3, immune checkpoint inhibitors (ICls); T4, TKls
combo ICls; T5, Chemotherapy combo ICls; T6, Other therapies.
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Figure 3 The effectiveness of first-line systemic treatment on patient prognosis. (A) PFS of HCC patients; (B) OS of HCC patients; (C) PFS of HCC patients with AFP
positive; (D) OS of HCC patients with AFP positive; (E) PFS of HCC patients with AFP negative; (F) OS of HCC patients with AFP negative.

chose TKIs combo ICIs treatment as the second-line therapy. The mOS (95% CI) was 18.2 (17.9-NA) months.
Conversely, for those initially treated with TKIs combo ICIs, 42.9% patients chose TKIs-alone as the second-line
therapy. This sequential therapy strategy for HCC patients of the mOS (95% CI) was 30.7(24.8-NA) months in Group
A (Figure 5A), and 16.0(2.6-NA) months in Group B (Figure 5B). This clearly demonstrated that AFP-negative HCC
patients who receive ICIs earlier tend to have improved OS.

Discussion

HCC is a malignant tumor with high incidence worldwide, and early diagnosis and effective treatment are essential to
improve the prognosis of patients. As a classic biomarker of HCC, AFP has long been used in the screening, diagnosis
and efficacy monitoring of HCC.?* However, about 30-40% of HCC patients are negative for serum AFP. Such patients
often face the challenges of diagnosis delay and treatment options due to the lack of specific biomarkers.?>**® The clinical
characteristics of AFP-negative HCC are significantly different from those of AFP-positive patients.?”-*® However, most
of the existing studies focus on AFP-positive HCC patients. Prospective clinical trials for AFP-negative HCC patients are
still lacking, and more evidence-based medical evidence is urgently needed.

This research team had published an article about the prognostic efficacy of young liver cancer patients (<35 years old).29 The
efficacy of systemic anti-tumor therapy in young patients was poorer compared with that in elderly patients. Young patients with
HCC had a high HBV infection rate and were prone to hyperprogressive disease (HPD).”’ Whereas, this study prioritizes
elucidating the effects of multi-line therapies on overall survival (OS). Based on this study, we significantly increased the sample
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Variable

Gender (male vs. female)

Age (50~60y vs. <50y)
Age (260y vs. <50y)
Etiology (HCV vs. HBV)

Etiology (alcoholic vs. HBV)

BCLC Stage (B vs. A)
BCLC Stage (C vs. A)
PVTT (yes vs. no)
ECOG (22 vs. =1)
Child Pugh (B vs. A)

HR (95%Cl) P

1.56 (0.71-3.46) 0.270
0.76 (0.40-1.46) 0.414
1.25 (0.65-2.40) 0.496
1.21 (0.16-8.83) 0.854

0.48 (0.12-2.00) 0.315 +—@——/——

1.75 (0.36-8.46) 0.489
1.82 (0.44-7.55) 0.407
2.09 (1.21-3.60) 0.008
1.97 (0.61-6.41) 0.258
0.51 (0.16-1.64) 0.262

HBV DNA (=501U/mL vs. <50IU/mL) 2.24 (1.29-3.88) 0.004

HBsAg (positive vs. negative)
HBeAg (positive vs. negative)
AST (<40U/L vs. 240U/L)
ALT (<37U/L vs. 237U/L)
TBIL (<20pmol/L vs. 220umol/L)
Albumin (=35g/L vs. <35g/L)
Local Treatment (yes vs. no)
First Line Treatment (T2 vs. T1
First Line Treatment (T3 vs. T1
First Line Treatment (T4 vs. T1
First Line Treatment (T5 vs. T1
First Line Treatment (T6 vs. T1

0.94 (0.47-1.86) 0.858
1.62 (0.95-2.75) 0.077
1.42 (0.84-2.41) 0.192
1.14 (0.56-2.31) 0.726
1.22 (0.55-2.70) 0.622
0.53 (0.26-1.05) 0.069
0.59 (0.24-1.43) 0.243
0.76 (0.29-1.99) 0.578
0.57 (0.30-1.08) 0.084

(
(
(
(
(
(
(
(
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(
1.17 (0.64-2.11) 0.612
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(
(
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(
(
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(
2.02 (0.46-8.81) 0.348
(

0.32 (0.04-2.32) 0.258 +————

Figure 4 Forest plot of OS for HCC patients with AFP negative.
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Figure 5 Multi-line systemic therapies on HCC patients. (A) multi-line systemic therapies on HCC patients with AFP-negative. (B) multi-line systemic therapies on HCC

patients with AFP-positive.
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size and conducted exploratory analyses for AFP-negative liver cancer, a characteristic group. AFP-negative HCC may have
different therapeutic effects due to variations in tumor angiogenesis mechanisms.>® AFP-negative HCC may exhibit different
drug sensitivities due to tumor heterogeneity. For example, the atezolizumab and bevacizumab combination regimen in the
IMbravel50 trial significantly extended survival but the efficacy in the AFP-negative subgroup were not clarified.*' Therefore,
this innovative study focused on the clinical characteristics and prognosis of AFP negative HCC patients.

This study found that the mOS of AFP-negative HCC patients was 29.3 months, 95% CI:23.5-37.1 months, which
superior to HCC patients of most clinical research trials. Factors affecting the efficacy of systemic drug therapy in
patients with AFP-negative HCC, in addition to subgroups, there are also differences in the efficacy of various treatment
strategies.”® In addition to first-line systemic drug therapy, subsequent multi-line therapy also indirectly affected the OS
of patients. This study found that in patients with AFP-negative HCC, after the first-line choice of using TKIs alone for
anti-tumor progression, the proportion of patients using TKIs combo ICIs for second-line therapy was 13.0%, and the
mOS (95% CI) were 18.2 (17.9-NA) months. However, after the first-line treatment of TKIs combo ICIs for anti-tumor
progression, 42.9% of the second-line use of TKIs alone treatment, with a mOS (95% CI) of 30.7 (24.8-NA) months. It
fully reflects that the earlier the use of ICIs in patients with AFP-negative liver cancer, the longer the survival time.

This study observed and analyzed the efficacy of systemic treatment in patients with advanced liver cancer, but there are
still many deficiencies. This is a single center cohort study, and it is impossible to achieve randomized controlled grouping.
The sample size of this study is relatively small, especially for the data of multi-line treatment. The inclusion and exclusion
criteria of this study, as well as the follow-up treatment, are all based on real-world research designs, which cannot limit the
diagnosis and treatment behavior of patients like clinical drug registration trials. Despite PSM, significant differences
remained between groups in key variables including age, tumor stage, PVTT, HBsAg status, and AST levels. These
persistent imbalances could confound the analysis of survival outcomes, potentially overestimating the impact of AFP
status on prognosis. This study lacks evidence of mechanism studies, and subsequent studies on liver tumor organoid
models will help deepen our understanding of the clinical treatment of AFP-negative HCC.*! It is hoped that the follow-up
research can overcome the above shortcomings and finally get a more comprehensive research conclusion.

Conclusion

The survival time of AFP-negative HCC patients is significantly longer than that of AFP-positive HCC patients. Patients
with no PVTT or HBV DNA <50IU/mL have longer OS than the control group. Among AFP-negative HCC patients,
TKIs combo ICIs are preferentially recommended for the first-line therapy, and TKIs are recommended for the second-
line therapy after progression, which has significantly benefit for survival.

Statement of Ethics
The studies involving human participants were reviewed and approved by the Ethics Committee of Nanjing Jinling
Hospital (approval no. DZQH-KYLL-23-16).

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This study was supported by Natural Science Foundation of Jiangsu Province (BK20200275), Nanjing University School
of Medicine Postdoctoral Research Fund (Grant No. 96727) and the Foundation of Jinling Hospital (grant
no. 22LCZLXJS57, 22LXZLXJS21 and 22LXYY-LHS).

Disclosure
All authors have no conflicts of interest to declare for this work.

1250 https: Journal of Hepatocellular Carcinoma 2025:12



Liu et al

References

[SS I

bt

wn

o

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin. 2022;72(1):7-33. doi:10.3322/caac.21708
. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in

185 countries. CA Cancer J Clin. 2021;71(3):209-249. doi:10.3322/caac.21660
Llovet JM, Kelley RK, Villanueva A, et al. Hepatocellular carcinoma. Nat Rev Dis Primers. 2021;7(1):6. Erratum in: Nat Rev Dis Primers. 2024
Feb 12;10(1):10. doi:10.1038/s41572-020-00240-3

. Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR. A global view of hepatocellular carcinoma: trends, risk, prevention and

management. Nat Rev Gastroenterol Hepatol. 2019;16(10):589—-604. doi:10.1038/s41575-019-0186-y

. Tian T, Song C, Jiang L, et al. Hepatitis B virus infection and the risk of cancer among the Chinese population. Int, J, Cancer. 2020;147

(11):3075-3084. doi:10.1002/ijc.33130

. Danpanichkul P, Duangsonk K, Chen VL, et al. Global burden of HBV-related liver disease: primary liver cancer due to chronic HBV infection

increased in over one-third of countries globally from 2000 to 2021. Hepatology. 2025. doi:10.1097/HEP.0000000000001260

. Pastras P, Zazas E, Kalafateli M, et al. Predictive risk factors and scoring systems associated with the development of hepatocellular carcinoma in

chronic hepatitis B. Cancers. 2024;16(14):2521. doi:10.3390/cancers16142521
Ascari S, Chen R, Vivaldi C, et al. Advancements in immunotherapy for hepatocellular carcinoma. Expert Rev Anticancer Ther. 202525
(2):151-165. doi:10.1080/14737140.2025.2461631

. Song P, Tang W, Kokudo N. Expert consensus on sequential surgery after immune-targeted conversion therapy for advanced hepatocellular

carcinoma in China. Biosci Trends. 2024;18(6):495-496. doi:10.5582/bst.2024.01423
Chen DS, Sung JL. Serum alphafetoprotein in hepatocellular carcinoma. Cancer. 1977;40(2):779-783. do0i:10.1002/1097-0142(197708)40:2<779::
AID-CNCR2820400227>3.0.CO;2-Y

. Trevisani F, Garuti F, Neri A. Alpha-fetoprotein for diagnosis, prognosis, and transplant selection. Semin Liver Dis. 2019;39(2):163-177.

doi:10.1055/5-0039-1677768

Li J, Cheng X, Meng Y, Wang M. Comparison of clinical characteristics and outcomes in patients with hepatocellular carcinoma based on serum
alpha-fetoprotein status. Eur J Gastroenterol Hepatol. 2025;37(5):619—626. doi:10.1097/MEG.0000000000002933

Guan MC, Ouyang W, Wang MD, et al. Biomarkers for hepatocellular carcinoma based on body fluids and feces. World J Gastrointest Oncol.
2021;13(5):351-365. doi:10.4251/wjgo.v13.i5.351

Jeon Y, Choi YS, Jang ES, Kim JW, Jeong SH. Persistent a-fetoprotein elevation in healthy adults and mutational analysis of a-fetoprotein
promoter, enhancer, and silencer regions. Gut Liver. 2017;11(1):136—141. doi:10.5009/gnl16069.

Verma A, Bal M, Ramadwar M, Deodhar K, Patil P, Goel M. Clinicopathologic characteristics of Wnt/B-catenin-deregulated hepatocellular
carcinoma. Indian J Cancer. 2017;54(4):634-639. doi:10.4103/ijc.1JC_655_17

Sultan MQ, Charfeddine B, Hussain Al-Salih AR. Evaluation of the diagnostic performance of Alpha-1-Antitrypsin in early detection of
hepatocellular carcinoma. Cell Mol Biol. 2023;69(14):177-185. doi:10.14715/cmb/2023.69.14.29

Kim SS, Baek GO, Ahn HR, et al. Serum small extracellular vesicle-derived LINC00853 as a novel diagnostic marker for early hepatocellular
carcinoma. Mol Oncol. 2020;14(10):2646-2659. doi:10.1002/1878-0261.12745

Zhao K, Zhou X, Xiao Y, Wang Y, Wen L. Research progress in alpha-fetoprotein-induced immunosuppression of liver cancer. Mini Rev Med
Chem. 2022;22(17):2237-2243. doi:10.2174/1389557522666220218124816

Chen R, Zhou Z, Chen Y, Huang A, Chen L. Evaluation of transcriptomic molecular classification, biological behavior, and clinicopathological
features in hepatocellular carcinoma. Expert Rev Mol Diagn. 2023;23(1):71-84. doi:10.1080/14737159.2023.2169072

Llovet JM, Ricci S, Mazzaferro V, et al; SHARP Investigators Study Group. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med.
2008;359(4):378-390. doi:10.1056/NEJM0a0708857

. Finn RS, Qin S, Ikeda M, et al. IMbravel50 Investigators. Atezolizumab plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N Engl

J Med. 2020;382(20):1894-1905. doi:10.1056/NEJMoal1915745

Yao J, Zhu X, Wu Z, et al. Efficacy and safety of PD-1 inhibitor combined with antiangiogenic therapy for unresectable hepatocellular carcinoma:
a multicenter retrospective study. Cancer Med. 2022;11(19):3612-3622. doi:10.1002/cam4.4747

Lin K, Huang Q, Zeng J, et al. Clinical significance of alpha-fetoprotein in alpha-fetoprotein negative hepatocellular carcinoma underwent curative
resection. Dig Dis Sci. 2021;66(12):4545-4556. doi:10.1007/s10620-020-06797-z

Wang X, Wang Q. Alpha-fetoprotein and hepatocellular carcinoma immunity. Can J Gastroenterol Hepatol. 2018;2018:9049252. doi:10.1155/2018/
9049252

Luo P, Wu S, Yu Y, et al. Current status and perspective biomarkers in AFP negative HCC: towards screening for and diagnosing hepatocellular
carcinoma at an earlier stage. Pathol Oncol Res. 2020;26(2):599-603. doi:10.1007/s12253-019-00585-5

Liu L, Wang Q, Zhao X, et al. Establishment and validation of nomogram model for the diagnosis of AFP-negative hepatocellular carcinoma. Front
Oncol. 2023;13:1131892. doi:10.3389/fonc.2023.1131892

Chi X, Jiang L, Yuan Y, et al. A comparison of clinical pathologic characteristics between alpha-fetoprotein negative and positive hepatocellular
carcinoma patients from Eastern and Southern China. BMC Gastroenterol. 2022;22(1):202. doi:10.1186/s12876-022-02279-w

Wang L, Peng JL, Wu JZ. Nomogram to predict the prognosis of patients with AFP-negative hepatocellular carcinoma undergoing chemotherapy:
a SEER based study. Medicine. 2023;102(13):¢33319. doi:10.1097/MD.0000000000033319

Zhang J, Chen C, Xia Z, et al. Prognostic analysis of systemic antitumor therapy in young patients with advanced liver cancer: a cohort study.
Oncol Lett. 2024;28(3):410. doi:10.3892/01.2024.14544

Wang ZY, Yang J, Liu CK, Shen SQ. High expression of retinoblastoma-binding protein 2 (RBP2) in patients with hepatocellular carcinoma and its
prognostic significance. Med Sci Monit. 2017;23:2736-2744. doi:10.12659/MSM.905262

Zhu M, Huang Y, Bian S, et al. Organoids: current implications and pharmaceutical applications in liver diseases. Curr Mol Pharmacol. 2021;14
(4):498-508. doi:10.2174/1874467213666201217115854

Journal of Hepatocellular Carcinoma 2025:12 hetps: 1251


https://doi.org/10.3322/caac.21708
https://doi.org/10.3322/caac.21660
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1002/ijc.33130
https://doi.org/10.1097/HEP.0000000000001260
https://doi.org/10.3390/cancers16142521
https://doi.org/10.1080/14737140.2025.2461631
https://doi.org/10.5582/bst.2024.01423
https://doi.org/10.1002/1097-0142(197708)40:2%3C779::AID-CNCR2820400227%3E3.0.CO;2-Y
https://doi.org/10.1002/1097-0142(197708)40:2%3C779::AID-CNCR2820400227%3E3.0.CO;2-Y
https://doi.org/10.1055/s-0039-1677768
https://doi.org/10.1097/MEG.0000000000002933
https://doi.org/10.4251/wjgo.v13.i5.351
https://doi.org/10.5009/gnl16069
https://doi.org/10.4103/ijc.IJC_655_17
https://doi.org/10.14715/cmb/2023.69.14.29
https://doi.org/10.1002/1878-0261.12745
https://doi.org/10.2174/1389557522666220218124816
https://doi.org/10.1080/14737159.2023.2169072
https://doi.org/10.1056/NEJMoa0708857
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1002/cam4.4747
https://doi.org/10.1007/s10620-020-06797-z
https://doi.org/10.1155/2018/9049252
https://doi.org/10.1155/2018/9049252
https://doi.org/10.1007/s12253-019-00585-5
https://doi.org/10.3389/fonc.2023.1131892
https://doi.org/10.1186/s12876-022-02279-w
https://doi.org/10.1097/MD.0000000000033319
https://doi.org/10.3892/ol.2024.14544
https://doi.org/10.12659/MSM.905262
https://doi.org/10.2174/1874467213666201217115854

Liu et al

Dovepress

Journal of Hepatocellular Carcinoma
Taylor & Francis Group

Publish your work in this journal

The Journal of Hepatocellular Carcinoma is an international, peer-reviewed, open access journal that offers a platform for the dissemination and
study of clinical, translational and basic research findings in this rapidly developing field. Development in areas including, but not limited to,
epidemiology, vaccination, hepatitis therapy, pathology and molecular tumor classification and prognostication are all considered for publication.
The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-hepatocellular-carcinoma-journal

Journal of Hepatocellular Carcinoma 2025:12

1252 I X in3


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Patients
	Inclusion and Exclusion Criteria
	Baseline Demographic and Clinical Information Collection
	Follow-Up
	Statistical Methods

	Results
	Basic Information of Included Patients
	Effectiveness of HCC Patients with AFP-Negative
	Effect of Different Treatment Strategies on AFP-Negative HCC
	Risk Factors Affecting Prognosis
	Sensitivity Analysis: Multi-Line Therapies

	Discussion
	Conclusion
	Statement of Ethics
	Author Contributions
	Funding
	Disclosure

