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Introduction: Alpha-fetoprotein (AFP) is a universally recognized tumor marker
in hepatocellular carcinoma (HCC). Its utility in assessing the response to
immune checkpoint inhibitors (ICls) remains controversial. This study aims to
investigate the predictive value of AFP in ICls-treated HCC patients.

Method: A systematic search strategy was deployed across the PubMed, Embase,
Cochrane Library and Web of Science databases. Hazard ratios (HR) or odds
ratios (OR) and the corresponding 95% confidence intervals (Cls) were used to
assess the pooled risk.

Result: The study encompassed a total of 131 studies. Overall survival (OS) (HR =
1.60, 95%Cl=1.47-1.74), progression-free survival (PFS) (HR = 1.35, 95%Cl=1.27-
1.42), and disease control rate (DCR) (OR = 0.50, 95%Cl=0.29-0.84) were poorer
in ICls-treated patients with high AFP levels than those with low AFP levels.
However, AFP levels were not associated with the objective response rate (ORR)
(OR = 0.96, 95%CI=0.74-1.24). In addition, patients who achieved an AFP
response had favorable OS (HR = 0.41, 95%CI=0.33-0.52), PFS (HR = 0.38, 95%
Cl=0.30-0.47), ORR (OR = 5.39, 95%Cl=3.96-7.32) and DCR (OR = 5.48, 95%
Cl=3.71-8.11). Subgroup analyses revealed that AFP>400ng/ml and AFP decline
greater than 20% were the most used and efficient cut-off values for high AFP
level and AFP response, respectively.

Conclusion: High AFP levels are associated with worse outcomes in ICls-treated
HCC. The assessment of AFP response demonstrated promising predictive value
for both prognosis and therapeutic response to ICls. Accurately defining early
AFP response remains an area that requires further investigation.

Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/,
identifier CRD-42024606729.

hepatocellular carcinoma, immune checkpoint inhibitor, alpha-fetoprotein, prognosis,
meta-analysis
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1 Introduction

Primary liver cancer is the sixth most diagnosed tumor and the
third leading cause of cancer-related deaths worldwide, with
hepatocellular carcinoma (HCC) accounting for 75-85% of
primary liver cancers (1). For the past 10 years, we have
witnessed an evolution of systemic therapies for hepatocellular
carcinoma. In particular, immune checkpoint inhibitors (ICIs)
and other immunotherapies are revolutionizing cancer
management (2-4). Numerous clinical studies (such as
IMbravel150, ORIENT-32, CARES-310 and RATIONALE-301)
have demonstrated that ICIs can improve the prognosis of HCC
patients, leading to their widespread recommendation as a first-line
therapy by prevailing guidelines (5-10). In advanced HCC, the
combination of the anti-vascular endothelial growth factors
antibody bevacizumab and the anti-programmed death ligand-1
(PD-L1) antibody atezolizumab has established a new first-line
benchmark for reaching a median OS duration of 19 months, thus
representing a breakthrough in the management of HCC (5).
Despite systemic therapy especially ICIs treatment has started
delivering unprecedented promising hope for HCC management,
unfortunately, approximately 40% of HCC patients fail to achieve
disease control due to primary resistance (11, 12). Therefore,
predicting the treatment response and survival benefit at an early
stage is becoming increasingly important for ICIs treatment
of HCC.

Alpha-fetoprotein (AFP), the earliest discovered and most
widely used serological marker for HCC diagnosis, plays a
crucial role not only in diagnosing but also in evaluating the
prognosis of HCC (13). AFP response is an established biomarker
in HCC (14). The observation of a declining trend in serum AFP
levels within the initial 4 to 8 weeks of treatment has been
demonstrated to serve as a surrogate marker for improved
overall survival (OS) among patients receiving chemotherapy
and targeted therapies (15, 16). As for immunotherapy, high
AFP levels have also been shown prognostic of survival
outcomes (17-19). Moreover, recent studies demonstrate that
early AFP response in the course of ICIs treatment may give
clinicians an early hint of response or lack of response to
immunotherapy in a proportion of HCC patients (20-22).

Nevertheless, the predictive value of AFP in immunotherapy
has not been comprehensively evaluated. There is no universally
accepted gold standard for establishing definitive criteria for high
AFP levels or for determining optimal monitoring time points
concerning dynamic changes in AFP. The assessment indicators
most frequently employed in the evaluation of elevated AFP levels
range from 100 to 400 ng/mL. With regard to the assessment of AFP
response, temporal parameters vary across studies: some employ a

Abbreviations: HCC, Hepatocellular carcinoma; ICI, Immune checkpoint
inhibitor; AFP, Alpha-fetoprotein; PD-1, Programmed cell death 1; PD-LI,
Programmed cell death ligand 1; CTLA-4, Cytotoxic T- lymphocyte-associated
protein 4; OS, Overall survival; PFS, Progression-free survival; ORR, Objective
response rate; DCR, Disease control rate; HR, Hazard ratio; OR, Odds ratio; CI,

Confidence interval.
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4-week time point, others use a 3-month interval, and in certain
cases, no clearly defined time point is specified (23-25). Thus, we
conducted this meta-analysis to elucidate the predictive significance
of baseline AFP levels and AFP responses in IClIs-treated HCC,
which may help determine the prognosis and formulate an effective
treatment strategy.

2 Methods

This systematic review with meta-analysis was reported in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement guideline (26).
The selection criteria were established based on the PICOS
(population, intervention, comparison, outcome, and study
design) framework. The systematic review was prospectively
registered at PROSPERO as CRD-42024606729.

2.1 Data sources and search methods

We systemically searched four databases, namely PubMed,
Embase, Cochrane Library, and Web of Science, from the time of
their inception until October 31, 2024. We searched by key subject
terms, including hepatocellular carcinoma, liver cancer, alpha-
fetoprotein, immune checkpoint inhibitors, as well as specific ICIs
such as nivolumab, pembrolizumab, atezolizumab, ipilimumab, etc.
Moreover, a manual screening of reference lists of included studies
was conducted to identify additional eligible publications. The
PICOS model and detailed search strategies are provided in
Supplementary Retrieval Methods.

2.2 Inclusion and exclusion criteria

The eligibility of all citations was assessed by two researchers
(TBW and YLJ) independently. Divergences were resolved by
discussion with another researcher (LT). To be qualified for
inclusion, eligible research studies should meet the following
inclusion criteria: (1) enrolled patients diagnosed with HCC, and
received relevant ICIs, with or without additional therapies; (2)
provided data about AFP (including AFP levels or AFP response)
related to patient prognosis; (3) reported indicators related to
treatment results, including overall survival (OS), progression-free
survival (PFS), objective response rate (ORR) or disease control rate
(DCR); and (4) reported hazard ratios (HR)/odds ratio (OR) with
95% confidence intervals (CI) which can be directly obtained.

Exclusion criteria were as follows: (1) the article was a case
report, letter, animal trial, review, or conference abstract, etc.; (2)
the study only reported survival curve and P value without HR and
95%Cls; (3) the study only enrolled a subset of patients received
ICIs treatment but reported the prognostic data results from all
participants; (4) for repeated publications and studies that include
overlapping populations, only the latest and most comprehensive
studies were included (but for studies with different indicators or
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different subgroups we included them for subgroup analysis); and
(5) studies were not published in English.

2.3 Data extraction and quality assessment

Two investigators (TBW and YLJ]) independently extracted data
pertaining to the following items: first author, publication year,
country/region, enrollment period, number of participants, gender
ratio, mean/median age, intervention measures, combination
therapy, previous therapy, subsequent therapy, data collection,
study type, cutoff of AFP levels, definition of AFP levels, HR/OR
and 95%CI. Univariate analysis and multivariate analysis data were
extracted respectively. We used the Quality in Prognosis Studies
(QUIPS) tool to evaluate the quality of the included studies (27).
The QUIPS tool consists of six bias domains: study participation,
study attrition, prognostic factor measurement, outcomes
measurement, study confounding and statistical analysis and
reporting. For each domain, the QUIPS tool employs a three-level
classification system to assess the risk of bias, categorizing it as low,
moderate or high. Disputes were resolved by discussion until a
consensus was reached.

2.4 Statistical analysis

Statistical analyses were performed using Stata 17.0 (Stata Corp,
College Station, Texas) statistical software. The random-effect
model (DerSimonian-Laird method) was used for pooled
analysis. A P value <0.05 was considered statistically significant.
For studies providing both univariate and multivariate data,
multivariate data were preferred for the pooled analysis in our
study. Univariate data were considered if multivariate data were not
performed. OS and PFS were used to evaluate the prognosis of HCC
patients treated with ICIs. OS and PFS were estimated using HR and
its corresponding 95%CI (HR >1 indicated a worse OS or PES
observed in the patients treated with ICIs). The inverse variance
approach was used to construct study weights. Sensitivity analyses
were performed to determine the stability of the pooled results and
assess the robustness of the pooled effect. If the removal of one study
outcome in the sensitivity analysis resulted in a significant bias of
the pooled HR and 95%CI, the very outcome should be excluded.

We used Cochrane’s Q and the inconsistency index (12) statistic
to assess the statistical heterogeneity of the studies. Either I2 greater
than 50% or P <0.10 was considered substantial or significant
heterogeneity. In order to ascertain the potential sources of
heterogeneity and refine the effect sizes under subgroups,
univariate random-effects meta-regression models were
constructed and subgroup analyses were performed. We used
Funnel plots and Egger’s regression asymmetry test to examine
the potential publication bias (28). The good symmetry of the
funnel plot indicated that there was no obvious publication bias.
Egger’s test was used to assess the symmetry of the funnel plots. We
identified significant publication bias through funnel plots, and
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finally obtained the adjusted pooled HR and 95% CI using the trim-
and-fill method to reduce publication bias.

3 Results

3.1 Literature search and baseline
characteristics

According to the search strategy, 2562 citations were initially
identified. We screened out 895 duplicates and further perused the
titles and abstracts of the rest. After the preliminary exclusion of the
citations with the inclusion criteria, 357 citations were left for
further full-text review. Upon meticulous assessment, 226 studies
were excluded for the following reasons: lacking specific data (e.g.
prognostic data, AFP levels/AFP response data or HR/OR data),
cohorts fully or partially overlapped with other studies (unless the
study provided data under different subgroups or on different
prognostic indicators), outcomes unrelated to the research focus,
or only part of the participants received ICIs therapy. Ultimately,
131 studies were included in our analyses. The flowchart of the
literature search process is presented in Figure 1.

The characteristics of the 131 studies are summarized in Table 1
and Supplementary Table 1. Among these, 128 were cohort studies
(122 retrospective and 6 prospective), and 3 were randomized
controlled studies. The standard to define high AFP levels varied
across studies (i.e. cut-point settings of 1000, 500, 400, 200, 100,
20ng/ml). Studies using cut-off values close but not exactly
matching the aforementioned thresholds were integrated into the
group using similar threshold (e.g. >101.4ng/ml was consolidated
into >100ng/ml) for subgroup analysis. In most studies, AFP
response was defined as a reduction of more than 20% in AFP
levels within three months of initiating treatment. For the risk of
bias assessment of all included studies, no studies had more than
two domains with high risk. Therefore, all studies were assessed as
having an overall low to moderate risk. The detailed results of the
risk of bias assessment of the included studies are provided in
Supplementary Table S2.

3.2 Impact of baseline AFP levels on OS
and PFS in ICl-treated HCC

Sixty-five studies investigated the association between baseline
AFP levels and OS in ICIs-treated HCC. The pooled HR for the OS
outcome in patients with high AFP levels was 1.60 (95%CI=1.47-
1.74, p < 0.001) compared to those with low AFP levels. When
stratified by AFP cut-off value, patients with high AFP levels at cut-
off value of 400ng/ml (HR = 1.62, 95%CI=1.46-1.79, p < 0.001) had
significantly poorer OS compared to those with low AFP
levels (Figure 2A).

Significant heterogeneity was noted (I* = 46.1%, p < 0.001). To
explore potential sources of the heterogeneity, several covariates were
examined using meta-regression; however, there were no specific

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1695861
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Tian et al. 10.3389/fimmu.2025.1695861
AR
Records identified through Additional records identified through
z Database other sources
g (n=2528) (n=34)
Z
=
)
=
N :
P N Records after duplicates removed
(n=1667)
o0
=
=
¥
5
77} Records excluded(n=1310)
- Anmial experiment
- v - Conference and Meeting abstract
- Editorial, Erratum, Letter, Note and Comment, etc.
( \ Records screened - Review, meta-analysis and case report
n= - Not relevant to our study (e.g. other types of tumors
(n=1667) Not rel dy (e.g. other types of
& - non-English
:i
Bo
=
=
Full-text articles excluded, with reasons(n=226
- Without tic dat: : ;
Full-text articles assessed JHON prognosucicaa sz
P for eligibility(@=357) I~ - Studies sharing the same participants
€ - No relevant outcomes
- - Part participants received ICI
D
E ,
<
=
Studies included in qualitative synthesis
(n=131)
Studies included in qualitative
synthesis(meta-analysis)
(n=131)
- Full data included: 92
- Part data included (e.g. only use in
subgroup analysis): 39
FIGURE 1

Flow diagram of study selection process.

factors to blame (Supplementary Table S3). The sensitivity analysis
also indicated that no individual study was accountable for the excess
heterogeneity (Supplementary Figure S1A). Given the observed
heterogeneity, subgroup analyses were performed by AFP cut-off
value, country/region, patient number, age, medication, combination
treatment, study type and effect size to assess the robustness of the
conclusion (Figure 2A, Supplementary Figure S2A). Subgroup
analyses stratified by country/region, patient number and patient
age did not reveal any significant differences between subgroups
(heterogeneity p-values: 0.857, 0.448 and 0.582; Supplementary
Figure S2A). However, high AFP levels were found to be more
strongly associated with worse OS in the Japanese study (HR = 1.85)
compared to the studies conducted in China’s mainland (HR = 1.58)
or Taiwan, China (HR = 1.53). Among different types of ICIs, the
pooled HRs for the OS outcomes were 1.69, 1.68, 1.36 in patients
treated with camrelizumab, atezolizumab and nivolumab,
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respectively, when comparing high AFP levels to low levels
(Supplementary Figure S2A). Regarding combination treatment,
high AFP levels did not significantly associate with poorer OS in
patients receiving concurrent treatment with ICIs and hepatic arterial
infusion chemotherapy (HAIC) (HR = 1.54, 95%CI=0.90-2.65, p =
0.115), ICIs combined with radiotherapy (HR = 1.44, 95%CI=0.85-
242, p = 0.175) or ICIs combined with apatinib (HR = 1.88, 95%
CI=0.69-5.10, p = 0.217). The association between high AFP levels
and poorer OS had been validated across subgroups stratified by
study design (retrospective studies: HR = 1.60, prospective studies:
HR = 1.69) and regression type (univariate analysis: HR = 1.72,
multivariate analysis: HR = 1.71) (Supplementary Figure S2A).
Data on PFS of ICIs for HCC were provided in 54 studies.
Patients with high AFP levels exhibited significantly worse PFS
compared to those with low AFP levels (HR = 1.35, 95%CI=1.27-
1.42, p < 0.001) with no significant heterogeneity observed (I* =
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TABLE 1 The characteristics of included studies.
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D.D 2022 h 4/4 , PF A A NA
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Z. Guo 2022 China 019.08 54 48/6 NA 05, PES retrospective NA NA NA 00ng/
2021.04 ORR ml
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. H 2022 hi 11 , PF A A A
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(Continued)
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Z. Zhang 2022 China 2020.08 101 84/17 (median) OS, PES retrospective NA NA NA il
. 2018.01- 129/ 58 . >400ng/
M. Zh 2022 hi 1 , PF. A A NA
a0 0. China 2020.12 60 a1 (median) OS, PES retrospective N. N. ml
2018.03- 122 2 2759 3
A.X. Zhu 2022 Multicenter 018.03 150 / 6 . OS, PFS retrospective 6 weeks 75% (.iecrease AFP<20 ng/ml NA
2019.01 28 (median) <10% increase
(Continued)
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TABLE 1 Continued

. . : AFP
First Region/ Enrollment = Patient Age (mean/ DEIE] Study AFP Response = AFP Response AFP
Year : . : Response
author Country period [\ [o} median) collection type time cutoff exclude level
2020.09- 65 =200
A Akyildiz |~ 2023 Turkey 65 54/11 , 0s retrospective NA NA NA ng/
2023.03 (median) ml
C. France/ 2020.04- 61.42 OS, PFS, . .
202 >209 1 AFP<2 1 A
Campani-A 023 Ttaly 2022.02 38 30/8 (median) ORR retrospective 3 weeks 0% decline <20 ng/ml N
C. France/ 2020.04- 68.64 OS, PFS, . .
202 2 k >209% 1 AFP<2! 1 A
Campani-B 023 Ttaly 2022.02 37 8/9 (median) ORR retrospective 3 weeks 0% decline <20 ng/m] N.
2020.05- 1 1,62 4
J. Cheon 2023 Korea 02005 169 39/ 6 6 OS, PFS retrospective NA NA NA >400ng/
2021.08 30 (median) ml
C.C. L. 2016.05- =400
2023 Singapore 67 61/6 NA [N retrospective NA NA NA ng/
Cheung 2021.03 ml
H.C. China 2016.11- 60,65 . >400ng/
Chiang 2023 (Taiwan) 2021.02 88 70/18 (median) (O] retrospective NA NA NA il
T. 2020.10- 120/ 72 R >400ng/
202, 1 , PF A A NA
Fukushima 023 Japan 2021.10 50 30 (median) 08, PFS retrospective N N ml
2018.08- 1
C. Hong 2023 China 018.08 215 89/ NA DCR retrospective NA NA NA >20ng/ml
2020.10 26
China 2017.05- 64.5 OS, PFS,
W. F. H 2023 110 94/16 t ti 3 th: 15% decli NA NA
su (Taiwan) 2002.03 / (median) DCR retrospective months >15% decline
. . 2016.01- 106/ 58 . >400ng/
. 202 h 11 , PF A A A
G. Jia 023 China 2022.03 7 1 (median) OS. S retrospective N. N. N ml
65 2400
S. Kang 2023 USA 2015-2021 111 86/25 . Os retrospective NA NA NA ng/
(median) ml
2018.03- 1, >4
G. Li 2023 China 018.03 39 3712 % 0s retrospective 1, 3 months drop to norma NA 00ng/
2020.10 (median) reduce by half ml
2018.10- =400
H. Li* 2023 China 92 83/9 NA 0, PFS retrospective NA NA NA ne/
2023.01 ml
2019.04- 56.2 >200ng/
- ) .
J. Li 2023 China 2020.12 110 94/16 (mean) oS retrospective NA NA NA ml
2018.02- 52
. Li 202, hi 2 i A A NA =2 'ml
Q. Li 023 China 2019.02 98 66/3 (mean) (O8] retrospective N. N. Ong/
) ) 2018.10- )
S. Li 2023 China 202204 102 90/12 NA ORR retrospective NA NA NA >20ng/ml
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TABLE 1 Continued

. . : AFP
First Region/ Enrollment  Patient Age (mean/ DEIE] Study AFP Response = AFP Response AFP
Year : . : Response
author Country period [\ [o} median) collection type time cutoff exclude level
2019.01- 124 57.41 >151.41
C. Liu 2023 China 151 / OS, PES retrospective NA NA NA ng/
2021.12 27 (mean) ml
. 2019.03- 495,49 R >400ng/
T. Long* 202 h 1 1/1 , PF! A A A
ong 023 China 202108 8 71/10 (median) OS, PES retrospective N. N. N ml
High-rising,
2018.03- 21 ,67, .
L. Lu* 2023 Multicenter 018.03 264 of > 67_ 05 OS, PES retrospective NA Low-stable, NA NA
2019.01 48 (median) i
Sharp-falling
2020.08- 55 PES, ORR, . . >400ng/
- * i + 9
M.-C. Luo 2023 China 202211 77 68/9 (median) DCR retrospective 612 weeks >50% decline AFP<10 ng/ml ml
H. 2020.09- 60.6 >500ng/
202 Thail: 1 i A A A
Navadurong 023 ailand 2023.04 83 67/16 (mean) (6N retrospective N. N. N. il
2018.06- 7
Y. Pan* 2023 China 2%2820162 63 55/8 (r::an) OS, PFS retrospective NA NA NA >20ng/ml
M. 2018.05- 657, >400:
2023 Multicenter 823 ! NA 0OS, ORR retrospective NA NA NA ng/
Persano* 2022.05 166 ml
2018.01- 51 >400:
S. Qu 2023 China 63 5716 . (O] prospective NA NA NA ng/
2020.04 (median) ml
67.1 400
R. Raj 2023 USA 2016-2022 96 78/18 ORR retrospective NA NA NA >400ng/
(mean) ml
. 2018.01- 182/ 52.6 . >400ng/
T. 202. hi 224 , PF! A A NA
Sun 023 China 202101 0 (mean) OS, PES retrospective N. N. ml
2020.09- 74 >400
N. Tanabe 2023 Japan 83 61/22 . ORR, DCR retrospective 3 weeks >30% decline AFP<20 ng/ml ng/
2022.11 (median) ml
. 2020.01- 50,56 . >400ng/
. T 202 h
C. Tang 023 China 2022.06 94 81/13 (median) PES retrospective NA NA NA ml
2019.11- 57.24 =400
J. Wang* 2023 China 105 82/13 OS, PES retrospective NA NA NA ng/
2021.11 (mean) ml
464 , PFS, 4
Y.L Wu 2023 Multicenter 2017-2019 578 o4/ 6 OS, PES retrospective NA NA NA >400ng/
114 (median) ORR ml
2020.10- 53 >400
Y. Xiao* 2023 China 88 7513 , 08, PFS retrospective NA NA NA ng/
2022.04 (median) ml
2019.01- 123 50.82 400
H. Xin 2023 China 137 / PES retrospective NA NA NA >400ng/
2021.10 14 (mean) ml
(Continued)
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. : : AFP
First Region/ Enrollment = Patient Age (mean/ DEIE] Study AFP Response = AFP Response AFP
Year : . : Response
author Country period [\ [o} median) collection type time cutoff exclude level
2018.01- 53.25 >200
L. Xu* 2023 China 85 7619 08, PFS retrospective NA NA NA ng/
2020.12 (mean) ml
. 2018.10- 188/ 57 . >400ng/
M. H. X 202 h 21 , P A A A
u 023 China 2022.02 0 22 (median) OS, PES retrospective N. N. N. ml
. 2019.01- 49,53 . >400ng/
X. Y 202 h 4 , P A A A
ang 023 China 2022.04 6 39/7 (median) OS, PES retrospective N. N. N ml
2020.11- 107 1 4
Y. Yano 2023 Japan 020 139 07! 7 [N retrospective NA NA NA >400ng/
2022.09 32 (mean) ml
2019.01- 62.5,55 >400
Y. Yin 2023 China 44 35/9 , 08, PFS retrospective NA NA NA ng/
2021.07 (median) ml
. 2020.12- 649/ ) >400ng/
B. Yu 2023 China 2022.07 748 99 NA OS, PES retrospective NA NA NA il
. Zhang- 2019.07- >4
WoZhang 00 China o107 56 NA NA 0s, PES clinical trial NA NA NA 00ng/
™ 2021.02 ml
. Zhang- 2018.11- 111 >4
W. Zhang- )3 China 018 135 / > 08, PFS retrospective NA NA NA 00ng/
2% 2021.12 24 (median) ml
2019.01- 52 >400
Y. Zhang 2023 China 84 759 . PES retrospective 8 week >20% decline NA ng/
2023.01 (median) ml
2019.03- 125 56 400
H.F.Zhu = 2023 China 149 / , 0s, PES retrospective NA NA NA >400ng/
2021.06 24 (median) ml
. . 2019.09- 55.5 . >400ng/
H. Cai* 2024 h 28/2 PF A A A
Cai 0. China 2022.00 30 8/ (median) S retrospective N. N. N. ml
hi 2015.08- 124 } 4
B.B.Chen = 2024 China 015.08 143 / 598 PFS retrospective NA NA NA >400ng/
(Taiwan) 2022.02 19 (mean) ml
112 55 >400
J.L Chen 2024 China 2021-2023 124 / , 0s retrospective NA NA NA ng/
12 (median) ml
2020.11- >400
Y. Chen* 2024 China 56 4977 NA 0, PFS retrospective NA NA NA ng/
2022.06 ml
2020.10- 108/ 71 ) >100ng/
M. Ch 2024 134 , PF. A A NA
Chuma 0. Japan 2022.08 3 26 (median) OS, PES prospective N. N. ml
2020.09- 24 >4
F.D. Copil = 2024 France 020.09 205 7! 66 08, PFS retrospective NA NA NA 00ng/
2023.05 48 (median) ml
(Continued)
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TABLE 1 Continued

. . . AFP
First Region/ Enrollment  Patient Age (mean/ Data Study AFP Response = AFP Response AFP
Year : . : Response
author Country period [\ [o} median) collection type time cutoff exclude level
60.3 >400
L. Diao 2024 China 2020-2022 121 99/22 08, PFS retrospective NA NA NA ng/
(mean) ml
. 2020.11- . >400ng/
. Fi 2024 hi 1 1/1 A , PF! A A A
S. Fu 0. China 2023.06 9 81/10 N. OS, PES retrospective N. N. N. ml
. 2018.05- 57 . >400ng/
Y. * 2024 hi 12 , PF! A A A
Guo 0. China 2022.01 98 86/ (mean) OS, PES retrospective N. N. N. ml
2021.04- 137, . 4
J. Han 2024 China 02L0 155 371 5658 PES retrospective NA NA NA >400ng/
2023.12 18 (mean) ml
2018.11- 400
M. He 2024 China 102 96/6 NA 0S, PFS retrospective NA NA NA >400ng/
2021.12 ml
X 2019.05- 109/ . >400ng/
Z. Huang 2024 China 2022.10 123 14 NA [N retrospective NA NA NA il
. 2020.11- 176/ 73 . >400ng/
M. K 2024 222 , PF! A A NA
ai 0. Japan 2022.08 46 (median) OS, PES prospective N. N. ml
2020.11- 1 4 >1
S. Kaneko 2024 Japan 020 213 83/ ’ . [N retrospective NA NA NA 00ng/
2023.03 30 (median) ml
2023.03- 75 >100:
T. Kuzuya 2024 Japan 40 33/7 . PES retrospective NA NA NA ng/
2024.05 (median) ml
Chi 2018.06- 66.7 OS, ORR, R . 400
S.-W. Lee 2024 -1na 57 48/9 retrospective NA >10% decline NA >400ng/
(Taiwan) 2020.05 (mean) DCR ml
2020.01- 105/ 56
. Li 2024 hi 11 , PF. i A 1 li A A
J. Li 0. China 203112 9 14 (median) OS, PES retrospective N. >18% decline N. N.
2019.01- 137 >40
R Li* 2024 China 019.0 162 37! NA 08, PFS retrospective 6 week >20% decline AFP<20 ng/ml Ong/
2021.12 25 ml
2020.01- 153 52,51 400
Y. Li 2024 China 166 / : PFS retrospective NA NA NA >400ng/
2021.12 13 (median) ml
2019.11- 52.6 >80%,50%, >1000ng/
- in* i i
K.-Y. Lin 2024 China 2022.08 74 60/14 (mean) PES retrospective NA 20% decline AFP<20 ng/ml il
. . 2019.06- 102/ R >400ng/
. L 2024 hi 12 A , PF! A A NA
J. Liu () China 2022.12 0 18 N OS. S retrospective N N. ml
2020.01- . >4
Y. Lu 2024 China 0200 98 87/11 595 08, PFS retrospective NA NA NA 00ng/
2023.12 (median) ml
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. : : AFP
First Region/ Enrollment  Patient Age (mean/ Data Study AFP Response = AFP Response AFP
Year : . : Response
author Country period No. median) collection type time cutoff exclude level
2019.03- 57.64 400
K. P.Ma* 2024 China 102 89/13 08, PFS retrospective NA >20% decline NA >400ng/
2022.04 (mean) ml
2020.02- 59 >200
W. Ma 2024 China 51 4477 0S, PFS retrospective NA NA NA ng/
2022.11 (mean) ml
. 2016.03- 136/ 54.13 ) >400ng/
Z. M 2024 h 1 A A A
o 0. China 2022.12 68 3 (mean) (6N retrospective N. N. N. ml
E. 2020.11- 74 >4
, 2024 Japan 020 109 85/24 _ 0s retrospective NA NA NA 00ng/
Moriyama 2024.06 (median) ml
T. 2020.11- 75 >200ng/
2024 29 2712 0S, PFS t ti NA NA NA
Nakabori* Japan 2022.09 / (median) retrospective ml
M. 2017.01- 65 ) >400ng/
Nakazawa 2024 USA 2023.12 36 21/15 (median) PFS retrospective NA NA NA ml
: } 2020.05- 705/ 72 ) >400ng/
F. 2024 Mul , PF. A A NA
Rossari 0. ulticenter 202204 885 180 (median) OS, PES retrospective N. N. .
2023.03- 2 >4
I Saeki 2024 Japan 023.03 110 90/20 7z ORR,DCR retrospective 4 weeks >10% decline NA 00ng/
2023.09 (median) ml
2017.01- 69.1 >500
R Sobirey 2024 USA 37 33/4 0s retrospective NA NA NA ng/
2023.01 (mean) ml
. 2019.07- 151/ 57.5 . >400ng/
: 1 , P A A A
W. Sun 2024 China 2022.01 80 29 (median) OS, PES retrospective N. N. N. ml
2018.05- 740/ 74 ) >100ng/
T.T 2024 , P A A A
ada 0. Japan 2023.10 936 196 (median) OS, PES retrospective N. N. N. ml
2019.06- 4, >4
L Wang* 2024 China 019.06 93 86/7 >4 0, PES retrospective NA NA NA 00ng/
2021.10 (mean) ml
2019.01- >1210
Y.Q Wang = 2024 China o 126 80/46 NA 08, PFS retrospective NA NA NA ng/
2023.12 ml
2020.10- 53 0S, PFS, 4,8 >20%,75% >400ng/
- . .
Y. Xiao 2024 China 2022.04 63 52/11 (median) ORR, DCR retrospective weeks decline NA ml
2020.01- 55.8 >400
Y. Xin 2024 China 45 37/8 0S, PFS retrospective NA NA NA ng/
2021.12 (mean) ml
2020.09- 2. >4
L Xu 2024 China 020.09 64 53/11 o2 ORR prospective NA NA NA 00ng/
2022.01 (median) ml
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8.0%, p = 0.308). Similarly, patients with high AFP levels at cut-off

_ B < - -
o %’ S E g i g e g E value of 400ng/ml had significantly poorer PFS (HR = 1.36, 95%
<2 M A X x CI=1.27-1.45, p < 0.001) compared to those with low AFP

levels (Figure 2B).
g When examining different medications, high AFP levels were
o3 found to be significantly related to worse PFS exclusively in patients
=]
33 : 2 Z  z treated with atezolizumab (HR = 1.39, 95%CI=1.26-153, p < 0.001).
a v Conversely, no statistically significant associations were observed
< for camrelizumab (HR = 1.27, 95%CI=0.99-1.62, p = 0.058) or
nivolumab (HR = 1.21, 95%CI=0.90-1.63, p = 0.204)
g (Supplementary Figure S2B). Furthermore, high AFP levels were
o= b3 . g not significantly associated with worse PFS in combination
a 9 b5 < g 8 <
2 3 3 Z |3z treatments involving ICIs plus TACE (HR = 1.23, 95%CI=0.94-
o 1.62, p = 0.137) or ICIs plus apatinib (HR = 1.18, 95%CI=0.57-2.44,
< p = 0.649). However, high AFP levels were significantly associated
with worse PFS in ICIs plus HAIC (HR = 1.81, 95%CI=1.27-2.57, p
“é i = 0.001) (Supplementary Figure S2B). No significant differences
Rl < < E < were observed between subgroups stratified by patient number
= o £ WP z E Z ”
il - i (<100 or =2100) and mean/median patient age (<60 or =60)
=
= . 8 (Supplementary Figure S2B). What’s more, the results from
. N . . z i prospective studies were not statistically significant (HR = 1.10,
Zo £ £ Z £ Eg 95%CI=0.84-1.44, p = 0.510). In contrast, retrospective studies,
o] @ o 5] 1]
5 % z g g z ! 2 univariate and multivariate analyses yielded statistically significant
3 3 3 3 Z7 i
2 2 2 2 =g results (Supplementary Figure S2B).
g2 (Supp ry Fig )
5 £
o 5 5 2z
0= & & & I3 3.3 Impact of AFP response on OS and PFS
e le=} .
= “ 2 in ICI-treated HCC
Ak
E < _ £ g A total of 19 studies investigated the association between AFP
QE) % o ;g = § g 5 g ég‘ response and OS. When multiple criteria were used to define AFP
gg £ nE|TE §~§ response within a single study, an initial analysis prioritized a
=]
< % g decrease in AFP greater than 20% as the primary criterion. The
2 é pooled HR for OS in ICIs-treated HCC patients who exhibited an
§ T 8 5 D £2 AFP response was 0.41 (95%CI=0.33-0.52, p < 0.001), implying that
e} =z L) . B . . .
- =R patients with an AFP response derive greater benefit from ICIs than
e § t: non-responders. Substantial heterogeneity was detected in the
% ZO o 2 B = § % analysis (I = 46.8%, p = 0.013). Subgroup analyses based on the
et g £ degree of AFP decline revealed the strongest association for a
%o g decline exceeding 75% (HR = 0.29), followed by declines greater
5 = ol o = _‘Eo than 20% (HR = 0.34) and greater than 50% (HR = 0.53). An AFP
— — - <9
g 2 b E 2 E P g § 5 f‘_z decline of more than 10% after ICIs treatment did not indicate
g 2 EREREEEREEE § g prolonged OS (HR = 0.52, 95%CI=0.18-1.46, p = 0.212) (Figure 3A).
- = & Consistent results were observed across subgroups stratified by time
% i points (1-5 weeks, 6-10 weeks, and 11-18 weeks) for assessment
r m ) ) ) 8‘5 (Figure 3A). Substantial heterogeneity was detected in the main
% S 6‘5 _é ’fE) 55 é% analysis (I2 = 46.8%, p=0.013). However, sensitivity analysis
o 8 gz confirmed the robustness of these findings, as no individual study
:Z E was suspected of causing excess heterogeneity (Supplementary

3 = < < < < f g Figure S5A). In subgroup analyses based on different types of

2 L ] & & & BEE ICIs, there was no statistically significant correlation between AFP

£ *é § response and OS in patients treated with nivolumab (HR = 0.68,

: %2 %ﬂ 8 E’b g “z‘g z 95%CI=0.14-2.86, p = 0.562). Additionally, AFP response was not

‘g ic "‘5': ~ > : s g significantly associated with worse OS in the combination of ICIs

< =% and TACE (HR = 0.57, 95%CI=0.12-2.59, p = 0.463)
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Subgroup Number Pooled results Heterogeneity test
of studies HR(95%CI) P 12 P
Overall survival
AFP level 65 = 1.60(1.47-1.74)  <0.001  46.10% <0.001
AFP cutoff >400ng/ml 49 1.62(1.46-1.79)  <0.001 53.80% <0.001
>200ng/ml 9 1.34(0.96-1.87) 0.086  35.00% 0.138
>100ng/ml 4 1.45(1.25-1.68)  <0.001  0.00%  0.588
>20ng/ml 3 > 2.78(1.64-4.71)  <0.001  0.00%  0.810
>1000ng/ml 2 1.67(0.71-3.91)  0.238  61.50%  0.107
>500ng/ml 2 1.78(0.80-3.93) 0.155  53.30%  0.144
Heterogeneity between groups P=0.223
0 | 2 3
Subgroup Number Pooled results Heterogeneity test
of studies HR(95%CI) P 12 P
Progression-free survival
AFP level 54 ) 1.35(1.27-1.42)  <0.001  8.00%  0.308
AFP cutoff >400ng/ml 45 i 1.36(1.27-1.45)  <0.001 15.10% 0.195
>200ng/ml 8 1.37(0.96-1.97) 0.084  53.50% 0.035
>100ng/ml 3 1.44(1.24-1.67)  <0.001  0.00%  0.697
>20ng/ml 1 3.52(0.82-15.17) 0.092  0.00% NA
>1000ng/ml 2 0.87(0.59-1.29) 0497  0.00% 0.797
Heterogeneity between groups P=0.128 :
B 0 ! 2 !
FIGURE 2

(A) Forest plots of OS in ICls-treated HCC patients with high AFP level; (B) Forest plots of PFS in ICls-treated HCC patients with high AFP level
(HR>1 means the patients had worse OS or PFS). OS, overall survival; PFS, progress-free survival; ICl, immune checkpoint inhibitor; HCC,

hepatocellular carcinoma; NA, not available.

(Supplementary Figure S6A). In subgroup analyses based on
country/region, patient number and patient age, only the Korean
subgroup (HR = 0.52, 95%CI=0.23-1.20, p = 0.125) did not reach
statistical significance (Supplementary Figure S6A). The association
between AFP response and improved OS was validated in both
univariate analyses subgroup (HR = 0.48) and multivariate analyses
subgroup (HR = 0.37).

The pooled HR for PFS of ICIs-treated HCC with AFP response
was 0.38 (95%CI=0.30-0.47, p < 0.001) compared to those without.
Substantial heterogeneity was detected in the analysis (I* = 63.0%, p
< 0.001). Subgroup analysis by different degrees of AFP decline
(>20%, >50% and >75%) and different time points for evaluation
(1-5 weeks, 6-10 weeks, and 11-12 weeks) consistently supported
the sentiment that AFP response can reliably predict improved PFS
(Figure 3B). Furthermore, subgroup analyses stratified by country/
region, patient number, patient age, medication types and treatment
combinations had revealed that AFP response is associated with
superior PFS (Supplementary Figure S6B). Consistent results were
observed in retrospective studies (HR = 0.38), univariate analyses
(HR = 0.39) and multivariate analyses (HR = 0.44), all of which
were also statistically significant (Supplementary Figure S6B).

3.4 Impact of AFP value and AFP response
on ORR and DCR

Various studies reported ORR and DCR based on the Response
Evaluation Criteria in Solid Tumors (RECST v1.1) and modified
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RECST (mRECST) criteria. Data on ORR and DCR were primarily
analyzed using the mRECST standard. High AFP levels did not
correlate significantly with ORR (OR = 0.96, 95%CI=0.74-1.24, p =
0.767) but were associated with a worse DCR (OR = 0.50, 95%
CI=0.29-0.84, p = 0.009) in ICIs-treated HCC patients (Figure 4A).
When stratified by an AFP cut-off value of 400 ng/ml, high AFP
levels were not associated with worse ORR (OR = 1.07 95%CI=0.86-
1.33, p = 0.521) and DCR (OR = 0.53, 95%CI=0.28-1.00, p = 0.051)
(Figure 4A). Subsequent subgroup analyses categorized according
to country/region, patient number, patient age, medication, and
study type revealed no significant between-group heterogeneity
(Supplementary Figure S9A). Based on mRECIST, neither ORR
(OR =0.87, 95%CI=0.57-1.35, p = 0.544) nor DCR (OR = 0.64, 95%
CI=0.17-2.42, p = 0.513) reached statistical significance. However,
under RECIST standard, DCR was statistically significant (OR =
0.45, 95%CI=0.28-0.72, p = 0.001), while ORR was not (OR = 1.16,
95%CI=0.93-1.43, p = 0.188) (Supplementary Figure S9A). It was
important to note that substantial heterogeneity was detected in
both ORR (I = 65.1%, p = 0.001) and DCR (I* = 75.0%, p = 0.018)
subgroup when assessed by mRECIST standard.

HCC patients treated with ICIs who exhibited an AFP response
had significantly higher ORR (OR = 5.39, 95%CI=3.96-7.32, p < 0.001)
and DCR (OR = 5.48, 95%CI=3.71-8.11, p < 0.001) compared to those
without an AFP response (Figure 4B). Different evaluation time points
(1-5 weeks, 6-10 weeks and, 11-12 weeks) and criteria (RECIST and
mRECIST) landed credence to the notion that AFP response can
reliably predict improved ORR and DCR (Figure 4B, Supplementary
Figure S9B). Similar to the findings in patients with high AFP levels,
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Tian et al.
Subgroup Number Pooled results Heterogeneity test
of studies HR(95%CI) P 12 P
Overall survival i
AFP response 19 i 0.41(0.33-0.52)  <0.001 46.80% 0.013
Decrease degree >20% decline 10 i 0.34(0.27-0.43)  <0.001  6.70%  0.380
>10% decline 3 : 0.52(0.18-1.46) 0212 81.70% 0.004
>50% decline 2 3 0.53(0.36-0.79) 0.002  0.00% 0.601
>75% decline 2 i 0.29(0.15-0.58)  <0.001  22.60%  0.256
>15% decline 1 i 0.54(0.33-0.87) 0.013  0.00% NA
>18% decline 1 3 0.22(0.09-0.52) 0.001 0.00% NA
Heterogeneity between groups P=0.215 i
Response time 1-5 week 7 i 0.35(0.25-0.49)  <0.001  4.50%  0.392
6-10 week 6 3 0.35(0.28-0.45)  <0.001  0.00%  0.481
11-18 week 4 i 0.37(0.24-0.58)  <0.001 24.50%  0.264
Heterogeneity between groups P=0.980 i
0 0.5 ‘l 1.5
A
Subgroup Number Pooled results Heterogeneity test
of studies HR(95%CI) P 12 P
Progression-free survival !
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>18% decline 1 3 0.31(0.17-0.58)  <0.001  0.00% NA
>80% decline 1 3 0.33(0.13-0.86) 0.022  0.00% NA
Heterogeneity between groups P=0.999 3
Response time 1-5 week 5 3 0.42(0.27-0.67)  <0.001  59.50%  0.042
6-10 week 8 3 0.32(0.22-0.46)  <0.001  65.40%  0.005
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FIGURE 3

(A) Forest plots of OS in ICls-treated HCC patients with AFP response; (B) Forest plots of PFS in ICls-treated HCC patients with AFP response
(HR>1 means the patients had worse OS or PFS). OS, overall survival; PFS, progress-free survival; ICl, immune checkpoint inhibitor; HCC,

hepatocellular carcinoma; NA, not available.

there was no statistically significant heterogeneity between subgroups
based on country/region, patient number, patient age, medication, and
study type (Supplementary Figure S9B).

3.5 Publication bias

Funnel plot and Egger’s linear regression test were employed to
detect the potential publication bias. Funnel plots and Egger’s test
indicated potential publication bias in the OS result based on AFP levels.
In contrast, the funnel plots for other main results were approximately
symmetrical (Supplementary Figures S9, S10). The results of Egger’s test,
along with the adjusted pooled HR and 95% CI obtained using the trim-
and-fill method, are summarized in Supplementary Tables S4 and S5.
The metatrim results did not significantly alter the main conclusions.

4 Discussion

The main categories of indicators used to predict the efficacy of
ICIs include blood or cellular biomarkers, tumor-related biomarkers,
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imaging and physical markers, HCC etiology, intestinal flora, and
immune-related adverse events (29, 30). AFP is the most commonly
utilized serological indicator in the clinical management of HCC,
favored for its broad applicability and relatively low cost. Many studies
have found that high AFP levels are associated with poorer OS and
PFS in ICIs-treated HCC patients (31, 32). Furthermore, an increasing
number of studies are exploring the development of more
comprehensive prognostic scores based on baseline AFP levels, such
as the CRAFITY, TAE and o-FAtE scores etc. (33-37) Further large-
scale clinical studies are required to validate the validity and reliability
of these indicators.

The findings from our previous meta-analysis suggested that a
20% reduction in AFP within eight weeks following systemic
therapy could serve as a reasonably precise criterion for an early
AFP response (38). However, only eight studies related to ICIs
treatment were included in that analysis. Given the increasing
prevalence of ICIs in the treatment of HCC, there has been a
corresponding rise in studies evaluating the prognostic value of AFP
response in ICIs-treated patients (23, 25). It is necessary to further
validate the pre-conclusions in the context of ICIs treatment.
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of studies HR(95%CI) P 12 P
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FIGURE 4

(A) Forest plots of ORR and DCR results in ICIs-treated HCC patients with high AFP level; (B) Forest plots of ORR and DCR results in ICls-treated
HCC patients with AFP response (OR>1 means the patients had well ORR or DCR). ORR, objective response rate; DCR, disease control rate; ICl,

immune checkpoint inhibitor; HCC, hepatocellular carcinoma.

Our primary objective was to evaluate the association between
high baseline AFP levels and patient prognosis. No significant
differences were observed in short-term efficacy metrics between
HCC patients treated with ICIs who had high versus low AFP levels.
Nevertheless, regarding long-term prognosis, patients with high
AFP levels exhibited comparatively reduced OS and PFS. According
to subgroup analysis in our study, it can be reasonably proposed
that cut-off values of 400ng/ml may be more appropriate for use in
the prognostic scoring system based on baseline AFP.

Following further validation, the AFP response may serve as a
reliable predictor of both short-term and long-term efficacy of ICIs
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treatment. HCC patients treated with ICIs who exhibited an AFP
response demonstrated higher proportion of ORR and DCR as
determined by imaging assessment. Additionally, these patients
showed prolonged PFS and OS. Despite variations in the timing
of AFP response evaluation across different studies, our findings
indicate that there is no notable discrepancy in the impact of
different time points within 3 months on the assessment of AFP
response. A 20% decline is widely accepted as a criterion for
determining the extent of decline. Though a few studies have
suggested that patients with a 10% deduction or even smaller
declines may have better prognoses. Further studies are required
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to confirm this conclusion (17, 39, 40). Given the dynamic nature of
AFP levels following ICI treatment, adopting a dynamic monitoring
approach will facilitate a more comprehensive understanding of the
AFP response (41, 42). In consideration of the existing research
data, it is currently not feasible to formulate a universally accepted
definition of early AFP response. Therefore, we recommend that
future studies conduct a more rigorous comparison of the
differences between various criteria for evaluating AFP response.

Our meta-analysis provides a comprehensive summary of the
current data on the baseline AFP levels and AFP response in ICIs-
treated HCC patients. Nevertheless, it is important to acknowledge
that this study has several inherent limitations. First, the majority of
the included studies were retrospective, which may introduce
potential biases and inaccuracies in the original data. Second,
most patients received additional treatments concurrently with
ICIs treatment, reflecting real-world clinical practice but
necessitating further validation of conclusions regarding high
AFP levels and AFP response when ICIs are combined with other
therapeutic measures. Third, discrepancies in the definitions of high
AFP levels and AFP response across studies, along with the paucity
of studies reporting multiple criteria simultaneously, precluded an
investigation of different criteria within the same patient groups,
potentially introducing some degree of error into the results.
Fourth, while some studies conducted dynamic observations of
AFP changes, the available datasets were insufficiently large to
permit a comprehensive combined analysis.

The rapid expansion of ICIs in the treatment of HCC
underscores the importance of promptly ascertaining their
efficacy. This can assist in reducing the financial burden
undergoing treatment, and facilitate the timely identification of
the necessity to modify treatment regimens. The development of
predictive scores based on baseline AFP levels in conjunction with
post-treatment AFP response, enables the identification of HCC
patients suitable for ICIs therapy. The convenience and the
relatively low cost of the AFP test render it a relatively accessible
option for clinical use. Nevertheless, utilizing AFP to predict the
efficacy of ICIs remains a nascent field of study. Therefore, we
recommend that future studies explore multiple definitional criteria
simultaneously and adopt a dynamic monitoring approach to track
changes in AFP levels.

5 Conclusion

In ICIs-treated HCC, patients with high AFP levels had shorter
OS and PFS and lower DCR. AFP levels were not significantly
associated with ORR. AFP responses were associated with improved
survival outcomes and disease control. We recommend that future
research focus on determining both the optimal cut-oft value for
high AFP levels and the criteria for early AFP responses to provide
an early signal of treatment response before radiological assessment
in ICIs-treated HCGC, so as to exercise extra caution to assess the
benefit-risk ratio in proceeding with subsequent cycles of treatment.

Frontiers in Immunology

17

10.3389/fimmu.2025.1695861

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Author contributions

LJY: Conceptualization, Project administration, Writing — original
draft, Writing - review & editing. BWT: Conceptualization, Data
curation, Formal Analysis, Writing — original draft. WCL: Project
administration, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.
1695861/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1695861/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1695861/full#supplementary-material
https://doi.org/10.3389/fimmu.2025.1695861
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Tian et al.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA: A Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/
caac.21660

2. Llovet JM, Kelley RK, Villanueva A, Singal AG, Pikarsky E, Roayaie S, et al.
Hepatocellular carcinoma. Nat Rev Dis Primers. (2021) 7:6. doi: 10.1038/s41572-020-
00240-3

3. Pinter M, Jain RK, Duda DG. The current landscape of immune checkpoint
blockade in hepatocellular carcinoma. JAMA Oncol. (2021) 7:113-23. doi: 10.1001/
jamaoncol.2020.3381

4. Llovet JM, Castet F, Heikenwalder M, Maini MK, Mazzaferro V, Pinato DJ, et al.
Immunotherapies for hepatocellular carcinoma. Nat Rev Clin Oncol. (2021) 19:151-72.
doi: 10.1038/541571-021-00573-2

5. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Atezolizumab plus
bevacizumab in unresectable hepatocellular carcinoma. N Engl ] Med. (2020) 382:1894—
905. doi: 10.1056/NEJMoal915745

6. Ren Z, Xu J, Bai Y, Xu A, Cang S, Du C, et al. Sintilimab plus a bevacizumab
biosimilar (IBI305) versus sorafenib in unresectable hepatocellular carcinoma
(ORIENT-32): a randomised, open-label, phase 2-3 study. Lancet Oncol. (2021)
22:977-90. doi: 10.1016/S1470-2045(21)00252-7

7. Qin S, Chan SL, Gu S, Bai Y, Ren Z, Lin X, et al. Camrelizumab plus rivoceranib
versus sorafenib as first-line therapy for unresectable hepatocellular carcinoma
(CARES-310): a randomised, open-label, international phase 3 study. Lancet. (2023)
402:1133-46. doi: 10.1016/S0140-6736(23)00961-3

8. Qin S, Kudo M, Meyer T, Bai Y, Guo Y, Meng Z, et al. Tislelizumab vs sorafenib as
first-line treatment for unresectable hepatocellular carcinoma. JAMA Oncol. (2023)
9:1651-9. doi: 10.1001/jamaoncol.2023.4003

9. Singal AG, Llovet JM, Yarchoan M, Mehta N, Heimbach JK, Dawson LA, et al.
AASLD Practice Guidance on prevention, diagnosis, and treatment of hepatocellular
carcinoma. Hepatology. (2023) 78:1922-65. doi: 10.1097/HEP.0000000000000466

10. Vogel A, Meyer T, Sapisochin G, Salem R, Saborowski A. Hepatocellular
carcinoma. LANCET. (2022) 400:1345-62. doi: 10.1016/S0140-6736(22)01200-4

11. De Lorenzo S, Tovoli F, Trevisani F. Mechanisms of primary and acquired
resistance to immune checkpoint inhibitors in patients with hepatocellular carcinoma.
Cancers. (2022) 14:4616. doi: 10.3390/cancers14194616

12. Cheng A-L, Qin S, Tkeda M, Galle PR, Ducreux M, Kim T-Y, et al. Updated
efficacy and safety data from IMbravel50: Atezolizumab plus bevacizumab vs.
sorafenib for unresectable hepatocellular carcinoma. J Hepatol. (2022) 76:862-73.
doi: 10.1016/j.jhep.2021.11.030

13. Terentiev AA, Moldogazieva NT. Alpha-fetoprotein: a renaissance. Tumor Biol.
(2013) 34:2075-91. doi: 10.1007/s13277-013-0904-y

14. Chan SL, Mo FK, Johnson PJ, Hui EP, Ma BB, Ho WM, et al. New utility of an
old marker: serial alpha-fetoprotein measurement in predicting radiologic response
and survival of patients with hepatocellular carcinoma undergoing systemic
chemotherapy. J Clin Oncol. (2009) 27:446-52. doi: 10.1200/JC0O.2008.18.8151

15. Liu B, Shang X, ShiJY, Cui GZ, Li X, Wang NY. Early alpha-fetoprotein response
is associated with survival in patients with HBV-related hepatocellular carcinoma
receiving lenvatinib. Front Oncol. (2022) 12:807189. doi: 10.3389/fonc.2022.807189

16. Lee S, Kim BK, Kim SU, Park JY, Kim do Y, Ahn SH, et al. Early o.-fetoprotein
response predicts survival in patients with advanced hepatocellular carcinoma treated
with sorafenib. ] Hepatocell Carcinoma. (2015) 2:39-47. doi: 10.2147/JHC.S79353

17. Lee PC, Chao Y, Chen MH, Lan KH, Lee CJ, Lee IC, et al. Predictors of response
and survival in immune checkpoint inhibitor-treated unresectable hepatocellular
carcinoma. Cancers (Basel). (2020) 12:182. doi: 10.3390/cancers12010182

18. Tada T, Kumada T, Hiraoka A, Hirooka M, Kariyama K, Tani J, et al. Outcomes of
patients with hepatocellular carcinoma treated with atezolizumab plus bevacizumab in
real-world clinical practice who met or did not meet the inclusion criteria for the phase 3
IMbravel50 trial. Aliment Pharmacol Ther. (2024) 60:233-45. doi: 10.1111/apt.18037

19. Xu MH, Huang C, Li ML, Zhu XD, Tan CJ, Zhou J, et al. Effectiveness and safety
of lenvatinib plus anti-programmed death-1 antibodies in patients with hepatocellular
carcinoma: A real-world cohort study. Cancer Med. (2023) 12:9202-12. doi: 10.1002/
cam4.5661

20. Shao YY, Liu TH, Hsu C, Lu LC, Shen YC, Lin ZZ, et al. Early alpha-foetoprotein
response associated with treatment efficacy of immune checkpoint inhibitors for
advanced hepatocellular carcinoma. Liver Int. (2019) 39:2184-9. doi: 10.1111/liv.14210

21. Kim HI, Lim J, Shim JH. Role of the alpha-fetoprotein response in immune
checkpoint inhibitor-based treatment of patients with hepatocellular carcinoma. J
Cancer Res Clin Oncol. (2022) 148:2069-77. doi: 10.1007/s00432-021-03727-y

22. Lee SW, Yang SS, Lee TY. A real-world experience on a Chinese population of
patients with unresectable hepatocellular carcinoma treated with nivolumab.
Gastroenterol Res. (2024) 17:15-22. doi: 10.14740/gr1684

Frontiers in Immunology

10.3389/fimmu.2025.1695861

23. Zheng X, Song X, Zhang B, Chen X, Zhang Y, Luo Q, et al. Evaluating the impact
of treatment sequencing on outcomes in hepatocellular carcinoma: a comparative
analysis of TACE and systemic therapies. Clin Exp Med. (2024) 24:238. doi: 10.1007/
$10238-024-01500-2

24. Saeki I, Shimose S, Tomonari T, Ito T, Tani J, Takeuchi Y, et al. Alpha-
fetoprotein and des-gamma-carboxy prothrombin can predict the objective response
of patients with hepatocellular carcinoma receiving durvalumab plus tremelimumab
therapy. PloS One. (2024) 19:¢0311084. doi: 10.1371/journal.pone.0311084

25. Hsu WF, Lai HC, Chen CK, Wang HW, Chuang PH, Tsai MH, et al. Combined
CRAFITY score and o-fetoprotein response predicts treatment outcomes in patients
with unresectable hepatocellular carcinoma receiving anti-programmed death-1
blockade-based immunotherapy. Am J Cancer Res. (2023) 13:654-68.

26. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Bmj. (2021) 372:n71. doi: 10.1136/bmj.n71

27. Hayden JA, van der Windt DA, Cartwright JL, Coté P, Bombardier C. Assessing
bias in studies of prognostic factors. Ann Intern Med. (2013) 158:280-6. doi: 10.7326/
0003-4819-158-4-201302190-00009

28. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. Bmj. (1997) 315:629-34. doi: 10.1136/bm;j.315.7109.629

29. Qin R, Jin T, Xu F. Biomarkers predicting the efficacy of immune checkpoint
inhibitors in hepatocellular carcinoma. Front Immunol. (2023) 14. doi: 10.3389/
fimmu.2023.1326097

30. Ji JH, Ha SY, Lee D, Sankar K, Koltsova EK, Abou-Alfa GK, et al. Predictive
biomarkers for immune-checkpoint inhibitor treatment response in patients with
hepatocellular carcinoma. Int ] Mol Sci. (2023) 24:7640. doi: 10.3390/ijms24087640

31. Zhang L, Feng J, Kuang T, Chai D, Qiu Z, Deng W, et al. Blood biomarkers
predict outcomes in patients with hepatocellular carcinoma treated with immune
checkpoint Inhibitors: A pooled analysis of 44 retrospective sudies. Int
Immunopharmacol. (2023) 118:110019. doi: 10.1016/j.intimp.2023.110019

32. Rossari F, Tada T, Suda G, Shimose S, Kudo M, Yoo C, et al. Disease etiology
impact on outcomes of hepatocellular carcinoma patients treated with atezolizumab
plus bevacizumab: A real-world, multicenter study. Liver Cancer. (2024) 13(5):522-36.
doi: 10.1016/j.annonc.2023.10.764

33. Scheiner B, Pomej K, Kirstein MM, Hucke F, Finkelmeier F, Waidmann O, et al.
Prognosis of patients with hepatocellular carcinoma treated with immunotherapy -
development and validation of the CRAFITY score. ] Hepatol. (2022) 76:353-63.
doi: 10.1016/}.jhep.2021.09.035

34. ZhangL, Sun T, Sun B, Zhang K, Zheng Y, Li N, et al. Utility and predictive value
of the CRAFITY score in advanced hepatocellular carcinoma treated with transarterial
chemoembolization plus tyrosine kinase inhibitors and PD-1 inhibitor. BMC Cancer.
(2024) 24:223. doi: 10.1186/512885-024-11936-0

35. Ueno M, Takeda H, Takai A, Morimura H, Nishijima N, Iwamoto S, et al.
CRAFITY score as a predictive marker for refractoriness to atezolizumab plus
bevacizumab therapy in hepatocellular carcinoma: a multicenter retrospective study.
J Gastroenterol. (2024) 59(12):1107-18. doi: 10.1007/s00535-024-02150-7

36. Zeng ZX, WuJY, WuJY, Li YN, Fu YK, Zhang ZB, et al. The TAE score predicts
prognosis of unresectable HCC patients treated with TACE plus lenvatinib with PD-1
inhibitors. Hepatol Int. (2024) 18:651-60. doi: 10.1007/s12072-023-10613-x

37. Rossari F, Tada T, Suda G, Shimose S, Kudo M, Yoo C, et al. o-FAtE: A new
predictive score of response to atezolizumab plus bevacizumab for unresectable
hepatocellular carcinoma. Int J Cancer. (2024) 154:1043-56. doi: 10.1002/ijc.34799

38. Tian BW, Yan LJ, Ding ZN, Liu H, Meng GX, Xue JS, et al. Early alpha-
fetoprotein response predicts prognosis of immune checkpoint inhibitor and targeted
therapy for hepatocellular carcinoma: a systematic review with meta-analysis. Expert
Rev Gastroenterol Hepatol. (2023) 17:73-83. doi: 10.1080/17474124.2022.2156859

39. Hsu WF, Wang HW, Chen CK, Lai HC, Chuang PH, Tsai MH, et al. Alpha-
fetoprotein response predicts treatment outcomes in patients with unresectable
hepatocellular carcinoma receiving immune checkpoint inhibitors with or without
tyrosine kinase inhibitors or locoregional therapies. Am J Cancer Res. (2021) 11:6173—
87.

40. Cheon J, Yoo C, HongJY, Kim HS, Lee DW, Lee MA, et al. Efficacy and safety of
atezolizumab plus bevacizumab in Korean patients with advanced hepatocellular
carcinoma. Liver Int. (2022) 42:674-81. doi: 10.1111/1iv.15102

41. Teng W, Lin CC, Ho MM, Lui KW, Wang SF, Hsu CW, et al. Alpha-fetoprotein
response at different time-points is associated with efficacy of nivolumab monotherapy
for unresectable hepatocellular carcinoma. Am J Cancer Res. (2021) 11:2319-30.

42. Lu L, Zheng P, Pan Y, Huang S, Shao E, Huang Y, et al. Trajectories of o-
fetoprotein and unresectable hepatocellular carcinoma outcomes receiving
atezolizumab plus bevacizumab: a secondary analysis of IMbravel50 study. Br J
Cancer. (2023) 129:620-5. doi: 10.1038/s41416-023-02334-7

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1001/jamaoncol.2020.3381
https://doi.org/10.1001/jamaoncol.2020.3381
https://doi.org/10.1038/s41571-021-00573-2
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1016/S1470-2045(21)00252-7
https://doi.org/10.1016/S0140-6736(23)00961-3
https://doi.org/10.1001/jamaoncol.2023.4003
https://doi.org/10.1097/HEP.0000000000000466
https://doi.org/10.1016/S0140-6736(22)01200-4
https://doi.org/10.3390/cancers14194616
https://doi.org/10.1016/j.jhep.2021.11.030
https://doi.org/10.1007/s13277-013-0904-y
https://doi.org/10.1200/JCO.2008.18.8151
https://doi.org/10.3389/fonc.2022.807189
https://doi.org/10.2147/JHC.S79353
https://doi.org/10.3390/cancers12010182
https://doi.org/10.1111/apt.18037
https://doi.org/10.1002/cam4.5661
https://doi.org/10.1002/cam4.5661
https://doi.org/10.1111/liv.14210
https://doi.org/10.1007/s00432-021-03727-y
https://doi.org/10.14740/gr1684
https://doi.org/10.1007/s10238-024-01500-2
https://doi.org/10.1007/s10238-024-01500-2
https://doi.org/10.1371/journal.pone.0311084
https://doi.org/10.1136/bmj.n71
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.3389/fimmu.2023.1326097
https://doi.org/10.3389/fimmu.2023.1326097
https://doi.org/10.3390/ijms24087640
https://doi.org/10.1016/j.intimp.2023.110019
https://doi.org/10.1016/j.annonc.2023.10.764
https://doi.org/10.1016/j.jhep.2021.09.035
https://doi.org/10.1186/s12885-024-11936-0
https://doi.org/10.1007/s00535-024-02150-7
https://doi.org/10.1007/s12072-023-10613-x
https://doi.org/10.1002/ijc.34799
https://doi.org/10.1080/17474124.2022.2156859
https://doi.org/10.1111/liv.15102
https://doi.org/10.1038/s41416-023-02334-7
https://doi.org/10.3389/fimmu.2025.1695861
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The prognostic and predictive value of AFP in immune checkpoint inhibitor-treated hepatocellular carcinoma: a systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Data sources and search methods
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction and quality assessment
	2.4 Statistical analysis

	3 Results
	3.1 Literature search and baseline characteristics
	3.2 Impact of baseline AFP levels on OS and PFS in ICI-treated HCC
	3.3 Impact of AFP response on OS and PFS in ICI-treated HCC
	3.4 Impact of AFP value and AFP response on ORR and DCR
	3.5 Publication bias

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


