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Abstract

Background/Objectives: Hepatocellular carcinoma (HCC) remains a leading cause of can-
cer mortality worldwide, due to poor prognosis and limited curative options in advanced
stages. Though immune checkpoint inhibitor (ICI)-based combinations have been the first-
line therapies, with higher survival compared to tyrosine kinase inhibitors (TKIs), most
patients progress within six months and evidence-based guidance for subsequent therapy
remains limited. This review summarizes second- and third-line treatment strategies after
ICI failure, while highlighting critical research gaps and future advancements needed.
Methods: We performed a comprehensive literature review of PubMed, Embase, Cochrane,
and major conference proceedings (ASCO, ESMO, AASLD) up to August 2025, including
retrospective cohorts, post hoc trial analyses, simulation models, and ongoing prospective
trials on second-line therapy in patients with metastatic HCC who progressed on first-line
therapy. Discussion and Conclusions: TKIs remain the most widely used second-line
option after ICI failure. Lenvatinib, a multi-targeted TKI with strong VEGF inhibition, has
shown higher progression-free survival (PFS) compared with sorafenib through tumor
vasculature normalization and enhanced T cell infiltration. Other multi-targeted TKIs,
like cabozantinib and regorafenib, have shown survival benefits in later line settings. In
TKI-refractory or ineligible patients, treatment options are limited, and enrollment in clini-
cal trials is recommended. Retrial of ICIs may be considered in highly selected patients,
but evidence remains limited, and this approach is not standard. Concomitant locoregional
therapies (LRTs) are useful in oligoprogression where systemic therapy is inadequate, but
their integration with systemic therapy is underexplored, and no phase III trials yet define
optimal sequencing post-ICI failure. Additionally, we describe novel therapeutic strategies
such as chimeric antigen receptor T cell therapy (CAR-T) in HCC.

Keywords: TKIs (tyrosine kinase inhibitors); metastatic HCC (hepatocellular carcinoma);
second-line treatment; ICI (immune checkpoint inhibitors) rechallenge; locoregional
therapy; cellular therapy

1. Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver cancer, accounting

for 75–85% of cases, followed by intrahepatic cholangiocarcinoma (10–15%); it is the sixth

Livers 2026, 6, 85 https://doi.org/10.3390/livers6050085

https://crossmark.crossref.org/dialog?doi=10.3390/livers6050085&domain=pdf&date_stamp=2026-08-28
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/livers
https://www.mdpi.com
https://orcid.org/0000-0002-4225-7555
https://orcid.org/0000-0002-3779-185X
https://doi.org/10.3390/livers6050085


Livers 2026, 6, 85 2 of 19

most common cancer worldwide and the third leading cause of cancer-related death, with
a five-year survival rate of approximately 15% [1,2]. In the United States, HCC incidence
has tripled since 1980, and HCC-related mortality increased by 43% between 2000 and
2016 [3,4]. Most cases arise from chronic HBV, HCV, or alcohol-related liver disease, but
MASLD, obesity, and metabolic syndrome are emerging as dominant risk factors, especially
in Western countries [5]. Curative treatment options like surgical resection, transplant, and
local ablation are often not feasible in patients with advanced hepatocellular carcinoma
(HCC) due to poor functional reserve or the presence of distant metastases as a result of
which current international guidelines recommend systemic therapy as the standard of
care for these patients [6].

The management of HCC should be interpreted within the context of the Barcelona
Clinic Liver Cancer (BCLC) staging system, liver functions and performance status. In
patients with BCLC stage 0/A, most clinical practice guidelines recommend curative ap-
proaches such as surgical resection, thermal ablation or transplantation. Transarterial
chemoembolization (TACE) and systemic therapies are preferred for patients with interme-
diate (BCLC B) and advanced (BCLC C) HCCs, respectively [7].

Locoregional therapy (LRT) is best suited for patients with early to intermediate
HCC (BCLC stage A or B) whose tumors are confined to the liver without extrahepatic
spread, have three or fewer lesions or multinodular disease without vascular invasion, and
maintain good liver function (Child–Pugh A or early B) with ECOG performance status
0–1 and patent portal vein flow [7,8].

2. Materials and Methods
We performed a comprehensive literature review of PubMed, Embase, Cochrane,

and major conference proceedings (ASCO, ESMO, AASLD) up to August 2025, including
retrospective cohorts, post hoc trial analyses, simulation models, and ongoing prospective
trials focusing on current guidelines on second-line treatment after failure on TKIs or ICIs as
first-line therapy, with a recommended treatment algorithm for metastatic HCC including
second-line therapy mentioned below in Figure 1.
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Figure 1. Visual abstract of our algorithm for management of metastatic HCC- Created in Bioren-
der.com. Our proposed algorithm for management of metastatic or advanced unresectable HCC.
Following progression on ICI-based combinations, most patients transition to tyrosine kinase in-
hibitors such as lenvatinib or cabozantinib. Clinical trial participation is highly encouraged when
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available. * ICI rechallenge is not supported by high-level evidence and not routinely recom-
mended after progression on prior immunotherapy, and should be explored in the context of
clinical trials or highly selected patients. ICI—immune checkpoint inhibitor, LRT—locoregional
therapy, TKI—tyrosine kinase inhibitor, HCC—hepatocellular carcinoma, AFP—alpha-fetoprotein,
TACE—Transarterial chemoembolization. Category 1 based on high-level evidence. Category 2A and
2B based on lower-level evidence.

3. Results and Discussion
3.1. First-Line Therapy

Immune checkpoint inhibitors (ICIs) have changed the therapeutic landscape for
unresectable HCC. Guidelines on first-line therapy remain clear where immunother-
apy with atezolizumab plus bevacizumab, durvalumab plus tremelimumab and most
recently ipilimumab plus nivolumab are the mainstay of treatment in those who are eligible
for immunotherapy [9].

In the IMBrave 150 trial, first-line therapy with atezolizumab (ICI) plus bevacizumab
(Anti-VEGF) compared to tyrosine kinase inhibitors (TKIs) with sorafenib significantly
improved OS (HR 0.66, 95% CI 0.52–0.85) and median PFS (6.9 vs. 4.3 months) in trials [10].
In patients with contraindications for anti-VEGF therapy like untreated high-risk varices,
recent gastrointestinal (GI) bleed, uncontrolled hypertension (HTN), and heavy proteinuria,
tremelimumab (a CTL4 inhibitor) plus durvalumab (a PDL1 inhibitor) is recommended
due to high sustained OS (16.4 vs. 13.8 months, HR-0.78) compared to sorafenib alone
with durvalumab monotherapy being non-inferior to sorafenib alone per the HIMALAYA
trial [11]. In the CheckMate 040 study with a 5-year follow-up, patients with sorafenib-
treated advanced HCC were randomized into three arms evaluating different combinations
of nivolumab and ipilimumab: Arm A (nivolumab plus higher-dose ipilimumab), Arm B
(nivolumab plus lower-dose ipilimumab), and Arm C (nivolumab given more frequently
with low-dose ipilimumab). The overall response rates were 34%, 27%, and 29% in Arms A,
B, and C, respectively, with median durations of response of 51.2, 15.2, and 21.7 months.
Median overall survival was 22.2, 12.5, and 12.7 months, with 5-year overall survival
rates of 29%, 19%, and 21%, demonstrating the greatest long-term benefit in Arm A [9].
The combination of camrelizumab plus rivoceranib was approved as first-line therapy for
unresectable hepatocellular carcinoma based on the phase 3 CARES-310 study; the regimen
showed a median progression-free survival of 5.6 months compared with 3.7 months for
sorafenib and a median overall survival of 22.1 months versus 15.2 months, demonstrating
a clear clinical benefit [12].

The COSMIC-312 trial, which compared cabozantinib plus atezolizumab versus so-
rafenib, showed improved PFS (6.8 months in the combination arm versus 4.2 months in
the sorafenib-only arm; p = 0·0012); however, there was no statistically significant difference
between the two arms with OS of 15.4 months vs. 15.5 months respectively (HR 0.90;
p = 0.44) [13]. The phase 3 LEAP-002 trial compared lenvatinib plus pembrolizumab to
lenvatinib monotherapy as first-line therapy for unresectable HCC (Child–Pugh A). Median
OS was 21.2 vs. 19.0 months (HR 0.84; p—0.023) and PFS was 8.2 vs. 8.0 months (HR
0.87; p—0.047), showing numerical but not statistically significant improvements. The
combination did not meet prespecified efficacy thresholds and therefore does not support
changing current first-line practice in advanced HCC [14].

TKIs are preferred in patients in whom ICIs and anti-vascular endothelial growth
factors (anti-VEGFs) are contraindicated, with lenvatinib being the first choice with OS
noninferior to sorafenib with higher PFS and ORR vs. sorafenib per the REFLECT trial [15].
The phase 3 RATIONALE-301 trial compared tislelizumab with sorafenib as first-line ther-
apy for unresectable HCC in 674 patients (BCLC B/C, Child–Pugh A) where tislelizumab
achieved a noninferior OS (15.9 vs. 14.1 months; HR 0.85), with higher objective response
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rate (14.3% vs. 5.4%) and longer duration of response (36.1 vs. 11.0 months). Progression-
free survival was similar (2.1 vs. 3.4 months). Grade ≥ 3 adverse events were lower with
tislelizumab (22.2% vs. 53.4%), and quality-of-life outcomes were better. These findings sup-
port tislelizumab as an effective, first-line alternative for patients ineligible for VEGF-based
therapy [16]; however, this regimen is still investigational and yet to receive FDA approval.

Despite this, the majority of HCC patients will progress on first-line therapy and
evidence-based guidance for subsequent therapy remains limited. Current decisions are
mostly based on empirical practice, retrospective studies, and early-phase trial data. In
this review, we aim to expand on the second-line therapeutic approaches after ICI failure,
focusing on TKIs, immunotherapy rechallenge with mono/dual or combination therapy
with VEGF inhibitors, and concomitant locoregional therapies (LRTs), while highlighting
critical research gaps and future advancements needed.

3.2. Hyperprogressive Disease in HCC, Supportive Care vs. Second-Line Systemic Therapy and
Indications for Second-Line Treatment

In hepatocellular carcinoma, hyperprogressive disease (HPD) is defined as the para-
doxical occurrence of accelerated tumor growth following immunotherapy, and is defined
by 3-dimensional tumor volume (TGR) ratio > 4, 2-dimensional tumor diameter ratio > 4, or
absolute TGR increase ≥40%, and occurs in approximately 10–15% of patients [17]. This has
been associated with a high neutrophil lymphocyte ratio (NLR) > 6, older age, and baseline
tumor biology [18]. Mechanisms of action include PD-1/PD-L1 blockade, which may
expand or activate regulatory T cells (Tregs), enhancing immunosuppressive effects, while
checkpoint inhibition can skew macrophages toward an M2 phenotype, fostering angiogen-
esis and tumor growth, and antibody Fc domains may engage Fcγ receptors on myeloid
cells, promoting pro-tumor inflammatory pathways [19]. HPD status is independently a
poor prognostic factor with shorter overall survival [20].

In addition, not all patients would be candidates for second-line therapy post-ICI
failure and careful evaluation is recommended. Patients with poor hepatic reserve
(Child–Pugh C, and Advanced Child–Pugh B ≥ B8/B9), particularly with the presence of
jaundice, refractory ascites, hepatic encephalopathy, poor performance status (ECOG ≥ 2),
severe comorbidities or organ dysfunction like decompensated heart failure, uncontrolled
hypertension, recent stroke/MI, severe renal impairment (GFR < 30 for TKIs), active major
bleeding or high bleeding risk (uncontrolled varices), uncontrolled autoimmune disease,
severe immune-related adverse events, and symptomatic progression with multiorgan
failure, are less likely to derive benefit from additional systemic therapies. In such settings,
best supportive care is favored over continuing with second-line therapy.

Overall, evidence supporting treatment beyond first-line atezolizumab and beva-
cizumab is largely derived from retrospective and real-world data [21]. In a multina-
tional international retrospective cohort study of 406 patients progressing on first-line
atezolizumab–bevacizumab, continued active systemic therapy significantly improved post-
progression survival versus best supportive care (9.7 vs. 2.6 months; HR 0.41, p < 0.001).
Favorable prognostic factors included ECOG < 2, absence of portal vein tumor thrombus,
and continuing systemic second-line therapy indicative of better PPS [21]. In another
international observational study with 604 metastatic HCC patients on ICIs, 60% devel-
oped HPD with a median PPS (median time a patient survives after their disease has
worsened following a treatment to assess outcomes after progression and the impact of
subsequent therapies on overall survival) of 5.3 months. Intrahepatic growth and new
vascular invasion predicted worse survival outcomes, and continuation of ICI beyond
radiologic disease progression was strongly associated with improved post-progression
survival. Patients who received ICI beyond PD in combination with a subsequent TKI had
the greatest benefit (HR 0.17, 95% CI 0.09–0.32, p < 0.0001), while those who continued ICI
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without a TKI also showed significantly prolonged survival compared to no therapy (HR
0.39, 95% CI 0.26–0.58, p < 0.0001) [22]. Overall, the optimal sequencing strategy follow-
ing ICI-based first-line therapy remains undefined and prospective randomized trials are
lacking but patient selection and careful evaluation remain crucial to ensure tolerance to
subsequent therapies.

3.3. Tyrosine Kinase Inhibitors as Second-Line Therapy in Metastatic HCC

Tyrosine kinase inhibitors like lenvatinib, sorafenib, regorafenib, and cabozantinib
mediate VEGF blockade, normalizing aberrant tumor vasculature, improve perfusion, re-
duce hypoxia, reduce tumor-associated macrophages, and promote CD8+ T cell infiltration
through enrichment of type I IFN signaling, thereby enhancing PD-(L)1 activity as seen
with atezolizumab–bevacizumab [23]. AXL overexpression in solid tumors promotes TKI
resistance and causes an immunosuppressive phenotype by impairing antigen presen-
tation and fostering suppressive immune cell infiltration. Its inhibition restores innate
immune signaling and resensitizes tumors to both TKI and PD-1 blockade [24]. Similarly,
activation of the WNT–β-catenin pathway creates an “immune-excluded” or “cold tumor”
microenvironment by preventing T cell infiltration, explaining the poor response of these
tumors to ICIs [25]. Lenvatinib inhibits VEGFR1-3, FGFR1-4 (notably FGFR4), PDGFRα,
RET, KIT, and AXL, and similarly causes vascular normalization and immune modula-
tory effects, counteracting this immune exclusion as described above, and augmenting
anti-PD-1 efficacy via NRP-1/PDGFRβ signaling and suppression of PD-L1/Treg induc-
tion through FGFR4 blockade. High FGFR4 expression or serum FGF19 levels have been
associated with greater lenvatinib responsiveness, underscoring the FGF19-FGFR4 axis
as a predictive biomarker [26]. The association between FGFR4/FGF19 expression and
lenvatinib responsiveness, while biologically compelling, requires prospective validation
in biomarker-enriched trials before clinical application.

In a multicenter, single-arm phase II clinical trial, Hyung-Don Kim et al. evaluated
second-line therapy with lenvatinib in 50 patients with unresectable HCC and Child–Pugh
A liver function who progressed after first-line atezolizumab and bevacizumab in which
lenvatinib showed promising efficacy as second-line therapy in unresectable HCC with
a median PFS and OS of 5.4 and 9.8 months, respectively [27]. In a large multicenter
retrospective study, lenvatinib showed better PFS (3.5 vs. 1.8 months, p—0.001) and
comparable OS to sorafenib in patients with unresectable HCC after atezolizumab plus
bevacizumab failure [28]. The majority of patients (72.2%) in the study had Child–Pugh
A liver function [28]. In the Markov analysis of post-atezolizumab plus bevacizumab
sequences, treatment with lenvatinib yielded the longest survival (median OS—24 months,
LYG 0.50), closely followed by sorafenib (median OS of 23 months, LYG 0.42). Atezolizumab
plus bevacizumab followed by sorafenib showed the safest profile (SAEs 63%) [29]. Based
on those results, lenvatinib is currently approved by the FDA as a treatment option after
progression on ICIs or in the first line for those who are not candidates for ICIs, as mentioned
in Table 1.

Cabozantinib, a multi-targeted TKI against VEGF, MET and AXL, is an FDA-approved
second- or later line treatment option for metastatic or advanced HCC. In the phase III
CELESTIAL trial, cabozantinib was evaluated in patients with HCC and Child–Pugh A
liver function who had disease progression on sorafenib. Cabozantinib improved OS
(10.2 months vs. 8.0 months respectively, HR 0.76) and PFS (median 5.2 months vs.
1.9 months respectively, HR 0.44), confirming cabozantinib as an effective second-line
treatment option for previously treated HCC [30]. Storandt, M. H. et al. showed a median
PFS of 2.1 months and median OS of 7.7 months in patients with cabozantinib [31]. A
multicenter phase II trial showed a median PFS and OS of 4.3 (95% CI 3.3–6.7) and 14.3
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(95% CI 8.9-NR) months, respectively, in patients on cabozantinib and Child–Pugh A when
used as a second-line therapy, as mentioned in Table 1 [32].

In a single-arm phase II study by Cheon et al., regorafenib was evaluated as second-
line therapy after atezolizumab–bevacizumab failure in unresectable HCC, and Child–Pugh
A liver function that showed a median PFS of 3.5 months and OS of 10.5 months; ORR and
disease control rates were 10% and 82.5%, respectively, with grade 3/4 adverse events being
infrequent [33]. In a phase 3, randomized, placebo-controlled trial, a total of 843 patients
with advanced hepatocellular carcinoma who had previously progressed on sorafenib
were screened, and a majority were enrolled and randomized to receive either regorafenib
or placebo. Eligible patients had preserved liver function, good performance status, and
adequate hematologic and organ function. Patients with longer time to progression on
prior sorafenib showed better outcomes, including OS of 15.0 vs. 3.6 months (p < 0.001),
higher ORR (13.3% vs. 0%, p—0.009), and a trend toward improved PFS (3.8 vs. 2.5 months,
p—0.054) with regorafenib demonstrating meaningful efficacy and acceptable safety as
a second-line option, aligning with results from the RESORCE trial [34], with all the
above trials mentioned in Table 1. Based on this, the FDA has approved regorafenib for
patients with advanced HCC and preserved liver function who had disease progression
on sorafenib.

Table 1. Tyrosine kinase inhibitors as second-line therapy in metastatic HCC.

Study/Trial Study Design Study Population/Focus Key Results

Hyung-Don Kim
et al. [27].

Multicenter,
single-arm study

Patients with advanced HCC
progressing after first-line

atezolizumab–bevacizumab
treated with second-line

lenvatinib

mPFS 5.4 months (95% CI 4.2–7.1); mOS
9.8 months (95% CI 8.1-NR); ORR 14.0%;

DCR 82.0%.

Chon et al. [28]. Multicenter,
retrospective study

Patients receiving
second-line sorafenib or

lenvatinib after progression
on

atezolizumab–bevacizumab

ORR similar between lenvatinib and
sorafenib (5.6% vs. 8.3%; p = 0.643); DCR
higher with lenvatinib (66.7% vs. 22.2%;
p < 0.001); PFS improved with lenvatinib

(3.5 vs. 1.8 months; p = 0.001); OS not
significantly different (10.3 vs.

7.5 months; p = 0.353).

Storandt et al.
[31].

Multicenter,
retrospective analysis

Patients with HCC
progressing on first-line

immunotherapy treated with
cabozantinib

mPFS 2.1 months (95% CI 1.3–3.9); mOS
7.7 months (95% CI 5.3–14.9) from

cabozantinib initiation.

Markov model
analysis

Decision-analytic
modeling study

Modeled sequences of
atezolizumab–bevacizumab

followed by second-line
TKIs (sorafenib, lenvatinib,
regorafenib, cabozantinib,

ramucirumab)

Atezolizumab–bevacizumab followed
by lenvatinib (mOS 24 months) or

sorafenib (mOS 23 months) yielded
greatest life-years gained (0.50 and

0.42 years); atezolizumab–bevacizumab
to sorafenib was the safest sequence

(serious AEs 63%).

CELESTIAL Trial
Randomized,

double-blind, phase 3
trial

Previously treated advanced
HCC after TKI/ICI exposure:

cabozantinib vs. placebo

mOS 10.2 vs. 8.0 months (HR 0.76; 95%
CI 0.63–0.92; p = 0.005); mPFS 5.2 vs.

1.9 months (HR 0.44; p < 0.001); ORR 4%
vs. <1% (p = 0.009); grade ≥ 3 AEs 68%

vs. 36%.
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Table 1. Cont.

Study/Trial Study Design Study Population/Focus Key Results

Cheon J. et al.
[33].

Single-arm, phase 2
trial

Regorafenib after
progression on first-line

atezolizumab–bevacizumab

mPFS 3.5 months (95% CI 3.0–3.9); mOS
10.5 months (95% CI 7.1–13.8); 6-month
OS rate 65.0%; ORR 10.0%; DCR 82.5%.

Chan S.L. et al.
[32]

Phase 2, multicenter,
single-arm trial

Cabozantinib following
immune checkpoint inhibitor

therapy in HCC

In second-line setting (n = 27), mPFS
4.3 months (95% CI 3.3–6.7); mOS

14.3 months (95% CI 8.9-NR).

RESORCE Trial
[34]

Randomized,
double-blind, phase 3

trial

Patients with HCC
progressing on sorafenib:
regorafenib vs. placebo

Regorafenib improved OS (HR 0.63; 95%
CI 0.50–0.79; p < 0.0001); mOS 10.6 vs.

7.8 months.

OS—overall survival, PFS—progression-free survival, DCR—disease control rate, ORR—overall
response rate, HCC—hepatocellular carcinoma, TKI—tyrosine kinase inhibitor, AE—adverse events,
ICI—immune checkpoint inhibitor, HR—hazard ratio, mOS—median OS, mPFS—median PFS.

3.4. ICI Rechallenge as Second-Line Therapy in Metastatic HCC

Resistance to initial ICI therapy in HCC may arise through adaptive immune mecha-
nisms and changes in the tumor microenvironment [35–37]. Combination approaches and
dual blockade with or without anti-VEGF can help overcome resistance by enhancing T cell
activation and modulating the tumor microenvironment toward a pro-inflammatory state.
This theoretically can resensitize the tumors to PD-L1 or CTLA4 blockade, which is the
main biological rationale for the synergy observed with atezolizumab plus bevacizumab
and post-ICI combination strategies [37].

Several studies have shown that response to nivolumab plus ipilimumab after prior
anti-PD-1/PD-L1 therapy failure is variable and ranges approximately between 10 and
20% in melanoma, NSCLC, and renal cell carcinoma, among others [38–40]. A systematic
review and meta-analysis of 60 studies showed that ICI rechallenge after prior discontinua-
tion yielded an ORR of 21.6% and a disease control rate (DCR) of 55.8%, with grade ≥ 3
immune-related adverse events (irAEs) occurring in 16.7% of patients, with efficacy being
highest in renal cell carcinoma (ORR 30.9%), followed by melanoma (24.3%) and NSCLC
(10.1%) [41]. Rechallenge with combination ICIs targeting different pathways achieved
better outcomes (ORR 22.5%, DCR 38%) than single-agent reuse, indicating that ICI re-
treatment can provide meaningful benefit with manageable toxicity in advanced solid
tumors progressing after prior immunotherapy [41]. However, evidence for ICI retrial
or rechallenge in hepatocellular carcinoma (HCC) remains limited compared to the more
extensively studied TKI-based second-line approaches, highlighting a key gap in post-ICI
treatment data for HCC and requires careful selection before consideration.

In a retrospective study by Lai et al. of HCC patients retreated with durvalumab
after prior anti-PD-1 therapy (nivolumab or pembrolizumab), the overall response rate
(ORR) was 13.8%, with higher responses among those who had previously responded to
PD-1 inhibitors (31.3% vs. 8.7%, p—0.04) and among patients developing irAEs during
durvalumab (35.3% vs. 6.7%, p—0.01). The median PFS was 5.4 months, and median OS
was 9.6 months, extending to 33.9 months for prior responders. On multivariate analysis,
response to prior anti-PD-1 therapy (HR 0.31) was the sole protective factor for survival,
with skin and hepatic toxicities as the most common irAEs [42]. A case of massive HCC
with portal vein tumor thrombus was reported, which showed a complete response to
atezolizumab plus bevacizumab after progression on pembrolizumab plus lenvatinib,
suggesting that anti-PD-L1 therapy can retain efficacy after anti-PD-1 resistance. PD-L1
blockade inhibits PD-L1 interaction with both PD-1 and B7.1 (CD80), enhancing T cell
costimulation and antigen presentation, mechanisms not triggered by PD-1 antibodies with
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concurrent bevacizumab further reversing VEGF-mediated immunosuppression by nor-
malizing vasculature, reducing MDSCs and Tregs, and improving dendritic cell maturation,
collectively restoring immune infiltration and overcoming prior ICI resistance [43].

Roessler et al. conducted a retrospective study of HCC patients previously treated
with atezolizumab plus bevacizumab or other ICI-based combinations. Among those,
10 patients received subsequent therapy with ipilimumab and nivolumab with an ORR of
30%, DCR of 40%, median PFS of 2.9 months, and OS of 7.4 months, indicating that dual
ICI therapy can be effective and tolerable even after prior immunotherapy [44]. Wong et al.
reviewed 25 patients with advanced HCC who progressed after prior ICI therapy, with ipil-
imumab plus nivolumab/pembrolizumab showing an ORR of 16% (3 complete responses)
with a median DOR of 11.5 months, time to disease progression (TTP) of 2.96 months,
and OS of 10.9 months. One-, two-, and three-year survival rates were 42.4%, 32.3%,
and 21.6%, respectively. Responses occurred only in Child–Pugh A, ALBI 1–2 patients.
Therapy-related adverse events occurred in 52% (grade ≥ 3 in 12%), indicating durable
efficacy with acceptable toxicity; however, ICI-based retreatment should be approached
cautiously and reserved for patients with adequate liver function, as 12% experienced
grade ≥ 3 treatment-related adverse events, and poorer outcomes were observed in those
with higher Child–Pugh class or ALBI grade [45]. In a multi-site Mayo Clinic study of HCC
patients treated with first-line atezolizumab/bevacizumab between 2018 and 2022, 107
of 342 patients (31.3%) went on to receive second-line systemic therapy. Median overall
survival (OS) from initiation of second-line treatment was 11.1 months overall, with no sig-
nificant difference between anti-VEGF therapy (median OS 10.7 months, 95% CI 7.2–12.8)
and immune checkpoint inhibitors (median OS 15.7 months, 95% CI 6.8-NE; p = 0.50).
Median time to treatment discontinuation was similarly short for anti-VEGF inhibitors
(2.4 months, 95% CI 1.7–3.3) and ICIs (2.6 months, 95% CI 1.5–5.1; p = 0.87), and Child–Pugh
score was significantly associated with survival in a multivariate analysis [46].

NCT04430452 is an ongoing phase II open-label trial in 30 patients with advanced
HCC, and a Child–Pugh score A and B less than 9, progressing after prior ICIs (excluding
durvalumab), evaluating 5-day hypofractionated radiotherapy followed by durvalumab
alone or with tremelimumab every 4 weeks for up to 2 years, with the objective response
rate as the primary endpoint.

It is important to highlight that ICI rechallenge in metastatic or advanced HCC remains
nonstandard with limited evidence. This should be explored in the context of clinical trials
or highly selected patients.

3.5. TKIs Plus ICI Rechallenge vs. TKI Alone as Second-Line Therapy in Metastatic HCC

A multicenter retrospective study (Yu, J. et al.) comparing regorafenib plus ICI vs. re-
gorafenib alone as second-line treatment after ICI failure showed significantly improved OS
[19.0 vs. 11.0 months, hazard ratio (HR) = 0.426, 95% confidence interval (CI): 0.235–0.772,
p—0.005] and PFS (4.0 vs. 3.0 months, HR—0.539, 95% CI: 0.337–0.863, p—0.010) com-
pared to the regorafenib group [47], with a median PFS of 5.09 months in another sim-
ilar study (Zhao, J et al.) [48]. In a retrospective study (Lai, K. C. et al.), cabozantinib
plus ICI showed better PFS vs. cabozantinib alone (6.7 vs. 3.2 months; p—0.04) with
a trend toward longer OS with exploratory analyses suggesting AXL expression may
predict benefit [49].

A phase III trial (IMbrave251)/NCT04770896 is currently evaluating ICI in combi-
nation with TKI/VEGF inhibitors comparing atezolizumab combined with lenvatinib or
sorafenib versus lenvatinib or sorafenib alone in patients with unresectable or metastatic
HCC who have progressed on prior atezolizumab plus bevacizumab treatment, but side
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effects like active varices, uncontrolled portal hypertension, recent gastrointestinal bleeding,
or uncontrolled hypertension would be a limiting factor.

In a multicenter phase 1b/2 study (Hsu, C. et al.), GT90001 (anti-ALK-1 monoclonal
antibody) plus nivolumab achieved a median PFS of 2.81 months (95% CI, 1.71–9.33)
for first-line therapy in metastatic HCC without prior ICI exposure, and a phase II trial
(NCT05178043) to approve its use in second-line therapy is going on [50].

Regarding third-line therapy post-sorafenib, multiple RCTs like the RESORCE and
REACH2 trials show survival benefit with ramucirumab (AFP ≥ 400 ng/mL: 8.5 vs.
7.3 months; p—0.0199), regorafenib (10.6 vs. 8.0 months, p < 0.001), and cabozantinib (10.2
vs. 8.0 months, p—0.005), with generally manageable TKI toxicities (hand–foot skin reaction,
fatigue, hypertension, proteinuria) [30,34,51]. Ramucirumab is currently FDA-approved
for patients with advanced HCC with preserved liver function and AFP > 400 ng/mL who
have had disease progression on sorafenib.

3.6. Oligoprogressive Disease in HCC

In metastatic hepatocellular carcinoma (HCC), oligoprogressive disease (OPD) refers
to limited progression, typically involving ≤3–5 lesions in ≤2 organs while the remain-
ing disease remains controlled on ongoing systemic therapy such as immune checkpoint
inhibitors (ICIs) or tyrosine kinase inhibitors (TKIs). This pattern reflects focal or clonal
resistance rather than global treatment failure and provides an opportunity to maintain
effective systemic therapy while addressing resistant lesions with local treatments. Modali-
ties such as stereotactic body radiotherapy (SBRT), radiofrequency or microwave ablation
(RFA/MWA), or transarterial radioembolization (TARE) can achieve local control, delay
systemic progression, and potentially prolong overall survival.

3.7. Locoregional Therapy

Transarterial chemoembolization (TACE) delivers chemotherapeutic agents such as
doxorubicin or cisplatin into the hepatic artery supplying the tumor, followed by emboliza-
tion to block blood flow, inducing ischemic necrosis and high local drug concentration
while sparing normal liver tissue. Transarterial radioembolization (TARE or Y-90) involves
the intra-arterial infusion of yttrium-90-labeled microspheres that deliver localized beta
radiation to tumor tissue, inducing direct cytotoxicity, endothelial damage, and immuno-
genic cell death while sparing healthy parenchyma. Radiofrequency ablation (RFA) and
microwave ablation (MWA) employ high-frequency electrical currents or electromagnetic
waves to generate thermal coagulative necrosis, most effective for tumors smaller than
3 cm, leading to localized tumor destruction and the release of tumor-associated antigens.
Hepatic arterial infusion chemotherapy (HAIC) administers concentrated chemotherapeu-
tic agents such as FOLFOX or cisplatin/5-FU directly into the hepatic artery, achieving
potent regional cytotoxicity with minimal systemic toxicity and particular efficacy in cases
with macrovascular invasion like portal vein thrombosis. Stereotactic body radiotherapy
(SBRT) delivers highly focused, high-dose radiation to tumor sites, causing double-strand
DNA breaks and immunogenic tumor cell death, which upregulates PD-L1 expression and
enhances antigen presentation, thereby facilitating immune-mediated tumor clearance [8].
The resulting hypoxia from these procedures triggers VEGF release and angiogenesis,
which can be counteracted by TKIs like sorafenib or lenvatinib to enhance tumor control.
TACE-induced necrosis also releases tumor antigens and damage-associated molecular
patterns, promoting dendritic cell activation and T cell priming, upregulates PD-L1 and
MHC-I, augmenting response to PD-1/PD-L1 inhibitors; when combined with ICIs, this
immunogenic effect boosts antitumor immunity and creates an “in situ vaccine” effect that
enhances systemic response [52].
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Talbot et al. found that new vascular invasion was a common progression pattern post-
ICI, associated with shorter OS (HR 2.15; p—0.0007, median OS 0.4 months), suggesting a
role for SBRT in controlling vascular invasion [22].

LRT Plus TKI/ICI vs. LRT Alone

In the phase 3 TACTICS trial, TACE plus sorafenib achieved a median OS of 36.2 vs.
30.8 months with TACE alone (HR 0.86, p—0.40) and significantly improved PFS (22.8 vs.
13.5 months; HR 0.66, p—0.02). Although OS benefit was not statistically significant, the
combination provided clinically meaningful survival prolongation, supporting TACE plus
sorafenib as an effective option for unresectable HCC [52]. In a multicenter, randomized,
phase III trial, patients with treatment-naive or recurrent advanced HCC were assigned
to lenvatinib plus on-demand TACE (LEN-TACE) or lenvatinib monotherapy. At a me-
dian follow-up of 17 months, LEN-TACE significantly improved overall survival (17.8
vs. 11.5 months), progression-free survival (10.6 vs. 6.4 months), and higher objective
response rate (54.1% vs. 25.0%) in the LEN-TACE group, and multivariable analysis iden-
tified portal vein tumor thrombus and treatment allocation as independent prognostic
factors [53]. Clinically, small phase II and real-world studies (like NCT04224636/DEMAND
phase II trial, EMERALD-1, CheckMate-74W/NCT04340193, LEAP-012) show that TACE
plus ICI (±anti-VEGF) achieves higher ORR (40–60%), longer PFS (10 to 12 months vs. 6
to 8 months), and improved local control, without major increases in toxicity compared
with TACE alone. These findings suggest that TACE combined with ICIs may convert
locoregional therapy into a systemic immunomodulatory approach, potentially redefining
treatment for intermediate or unresectable HCC pending the results of ongoing phase III
trials, as mentioned in Table 2 [54–56].

Duffy et al. reported in a cohort of 32 patients treated with tremelimumab plus LRT
(TACE, RFA, or cryoablation) a partial response rate of 26.3%, 6- and 12-month PFS rates
of 57.1% and 33.1%, and a median OS of 12.3 months, indicating enhanced efficacy and
immune activation with combined approaches [57]. In a phase II single-arm study (Tai, D.
et al.), 40 patients with advanced hepatocellular carcinoma and Child–Pugh A liver function
received Y90 radioembolization followed by nivolumab 240 mg every two weeks starting
21 days after Y90. Of the 36 patients who completed both treatments, the objective response
rate was 30.6% (95% CI 16.4–48.1), including one complete and ten partial responses. The
combination was well tolerated and demonstrated promising antitumor activity, though
the response rate was lower than the target estimate, concluding that Y90 followed by
nivolumab shows encouraging efficacy in advanced HCC, warranting further evaluation
in BCLC stage B patients ineligible or refractory to TACE and in stage C disease without
extrahepatic spread [58]. In a meta-analysis by Ding et al. including 1774 patients across
19 studies, combining cellular immunotherapy with LRT (mainly TACE) significantly
improved the disease control rate (OR 5.91, p—0.007), 1-year PFS (OR 3.56, p < 0.00001), and
24-month OS (OR 3.52, p < 0.0001) compared to LRT alone, as mentioned in Table 2 [59].

In the phase III randomized trial by Dawson et al., patients receiving SBRT followed
by sorafenib had significantly improved outcomes compared with sorafenib alone, with
a median overall survival of 15.8 vs. 12.3 months (HR 0.72; 95% CI 0.52–0.99; p = 0.042)
and a median progression-free survival of 9.2 vs. 5.5 months (HR 0.55; 95% CI 0.40–0.75;
p = 0.0001), demonstrating that adding SBRT to systemic therapy enhances survival and
disease control in advanced HCC, as mentioned in Table 2 [60].

The phase 2 NASIR-HCC trial included 42 patients with unresectable HCC (BCLC-B2
or unilobar portal vein invasion) who received SIRT followed by nivolumab. Over
22.2 months of follow-up, treatment-related grade 3/4 adverse events occurred in eight
patients (5 serious), indicating acceptable safety. The objective response rate was 41.5%,
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with four patients downstaged to surgery. Median time to progression was 8.8 months
and overall survival 20.9 months, showing that SIRT plus nivolumab provides manageable
toxicity and meaningful antitumor activity in intermediate to locally advanced HCC, as
mentioned in Table 2 [61].

In a single-group phase II multicenter trial, 50 patients with advanced HCC and
macrovascular invasion received concurrent nivolumab and external beam radiother-
apy (EBRT), followed by maintenance nivolumab. Median progression-free survival was
5.6 months, overall survival 15.2 months, and time to progression 5.6 months, with an
ORR of 36% and disease control rate 74%, and a median response duration of 9.9 months.
Treatment-related adverse events occurred in 80% of patients, with grade 3/4 events in
12%, indicating acceptable safety. Overall, concurrent nivolumab plus EBRT demonstrated
promising efficacy and manageable toxicity in this high-risk HCC population [62].

Kumar, R et al. conducted a retrospective study of advanced HCC with portal vein
tumor thrombosis (PVTT); stereotactic body radiotherapy (SBRT) achieved 1-year local
control, progression-free survival, and overall survival rates of 95%, 53.4%, and 60%,
respectively, with minimal grade III toxicity. Tumors larger than 350 cc had significantly
poorer outcomes, with a median OS and PFS of 4 and 2 months (p—0.01 and 0.003), and
the median time to progression was 2 months, indicating that SBRT provides excellent
local control and manageable toxicity in advanced HCC with PVTT, though early systemic
relapse highlights the need for multimodal therapy integration [63].

Table 2. Locoregional therapy in metastatic HCC.

Study/Trial Study Design Study
Population/Intervention Key Results

TACTICS Trial Randomized,
prospective clinical trial

Unresectable HCC: TACE plus
sorafenib vs. TACE alone

mOS 36.2 vs. 30.8 months (HR 0.86;
95% CI 0.61–1.22; p = 0.40); updated

PFS significantly improved with
TACE plus sorafenib (22.8 vs.
13.5 months; HR 0.66; 95% CI

0.47–0.94; p = 0.02).

LAUNCH Trial Randomized clinical
trial

Advanced HCC: lenvatinib
plus TACE vs. lenvatinib alone

mOS 17.8 vs. 11.5 months (HR 0.45;
p < 0.001); PFS 10.6 vs. 6.4 months
(HR 0.43; p < 0.001); higher ORR

with LEN-TACE (54.1% vs. 25.0%;
p < 0.001).

DEMAND Trial
(NCT04224636)

Multicenter,
randomized phase II

study

Intermediate-stage HCC:
atezolizumab–bevacizumab

before or with TACE

Outcomes pending; primary
endpoint 24-month survival rate;

secondary endpoints include ORR,
PFS, safety, and quality of life.

EMERALD-1
(NCT03778957)

Multiregional,
randomized,
double-blind,

placebo-controlled
phase III trial

Intermediate-stage HCC:
TACE plus durvalumab ±
bevacizumab vs. placebo

mPFS 15.0 months with
durvalumab plus bevacizumab vs.
8.2 months with placebo (HR 0.77;
p = 0.032); durvalumab alone did
not significantly improve PFS vs.

placebo (HR 0.94; p = 0.64).

CheckMate 74W
(NCT04340193)

Global, randomized,
double-blind phase III

trial

Intermediate-stage HCC:
nivolumab plus ipilimumab

plus TACE vs. controls

Ongoing; primary endpoint time to
TACE progression; secondary

endpoints include OS, PFS, and
event-free survival.
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Table 2. Cont.

Study/Trial Study Design Study
Population/Intervention Key Results

LEAP-012

Prospective,
randomized,

double-blind phase III
trial

Intermediate-stage HCC:
lenvatinib plus

pembrolizumab plus TACE vs.
placebo plus TACE

Ongoing; dual primary endpoints
OS and PFS; secondary endpoints

include ORR, DCR, duration of
response, and time to progression.

Duffy et al. [57].
(NCT01853618) Phase I/II clinical study

Refractory HCC:
tremelimumab combined with

ablation

6- and 12-month tumor PFS rates
57.1% and 33.1%; median time to

progression 7.4 months; mOS
12.3 months (95% CI 9.3–15.4).

Tai D. et al. [58].
Single-arm,

single-center phase II
trial

Advanced HCC: Y90
radioembolization followed by

nivolumab

ORR 30.6% (95% CI 16.4–48.1); CR
3%, PR 28%.

Ding et al. [59]. Meta-analysis
(19 studies, n = 1774)

Cellular immunotherapy plus
LRT (mainly TACE) vs. LRT

alone

Improved DCR (OR 5.91; p = 0.007),
1-year PFS (OR 3.56; p < 0.00001),

and 24-month OS (OR 3.52;
p < 0.0001).

Dawson et al. [60]. Randomized phase III
trial

Advanced HCC: SBRT plus
sorafenib vs. sorafenib alone

mOS 15.8 vs. 12.3 months (HR 0.72;
p = 0.042); mPFS 9.2 vs. 5.5 months

(HR 0.55; p = 0.0001).

NASIR-HCC Phase II trial
Unresectable HCC (BCLC-B2

or unilobar PV invasion): SIRT
followed by nivolumab

ORR 41.5%; four patients
downstaged to surgery; median

TTP 8.8 months; mOS 20.9 months.

Kim B. et al. [62]. Phase II multicenter
single-arm trial

HCC with macrovascular
invasion: concurrent

nivolumab and EBRT followed
by nivolumab

mPFS 5.6 months; mOS
15.2 months; ORR 36%; DCR 74%.

OS—overall survival, PFS—progression-free survival, DCR—disease control rate, ORR—overall
response rate, mOS—median OS, mPFS—median PFS, HCC—hepatocellular carcinoma,
LRT—locoregional therapy, TACE—transarterial chemoembolization, SBRT—stereotactic body radi-
ation therapy, SIRT—selective internal radiation therapy, EBRT—external beam radiation therapy,
TTP—time to progression.

3.8. Cellular Therapy/CAR-T

Chimeric antigen receptor T cell therapy (CAR-T) is an innovative and emerging
therapy in different cancers, including HCC [64]. Unlike hematological malignancies where
CAR-T is the standard of care for many hematological malignancies, CAR-T development
in solid tumors including HCC remains investigational and faces challenges, in particular,
due to the tumor heterogeneity, on-target off-tumor toxicity and the immune microenvi-
ronment [64]. Studies have evaluated multiple target antigens for CAR-T in HCC and
among those, Glypican-3 (GPC3) represents the most promising target aiming at the high
level of expression in HCC [65]. Zhang et al. presented at the American Society of Clinical
Oncology (ASCO) 2024 preliminary results of the first-in-human phase I study using a
GPC3-directed CAR-T therapy, C-CAR301 [66]. The trial demonstrated a manageable safety
profile in these heavily pretreated patients with HCC with no dose-limiting toxicities and
predominantly low-grade cytokine release syndrome (CRS). Preliminary efficacy indicated
tumor reduction in 90.9% of patients, with a DCR of 90.9% and ORR of 50%, support-
ing further clinical development. Currently, there are several clinical trials evaluating
this approach, as mentioned in Table 3 [67–69]. The available CAR-T data are limited by
short follow-up, absence of mature survival endpoints, small cohort sizes, and the strictly
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early-phase investigational status of these trials and therefore should not be interpreted
as practice-defining.

Table 3. Ongoing clinical trials on CAR-T in metastatic HCC.

Study/Trial Study Design Study
Population/Intervention Key Outcomes/Endpoints

NCT05003895 Phase I clinical trial

Advanced HCC expressing
GPC3 (≥25% by IHC),

Child–Pugh A, ECOG 0–1,
≥1 measurable lesion;

second-line treatment with
anti-GPC3 CAR (hYP7) T

cells

Primary objectives: determination of
maximum tolerated dose (MTD),

dose-limiting toxicities (DLTs), safety,
and feasibility of anti-GPC3 CAR-T

cells; secondary objectives include best
overall response and overall survival.

NCT03198546
Phase I, open-label,

nonrandomized,
single-arm study

Advanced HCC and other
solid tumors (pancreatic

and ovarian cancer)
expressing GPC3 or

mesothelin; IL-7 plus
CCL19 (“7 × 19”) armored

CAR-T cells

Primary objectives: safety and
feasibility; secondary objectives assess

CAR-T expansion, migration,
persistence, tumor infiltration, and

preliminary antitumor activity
compared with conventional CAR-T

cells.

ATHENA
(NCT06084884)

First-in-human,
single-arm,
open-label,

multicenter phase I/II
study

Adults with GPC3-positive
advanced, recurrent,

metastatic, or unresectable
HCC; ECOG 0–1,

Child–Pugh A; ≥1 prior
line of systemic therapy

Primary endpoints: safety and
tolerability; secondary endpoints

include ORR, best overall response,
duration of response, DCR, PFS, OS,
and pharmacokinetics; exploratory

endpoints evaluate pharmacodynamic
biomarkers, immune cell kinetics, and

immunogenicity.

OS—overall survival, PFS—progression-free survival, DCR—disease control rate, ORR—overall
response rate, CAR-T—chimeric antigen receptor T cell, GPC—Glypican, CCL-19—C-C motif
chemokine ligand 19, HCC—hepatocellular carcinoma.

3.9. LRT as Second-Line Therapy

In this retrospective study of advanced HCC, HAIC (hepatic arterial infusion
chemotherapy) after atezolizumab–bevacizumab failure achieved better outcomes than
first-line HAIC, with a median OS of 12.4 vs. 6.8 months (p—0.073), PFS of 8.2 vs. 3.1 months
(p—0.018), and ORR of 35.3% vs. 18.1% (p—0.031). Multivariate analysis confirmed HAIC
post-atezolizumab plus bevacizumab as an independent predictor of improved OS and
PFS, supporting its potential as an effective second-line therapy pending validation in
larger trials [70]. A multicenter, open-label phase III trial is going on to evaluate HAIC plus
regorafenib versus regorafenib alone in advanced HCC patients intolerant of or progressing
after first-line therapy, with treatment given in 4-week cycles and overall survival as the
primary endpoint [71].

Sindhu et al. analyzed 30 patients with solid tumors, including 16 patients with HCC
and urothelial carcinoma among others, who received SBRT (stereotactic body radiation
therapy) after oligoprogression during ICI therapy. The median time to oligoprogression
was 11.1 months, and patients received a median RT dose of 46.5 Gy in five fractions.
Post-RT, the median progression-free survival (PFS) was 7.1 months, with 26 patients
continuing ICIs and 15 showing limited subsequent progression amenable to additional RT.
Overall survival at 6, 12, and 24 months was 100%, 96.3%, and 82.8%, respectively. These
findings suggest that targeted RT during oligoprogression can prolong disease control and
sustain ICI efficacy, achieving excellent overall survival outcomes [72].
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4. Summary and Limitations of Current Evidence
To summarize, as mentioned in Figure 1, in the second-line setting for unre-

sectable/advanced HCC, management is guided by prior treatment exposure, hepatic
reserve (Child–Pugh), ECOG performance status, and overall patient fitness. For fit pa-
tients with preserved liver functions, current evidence supports TKI monotherapy with
options including lenvatinib, sorafenib, and cabozantinib. Regorafenib can be considered
after prior progression to sorafenib. Enrollment in a clinical trial should be considered
whenever available. Notably, evidence supporting rechallenge with ICIs remains limited,
and this approach is not considered standard outside of clinical trials or in highly selected
patients. In patients with oligoprogressive disease on an otherwise effective systemic ther-
apy, locoregional therapy (LRT) should be considered while continuing with the current
systemic agent rather than switching lines.

The majority of included studies are limited by small sample sizes, retrospective design,
and inherent selection bias, which restrict the generalizability of the reported outcomes.
Given the underlying cirrhosis in most HCC patients, efficacy outcomes must be interpreted
alongside rates of hepatic decompensation, liver-related toxicity, and treatment-associated
mortality, which remain underreported across the included studies. In the absence of phase
III randomized controlled trial data, the therapeutic strategies discussed in this review
should be considered hypothesis-generating and practice-informing rather than evidence-
based recommendations, and no definitive therapeutic efficacy recommendations can be
established at this time, emphasizing the need for well-designed larger prospective studies
or RCTs at this time.

5. Conclusions
Second-line treatment of advanced HCC after ICI failure remains a critical research gap.

TKIs, particularly lenvatinib, remain the most reliable empirical choice, supported by retro-
spective studies and biologic mechanism of action. Rechallenge with immunotherapy after
prior exposure to ICIs is not supported by high-level evidence and should be considered in
the context of clinical trials or highly selected patient populations. Locoregional therapies
still play an important role, especially in oligoprogressive disease, and may synergize
with systemic strategies. In the absence of randomized data, treatment selection must be
individualized, guided by liver function, ECOG status, prior response to ICI, comorbidities,
and disease distribution. Cellular therapies with CAR-T cells remain investigational but
early clinical signals, particularly with GPC3-targeted CAR-T, are promising, supporting
continued development and optimization to define their role in HCC.

TKIs: Lenvatinib, sorafenib, cabozantinib, regorafenib, rivoceranib.
ICIs: Atezolizumab, durvalumab, nivolumab, pembrolizumab, camrelizumab, ipili-

mumab, tremelimumab.
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