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Meta-analysis of landmark phase III trials

Female phase III trial participants experienced worse overall survival following immune checkpoint inhibitor therapy for advanced hepatocellular carcinoma,
a finding that differs from real-world experience of patients treated with atezolizumab + bevacizumab.
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Highlights
� There are conflicting reports on the efficacy of cancer immuno-

therapy between sexes.
� Female phase III trial patients experienced worse OS following

ICI therapy for HCC.
� Our study suggests ambiguous sex differences in terms of out-

comes after ICI therapy in HCC.
� Further investigation of sex-specific clustering should be

prioritised.

Impact and implications
While immune checkpoint inhibitors have emerged as standard of
care for the treatment of hepatocellular carcinoma, there are con-
flicting reports on whether the efficacy of cancer immunotherapy
differs between females and males. Our study suggests ambiguous
sex-related differences in outcomes from immunotherapy in hepa-
tocellular carcinoma. Further investigation of sex-specific clustering
in clinicopathologic and immunologic determinants of responsive-
ness to immune checkpoint inhibitor therapy should be prioritised.
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Research article
Background & Aims: Sex-related differences in the immune pathogenesis of hepatocellular carcinoma (HCC), particularly
related to oestrogen-dependent secretion of pro-tumourigenic cytokines, are well-known. Whether sex influences the effi-
cacy and safety of immunotherapy is not known.
Methods: We performed a restricted maximum likelihood random effects meta-analysis of five phase III trials that evaluated
immune checkpoint inhibitors (ICIs) in advanced HCC and reported overall survival (OS) hazard ratios (HRs) stratified by sex
to evaluate sex-related differences in OS. In a real-world cohort of 840 patients with HCC from 22 centres included between
2018 and 2023, we directly compared the efficacy and safety of atezolizumab + bevacizumab (A+B) between sexes. Radio-
logical response was reported according to RECIST v1.1. Uni- and multivariable Cox regression analyses were performed for OS
and progression-free survival (PFS).
Results: In the meta-analysis, immunotherapy was associated with a significant OS benefit only in male (pooled HR 0.79; 95%
CI 0.73–0.86) but not in female (pooled HR 0.85; 95% CI 0.70–1.03) patients with HCC. When directly comparing model es-
timates, no differences in the treatment effect between sexes were observed. Among 840 patients, 677 (81%) were male
(mean age 66 ± 11 years), and 163 (19%) were female (mean age 67 ± 12 years). Type and severity of adverse events were
similar between the two groups. OS and PFS were comparable between males and females upon uni- and multivariable
analyses (aHR for OS and PFS: 0.79, 95% CI 0.59–1.04; 1.02, 95% CI 0.80–1.30, respectively). Objective response rates (24%/22%)
and disease control rates (59%/59%) were also similar between sexes.
Conclusion: Female phase III trial participants experienced smaller OS benefit following ICI therapy for advanced HCC, while
outcomes following A+B treatment were comparable between sexes in a large real-world database. Based on the ambiguous
sex-related differences in survival observed here, further investigation of sex-specific clinical and biologic determinants of
responsiveness and survival following ICIs are warranted.
Impact and implications: While immune checkpoint inhibitors have emerged as standard of care for the treatment of he-
patocellular carcinoma, there are conflicting reports on whether the efficacy of cancer immunotherapy differs between fe-
males and males. Our study suggests ambiguous sex-related differences in outcomes from immunotherapy in hepatocellular
carcinoma. Further investigation of sex-specific clustering in clinicopathologic and immunologic determinants of respon-
siveness to immune checkpoint inhibitor therapy should be prioritised.
Systematic review registration: PROSPERO CRD42023429625.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Advanced-stage hepatocellular carcinoma (HCC) has historically
been associated with a poor prognosis due to limited systemic
treatment options. However, the treatment landscape has
changed rapidly in recent years. After tyrosine kinase inhibitors
(TKIs) dominated the field for over a decade,1 the recent addition
of immune checkpoint inhibitor (ICI)-based combinations of
atezolizumab plus bevacizumab (A+B) and tremelimumab plus
durvalumab (T+D) have increased options for first-line systemic
therapy.2,3 While ICIs represent the mainstay of treatment across
a wide variety of malignancies, there are conflicting reports as to
whether the outcomes from cancer immunotherapy may differ
between females and males.4,5

There are several immunological, biological, and behav-
ioural differences between females and males that may affect
efficacy and safety of immunotherapy. Sex-related differences
in the regulation of innate and adaptive immune responses are
known to play a role in hepatocarcinogenesis6 and may also
influence response to immunotherapy.7 According to preclini-
cal studies, sex hormone-associated differences such as
oestrogen-mediated inhibition of IL-6 expression reduced the
risk of HCC development in female animals.6 Sex hormones
may also modulate expression and function of programmed
cell death 1 (PD-1) and PD-1 ligand 1 (PD-L1), and the effects
of oestrogen on PD-1 signalling play an important role in
mediating autoimmunity.8–10 It has been postulated that male
patients might derive a larger relative benefit from ICI than
female patients since tumours in females may be less immu-
nogenic and enriched with more potent mechanisms of im-
mune escape than tumours in males.4,11,12 In addition, there
are confounding behaviours (e.g., smoking) which may be
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unequally distributed between sexes displaying strong positive
co-associations with increased tumour mutational burden and
ICI efficacy.4,13

Studies exploring the interaction between patients’ sex and
the safety and efficacy of immunotherapy are scarce in patients
with advanced HCC.

To fill this knowledge gap, we designed this study to sys-
tematically assess potential sex differences in overall survival
(OS) in phase III clinical trials testing immunotherapy in
advanced HCC. We also examined sex differences in the AB-Real
study; a global, multicentre cohort of patients with HCC treated
with A+B in routine clinical care.
Patients and methods
Meta-analysis of phase III randomised-controlled trials
We fitted a restricted maximum likelihood random effects
model including all available subgroup analyses of OS data in
patients with HCC stratified by sex. Inclusion criteria were: (i)
phase III randomised-controlled trials (RCTs) in the palliative
treatment setting, (ii) evaluation of ICIs alone or in combina-
tion with other systemic agents, (iii) OS being a primary
endpoint, and (iv) available subgroup analysis of OS stratified
by sex. Studies evaluating loco-regional therapies as mono-
therapy or in combination with systemic treatments, as well as
trials evaluating systemic treatments in a (neo)adjuvant setting,
were excluded.

The literature search was restricted to studies published in
English andconducted inMEDLINE (https://pubmed.ncbi.nlm.nih.
gov), and Embase (www.embase.com) between 1st of January
2007 and 21st of May 2023. Conference abstracts published until
2vol. 6 j 100982
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21st of May 2023 were also retrieved from the following major
scientific societies: the American Society of Clinical Oncology, the
European Society of Medical Oncology, the European Association
for the Study of the Liver, and the American Association for the
Studyof LiverDiseases. The complete search strategy is reported in
the Supplementary Methods 1. The study protocol was registered
in PROSPERO, an international prospective register of systematic
reviews (registration code CRD42023429625; https://www.crd.
york.ac.uk/prospero/#searchadvanced).

We screened 11,089 studies, leading to an identification of 10
phase III trials for analysis (Fig. S1). Sex-specific OS data was
available in five clinical trials.We extracted hazard ratios (HRs) for
patient sex subgroups fromunstratified Cox proportional-hazards
models with 95% CIs for OS. The meta-analysis was calculated
using the ‘metafor’ package (https://cran.r-project.org/web/
packages/metafor/metafor.pdf).14 A funnel-plot including all
different studies (Fig. S2) shows a lowprobability of inclusion bias.

To investigate potential differences in treatment effect be-
tween male and female patients, we calculated the differences of
the log HRs in male and female patients for each phase III study,
as well as the corresponding standard errors. We then performed
a random-effect meta-analysis to account for potential between-
study heterogeneity. A Forest plot of the random-effect meta-
analysis is displayed in Fig. S3.

The AB-Real cohort of patients with HCC treated with
atezolizumab plus bevacizumab
Patients with histologically or radiologically diagnosed HCC who
received A+B between May 2018 and January 2023 were
included. Patients were retrospectively recruited by an interna-
tional consortium including 22 centres from three different
continents (Asia, Europe, and Northern America). Eligible pa-
tients were required to fulfil the following inclusion criteria: i)
diagnosis of HCC by histopathological confirmation or imaging
criteria according to the American Association for the Study of
Liver Diseases15 or the European Association for the Study of the
Liver16 guidelines, as well as ii) treatment initiation of A+B.
Overall, the multicentre database included 840 eligible patients.
Demographic and clinical data were collected retrospectively and
curated at each participating centre. Ethical approval to conduct
this study was granted by the Imperial College Institutional Re-
view Board (Reference Number R16008).

Reporting of sex
As suggested by guidelines on reporting of sex,17 the preferred
terms used throughout this manuscript are sex, female and male
sex. The sex of human research participants was defined based
on self-reporting.18

Study endpoints
This work aimed to determine differences in outcomes, treat-
ment efficacy and safety aspects in female vs. male patients
with HCC treated with A+B. Radiological response was evalu-
ated by the treating physician according to RECIST v1.1 criteria.
Disease control rate (DCR) was defined as the proportion of
patients achieving stable disease (SD) or partial/complete
response as best overall response (BOR), while objective
response rate (ORR) reflected the proportion of patients with
partial/complete response. The date of A+B initiation was
considered as baseline for this study. Patients were followed
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until death or last follow-up (for censored patients) and pa-
tients alive at the data cut-off were censored at the date of the
last clinical follow-up.

We aimed to document potential sex-related differences
regarding baseline patient, tumour, and liver disease character-
istics, and to evaluate efficacy (i.e., OS, progression-free survival
[PFS], time to progression [TTP], BOR) as well as safety (i.e.,
adverse events [AEs]) according to sex.

Safety was reported as the incidence of AEs according to
CTCAE version 4.0 or 5.0. The grading and causality of the AEs
were assessed locally by the treating physicians.

Statistical analyses
Statistical analyses were performed using R 4.3.1 (R Core Team, R
Foundation for Statistical Computing, Vienna, Austria). All
available patients fulfilling inclusion criteria were considered for
this study. Data on baseline patient and tumour characteristics as
well as radiographic features were summarised using descriptive
statistics. Categorical variables were reported as absolute (n) and
relative frequencies (%), while continuous variables were re-
ported as mean ± SD or median (IQR), as appropriate. Student’s t
test was used for group comparisons of normally distributed
variables and Mann-Whitney U test for non-normally distributed
variables. Group comparisons of categorical variables were per-
formed using either Chi-squared or Fisher’s exact test, when the
expected count in at least one cell was equal to or below 5.

OS was defined as the time from treatment initiation until
death, and patients who were still alive or lost to follow-up were
censored at the date of last contact. PFS was defined as time to
radiological progression or death, whatever came first; patients
alive or lost to follow-up without radiological progression were
censored at the date of last contact. TTP was defined as time from
treatment initiation until radiological tumour progression and
only patients with available radiological re-staging were
included in this analysis. Time on treatment was defined as the
time from treatment start until end of treatment; patients who
were alive or lost to follow-up with ongoing treatment were
censored at the date of last contact. Median OS/PFS/TTP/time on
treatment were calculated by the Kaplan-Meier method. Median
estimated follow-up was calculated using the reverse Kaplan-
Meier method.19

Univariable and multivariable analyses were conducted with
Cox regression analyses. We also performed a subgroup analysis
in those patients fulfilling the main inclusion criteria of the
pivotal IMbrave150 phase III study (i.e., first-line treatment,
Child-Turcotte-Pugh [CTP] stage A, Eastern Cooperative Oncology
Group performance status [ECOG-PS] 0-1).3

The level of significance was set at a two-sided p value <0.05.
Results
Meta-analysis of phase III randomised-controlled trials
Of 10 phase III RCTs identified,2,20–28 only five studies reported
OS according to sex and were therefore selected for this meta-
analysis: IMbrave150,20 HIMALAYA,2 KEYNOTE-240,22 LEAP-
002,21 RATIONALE-301.26 These tested the following treatments
for advanced HCC, respectively: A+B vs. sorafenib, D+T or dur-
valumab monotherapy vs. sorafenib, pembrolizumab vs. placebo,
pembrolizumab plus lenvatinib vs. lenvatinib plus placebo, and
tislelizumab vs. sorafenib. Overall, 5,169 patients (n = 908 female
3vol. 6 j 100982
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Fig. 1. Meta-analysis of five randomised-controlled phase III trials of immune checkpoint inhibitor-based systemic therapies for advanced hepatocellular
carcinoma separated into subgroups according to sex. A restricted maximum likelihood random effects model was used.
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and n = 4,261 male) were included in the analysis. Sorafenib was
the control arm of all the studies, except for the KEYNOTE-240
trial, which tested pembrolizumab against placebo, and the
LEAP-002 trial, which used lenvatinib in the control arm. The
inclusion criteria appeared to be largely consistent between
trials.

The OS benefit of the whole cohort (including females and
males) was 20% (overall pooled HR 0.80, 95% CI 0.74–0.87; Fig. 1).
A low degree of heterogeneity in the HR was indicated by I2 = 0%
and s2 = <0.001 in the overall effect size model. In pooled sub-
group analyses, findings revealed a significant survival advantage
among male patients (pooled HR 0.79, 95% CI 0.73–0.86). While
the pooled HR for female patients was only slightly higher than
the one observed in males, the OS benefit did not reach statistical
significance in females (pooled HR 0.85, 95% CI 0.70–1.03; Fig. 1).

The heterogeneity test of the differences between coefficients
was in favour of homogeneity between the two groups and
respective studies. The estimated treatment effect difference
between sexes was 0.07 (95% CI 2.02−2.16), suggesting that no
differences in the treatment effect between female and male
patients were observed (Fig. S3; a positive value would corre-
spond to a greater immunotherapy effect in males compared to
females).

Study population and patient characteristics of the AB-Real
cohort
Eight-hundred and forty patientswere included in the secondpart
of this study (Fig. S4). While 677 patients (81%) were male, 163
individuals (19%) were female. Mean age was 66 ± 12 years and
mean BMI was 26 ± 5 kg/m2. The main aetiologies of liver disease
were viral hepatitis (n = 380, 45%), and alcohol-related liver dis-
ease (n = 134, 16%). Most patients had established cirrhosis (n =
642, 76%). Mean CTP score was 6 ± 1 points (CTP stage A: n = 629,
75%, CTP stageB: n = 163,19%, CTP stageC: n =9,1%) andmeanALBI
(albumin-bilirubin) score was −2.3 ± 0.6 points. Most patients
were classified as BCLC (Barcelona Clinic Liver Cancer) stage C (n =
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634, 76%). Overall, 476 patients (57%) had prior surgery/local
therapies, 359 individuals had extrahepatic metastases (43%), and
almost half of patients had an ECOG-PS of 0 (n = 365, 44%). Ninety-
five patients (11%) were receiving second or further lines of sys-
temic treatment. Detailed patient characteristics and laboratory
parameters are displayed in Table 1.

Differences in patient characteristics at study inclusion
according to sex
Baseline characteristics, including mean age, BMI, prevalence of
cirrhosis, liver function, BCLC stage, and performance status, were
comparable between females and males, with only underlying
aetiology being significantly different (Table 1). While the pro-
portion of patients with viral hepatitis was higher in females (fe-
males: n = 82, 50%; males: n = 298, 44%), alcohol-related liver
diseasewasmorecommon inmales (females: n=12, 7%;males: n=
122, 18%; Table 1).

Outcomes according to sex
Median estimated follow-up for females and males was 14.1 (95%
CI 12.4–15.9) and 12.6 (95% CI 11.1–14.2) months (p = 0.588;
Table 2). Median OS of females was 15.0 (95% CI 11.1–19.1)
months compared to 15.9 (95% CI 14.2–18.1) months for males
(p = 0.409) (Fig. 2A, Table 2). Similar results were seen for PFS
(females: 7.3 [95% CI 5.2–10.6] months vs. males: 6.6 [95% CI
5.7–7.4] months; p = 0.374; Fig. 2B, Table 2) and TTP (females: 7.3
[95% CI 4.3–10.4] months vs. males: 7.1 [95% CI 6.3–7.9] months;
p = 0.973; Fig. 2C, Table 2). In univariable Cox regression analyses,
sex was neither associated with OS (HR 0.90, 95% CI 0.70–1.16,
p = 0.410), nor PFS (HR 1.10, 95% CI 0.89–1.36, p = 0.375) or TTP
(HR 1.00, 95% CI 0.79–1.28, p = 0.974). This was confirmed in
multivariable models including important prognostic factors (i.e.,
ascites, ALBI score, presence of extrahepatic metastases, macro-
vascular invasion, ECOG-PS >−1 or alpha-fetoprotein levels
>−400 ng/dl) (Table 3). BOR, which was evaluable in 687 patients
(82%), was similar between males and females. The ORR and DCR
4vol. 6 j 100982



Table 1. Baseline patient characteristics.

Study cohort, N = 840 Female, n = 163 Male, n = 677 p value

Age, years, mean ± SD 66.3 ± 11.5 67.3 ± 11.7 66.1 ± 11.4 0.240
BMI, kg/m2 25.6 ± 5.1 25.3 ± 5.7 25.7 ± 4.9 0.371
Cirrhosis, n (%) 642 (76%) 123 (76%) 519 (77%) 0.746
Aetiology, n (%)

Viral 380 (45%) 82 (50%) 298 (44%) <0.001
ArLD 134 (16%) 12 (7%) 122 (18%)
ArLD/Viral 101 (12%) 28 (17%) 73 (11%)
Other/Unknown 134 (16%) 32 (20%) 102 (15%)
MASLD 91 (11%) 9 (6%) 82 (12%)

CTP score, points, mean ± SD (n = 801) 6 ± 1 5.8 ± 1.0 5.9 ± 1.2 0.099
A, n (%) 629 (75%) 128 (79%) 501 (74%) 0.452
B, n (%) 163 (19%) 27 (17%) 136 (20%)
C, n (%) 9 (1%) 1 (0.6%) 8 (1%)

ALBI score, mean ± SD (n = 830) −2.3 ± 0.6 −2.4 ± 0.6 −2.3 ± 0.6 0.294
Stage 1, n (%) 292 (35%) 62 (38%) 230 (34%) 0.423
Stage 2, n (%) 482 (57%) 85 (52%) 397 (59%)
Stage 3, n (%) 56 (7%) 12 (7%) 44 (7%)

BCLC classification, n (%) (n = 830)
Stage A, n (%) 42 (5%) 12 (7%) 30 (4%) 0.286
Stage B, n (%) 142 (17%) 24 (15%) 118 (17%)
Stage C, n (%) 636 (76%) 122 (75%) 514 (76%)
Stage D, n (%) 10 (1%) 1 (0.6%) 9 (1%)

Prior surgery/local therapy, n (%) 476 (57%) 102 (63%) 374 (55%) 0.090
Prior systemic therapy, n (%) 95 (11%) 15 (9%) 80 (12%) 0.344
Macrovascular invasion, n (%) (n = 759) 277 (33%) 45 (28%) 232 (34%) 0.294
Extrahepatic spread, n (%) (n = 806) 359 (43%) 73 (45%) 286 (42%) 0.427
ECOG-PS, n (%) (n = 823)

0 365 (43%) 74 (45%) 291 (43%) 0.475
>−1 458 (55%) 83 (51%) 375 (55%)

Laboratory parameters, mean ± SD or median (IQR)
AFP, ng/dl (n = 822) 94 (8–1970) 89 (7–3703) 94 (8–1846) 0.599

Categorical variables were reported as absolute (n) and relative frequencies (%), while continuous variables were reported as mean ± SD or median (IQR), as appropriate.
Student’s t test was used for group comparisons of normally distributed variables and Mann-Whitney U test for non-normally distributed variables. Group comparisons of
categorical variables were performed using either Chi-squared or Fisher’s exact test, as appropriate. P values in bold denote statistical significance.
AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ArLD alcohol-related liver disease; BCLC, Barcelona Clinic Liver Cancer; CTP, Child-Turcotte-Pugh; ECOG-PS, Eastern Coop-
erative Oncology Group performance status; MASLD, metabolic dysfunction-associated steatotic liver disease.
for males vs. females were 22% vs. 24% (p = 0.667) and 59% vs.
59% (p = 0.638), respectively (Table 2). Thirty-one percent of both
females (n = 51) and males (n = 209) received a further line of
systemic treatment after A+B treatment discontinuation.

Efficacy results were comparable when only including pa-
tients according to the main inclusion criteria of the pivotal
IMbrave150 phase III study (n = 505, 60%) (Fig. 3, Table S1).
Table 2. Efficacy outcomes according to sex.

Study cohort, N

Median time on treatment, months (95% CI)* 5.3 (4.6
Median estimated follow-up, months
(reverse Kaplan-Meier method) (95% CI)*

13.3 (12.0–

Best overall response (according to RECISTv1.1), n (%)
Not available 153
Complete response 30
Partial regression 164
Stable disease 298
Progressive disease 195

Objective response rate, n (%) 194
Disease control rate, n (%) 492
Median overall survival, months (95% CI)* 15.4 (13.9–
Median progression-free survival, months (95% CI)* 6.6 (5.7
Median time to progression, months (95% CI)* 7.1 (6.3

Categorical variables were reported as absolute (n) and relative frequencies (%). Grou
Fisher’s exact test, as appropriate.
* Compared by means of the log-rank test.
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Adverse events according to sex
AEs are displayed in Table 4 and graphically depicted in Fig. 4.
Therewereno significantdifferences in the rate, type, severity, and
localisation of AEs between males and females (Table 4). Overall,
the most common AEs included fatigue (females: n = 37, 23% vs.
males: n = 143, 21%; p = 0.660), proteinuria (females: n = 25,15% vs.
males: n = 121, 18%; p = 0.443), and hypertension (females: n = 30,
18% vs. males: n = 109, 16%; p = 0.477). The most frequent high-
grade (grade >−3) AEs were hypertension (females: n = 8, 5% vs.
= 840 Female, n = 163 Male, n = 677 p value

–6.0) 5.0 (3.2–6.8) 5.5 (4.7–6.3) 0.656
14.5) 14.1 (12.4–15.9) 12.6 (11.1–14.2) 0.588

(18%) 32 (20%) 121 (18%) 0.424
(4%) 2 (1%) 28 (4%)

(20%) 33 (20%) 131 (19%)
(36%) 61 (37%) 237 (35%)
(23%) 35 (22%) 160 (24%)
(23%) 35 (22%) 159 (24%) 0.667
(59%) 96 (59%) 396 (59%) 0.638
16.8) 15.0 (11.1–19.1) 15.9 (14.2–18.1) 0.409
–7.5) 7.3 (5.2–10.6) 6.6 (5.7–7.4) 0.374
–7.9) 7.3 (4.3–10.4) 7.1 (6.3–7.9) 0.973

p comparisons of categorical variables were performed using either Chi-squared or
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Fig. 2. Kaplan-Meier curves for overall survival, progression-free survival, time to progression of patients with hepatocellular carcinoma treated with
atezolizumab plus bevacizumab according to sex. (A) Overall survival, (B) progression-free survival, and (C) time to progression of patients with hepatocellular
carcinoma treated with atezolizumab plus bevacizumab according to sex.
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Table 3. Uni- and multivariable Cox regression analyses of factors associated with overall survival, progression-free survival, and time to progression.

Univariable Multivariable

HR (95% CI) p value aHR (95% CI) p value

Overall survival
Age, per year 1.00 (0.99–1.01) 0.794 — —

Sex, male vs. female 0.90 (0.70–1.16) 0.410 0.80 (0.61–1.06) 0.114
Cirrhosis, vs. non-cirrhotic 1.02 (0.80–1.31) 0.866 — —

Aetiology
ArLD 1 — — —

Viral 0.96 (0.71–1.30) 0.794 — —

MASLD 1.10 (0.74–1.65) 0.628 — —

ArLD/Viral 1.07 (0.73–1.55) 0.739 — —

Other/unknown 0.92 (1.08–1.34) 0.669 — —

Presence of ascites 1.78 (1.42–2.22) <0.001 1.22 (0.94–1.59) 0.131
ALBI score, per point 2.84 (2.39–3.38) <0.001 2.72 (2.24–3.31) <0.001
Macrovascular invasion 2.08 (1.68–2.58) <0.001 1.64 (1.30–2.08) <0.001
Extrahepatic spread 0.98 (0.79–1.20) 0.813 — —

ECOG-PS >−1, vs. 0 1.51 (1.23–1.86) <0.001 1.18 (0.93–1.50) 0.178
AFP, >−400 ng/dl vs. <400 ng/dl 1.59 (1.30–1.96) <0.001 1.37 (1.09–1.72) 0.007
Platelets, per G/L 1.00 (0.99–1.00) 0.513 — —

Progression-free survival
Age, per year 0.99 (0.99–1.00) 0.145 — —

Sex, male vs. female 1.10 (0.89–1.36) 0.375 1.04 (0.81–1.32) 0.767
Cirrhosis, vs. non-cirrhotic 0.94 (0.77–1.14) 0.523 — —

Aetiology
ArLD 1 — — —

Viral 1.19 (0.93–1.53) 0.165 — —

MASLD 1.20 (0.86–1.66) 0.287 — —

ArLD/Viral 1.07 (0.77–1.48) 0.699 — —

Other/unknown 1.05 (0.78–1.43) 0.745 — —

Presence of ascites 1.60 (1.32–1.93) <0.001 1.19 (0.95–1.49) 0.122
ALBI score, per point 1.66 (1.44–1.91) <0.001 1.46 (1.24–1.72) <0.001
Macrovascular invasion 1.50 (1.25–1.79) <0.001 1.26 (1.03–1.54) 0.025
Extrahepatic spread 1.20 (1.02–1.42) 0.031 1.18 (0.97–1.43) 0.089
ECOG-PS >−1, vs. 0 1.45 (1.22–1.72) <0.001 1.35 (1.11–1.66) 0.003
AFP, >−400 ng/dl vs. <400 ng/dl 1.53 (1.29–1.81) <0.001 1.29 (1.06–1.57) 0.011
Platelets, per G/L 1.00 (0.99–1.00) 0.311 — —

Time to progression
Age, per year 0.99 (0.99–1.00) 0.191 — —

Sex, male vs. female 1.00 (0.79–1.28) 0.974 0.97 (0.74–1.27) 0.798
Cirrhosis, vs. non-cirrhotic 0.80 (0.64–0.99) 0.041 0.76 (0.59–0.96) 0.025
Aetiology

ArLD 1 — — —

Viral 1.22 (0.90–1.63) 0.196 — —

MASLD 1.27 (0.87–1.85) 0.225 — —

ArLD/Viral 1.15 (0.79–1.68) 0.468 — —

Other/unknown 1.17 (0.86–1.66) 0.391 — —

Presence of ascites 1.41 (1.13–1.75) 0.002 1.25 (0.97–1.60) 0.084
ALBI score, per point 1.43 (1.21–1.68) <0.001 1.37 (1.14–1.65) <0.001
Macrovascular invasion 1.34 (1.09–1.64) 0.006 1.18 (0.94–1.47) 0.146
Extrahepatic spread 1.15 (0.95–1.39) 0.156 — —

ECOG-PS >−1, vs. 0 1.24 (1.02–1.49) 0.029 1.24 (1.00–1.55) 0.049
AFP, >−400 ng/dl vs. <400 ng/dl 1.55 (1.28–1.88) <0.001 1.43 (1.15–1.77) 0.001
Platelets, per G/L 1.00 (0.99–1.00) 0.300 — —

P values in bold denote statistical significance.
AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ArLD, alcohol-related liver disease; ECOG-PS, Eastern Cooperative Oncology Group performance status; MASLD metabolic
dysfunction-associated steatotic liver disease.
males: n = 17, 3%), bleeding events (females: n = 3, 2% vs.males: n =
21, 3%), and proteinuria (females: n = 7, 4% vs. males: n = 16, 2%).
Regarding immune-related adverse events, the number of low
grade (i.e., grade 1/2; females: 36% vs. males: 30%; p = 0.245) and
higher grade (i.e., grade 3–5; females: 4% vs.males: 4%; p = 0.764)
events was similar between men and women.
JHEP Reports 2024
Discussion
Sex-related differences are known to affect innate and adaptive
immune responses through a number of mechanisms including
direct action of sex hormones on immune cell function, differ-
ential expression of genes located in sex chromosomes and
altered epigenetic regulation of autosomal genetic material be-
tween the sexes. Sex-related diversity of nutritional status, gut
microbial composition and disease-specific risk factors confer
7vol. 6 j 100982



0.00

0.25

0.50

0.75

1.00

0 3 6 9 12 15 18 21 24
Time (months)

O
ve

ra
ll 

su
rv

iv
al

0 3 6 9 12 15 18 21 24
Time (months)

N° at risk
Female
Male

0.00

0.25

0.50

0.75

1.00

Ti
m

e 
to

 p
ro

gr
es

si
on

Female: 7.3 (95% CI: 3.4-11.3) months 

Male: 8.0 (95% CI: 6.9-9.2) months 
Log-rank test: p = 0.578

Female: 15.3 (95% CI: 13.9-16.6) months 

Male: 17.0 (95% CI: 14.3-19.7) months 
Log-rank test: p = 0.288

N° at risk
Female
Male

0.00

0.25

0.50

0.75

1.00

Pr
og

re
ss

io
n-

fre
e 

su
rv

iv
al

Female: 6.4 (95% CI: 2.7-10.1) months 

Male: 8.1 (95% CI: 6.7-9.6) months 
Log-rank test: p = 0.420

0 3 6 9 12 15 18 21 24
Time (months)

N° at risk
Female
Male

A

B

C

102 85 72 57 36 23 12 8 3
398 345 276 206 138 103 75 43 27

102 63 43 33 21 14 8 3 2
399 285 208 139 88 63 43 30 18

95 55 36 26 15 10 5 2 2
375 240 173 103 59 42 31 22 14

Fig. 3. Kaplan-Meier curves for overall survival, progression-free survival, and time to progression of patients with hepatocellular carcinoma treated with
atezolizumab plus bevacizumab who fulfilled the main inclusion criteria of the IMbrave150 phase III trial according to sex. (A) Overall survival, (B)
progression-free survival, and (C) time to progression of patients with hepatocellular carcinoma treated with atezolizumab plus bevacizumab who fulfilled the
main inclusion criteria of the IMbrave150 phase III trial according to sex.
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Table 4. Comparison of treatment-emergent adverse events according to sex.

Follow-up characteristics Study cohort, N = 840 Female, n = 163 Male, n = 677 p value

Any adverse event, n (%) 521 (62%) 103 (63%) 418 (62%) 0.733
Any severe adverse event, n (%) 104 (12%) 24 (15%) 80 (12%) 0.312
Any dermatological AE, n (%) 69 (8%) 12 (7%) 57 (8%) 0.659

Grade 1–2 68 (8%) 12 (7%) 56 (8%) 0.822
Grade 3–5 1 (0.1%) — 1 (0.1%)

Any gastrointestinal AE, n (%) 76 (9%) 16 (10%) 60 (9%) 0.703
Grade 1–2 58 (7%) 12 (7%) 46 (7%) 0.920
Grade 3–5 18 (2%) 4 (3%) 14 (2%)

Any fatigue, n (%) 180 (21%) 37 (23%) 143 (21%) 0.660
Grade 1–2 177 (21%) 37 (23%) 140 (21%) 0.601
Grade 3–5 3 (0.4%) — 3 (0.4%)

Any liver AE, n (%) 130 (16%) 27 (17%) 103 (15%) 0.669
Grade 1–2 123 (15%) 26 (16%) 97 (14%) 0.826
Grade 3–5 7 (0.8%) 1 (0.6%) 6 (0.9%)

Any thyroid AE, n (%) 37 (4%) 8 (5%) 29 (4%) 0.727
Grade 1–2 35 (4%) 8 (5%) 27 (4%) 0.686
Grade 3–5 2 (0.2%) — 2 (0.3%)

Any pituitary AE, n (%) 5 (0.6%) — 5 (0.7%) 0.589
Grade 1–2 5 (0.6%) — 5 (0.7%) 0.589

Any rheumatological/muscle AE, n (%) 24 (3%) 7 (4%) 17 (3%) 0.290
Grade 1–2 21 (3%) 6 (4%) 15 (2%) 0.462
Grade 3–5 3 (0.4%) 1 (0.6%) 2 (0.3%)

Any pneumological AE, n (%) 6 (0.7%) 1 (0.6%) 5 (0.7%) 1.000
Grade 1–2 5 (0.6%) 1 (0.6%) 4 (0.6%) 0.886
Grade 3–5 1 (0.1%) — 1 (0.1%)

Any arterial hypertension, n (%) 139 (17%) 30 (18%) 109 (16%) 0.477
Grade 1–2 114 (14%) 22 (14%) 92 (14%) 0.270
Grade 3–5 25 (3%) 8 (5%) 17 (3%)

Any proteinuria, n (%) 146 (17%) 25 (15%) 121 (18%) 0.443
Grade 1–2 123 (15%) 18 (11%) 105 (16%) 0.159
Grade 3–5 23 (3%) 7 (4%) 16 (2%)

Any bleeding AE, n (%) 91 (11%) 14 (9%) 77 (11%) 0.304
Grade 1–2 67 (8%) 11 (7%) 56 (8%) 0.541
Grade 3–5 24 (3%) 3 (2%) 21 (3%)

Any thrombotic AE, n (%) 38 (5%) 7 (4%) 31 (5%) 0.875
Grade 1–2 29 (4%) 5 (3%) 24 (4%) 0.935
Grade 3–5 9 (1%) 2 (1%) 7 (1%)

Categorical variables were reported as absolute (n) and relative frequencies (%). Group comparisons of categorical variables were performed using either Chi-squared or
Fisher’s exact test, as appropriate.
AE, adverse event.
differential susceptibility to infection, autoimmunity, and
response to vaccination.7

Whether efficacy and safety of immunotherapy might be
different between the sexes is the matter of contention. A meta-
analysis of 20 RCTs of ICI treatment in advanced or metastatic
cancers found improved OS with immunotherapy in male and
female patients affected mainly by advanced melanoma and lung
Female sex
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Fig. 4. AEs according to sex. AEs, adverse events.
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cancer, with enhanced magnitude of benefit shown in males.4 In
contrast, an updated meta-analysis of 23 RCTs including 13,721
trial participants challenged this finding and reported similar OS
across the sexes.5 None of the published studies included pa-
tients with advanced HCC, where sex-related differences have
been shown to influence the pathogenesis and progression of
cirrhosis and cancer.6
Male sex

0% 20% 40% 60% 80%

Grade 1-2

Grade ≥3
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In our meta-analysis of five eligible phase III RCTs in advanced
HCC, a statistically significant OS benefit for immunotherapy vs.
control arm was demonstrated in the male subgroup (pooled HR
0.79, 95% CI 0.73–0.86), but not in female patients (pooled HR
0.85, 0.70–1.03). This is interesting, as female patients are
commonly underrepresented in phase III trials evaluating novel
systemic therapies in patients with HCC, but results are
commonly extrapolated to both sexes and current guidelines do
not differ between male and female patients.1 Importantly, when
directly comparing model estimates of male and female patients,
no differences in the treatment effect between sexes were
observed. The RATIONALE-301 was the only trial where the
mortality risk was significantly reduced by immunotherapy in
female patients but not in males. The reasons for this observation
are unclear, especially since this was not observed in the
KEYNOTE-240 trial with pembrolizumab, which is also an anti-
PD-1 antibody. Subgroups of phase III trials are not balanced
for other prognostic factors; thus, it could well be that negative
prognostic factors (e.g., macrovascular invasion, metastasis, high
AFP etc.) were more common in the male subgroup. However,
since baseline characteristics for males and females are not
provided separately in the RATIONALE-301 or any of the other
phase III trials included, this remains only speculative.

Next, we compared the efficacy and safety of A+B directly
between male and female patients with HCC using AB-Real, the
largest and most geographically heterogeneous study of patients
treated with A+B in routine practice. The large number of female
patients accrued to AB-Real (n = 163), which is 2–3 times higher
than in ICI arms of phase III trials in advanced HCC,2,20–28

allowed for robust analyses, complemented by thorough
appraisal of prognostically relevant subgroups across sexes. In
the AB-Real study, neither univariable nor multivariable models
adjusted for other relevant prognostic factors revealed any dif-
ferences in OS, PFS, and TTP between females and males. Ancil-
lary measures of efficacy including ORR and DCR were also equal
across groups.

These results are in line with smaller retrospective studies of
patients with HCC treated with A+B that reported no significant
differences in OS and PFS between female and male pa-
tients.29–31 Together, these findings do not suggest a significant
association of patient sex with the efficacy of A+B in advanced
HCC. However, it remains to be determined if this is specific to
A+B or applies to other ICI mono- or combination therapies as
well. Moreover, given the lack of a control group, we cannot
appreciate whether the survival benefit derived from A+B might
have been higher or lower than an alternative systemic therapy
(i.e., TKI).
JHEP Reports 2024
Autoimmune diseases aremuchmore common in females,32,33

thus one could speculate that female individuals undergoing
immunotherapy are at higher risk of developing immune-related
AEs. Indeed, in a recently published paper including an FDA-
pooled analysis of landmark trials in HCC and a multi-
institutional dataset including over 357 patients with HCC
treatedwith ICIs, the relative emergence of treatment-related AEs
of grade>−2washigher in females.34 In contrast,wedidnotobserve
any differences in type, location, severity, or frequency of AEs in
female compared to male patients. Notably, the FDA data analysis
and multi-institutional cohort did not include patients treated
with A+B, and the observed differencesmight have been driven by
other treatments (e.g., anti-cytotoxic T-lymphocyte-associated
protein 4).34

The meta-analysis has several limitations. Firstly, it was not
based on individual participant data and subgroups were not
stratified for other relevant prognostic factors, which could lead
to imbalances between male and female subgroups and treat-
ment arms. Secondly, several phase III RCTs could not be
included as they did not report sub-analyses of OS stratified by
sex. Thirdly, the subgroups are not balanced, with the sample
size being larger in males, and the number of female patients in
each trial being small. Finally, the phase III RCTs included were
heterogeneous in terms of control arm and line of treatment.
Therefore, the results of this meta-analysis can only be consid-
ered hypothesis-generating.

The real-world study has also some limitations beyond the
well-known shortcomings of retrospective studies. The lack of a
control group prevents conclusions on a potential higher relative
benefit from immunotherapy vs. an alternative systemic therapy
in females or males. The imaging schedule as well as modality
was not pre-specified due to the real-world nature of the study.
Since sex was based on self-reporting, it is possible that a very
small proportion of included individuals might not be 46XX or
46XY; however, we assume that this would not have had a
relevant impact on our results.18

In conclusion, while a slightly lower efficacy of immuno-
therapy in female patients with HCC was suggested in a meta-
analysis of the sex-specific HRs for OS of five phase III RCTs,
this could neither be confirmed when directly assessing the
treatment effect differences between sexes in a similar meta-
analysis, nor in a large global real-world cohort of patients
treated with A+B, where efficacy and safety between males and
females were similar.

Whilst treatment allocation based on patient sex is not rec-
ommended, our findings warrant continued investigation of sex-
related differences as a determinant of responsiveness to ICIs in
patients with advanced HCC.
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