
https://dx.doi.org/10.3748/wjg.v32.i3.111528 1 January 21, 2026 Volume 32 Issue 3

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2026 January 21; 32(3): 111528

DOI: 10.3748/wjg.v32.i3.111528 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

MINIREVIEWS

Post-immunotherapy second-line strategies for hepatocellular 
carcinoma: State of the art and ongoing trials

Sara Ascari, Rusi Chen, Andrea De Sinno, Bernardo Stefanini, Matteo Cescon, Matteo Serenari, Cristina 
Mosconi, Francesco Tovoli

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade A, Grade 
A, Grade C 
Novelty: Grade B, Grade C, Grade 
C 
Creativity or Innovation: Grade A, 
Grade C, Grade D 
Scientific Significance: Grade A, 
Grade C, Grade C

P-Reviewer: Chen Y, MD, 
Professor, China; Salem Mahjoubi 
Y, MD, Tunisia

Received: July 2, 2025 
Revised: September 25, 2025 
Accepted: December 8, 2025 
Published online: January 21, 2026 
Processing time: 198 Days and 17.4 
Hours

Sara Ascari, Rusi Chen, Andrea De Sinno, Bernardo Stefanini, Matteo Cescon, Matteo Serenari, 
Cristina Mosconi, Francesco Tovoli, Department of Medical and Surgical Sciences, University of 
Bologna, Bologna 40138, Emilia-Romagna, Italy

Matteo Cescon, Matteo Serenari, Hepatobiliary and Transplant Surgery Unit, IRCCS Azienda 
Ospedaliero-Universitaria di Bologna, Bologna 40138, Emilia-Romagna, Italy

Cristina Mosconi, Department of Radiology, IRCCS Azienda Ospedaliero-Universitaria di 
Bologna, Bologna 40138, Emilia-Romagna, Italy

Francesco Tovoli, Division of Internal Medicine, Hepatobiliary and Immunoallergic Sciences, 
IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna 40138, Emilia-Romagna, Italy

Corresponding author: Francesco Tovoli, MD, Associate Professor, Division of Internal 
Medicine, Hepatobiliary and Immunoallergic Sciences, IRCCS Azienda Ospedaliero-
Universitaria di Bologna, Via Albertoni 15, Bologna 40138, Emilia-Romagna, Italy.  
francesco.tovoli2@unibo.it

Abstract
The treatment landscape of hepatocellular carcinoma (HCC) has significantly 
evolved following the introduction of immune checkpoint inhibitors (ICIs), which 
are now the standard of care in first-line systemic therapy. However, as more 
patients experience progression after ICI-based combinations, the optimal second-
line treatment strategy remains undefined. Currently approved agents, such as 
regorafenib, cabozantinib, and ramucirumab, have not been specifically tested in 
the post-ICI setting, and their efficacy in this context remains uncertain. This 
review provides a comprehensive and critical analysis of systemic second-line 
treatment strategies in patients with unresectable HCC after progression to 
frontline immunotherapy. We summarize the available evidence from early-phase 
studies and retrospective series and describe the rationale, efficacy signals, and 
development status of ongoing clinical trials. Therapeutic approaches include 
tyrosine kinase inhibitors, novel ICI-based combinations, bispecific antibodies, T-
cell therapies (chimeric antigen receptor-T and T-cell receptor-T), and other 
emerging strategies such as liver-targeted prodrugs and microbiota modulation. 
While current data are still limited, several trials are ongoing and reflect com-
pelling biological hypotheses. Their diversity highlights both the complexity and 
the opportunity of this therapeutic space. Future research should focus on 
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identifying predictive biomarkers, optimizing safety, and developing individualized sequencing strategies to 
enhance outcomes in this rapidly expanding patient population.
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Core Tip: Patients with hepatocellular carcinoma progressing after frontline immunotherapy represent an emerging clinical 
challenge. This review critically explores the current second-line strategies under investigation, including tyrosine kinase 
inhibitors, novel immune checkpoint inhibitor-based regimens, bispecific antibodies, and adoptive T-cell therapies. Most 
approaches are supported by strong biological rationale, although high-quality comparative data are still lacking. The 
multiplicity of ongoing trials underscores the need for a better understanding of resistance mechanisms and therapeutic 
sequencing. This review may assist clinicians and researchers in interpreting the evolving landscape and in identifying future 
directions for personalized, effective post-immunotherapy management.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a significant global health burden, causing thousands of deaths every year. Although 
the widespread use of antiviral therapies has significantly reduced the incidence of virus-related HCC, a steady rise is 
expected in the coming years due to the global epidemic of metabolic dysfunction-associated steatotic liver disease, 
affecting both high-income and low-to-middle-income countries[1].

In recent years, immune checkpoint inhibitor (ICI)-based regimens have transformed the treatment landscape for 
unresectable HCC. Combinations such as atezolizumab-bevacizumab, tremelimumab-durvalumab, camrelizumab-
rivoceranib, and nivolumab-ipilimumab have demonstrated survival advantages over sorafenib and other multitarget 
tyrosine kinase inhibitors (mTKIs)[2-5].

These therapeutic advances have extended median overall survival (OS) from less than one year to 18-23 months. In a 
relevant subset of patients, objective responses can be deep and durable[4-7], occasionally allowing downstaging and 
access to potentially curative treatments.

However, a substantial proportion of patients experience either primary resistance to ICIs or develop acquired 
resistance over time, ultimately leading to disease progression[8]. In phase III trials and global real-world studies, 40%-
50% of patients who progress on first-line immunotherapy are treated with subsequent systemic therapies[4-7,9,10]. 
These ICI-refractory patients are a population with unmet clinical needs. All currently approved second-line agents were 
developed and tested in post-sorafenib settings, whereas none have been explicitly validated after first-line ICI-based 
combinations. Moreover, their modest objective response rates (ORR) often limit opportunities for sequential therapies 
with curative intent. For these reasons, international guidelines recommend referring these patients to clinical trials 
whenever feasible[11].

As our understanding of resistance to ICIs deepens, new therapeutic approaches are being explored to address this 
challenge. In recent years, numerous studies have begun investigating whether targeting specific resistance mechanisms 
can help improve outcomes in this population.

In this review, we provide a systematic overview of ongoing clinical trials enrolling patients with ICI-refractory HCC. 
Based on this analysis, we highlight emerging therapeutic approaches and identify promising directions for future drug 
development.

METHODOLOGY
The primary objective of this review was to identify ongoing or recently completed clinical trials enrolling patients with 
HCC who experienced disease progression during or after immune-based combination therapies and to critically examine 
the emerging therapeutic strategies under investigation.

We searched two major trial registries: ClinicalTrials.gov and the European Union Clinical Trials Register. The 
following search terms were used under the “conditions/disease” category: HCC, hepatocellular cancer, and HCC not 
resectable. We included studies with the following statuses: Completed, active, not recruiting, and not yet recruiting. 
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Trials with status “withdrawn” or clearly unrelated to therapeutic interventions were excluded. The last search was 
performed in March 2025.

Duplicate records across registries were identified and manually removed using trial identifier codes [national clinical 
trial (NCT)/EudraCT], study titles, and sponsor information. Trials were then categorized based on the mechanism of 
action of the investigational agents. Relevant observational studies or published data known to the authors were also 
incorporated to complement and contextualize the trial-based evidence.

ICIS-BASED THERAPIES
Background and rationale
After progression on frontline ICI-based regimens, a key question is whether immune checkpoint blockade should be 
continued in combination with other agents. Several trials have therefore explored new partner drugs for programmed 
death-1 (PD-1)/programmed cell death ligand 1 (PD-L1) inhibitors, aiming to overcome resistance and prolong benefit. 
Mechanisms of resistance to first-line ICI-based therapy may be related not only to immune escape but also to tumor 
angiogenesis, stromal barriers, or specific oncogenic pathways. For example, vascular endothelial growth factor (VEGF)-
driven angiogenesis can create an immunosuppressive microenvironment that hampers T-cell infiltration, while dense 
fibrotic stroma physically limits immune cell trafficking. Likewise, activation of pathways such as Wnt/β-catenin has 
been associated with T-cell exclusion and reduced sensitivity to PD-1/PD-L1 blockade[8]. Combining ICIs with agents 
that modulate these resistances mechanisms may restore or potentiate sensitivity to ICIs (Figure 1). In addition, residual 
ICI activity may persist beyond treatment discontinuation, allowing for synergy with sequentially introduced 
immunomodulatory agents. Table 1 reports ongoing clinical trials of ICI-based therapies as a second line.

Atezolizumab-based combinations
The IMbrave251 trial (No. NCT04770896) is the first phase III, open-label, multicenter, randomized study designed to 
evaluate whether continuing atezolizumab in combination with either lenvatinib or sorafenib is superior to mTKI 
monotherapy in patients who progress after receiving atezolizumab-bevacizumab. Approximately 554 patients were 
randomized 1:1 to receive either atezolizumab plus a mTKI (group A) or mTKI alone (group B), with the specific mTKI 
(lenvatinib or sorafenib) chosen at the investigator’s discretion. The study stratified patients by mTKI type, alpha-
fetoprotein (AFP) level, disease etiology, and albumin-bilirubin score. Enrollment has been completed, and results are 
pending.

A separate phase 2 study (No. NCT05168163)[12], conducted across 12 United States centers is evaluating atezolizumab 
in combination with cabozantinib or lenvatinib vs mTKI monotherapy in patients previously treated with ICIs and anti-
VEGF agents. In this trial, 122 patients will be randomized 2:1 to either atezolizumab plus mTKI or mTKI alone, with 
primary endpoints of progression-free survival (PFS) and OS. The trial includes biomarker analyses and longitudinal 
collection of tissue and blood to explore predictors of response and resistance mechanisms.

The clinical rationale for these trials lies in the hypothesis that PD-L1 inhibition may retain residual antitumor activity 
even after progression on atezolizumab-bevacizumab, provided that the antiangiogenic partner is changed. Should 
IMbrave-251 or similar studies demonstrate benefit, they would establish continuation of ICIs as a valid second-line 
approach, a strategy not yet proven in HCC. Nevertheless, concerns remain regarding potential cross-resistance to PD-L1 
blockade, as well as the additional toxicity and cost of combining atezolizumab with mTKIs, which may limit the real-
world applicability of this approach.

Pembrolizumab-based combinations
Pembrolizumab, an anti-PD-1 antibody, has been widely tested as a second-line option for advanced HCC. In the phase II 
KEYNOTE-224 trial, pembrolizumab was first shown to provide durable anti-tumor activity and a safety profile as a 
second-line option after progression on sorafenib, with an ORR of 18.3%[13]. However, in the subsequent phase III 
KEYNOTE-240 trial, pembrolizumab did not meet the predefined criteria for statistical significance in OS or PFS, despite 
showing numerical improvements over placebo[14]. Although the study failed to reach its co-primary endpoints, the 
consistency of efficacy and safety signals across both trials supported continued investigation of pembrolizumab in 
selected patient populations.

More recently, second-line therapy with pembrolizumab combined with mTKIs has been tested after progression on 
first-line regimens based on immunotherapy. The combination of pembrolizumab plus regorafenib has been evaluated in 
an international phase 2 study (No. NCT04696055) as a possible treatment option for patients with advanced HCC who 
progressed on one prior ICI regimen. This trial enrolled 95 patients, subdivided into two cohorts: Patients who had 
received prior atezolizumab-bevacizumab regimen (cohort 1, 68 patients) and those who had received a different prior 
immunotherapy approach (cohort 2, 27 patients)[15]. The most common prior ICIs in cohort 2 were durvalumab (30%), 
nivolumab (30%), ipilimumab (22%), and pembrolizumab (19%). The median duration of regorafenib/pembrolizumab 
treatment (including interruptions and delays) was shorter in cohort 1 compared to cohort 2 (11.0/9.4 weeks vs 21.4/24.1 
weeks). Among patients who had experienced disease progression on atezolizumab-bevacizumab and then received the 
regorafenib plus pembrolizumab combination, the median PFS was 2.8 months, and the ORR was 5.9%. For the remaining 
27 patients who had received a different immunotherapy in the first-line setting, the median PFS was 4.2 months, and the 
ORR was 11.1%. Due to the relatively short follow-up (median 7.1 months), the median OS has still to be reached in both 
cohorts[15].
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Table 1 Ongoing clinical trials of immune checkpoint inhibitors-based second-line systemic treatments for hepatocellular carcinoma

Study Status Description Phase Study 
design Treatment arms

Number 
of 
patients

Population Primary 
endpoint

NCT04770896 
(imbrave 251)

Active, not 
recruiting

A study of atezolizumab with 
lenvatinib or sorafenib vs 
lenvatinib or sorafenib alone in 
hepatocellular carcinoma 
previously treated with atezol-
izumab and bevacizumab

Phase 
3

RCT Atezolizumab + 
lenvatinib or sorafenib; 
lenvatinib or Sorafenib

554 Progressed on 
atezo-bev; 
Child-Pugh A; 
PS 0-1

OS

NCT05168163 Recruiting Atezolizumab in combination 
with a multi-kinase inhibitor for 
the treatment of unresectable, 
locally advanced, or metastatic 
liver cancer

Phase 
2

RCT Atezolizumab + 
cabozantinib or 
Lenvatinib; 
cabozantinib or 
lenvatinib

122 Progressed on 
atezo-bev; 
Child-Pugh A, 
PS 0-1

OS, PFS

NCT05822752 Active, not 
recruiting

Study to evaluate adverse events, 
and change in disease activity, 
when IV infused with 
livmoniplimab in combination 
with IV infused budigalimab in 
adult participants with HCC

Phase 
2

RCT Lenvatinib or sorafenib; 
livmoniplimab dose A + 
budigalimab; 
livmoniplimab dose B + 
budigalimab

130 Progressed on 
ICI regimens; 
Child-Pugh A; 
PS 0-1

BOR

NCT04696055 Completed An open-label study of 
regorafenib in combination with 
pembrolizumab in patients with 
advanced or metastatic HCC 
After PD1/PD-L1 immune 
checkpoint inhibitors

Phase 
2

Single-
arm

Pembrolizumab + 
regorafenib

95 Progressed on 
ICIs regimens; 
Child-Pugh A, 
PS 0-1

ORR

NCT05101629 Active, not 
recruiting

Pembrolizumab and lenvatinib in 
patients with advanced HCC 
who are refractory to atezol-
izumab and bevacizumab/io-
based therapy

Phase 
2

Single-
arm

Pembrolizumab + 
lenvatinib

32 Progressed on 
atezo-bev; 
Child-Pugh A; 
PS 0-1

ORR

NCT05199285 Recruiting A phase II study of nivolumab + 
ipilimumab in advanced HCC 
patients who have progressed on 
first line atezolizumab + 
bevacizumab

Phase 
2

Single-
arm

Nivolumab + 
ipilimumab

40 Progressed on 
atezo-bev; 
Child-Pugh A; 
PS 0-1

ORR

NCT05257590 Recruiting CVM-1118 in combination with 
nivolumab for unresectable 
advanced hepatocellular 
carcinoma

Phase 
2

Single-
arm

Nivolumab + CVM-
1118

31 Progressed on 
atezo-bev or 
TKIs; child 
Pugh A, PS 0-1

ORR

NCT05178043 Active, not 
recruiting

GT90001 plus nivolumab in 
patients with advanced hepato-
cellular carcinoma

Phase 
2

Single-
arm

Nivolumab + GT90001 5 Progressed on 
ICI or ICI + TKI; 
Child-Pugh A; 
PS 0-1

ORR

NCT: National clinical trial; HCC: Hepatocellular carcinoma; IV: Intravenously; PD-1: Programmed death-1; PD-L1: Programmed cell death ligand 1; RCT: 
Randomized clinical trial; ICIs: Immune checkpoint inhibitors; PS: Performance status; TKI: Tyrosine kinase inhibitor; OS: Overall survival; PFS: 
Progression-free survival; BOR: Best overall response; ORR: Objective response rate; atezo-bev: Atezolizumab-bevacizumab.

Furthermore, pembrolizumab is under study as a possible second-line approach in combination with lenvatinib. This 
combination had been previously tested in a first-line setting in the LEAP-002 trial, with no statistically significant 
differences observed between the combination therapy and lenvatinib monotherapy[16]. However, the tails of the 
survival curves appeared to favor the combination arm. In the updated analysis with a 5-year follow-up, nearly twice as 
many patients randomized to lenvatinib plus pembrolizumab were alive at the time of database cutoff compared to those 
receiving lenvatinib plus placebo[17].

Currently, a trial is being conducted to analyze pembrolizumab plus lenvatinib as second-line treatment after 
progression on atezolizumab-bevacizumab (No. NCT05101629). In this multicenter, single-arm, open-label phase II trial, 
the primary objective is ORR according to response evaluation criteria in solid tumors (RECIST) 1.1 criteria.

Nivolumab-based combinations
Nivolumab has been extensively tested in the multi-cohort CheckMate-040 trial. In particular, both cohort 4 and cohort 6 
explored nivolumab in a post-sorafenib second-line setting, either as monotherapy or in combination with ipilimumab, an 
anti-cytotoxic T-lymphocyte antigen-4 (CTLA-4) agent. Results from both cohorts have been published[18,19], high-
lighting both good biological efficacy and promising long-term survival data.
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Figure 1 Rationale for combining immune checkpoint inhibitors and tyrosine kinase inhibitors for the treatment of hepatocellular 
carcinoma. MHC: Major histocompatibility complex; TCR: T-cell receptor; CD: Cluster of differentiation; ICIs: Immune checkpoint inhibitors; CTLA-4: Cytotoxic T-
lymphocyte antigen 4; PD-1: Programmed death-1; PD-L1: Programmed cell death ligand 1; TKI: Tyrosine kinase inhibitor; PI3K: Phosphatidylinositol 3-kinase; AKT: 
Protein kinase B; JAK: Janus tyrosine kinase; STAT: Signal transducer and activator of transcription; MAPK: Mitogen-activated protein kinase.

The efficacy of nivolumab-ipilimumab was also assessed after prior ICI-based combination therapies. In a multicenter 
retrospective study of 109 patients treated with atezolizumab and bevacizumab or other ICI-based combination therapies, 
10 patients received subsequent therapy with nivolumab and ipilimumab[20]. Most of them had Barcelona clinic liver 
cancer stage C (80%) HCC and a preserved liver function as defined by Child-Pugh A (80%). At a median follow-up of 
15.3 months, ORR for nivolumab-ipilimumab was 30%, with a disease control rate (DCR) of 40%. The median PFS was 
2.9 months, and the median OS was 7.4 months[21].

This combination is also currently being studied in a multicenter, single-arm, phase II clinical trial (No. NCT05199285) 
aimed at investigating ORR of nivolumab-ipilimumab in patients who have progressed on atezolizumab/bevacizumab.

Nivolumab has also been analyzed in combination with GT90001 (previously known as PF-03446962), a monoclonal 
antibody targeting the activin receptor-like kinase 1 (ALK-1), a serine/threonine kinase receptor that regulates 
angiogenesis through interaction with the transforming growth factor-β (TGF-β) signalling network. This combination 
was initially evaluated in a phase 1b/2 trial designed to determine the recommended phase 2 dose of GT90001 plus 
nivolumab, which showed a manageable safety profile and promising anti-tumor activity in patients with advanced HCC
[22]. More recently, an open-label, multi-regional phase 2 clinical trial of GT90001 plus nivolumab has been authorized to 
examine the safety and efficacy of this combination in patients with advanced HCC who had progressed after first-line 
treatment with ICIs (No. NCT05178043). This study will enroll a total of 105 subjects to receive combinational therapy.

More recently, a phase II study has evaluated the anti-tumor effect and safety profile of CVM-1118 plus nivolumab in 
patients with progressive, unresectable advanced HCC following first-line therapy with mTKIs or atezolizumab-
bevacizumab. CVM-1118 is a potent anti-tumor new chemical entity with multiple mechanisms of action, including the 
promotion of apoptosis and the delay of proliferation. Moreover, CVM-1118 targets the formation of vasculogenic 
mimicry, which has been associated with tumor metastasis and poor clinical outcomes[23]. Vasculogenic mimicry is 
reported to be particularly active in tumors under hypoxia, such as those treated with VEGF inhibitors, such as 
bevacizumab[23]. In this trial, 31 evaluable patients were enrolled and received oral CVM-1118 in combination with 
intravenous nivolumab. The duration of CVM-1118 and nivolumab treatment ranged from 1.5 months to 15.0 months 
(median 3.1 months), with 5/31 (16%) patients remaining on treatment for ≥ 4.6 months (range: 4.67-15.0 months). The 
best ORR was 19.4% (according to the modified RECIST), including two complete responses (6%), and four partial 
responses (13%). The remaining responses included 11 stable diseases (36%) and 14 progressive diseases (45%). The 
disease control rate was 54.8% [95% confidence interval (CI): 37.3%-72.3%], the median PFS was 3.53 months (95%CI: 1.9-
5.4), and the median duration of response was 10.4 months (95%CI: 2.8-13.7)[24].

Livmoniplimab plus budigalimab
Livmoniplimab is a first-in-class IgG4/k monoclonal antibody that targets the glycoprotein-A repetitions predominant 
(GARP)-TGF-β1 complex, binding TGF-β1 to GARP and preventing the release of active TGF-β1, thereby promoting 
immunoreactivity[25]. This mechanism does not directly inhibit the intracellular TGF-β signalling cascade; rather, it 
prevents its activation at the receptor level. Preclinical studies have demonstrated that blocking TGF-β signalling can 
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synergize with PD-1 inhibition, thereby improving tumor regression in models of immune-excluded cancers.
Recent clinical data from a phase 1 study have shown promising clinical activity for livmoniplimab and budigalimab in 

PD-L1 naive metastatic HCC patients, with an ORR of 42% (5/12, 4 confirmed per RECIST/5 per iRECIST)[26]. 
Consequently, the phase 2 LIVIGNO-2 trial was designed to continue the investigation of livmoniplimab-budigalimab in 
the frontline setting (No. NCT06109272). In parallel, the LIVIGNO-1 trial (No. NCT05822752) has been designed to 
evaluate the optimal dose of livmoniplimab and the safety and efficacy of livmoniplimab plus budigalimab in patients 
with locally advanced or metastatic HCC who have progressed after frontline ICI regimens for HCC. Approximately 120 
subjects are planned to be enrolled in this study, divided into three cohorts (40 subjects per cohort): Cohort 1 (control 
arm) will be administered lenvatinib (8-12 mg, once a day) or sorafenib [800 mg (400 mg twice a day)], based on the 
investigator’s choice. Cohort 2 will receive livmoniplimab at dose A (400 mg IV every three weeks) plus budigalimab 
(375 mg IV every three weeks), while cohort 3 will be administered livmoniplimab at dose B (1200 mg IV every three 
weeks) plus budigalimab (375 mg IV every three weeks). The primary endpoint of this study is the best overall response 
as determined by the investigators according to RECIST 1.1.

Outlook
Trials investigating immune-based combinations after progression on frontline immunotherapy are numerous and 
continue to expand. This therapeutic strategy currently represents one of the most promising approaches to enhance the 
efficacy of ICIs, with the potential to induce deep and durable responses. While mTKIs are being extensively evaluated as 
companion agents, combinations with drugs targeting alternative pathways represent underexplored but potentially 
valuable options. Despite the volume of ongoing research, few clinical trials have published their results to date, making 
cross-trial comparisons and identifying the most promising regimens challenging. Moreover, safety and tolerability 
represent major concerns, especially with dual immune checkpoint blockade or mTKIs, which often require careful 
monitoring and supportive care. With these limitations in mind, nivolumab-ipilimumab has shown the most consistent 
activity signals, while combinations such as pembrolizumab-regorafenib or pembrolizumab-lenvatinib have provided 
more modest results. Early-phase approaches, including livmoniplimab-budigalimab or anti-ALK-1 combinations, remain 
largely exploratory with limited clinical evidence. Overall, dual ICI blockade appears to be the most promising approach 
to date, whereas alternative pathway inhibitors represent underexplored but potentially valuable avenues.

TKIS
To date, mTKIs represent the most readily available agents after ICI failure, given their prior approvals in the post-
sorafenib setting. Although these drugs were not tested initially in the post-ICI population, they are frequently used in 
routine practice while awaiting prospective evidence. International guidelines recommend second-line mTKIs following 
progression on immunotherapy[27,28]. These recommendations are based on expert consensus rather than high-quality 
evidence, as all second-line clinical trials were conducted in the post-sorafenib setting, which was the standard of care at 
the time when those trials were initiated.

Treatment choices largely depend on local reimbursement policies and regulations. For instance, sorafenib is the only 
second-line treatment reimbursed in most European countries due to its previous approval for all cases of unresectable 
HCC[29]. On the contrary, other mTKIs are more strictly regulated. For instance, the European Medicines Agency 
approves lenvatinib exclusively for the first-line setting. At the same time, regorafenib and cabozantinib are approved 
only as post-sorafenib treatment[29].

Biological rationale for mTKIs after immunotherapy
Several studies on pharmacokinetics and cellular signalling offer insight into the rationale for using TKIs in the post-ICI 
setting[30,31]. Based on the prolonged effects of immunotherapy, Kudo[32] proposed that mTKIs may have a synergistic 
effect with previous ICIs, even when administered sequentially. This mechanism might be advantageous since mTKIs 
exhibit greater anti-tumor activity than bevacizumab, which targets only VEGF-A signalling and may induce the release 
of more cancer antigens, sustain the cancer immunity cycle, and maintain the effects of remaining anti-PD-L1 antibodies
[32]. Moreover, TKIs (e.g., sorafenib, donafenib, lenvatinib, regorafenib, and cabozantinib) can improve the immune 
microenvironment and target tumor pathways involved in resistance to ICIs. For instance, lenvatinib inhibits FGFR4[33] 
and blocks the Wnt/β-catenin pathway, which is associated with primary anti-PD-L1 resistance via T-cell exclusion[34]. 
Regorafenib suppresses colony-stimulating factor-1 receptor and reduces tumor infiltration by tumor-associated 
macrophages[35]. This mechanism leads to enhanced PD-L1 inhibition and may have a role in overcoming the acquired 
resistance to anti-VEGF therapy.

Retrospective studies on mTKIs after immunotherapy
Retrospective analyses have provided supportive signals regarding the biological activity of TKIs following immuno-
therapy (Table 2)[29,36-40]. In particular, lenvatinib, regorafenib, and cabozantinib have shown consistent disease control 
and survival outcomes across multiple cohorts of patients who progressed on atezolizumab-bevacizumab or other ICI-
based regimens. These data suggest that these agents retain efficacy and may have a potential role in post-ICI treatment 
strategies. In contrast, the performance of sorafenib in this setting appeared less favorable, with multiple studies 
reporting modest response rates or shorter survival outcomes. Collectively, these findings supported the design of clinical 
trials exploring TKIs different from sorafenib in the post-ICI setting (Table 3).
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Table 2 Concluded retrospective and prospective studies investigating the efficacy and safety of tyrosine kinase inhibitors as a second-line treatment after progression to first-line immune checkpoint 
inhibitors

Treatment Prior 
treatment Ref. Patients 

(number) Region Study design
Child 
Pugh-A 
(%)

BCLC-C 
(%)

MVI 
(%)

Extrahepatic 
spread (%)

mPFS 
(months)

mOS 
(months) ORR (%) DCR (%) Gr3/4 TRAE 

(%)

Sora, lenva, cabo AB Yoo et al[37] 49 Asia Retrospective 100 100 38.8 6.1 (lenva); 2.5 
(sora)

16.6 (lenva); 
11.2 (sora)

15.8 (lenva); 
0 (sora)

62.1 (lenva); 
63.2 (sora)

16.3

Cabo ICIs Storandt et al
[38]

26 United 
States

Retrospective 72 2.1 7.7 4 27 27

Rego vs other 
mTKIs (sora, lenva, 
cabo)

AB Falette-
Puisieux et al
[39]

82 France Retrospective 82.9 92.7 37.8 80.5 2.6 (rego); 2.8 
(other mTKIs)

15.8 (rego); 7.0 
(other mTKIs)

17.2 (rego); 
28.3 (other 
mTKIs)

Sora AB Tovoli et al
[29]

40 Italy Retrospective 87.5 42.5 60 3.3 6.9 0 10

Sora vs lenva AB Chon et al[40] 126 Korea Retrospective 72.2 86.6 46 69 3.5 (lenva); 1.8 
(sora)

10.3 (lenva); 7.5 
(sora)

7.5 (lenva); 
5.8 (sora)

67.5 (lenva); 
24.4 (sora)

35 (lenva); 
38.4 (sora)

Rego AB Yoo et al[43] 40 Asia Prospective 100 97.5 3.5 9.7 10 82.5

Cabo ICIs Chan et al[41] 47 Asia Prospective 100 93.6 30 4.3 (II line); 4.0 
(III line)

14.3 (II line); 6.6 
(III line)

6.4 83.1

Lenva AB Yoo et al[45] 50 Korea Prospective 100 76 24 5.4 8.6 12 84

cabo: Cabozantinib; sora: Sorafenib; lenva: Lenvatinib; rego: Regorafenib; mTKIs: Multitarget tyrosine kinase inhibitors; AB: Atezolizumab plus bevacizumab; ICIs: Immune checkpoint inhibitors; BCLC: Barcelona Clinic Liver Cancer; 
MVI: Macrovascular invasion; mOS: Median overall survival; mPFS: Median progression-free survival; DCR: Disease control rates; ORR: Objective response rates; Gr3/4 TRAE: Grade 3/4 treatment related adverse event.

Clinical trials
Cabozantinib: The first prospective trial in advanced HCC patients who progressed on ICIs was an Asian multicenter 
phase II study on cabozantinib[41]. It enrolled 47 patients with advanced HCC who had progressed after up to two prior 
systemic therapies. These regimens mainly included atezolizumab-bevacizumab, anti-PD-1 monotherapy used as second-
line treatment after sorafenib or lenvatinib, or ICI-based combinations administered in earlier clinical trials.

The median PFS and OS for the entire cohort were 4.1 months (95%CI: 3.3-5.3) and 9.9 months (95%CI: 7.3-14.4), 
respectively[41]. Among the 27 patients who received cabozantinib as second-line therapy, the median PFS and OS were 
4.3 months (95%CI: 3.3-6.7) and 14.3 months (95%CI: 8.9-not reached), respectively. Outcomes were less favorable in the 
20 patients treated in the third-line setting, with a median PFS of 4.0 months (95%CI: 1.4-6.6) and a median OS of 
6.6 months (95%CI: 5.1-12.2)[41]. No new safety signals were reported compared with the CELESTIAL trial[42].

These results suggest that the number of prior treatment lines may influence clinical outcomes and should be 
considered a key stratification variable in the design of future studies on post-ICI therapies.

Regorafenib: The REGONEXT trial was a phase II study conducted in Korea that assessed regorafenib in 40 patients who 
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Table 3 Ongoing clinical trials of tyrosine kinase inhibitors as second-line systemic treatments for hepatocellular carcinoma following 
progression to immune checkpoint inhibitors

Study Status Description Phase Study 
design

Treatment 
arms

Number 
of 
patients

Population Primary 
endpoint

NCT06138769 Active, not 
recruiting

Lenvatinib after progression on 
atezolizumab-bevacizumab in 
hepatocellular carcinoma

Phase 
2

Single-
arm

Lenvatinib 50 Progressed on atezo-
bev; Child-Pugh A; 
PS 0-1

PFS

NCT04767906 
(capture)

Completed Cabozantinib treatment in a phase 
II study for patients with hepato-
cellular carcinoma refractory to 
PD-1 inhibitors

Phase 
2

Single-
arm

Cabozantinib 40 Progressed on PD-1 
or PD-L1 inhibitor; 
Child-Pugh A; PS 0-1; 
BCLC B/C

ToT

NCT04511455 Completed Cabozantinib for patients with 
hepatocellular carcinoma 
refractory to first line treatment

Phase 
2

Single-
arm

Cabozantinib 22 Progressed on 
lenvatinib or 
lenvatinib + ICIs; 
Child-Pugh A-B7; PS 
0-1

ToT

NCT0653573 
(Child-Pugh 
AB)

Not yet 
recruiting

A phase 2, single arm study of 
cabozantinib in patients with 
hepatocellular carcinoma who 
have received prior atezolizumab 
and bevacizumab

Phase 
2

Single-
arm

Cabozantinib 40 Progressed on atezo-
bev; Child-Pugh A-
B7; PS 0-1

DCR

NCT06446154 Recruiting Fruquintinib after ICIs treatment 
in unresectable hepatocellular 
carcinoma

Phase 
2

Single-
arm

Fruquintinib 36 Progressed on ICIs; 
Child-Pugh A-B7; PS 
0-1

ORR

NCT05134532 Unknown 
status

Regorafenib after progression on 
atezolizumab plus bevacizumab in 
advanced hepatocellular 
carcinoma

Phase 
2

Single-
arm

Regorafenib 40 Progressed on atezo-
bev; Child-Pugh A; 
PS 0-1

PFS

NCT04435977 Unknown 
status

Efficacy and safety of cabozantinib 
in patients with hepatocellular 
carcinoma

Phase 
2

Single-
arm

Cabozantinib 46 Progressed on ICIs; 
Child-Pugh A; PS 0-1

PFS

NCT: National clinical trial; PD-1: Programmed death-1; ICIs: Immune checkpoint inhibitors; atezo-bev: Atezolizumab-bevacizumab; PS: Performance 
status; PD-L1: Programmed cell death ligand 1; BCLC: Barcelona Clinic Liver Cancer; PFS: Progression-free survival; DCR: Disease control rates; ToT: 
Time-on-treatment; ORR: Objective response rates.

had experienced disease progression following treatment with atezolizumab plus bevacizumab[43]. The median PFS was 
3.5 months (95%CI: 3.0-4.0 months), and the median OS was 9.7 months (95%CI: 8.3-11.1 months). The median OS 
measured from the start of prior atezolizumab plus bevacizumab therapy was 16.6 months (95%CI: 11.9-21.3). The ORR 
was 10.0%, while the DCR reached 82.5%. These efficacy and safety outcomes were broadly consistent with those 
reported in the pivotal phase III RESORCE trial of regorafenib as a post-sorafenib second-line treatment[44].

Lenvatinib: No full-text reports of clinical trials of lenvatinib in the post-ICI setting have been released. However, 
preliminary results from a phase II study evaluating lenvatinib in 50 patients after progression on atezolizumab plus 
bevacizumab were presented as a communication at the European Society for Medical Oncology Asia 2024 Congress[45]. 
This study reported a median PFS of 5.4 months (95%CI: 5.3-5.6) and a median OS of 8.6 months (95%CI: 8.1-not 
assessable). Although the survival data remain immature, the ORR was 12%, and the DCR reached 84%. The incidence 
and profile of grade 3 or higher treatment-related adverse events were consistent with previous reports on lenvatinib for 
HCC[46].

Outlook
Current data suggest that TKIs retain a degree of biological activity even after progression on ICIs. However, survival 
outcomes remain limited. The well-known issue of tolerability compounds this limitation, as TKIs are frequently 
associated with adverse events that affect treatment adherence and quality of life.

Taken together, these factors may explain the relatively low number of ongoing clinical trials investigating TKIs after 
ICIs. Currently, other systemic strategies are attracting greater clinical and translational interest.
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BISPECIFIC ANTIBODIES
Rationale and background
Bispecific antibodies (bsAbs) are engineered molecules designed to simultaneously bind to two different targets, enabling 
the complex modulation of the tumor microenvironment[47]. The most clinically advanced bsAbs in HCC target either 
dual immune checkpoints or immune and angiogenic pathways (Figure 2). Two different bsAbs, cadolinimab (AK104) 
and ivonescimab (AK112), are being tested for patients with refractory HCC.

Cadonilimab
Cadonilimab is a bsAb targeting PD-1 and CTLA-4. The therapeutic rationale behind this agent is based on the hypothesis 
that dual checkpoint blockade, delivered through a single molecule, may enhance anti-tumor immune responses while 
reducing the toxicity typically observed with the concurrent administration of two monoclonal antibodies. Several phase 
II trials are currently evaluating cadonilimab in combination with either the VEGF inhibitor bevacizumab (No. 
NCT05760599) or TKIs such as regorafenib and lenvatinib.

Ivonescimab
Ivonescimab is a bsAb that targets both PD-1 and VEGF-A, aiming to harness the synergistic effects of immune check-
point inhibition and antiangiogenesis. This approach is particularly relevant in HCC, where VEGF-mediated immu-
nosuppression plays a prominent role.

Ivonescimab is being investigated as monotherapy or in combination with the anti-TIGIT antibody AK130 in a phase Ib 
trial (No. NCT06530251), enrolling patients who have progressed after one or two prior systemic therapies. Intriguingly, 
another study is evaluating the combination of ivonescimab and cadonilimab as a dual bsAb strategy. The target 
population is represented by patients who experienced disease progression or intolerance following a prior ICI plus 
antiangiogenic regimen.

Outlook
Collectively, these trials reflect a still-limited but growing interest in bsAbs for the treatment of HCC. Currently, they are 
being investigated in early-phase studies, which often lack active comparators. Larger, randomized trials will be 
necessary to clarify their efficacy, safety, and potential positioning within the post-ICI landscape.

ADOPTIVE T-CELL THERAPIES
Background
Adoptive T-cell therapies include chimeric antigen receptor (CAR) T-cells and T-cell receptor (TCR)-engineered T-cells. 
These therapies are being evaluated as innovative immunotherapeutic strategies in HCC. Although these approaches 
remain largely investigational, most clinical studies to date have enrolled patients who were previously exposed to 
systemic therapy, including ICIs, making them relevant in the second-line setting.

CAR T-cell therapy involves the collection and ex vivo genetic engineering of autologous T lymphocytes to express 
synthetic receptors capable of recognizing tumor-associated antigens (TAAs) on the surface of malignant cells. CAR T-cell 
therapy has achieved regulatory approval in haematological malignancies, prompting interest in its applicability to solid 
tumors, such as HCC[48].

TCR-engineered T-cell therapy is a distinct modality of adoptive immunotherapy in which autologous T-cells are 
genetically modified to express high-affinity TCRs specific for intracellular TAAs presented via major histocompatibility 
complex molecules[49]. Unlike CARs, which recognize extracellular targets in a human leukocyte antigen (HLA)-
independent manner, TCR T-cells can detect lower-abundance antigens that are processed and displayed on the tumor 
cell surface, thereby expanding the range of possible targets[50]. However, this approach is restricted to patients with 
specific HLA haplotypes[51] and requires complex engineering.

CAR-T cell therapies
Several TAAs have shown promise as CAR targets in HCC in preclinical studies, including glypican-3 (GPC-3), AFP, 
cluster of differentiation (CD) 133, CD147, epithelial cell adhesion molecule, cellular-mesenchymal epithelial transition 
factor, and MUC1. Among these, CD133-directed CAR T-cells have reached early-phase clinical evaluation. In a phase I/
II, single-arm, open-label study (No. NCT02541370), 21 patients with advanced HCC received autologous CD133-targeted 
CAR T cells following at least one prior systemic therapy most commonly sorafenib[52]. The administered dose ranged 
from 0.5 × 106 to 2 × 106 cells/kg, with additional cycles permitted in the absence of progression or toxicity. Despite poor 
baseline characteristics (57.1% Eastern Cooperative Oncology Group performance status 2; 57.1% Child-Pugh B), one 
patient achieved a partial response, and 14 (66.7%) had stable disease at first imaging. Median PFS and OS were 6.8 and 
12.0 months, respectively. These data were notable, given the unfavorable clinical profile of the cohort[53].

Additionally, a GPC-3-targeted CAR T-cell therapy (No. NCT05003895) is currently being investigated in a phase I/II 
study. The ongoing trial is evaluating safety, expansion kinetics, and early signs of anti-tumor activity in patients with 
advanced HCC, including those previously treated with ICIs. Although mature results are not yet available, targeting 
GPC-3 remains among the most promising avenues within adoptive cell therapy for HCC.
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Figure 2 Mechanism of action of bispecific antibodies and their theoretical advantages over the administration of two separate mono-
clonal antibodies. CD: Cluster of differentiation; CTLA-4: Cytotoxic T-lymphocyte antigen 4; PD-1: Programmed death-1; FC: Fragment crystallizable region; NK: 
Natural killer.

TCR-engineered T-cells
TCR-engineered T-cells targeting AFP have also shown preliminary activity. At the International Liver Cancer 
Association 2021, data from a phase I trial of ADP-A2AFP specific peptide enhanced affinity receptor T-cells (No. 
NCT03132792) were presented. Eligible patients had histologically confirmed HCC, tumor AFP expression, and HLA-A 
02:01 and had either progressed on or declined standard systemic therapy. Among the first 13 patients treated, one had a 
complete response, six had stable disease, and four progressed. Two patients had not yet reached the first imaging at the 
time of data cutoff. Adverse events were manageable and consistent with other cell therapies. Higher doses of infused T-
cells (> 1 billion) were associated with greater reductions in serum AFP levels, which in turn correlated with clinical 
benefit[53].

Outlook
Adoptive T-cell therapies represent an innovative and technologically advanced approach to immunotherapy. Despite 
encouraging signals in HCC, several obstacles limit their widespread use, including the need for complex manufacturing 
infrastructure, high cost, and HLA restriction (in the case of TCR therapies). Both CAR-T and TCR-T approaches also 
carry significant safety risks, including cytokine release syndrome and neurotoxicity. Moreover, the prerequisite of 
lymphodepleting chemotherapy raises additional concerns regarding hepatotoxicity in patients with underlying liver 
disease. In the near future, new early-phase studies of adoptive T-cell therapies are expected, but their clinical applic-
ability remains unknown.

OTHER THERAPEUTIC STRATEGIES
Background
Most studies of second-line treatments for patients with HCC refractory to ICIs follow established research directions, 
such as immunotherapy-based approaches and TKIs. However, a subset of trials is exploring entirely novel strategies, 
including conventional chemotherapy prodrugs designed to minimize systemic toxicity and microbiota-based 
interventions aimed at enhancing anti-tumor immune responses.

Foxtrocitabine bralpamide
Fostroxacitabine is a liver-targeted oral prodrug of troxacitabine, a nucleoside analogue whose anti-tumor activity is 
mediated by inhibition of DNA replication. The drug is rapidly absorbed and selectively metabolized in hepatocytes, 
enhancing tumor specificity while limiting systemic toxicity.

Foxtrocitabine bralpamide (fostrox, MIV-818) is currently under investigation as a potential therapeutic option for 
HCC in a phase 1b/2 clinical trial. The phase 1b portion was designed to determine the maximum tolerated dose and 
included patients with HCC, other primary liver tumors, and metastatic liver disease. Fostrox was administered in 
combination with either lenvatinib or pembrolizumab. In the phase 1b cohort, the median patient age was 62 years, with 
a male-to-female ratio of 3:1. Viral aetiology accounted for 76% of cases, and 67% of patients had extrahepatic disease. A 
substantial proportion (70%) had received prior locoregional therapies, and 86% had previously been treated with atezol-
izumab and bevacizumab. The fostrox-lenvatinib combination was well tolerated, with no unexpected adverse events 
reported. Hematologic adverse events were the most frequent, including grade ≥ 3 neutropenia and thrombocytopenia in 
11 patients; four patients experienced grade 4 events[54]. Initial efficacy analyses showed an ORR of 24% and a time to 
progression of 10.9 months[54]. These results prompted the initiation of the phase 2 portion of the study, which is now 
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open for recruitment. The trial will include three arms in a 1:1:1 ratio: Fostrox 30 mg plus lenvatinib, fostrox 10 mg plus 
lenvatinib, and a control arm with lenvatinib plus placebo. Unlike the phase 1b cohort, the phase 2b study will 
exclusively enroll patients with HCC who have progressed on first-line ICI-based therapy (No. NCT03781934).

Faecal microbiota transplant
Gut microbiota is often altered in liver cirrhosis and HCC, and increasing evidence suggests that it may influence 
response to immunotherapy[55]. Consequently, strategies to modulate the gut microbiome, such as faecal microbiota 
transplantation (FMT), may help to improve the efficacy of ICIs or even overcome resistance to immunotherapy. Two 
phase 1 studies for patients with melanoma confirmed the feasibility and efficacy of FMT from donors who achieved 
tumor response with ICIs in patients with tumor progression under ICIs[56,57].

FAB-HCC (No. NCT05750030) is a single-center, single-arm, phase II pilot study designed to evaluate the safety, 
feasibility, and efficacy of atezolizumab plus bevacizumab in combination with FMT from anti-PD-L1 responder or 
healthy donors to adult patients with HCC who failed to achieve or maintain a complete or partial radiological response 
to atezolizumab plus bevacizumab[58]. This study plans to enroll 12 patients. Results from an interim analysis conducted 
after the enrollment of the first six patients were presented at the 2024 European Association for the Study of the Liver 
International Liver Congress[59]. Patients were predominantly males (n = 5) with underlying viral liver disease (n = 4). 
They were included in the study following progression (n = 2) or stable disease (n = 4) under treatment with atezol-
izumab-bevacizumab. FMT was well tolerated, with minor adverse events, including bloating (G1, n = 2), constipation 
(G2, n = 2), and diarrhoea (G1, n = 1). Atezolizumab-bevacizumab was restarted after the FMT, obtaining a partial 
response in two patients[59].

Outlook
The multitude of emerging therapeutic strategies for HCC reflects the ongoing need for innovative solutions in this 
challenging-to-treat condition. These approaches are still in very early stages of development, making it difficult to 
predict their efficacy, safety, and clinical applicability at this time.

CURRENT CHALLENGES AND FUTURE DIRECTIONS
Despite the growing clinical relevance of patients progressing after ICI-based regimens, evidence supporting second-line 
systemic options remains limited. Available data primarily derive from early-phase studies or retrospective analyses, 
with no randomized trial yet establishing a new standard of care in this setting. Several second-line strategies are under 
active investigation, encompassing ICI-based combinations, mTKIs, bsAbs, adoptive T-cell therapies, and non-conven-
tional approaches such as microbiota modulation. This fragmentation should not be viewed negatively: The parallel 
exploration of diverse approaches may accelerate the understanding of the biological mechanisms underlying HCC 
progression and immune resistance, while also increasing the likelihood of identifying effective regimens within a shorter 
timeframe.

Beyond efficacy signals, the clinical development of second-line strategies must address the substantial issue of safety 
and quality of life. For instance, mTKIs are consistently associated with adverse events that may lead to dose reductions 
or discontinuations, and these events can have a significant impact on quality of life. Dual immune checkpoint blockade, 
while capable of inducing deep responses, carries a high risk of immune-related adverse events, including hepatitis, 
colitis, and endocrinopathies, which are particularly challenging in patients with underlying cirrhosis. Likewise, adoptive 
T-cell therapies such as CAR-T and TCR-T approaches are associated with potentially life-threatening complications, 
including cytokine release syndrome and neurotoxicity, and require intensive monitoring in specialized centers. In 
patients living with HCC, where comorbidities and liver dysfunction are common, these safety issues can become 
limiting factors for real-world applicability. A balanced evaluation of risk–benefit ratios is therefore essential to translate 
efficacy into tangible clinical benefit.

Even when novel agents demonstrate clinical activity, their real-world impact will largely depend on accessibility and 
sustainability within healthcare systems. Many of the investigational strategies are associated with high costs and 
logistical challenges. Disparities in drug approval and reimbursement policies already influence the availability of 
second-line options across regions, with TKIs such as cabozantinib and regorafenib not uniformly reimbursed outside of 
their original post-sorafenib indications. In resource-limited settings, economic barriers may outweigh clinical evidence, 
thereby restricting patient access to potentially beneficial therapies.

Another key unmet need is the identification of reliable biomarkers. Mechanisms of resistance vary depending on the 
first-line regimen for example, angiogenic escape after atezolizumab-bevacizumab vs T-cell exclusion pathways after 
CTLA-4/PD-L1 combinations. Stratifying patients according to these resistance mechanisms will be crucial for ration-
alizing therapeutic sequencing. Current research efforts are increasingly exploring genomic, transcriptomic, and 
immunologic correlations of response, as well as circulating biomarkers and radiomic signatures. The integration of such 
tools may enable precision-based treatment allocation, reducing unnecessary toxicity and cost while maximizing the 
likelihood of benefit. In parallel, incorporating patient-reported outcomes and quality-of-life assessments into trial design 
will help capture dimensions of benefit that extend beyond radiological response. Taken together, these approaches may 
transform the current empiric sequencing of systemic therapies into a more individualized and biologically informed 
strategy.
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CONCLUSION
No second-line agent or combination has yet been approved for patients progressing after these regimens, despite the 
growing frequency of this clinical scenario in real-world practice. Currently, a wide range of investigational strategies is 
under active evaluation, encompassing immunotherapeutic combinations, mTKIs, bsAbs, adoptive T-cell therapies, and 
unconventional approaches such as microbiota modulation. This heterogeneity reflects the absence of a unifying 
treatment standard and highlights the need for continued research aimed at overcoming immune resistance. Identifying 
active, tolerable, and accessible second-line options after ICI-based combinations will likely require both innovative 
agents and a refined understanding of HCC biology. Future innovation will require not only randomized evidence but 
also integration of biomarkers, patient-centered outcomes, and real-world considerations to ensure that emerging 
therapies translate into tangible benefits for patients with HCC.
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