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Recent advances in the management of hepatocel-
lular carcinoma
Kamya Sankar1, Jun Gong1, Arsen Osipov1, Steven A. Miles1, Kambiz Kosari1,2, Nicholas N. Nissen1,2,  
Andrew E. Hendifar1, Ekaterina K. Koltsova1,3, and Ju Dong Yang1,2,4

1Samuel Oschin Comprehensive Cancer Institute, Cedars-Sinai Medical Center; 2Comprehensive Transplant Center, Cedars-
Sinai Medical Center; 3Smidt Heart Institute, Cedars-Sinai Medical Center; 4Karsh Division of Gastroenterology and Hepatology, 
Cedars-Sinai Medical Center, Los Angeles, CA, USA

Liver cancer remains a challenge of global health, being the 4th leading cause of cancer death worldwide. Hepatocellular 
carcinoma (HCC) is the most common type of primary liver cancer, and is usually precipitated by chronic viral infections 
(hepatitis B and C), non-alcoholic steatohepatitis, heavy alcohol use, and other factors which may lead to chronic 
inflammation and cirrhosis of the liver. There have been significant advances in the systemic treatment options for HCC 
over the past decades, with several approvals of both immune checkpoint inhibitors and tyrosine kinase inhibitors in 
patients with preserved liver function. These advances have led to improvement in survival outcomes, with expected 
survival of greater than 18 months, in those with sensitive tumors, adequate liver function, and those functionally fit to 
receive sequential therapies. Several ongoing and promising trials are now evaluating combinational strategies with 
novel systemic agents and combinations of systemic therapy with locoregional therapy. In view of these trials, further 
advances in the treatment of HCC are foreseen in the near future. (Clin Mol Hepatol 2024;30:1-15)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common type 
of liver cancer, encompassing 80–90% of primary liver can-
cers. Despite significant advances in therapeutics, HCC has 
high mortality rates in the United States and globally.1,2 HCC 
is the 6th most common cancer and 4th leading cause of can-

cer-related death globally, and thus a significant affliction to 
public health.3 Chronic hepatic inflammation and liver cirrho-
sis from any cause is the strongest risk factor for HCC. Chronic 
inflammation may arise from heavy alcohol use, nonalcoholic 
steatohepatitis (NASH), viral infections (hepatitis B [HBV] and 
hepatitis C [HCV]), chronic toxin exposure (e.g., aflatoxin). 
Lifestyle factors like chronic alcohol consumption, dietary 
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habits, and sedentary lifestyle, have led to a continued rise in 
the incidence of HCC despite advances in anti-viral therapies 
in dampening HBV and HCV related cirrhosis.3,4

Diagnosis of HCC remains largely based on radiologic find-
ings.5 This is in the setting of increased need for better mo-
lecular characterization of the disease which requires either 
tissue for analysis or liquid biopsy, or sometimes both. Im-
mune checkpoint inhibitors (ICI) blocking programmed 
death ligand 1 (PD-L1) or programmed cell death protein 1 
(PD-1) have transformed the treatment landscape for HCC 
and now form the backbone of most systemic therapies in 
clinical practice and in trials. Several systemic options have 
been approved for first-line therapies (atezolizumab and 
bevacizumab [atezo-bev], durvalumab and tremelimumab 
[durva-treme], sorafenib, lenvatinib). In addition, several sec-
ond-line agents such as regorafenib, cabozantinib, ramuci-
rumab, nivolumab with ipilimumab, and pembrolizumab are 
now approved and available. Many ongoing trials are investi-
gating novel strategies involving tyrosine kinase inhibitors in 
combination with ICI, locoregional treatment in combination 
with ICI, and ICI combination strategies in the neoadjuvant 
setting. Herein, we review the current approaches to the 
management of advanced HCC. We discuss the evolution of 
systemic therapy for HCC, strategies for treatment selection 
and sequencing, clinical challenges in the treatment of HCC, 
and future directions for novel therapeutic strategies for HCC.

APPROACH TO MANAGEMENT

The relatively recent availability of multiple systemic op-
tions in the first and subsequent line settings have signifi-
cantly changed the treatment landscape for HCC. Most pa-
tients with HCC have underlying cirrhosis, which significantly 
impacts their health, performance status, and ability to toler-
ate surgical, locoregional and systemic treatments. As a re-
sult, treatment must be individualized.6 Currently, there is a 
widespread global consensus among clinicians to base treat-
ment of HCC on the tumor stage based on the Barcelona 

Clinic Liver Cancer (BCLC) staging system.7,8 Patients who 
have early-stage HCC (BCLC 0 or BCLC A) are candidates for 
treatment with surgical resection, ablation or liver trans-
plant.9 Patients with intermediate-stage HCC (BCLC B) are 
treated with locoregional therapies such as trans-arterial 
chemoembolization (TACE), trans-arterial radioembolization 
with yttrium-90 (Y90), and/or systemic therapy.9 Several ran-
domized studies are ongoing evaluating the combination of 
systemic treatment with locoregional treatment for interme-
diate-stage HCC (NCT04246177, NCT03778957, NCT04340193, 
NCT04268888). Patients with advanced-stage HCC (BCLC C) 
are treated with systemic therapies upfront. Select patients 
with BCLC stage B and rarely C can become candidates for 
liver transplant with adequate downstaging.

Prognosis of patients with HCC correlates well with their 
BCLC stage. Median survival ranges from greater than 10 
years in patients who receive liver transplant for early stage, 
to more than 6 years for patients who undergo resection or 
ablation, approximately 26–30 months for patients with in-
termediate-stage HCC, and approximately 19 months in pa-
tients with advanced stage with compensated liver function 
(Child Pugh A cirrhosis).3 These outcomes are significantly 
improved in the era of immunotherapy as compared to his-
toric data in patients with HCC.10 

SYSTEMIC THERAPIES

In treatment-naïve patients with unresectable HCC, 
sorafenib was first shown to prolong survival compared to 
placebo.11 Lenvatinib has been shown to be non-inferior to 
sorafenib.12 Both atezo-bev and durva-treme improved sur-
vival compared to sorafenib.13,14 Finally, durvalumab mono-
therapy has been shown to be non-inferior to sorafenib.14 A 
summary of the currently approved systemic therapies for 
the management of advanced HCC is shown in Figure 1.

Abbreviations: 
HCC, hepatocellular carcinoma; NASH, nonalcoholic steatohepatitis; HBV, hepatitis B virus; HCV, hepatitis C virus; ICI, immune checkpoint inhibitors; PD-L1, programmed 
death ligand 1; PD-1, programmed cell death protein 1; BCLC, Barcelona Clinic Liver Cancer; TACE, trans-arterial chemoembolization; Y90, yttrium-90; TKI, tyrosine kinase 
inhibitor; OS, overall survival; PFS, progression-free survival; CTLA-4, cytotoxic T-lymphocyte antigen-4; RT, radiotherapy; TARE, transarterial radioembolization; LEN, 
lenvatinib
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Currently approved tyrosine-kinase inhibitors 
and anti-angiogenic agents for treatment of 
HCC

Prior to 2007, there were no standard systemic therapies for 
HCC. Cytotoxic chemotherapy was used with limited benefit 
with high rates of toxicity often stemming from underlying 
pre-existing liver dysfunction in treated patients. The SHARP 
trial in 2007 was the first clinical trial to show a survival bene-
fit in HCC where sorafenib, a tyrosine kinase inhibitor (TKI), 
improved median overall survival (OS) from 7.9 months to 
10.7 months when compared to placebo (hazard ratio [HR] 
0.69, 95% confidence interval [CI] 0.55–0.87; P<0.001).11

Lenvatinib, a multi-kinase TKI (targeting VEGF receptor 1–3, 
FGF receptor 1–4, PDGF receptor alpha, RET, and KIT), was 
then studied in comparison to sorafenib in the REFLECT trial. 
Median OS in the lenvatinib group was non-inferior to 
sorafenib (median OS 13.6 vs. 12.3 months, HR 0.92, 95% CI 
0.79–1.06). Lenvatinib had a higher objective response rate 
(18.8% vs. 6.5%), time-to-progression (7.4 vs. 3.7 months), 
and median progression-free survival (PFS) (7.3 vs. 3.6 
months).12 There was a higher incidence of treatment-related 
adverse events in the lenvatinib arm (43% vs. 30%). Lenva-
tinib was approved by the US Food and Drug Administration 
(FDA) in 2018 as the first-line treatment for patients with ad-
vanced/unresectable HCC.

In the subsequent-line settings, both cabozantinib and 
regorafenib are approved. Regorafenib was studied in the 
RESORCE study which randomized HCC patients who previ-
ously progressed on sorafenib with Child Pugh A cirrhosis 2:1 
to receive regorafenib or placebo. Regorafenib improved OS 
(median OS 10.6 vs. 7.8 months, HR 0.63, P<0.0001). The ob-
jective response rate for regorafenib was 7% with median 
duration of response of 3.5 months.15 Grade 3 or 4 adverse 
events were reported in 46% of patients. Regorafenib was 
approved in 2017 for treatment of HCC after progression on 
sorafenib. 

Cabozantinib, a multi-kinase TKI that targets VEGF recep-
tors 1–3, MET and AXL, was studied in the CELESTIAL trial 
where patients with HCC who had disease progression after 
1–2 systemic treatments were randomized 2:1 to receive 
cabozantinib or placebo.16 Cabozantinib treated patients 
showed improved median OS (10.2 vs. 8 months, HR 0.76, 
95% CI 0.63–0.92, P=0.005) and median PFS (5.2 vs. 1.9 
months, HR 0.44, 95% CI 0.36–0.52, P<0.001). The objective 
response rate was 4%. Grade 3 or 4 adverse events occurred 
in 68% of patients in the cabozantinib group. In 2019, cabo-
zantinib was approved for patients with HCC who had previ-
ously been treated with sorafenib. 

Ramucirumab, a monoclonal antibody which targets VEGF 
receptor 2, was studied in a placebo-controlled randomized 
trial in patients with BCLC stage B or C HCC who had shown 

Figure 1. Timeline of approved systemic therapies in management of advanced HCC. HCC, hepatocellular carcinoma.

2007 2018

Sorafenib Lenvatinib
Pembrolizumab

Atezolizumab-
bevacizumab
Nivolumab-
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progression on sorafenib and had alpha-fetoprotein concen-
trations of 400 ng/mL or greater. This study met its primary 
endpoint where ramucirumab improved median OS (8.5 vs. 
7.3 months, HR 0.71, 95% CI 0.53–0.95, P=0.019) and median 
PFS (2.8 vs. 1.6 months, HR 0.45, 95% CI 0.34–0.60, 
P<0.0001).17 The objective response rate did not significantly 
differ between the two groups (5% vs. 1%). The currently ap-
proved TKI and anti-angiogenic agents are summarized in 
Table 1.

Currently approved checkpoint inhibitors in 
treatment of HCC

The immunotherapy era in the management of HCC began 
after a pilot study published in 2013 showed the safety and 
anti-tumor activity of tremelimumab, an inhibitor of cytotox-
ic T-lymphocyte antigen-4 (CTLA-4), in patients who devel-
oped HCC with HCV cirrhosis.18 In the ensuing decade, the 
availability of immunotherapy as a treatment option for HCC 
has had a tremendous impact in the field as demonstrated 
by its adoption and inclusion of immunotherapy in the ma-
jority of treatment algorithms for HCC in clinical practice. Fur-
thermore, most if not all systemic treatments being evaluat-
ed in randomized phase III studies in advanced HCC involve a 
ICI backbone. However, despite major advances and a shift in 
the treatment paradigm, only a fraction of patients respond 
to ICI, particularly as monotherapy,19,20 thus highlighting the 
importance of research in biomarker driven strategies and 
combination approaches.

Single agents

Nivolumab and pembrolizumab showed activity in phase II 
trials that evaluated their role as second-line agents when 
used after progression on sorafenib. These studies showed a 
response rate of 15–20% (complete response rate of 1–5%) 
which were durable.19,20 In the CheckMate 040 trial, the 2 year 
survival rate among responders to nivolumab was over 80%. 
Based on these data, both nivolumab and pembrolizumab 
obtained accelerated approval by regulatory agencies as sec-
ond-line treatment after progression on or unacceptable tox-
icity to sorafenib. 

CheckMate 459 was a randomized phase III study evaluat-
ing nivolumab compared to sorafenib in treatment-naïve pa-
tients with advanced HCC and Child Pugh A cirrhosis. At a 

median follow up of 15.2 months, a trend towards improved 
OS in the nivolumab arm was reported (median 16.4 vs. 14.7 
months, HR 0.85, P=0.075).21 Further, patients who received 
nivolumab had improved durable disease control (median 7.5 
vs. 5.7 months) and improved toxicity profile with fewer 
grade 3 or 4 treatment-related adverse events (22% vs. 49%). 
However, due to not achieving statistical significance for the 
primary endpoint of OS, the FDA withdrew its approval of 
nivolumab for treatment of advanced HCC in 2021.

In a relatively recent randomized phase III placebo-con-
trolled study of patients with advanced HCC previously treat-
ed with sorafenib (KEYNOTE-240) pembrolizumab resulted in 
a median OS of 13.9 months vs. 10.6 months in placebo, ob-
jective response rate of 18.3% (vs. 4.4%), and grade 3 or high-
er treatment-related adverse events rate of 52.7% (vs. 
46.3%).22 However, statistical significance for improvement in 
OS was not reached. Pembrolizumab is a category 2B recom-
mendation in the second-line setting for patients with ad-
vanced HCC afer progression on TKIs. Another randomized 
phase III study (KEYNOTE-394) which randomized patients in 
Asia with advanced HCC with progression on or intolerance 
to sorafenib to either pembrolizumab or placebo, showed an 
improvement in OS, PFS, and objective response rate in pa-
tients who received pembrolizumab.23 Overall the results 
were supportive of the use of pembrolizumab as second-line 
therapy for advanced HCC. 

Combination approaches

The promising activity and favorable safety profile of sin-
gle-agent ICIs in the management of HCC has spurred the 
evaluation of various combination strategies, some of which 
are already being used in clinical practice.

The combination of PD-L1 inhibitor atezolizumab and VEGF 
inhibitor bevacizumab (atezo-bev) evaluated in the IM-
brave150 clinical trial established a new standard of care in 
2020 for first-line treatment of patients with unresectable 
HCC after more than a decade of failing clinical trials. IM-
brave150 evaluated sorafenib versus atezo-bev in treatment-
naive patients with unresectable HCC.13 Compared to 
sorafenib, Atezo-bev improved both OS and PFS (median OS 
NE vs. 13.2 months, HR 0.58, P<0.001; median PFS 6.8 vs. 4.5 
months, HR 0.59, P<0.001). Atezo-bev also improved objec-
tive response rate (27.3% vs. 11.9%, P<0.001) with more dura-
ble responses (duration >6 months in 87.6% vs. 59.1% of pa-
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tients). The most recent analysis shows a median OS of 19.3 
months in patients who received atezo-bev and 13 months in 
patients who received sorafenib (HR 0.66, P<0.001).24 Further-
more, health-related quality of life was also significantly im-
proved in the atezo-bev arm where the median time to dete-
rioration in patient-reported quality of life was longer with 
the combination (11.2 vs. 3.6 months; HR 0.63).13 Atezo-bev 
was approved by the FDA in 2020 for treatment-naïve pa-
tients with unresectable or advanced HCC. A global observa-
tional study evaluated 433 patients who received atezo-bev 
in the first line setting for advanced HCC across Europe, Asia, 
and the United State. At a median follow up of 10 months, 
the median OS was 15.7 months, median PFS 6.9 months, 
and overall response rate 30.8%.25 While this study confirmed 
reproducible safety and efficacy of atezo-bev in a real world 
population with results comparable to that of IMBrave150, 
the median OS was noted to be shorter than that reported in 
IMbrave150. It is possible that the patient population, with a 
higher proportion of patients who demonstrated portal vein 
thrombus and extrahepatic spread in addition to higher al-
bumin-bilirubin grade may have contributed to this finding. 
The authors reported that within patients with Child Pugh A 
criteria, the presence of portal vein thrombosis (PVT) and 
higher albumin-bilirubin grade was associated with poor sur-
vival. 

The combination of CTLA-4 and PD-1 blockade was studied 
in the HIMALAYA trial, leading to another approval in the 
first-line setting in 2022. In this study, patients with unresect-
able treatment-naïve HCC were randomized to receive 
tremelimumab 300 mg (one dose) plus durvalumab 1,500 
mg every 3 weeks (STRIDE), durvalumab 1,500 mg every 4 
weeks, or sorafenib 400 mg BID. Patients who received 
STRIDE had a higher median OS (16.4 vs. 16.56 vs. 13.77 
months; HR 0.78, p=0.0035).14 OS with durvalumab alone was 
noninferior to sorafenib (HR 0.86, non-inferiority margin, 
1.08). Grade 3–4 treatment-related adverse events occurred 
in 50.5% of patients who received STRIDE, 37.1% of patients 
who received durvalumab and 52.4% of patients who re-
ceived sorafenib. The combination of durvalumab and 
tremelimumab is now an approved first-line regimen for pa-
tients with advanced HCC. Durvalumab monotherapy can be 
considered in patients who are not candidates for combina-
tion ICI or anti-angiogenic agents.

In CheckMate 040 (phase 1/2 study), patients with ad-
vanced HCC were randomized 1:1:1 to receive nivolumab 1 

mg/kg plus ipilimumab 3 mg/kg administered every 3 weeks, 
followed by nivolumab maintenance (arm A), nivolumab 3 
mg/kg plus ipilimumab 1 mg/kg followed by nivolumab 
maintenance administered every 3 weeks (arm B), or 
nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg 
every 6 weeks (arm C).26 Patients in arm A had higher in ob-
jective response rate (32% vs. 27% vs. 29% in arms A, B, and 
C, respectively) and median OS (22.8 vs. 12.5 vs. 12.7 
months);26 however, this study was not powered to detect 
differences between treatment arms. Arm A did have higher 
rate of grade 3 or 4 treatment-related adverse events, and 
discontinuation of the study drug due to toxic effects. This 
combination regimen (treatment arm A) was subsequently 
given accelerated approval by the FDA to treat patients with 
HCC after progression on sorafenib. This combination is now 
under investigation as first-line therapy for patients with HCC 
(NCT04039607). The major trials evaluating ICI alone or as 
combination therapy in HCC are summarized in Table 2. 

Several TKI and ICIs have been approved in the first and 
subsequent line settings for the management of advanced 
HCC. A general treatment algorithm is shown in Figure 2. In 
evaluating the optimal first line regimen for each patient, 
toxicity profiles of the drug in combination with the patient’s 
medical history and performance status should be taken into 
consideration, given the lack of randomized data comparing 
each approved regimen in the treatment-naïve setting. For 
example, a patient with significant cardiac co-morbidities, 
bleeding diathesis, and/or history of grade 3 varices with 
bleeding, may not be a candidate for anti-angiogenic treat-
ment, and thus combination durvalumab and tremelimumab 
may be considered. Another patient with refractory autoim-
mune disease would not be a candidate for combination ICI, 
and thus TKI may be considered. Thus, the treatment of 
choice is often dependent on clinical factors while weighing 
the risks and benefits of each regimen for each individual pa-
tient. 

Ongoing evaluations of combination strategies

ICI plus VEGF blockade
Enhancement of CD8+ T cell function with anti-angiogenic 

agents has been demonstrated in solid malignancies includ-
ing HCC and renal cell carcinoma.13,28-30 VEGF pathway signal-
ing has been implicated to diminish anti-tumoral immunity 
by several mechanisms, including reducing the cytotoxic ac-
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tivity of peripheral T cells,31 enhancing T regulatory cell acti-
vation,32-34 and inducing myeloid derived suppressor cells, 
which in turn elicit immunosuppressive effects by lympho-
cyte depletion, generation of oxidative stress, interfering 
with lymphocyte trafficking and activation of T regulatory 
cells.35 VEGF-A also directly induces FASL expression leading 
to apoptosis of CD8+ T cells.36 In preclinical models of HCC, 
anti-PD1 in combination with anti-VEGFR2 antibodies 
showed enhanced M1 and decreased M2 tumor-associated 
macrophages, as well as increased level of infiltrating CD8+ T 
cells.28 

With strong preclinical rationale, ICIs in combination with 
anti-VEGF TKIs have been evaluated in clinical trials but have 
shown mixed results. In a randomized double-blind phase III 
study, lenvatinib plus pembrolizumab was compared to len-
vatinib alone in treatment-naïve HCC, where the primary 
endpoints of OS and PFS did not meet pre-specified statisti-
cal significance (median OS 21.2 vs. 19.0 months, HR 0.84, 
P=0.02; median PFS 8.2 vs. 8.0 months, HR 0.876, P=0.05).37 
Similarly, another study evaluated the combination of cabo-
zantinib plus atezolizumab compared to sorafenib in the 
first-line setting for patients with unresectable or advanced 
HCC, where the median PFS was improved in the combina-
tion arm (6.8 vs. 4.2 months, HR=0.63, P=0.0012), but there 
was no difference in survival (median OS 15.4 vs. 15.5 months, 
HR 0.9, P=0.44).38

Conversely, the phase III ORIENT-32 trial evaluating PD-1 in-
hibitor sintilimab with IBI305 (bevacizumab biosimilar) im-
proved OS as compared to sorafenib in patients with untreat-
ed hepatitis B virus associated HCC in an exclusively Chinese 
population (median OS NR vs. 10.4 months, HR 0.57, 
P<0.0001).39 In another phase III trial of PD-1 inhibitor camrel-
izumab combined with rivoceranib versus sorafenib alone, 
OS and PFS were superior in the combination arm (median 
OS 22.1 months vs. 15.2 months, HR 0.62, P<0.001; median 
PFS 5.6 vs. 3.7 months, HR 0.52, P<0.0001).40 This represents 
the longest OS observed to date in phase III trials involving 
patients with advanced HCC. Further research is needed to 
understand the role of ICI with VEGF TKI combination in the 
treatment of advanced HCC.

ICI plus locoregional treatment 
It is hypothesized that combining ICI’s with other treatment 

modalities (e.g., surgical resection, ablation, transarterial 
therapies, radiotherapy, etc.) can potentially have an improve Tr
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overall effect in patients with advanced HCC. Radiotherapy 
(RT) has been shown to enhance immunotherapeutic effects 
in various cancers. Radiation can prime the immune system 
by enhancing antigen presentation, promoting infiltration of 
cytotoxic T cells, and reprogramming the tumor microenvi-
ronment against the immune evasion of cancer.41 In preclini-
cal models, liver-directed radiotherapy eliminates immuno-
suppressive hepatic macrophages, increases hepatic T cell 
survival and reduces hepatic siphoning of T cells.42 In HCC, 
preclinical data have shown combination of RT and ICIs to ex-
hibit therapeutic synergism, superior tumor control, and im-
proved OS.43,44 Despite encouraging preclinical findings, 
there are a small number of published prospective trials on 
combination of RT and ICI in HCC. Small series have shown 
promising clinical activity.45,46 In a propensity score matching 
analysis of approximately 64 patients with unresectable or 
recurrent locally advanced HCC who received Streotactic 
Body Radiation Therapy in combination with ICI (SBRT-ICI) 
versus TACE at a single institution, the authors reported a sig-
nificantly improved objective response rate (87.5% vs. 16.7%), 
24-month PFS (77.8% vs. 2.1%) and 24-month OS (80.4% vs. 
8.3%) in the SBRT-ICI arm.47 In a phase I multicenter trial, 14 
patients with advanced or unresectable HCC received SBRT 

(40 Gy in 5 fractions) followed by either nivolumab alone or 
nivolumab in combination with ipilimumab. Clinical out-
comes favored the combination ICI group, with overall re-
sponse rate of 57% vs. 0%, median PFS of 11.6 months vs. 2.7 
months, and median OS of 41.6 months vs. 4.7 months.48 The 
study was stopped due to slow accrual. Several ongoing 
studies are currently evaluating the efficacy of combination 
of ICI with SBRT in the neoadjuvant setting for early-stage 
HCC (NCT04857684), and in the first or subsequent line set-
tings for advanced HCC (NCT05488522, NCT04913480).

SBRT has also been studied in combination with sorafenib. 
In the phase III NRG/RTOG 1112 trial, patients with advanced 
HCC were treated with sorafenib monotherapy or sorafenib 
with SBRT. The median OS was 12.3 vs. 15.8 months favoring 
the combination arm (HR 0.77; P=0.055). The median PFS was 
5.5 vs. 9.2 months (HR 0.55; P=0.0001). There was no signifi-
cant increase of grade 3 or higher adverse events in the com-
bination arm.

Local ablation increases liver immunogenicity and activa-
tion of antigen presenting dendritic cells in HCC.49 In preclini-
cal models, ablation increases T cell infiltration and immune 
checkpoint expression within and beyond the treatment 
zone, suggesting that the addition of ICI to ablation may re-

Figure 2. Approach to systemic treatment of advanced HCC. HCC, hepatocellular carcinoma; AFP, alpha fetoprotein.
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sult in synergistic antitumor activity.50-52 In a study of patients 
with advanced HCC treated with combination of CTLA-4 in-
hibitor tremelimumab and tumor ablation (radiofrequency 
ablation or chemoablation), authors reported a 26.3% tumor 
response rate and a median time to tumor progression of 7.4 
months.53 

Intra-arterial therapies such as TACE and transarterial radio-
embolization (TARE) with Y90 have been widely adopted 
over the last two decades and are currently considered fairly 
standard treatment options in management of intermediate 
stage HCC in most high volume centers. There is preclinical 
data to suggest that TACE can improve liver immunogenicity 
and enhance ICI efficacy. In a cohort of patients with HCC 
treated with TACE, expression of immune checkpoints PD-1 
and PD-L1 on tumor cells increased after treatment with 
TACE. While PD-L1 has not been shown to be a clinical marker 
of response to ICI in HCC as in other tumors, the upregulation 
of immune checkpoints suggests that TACE may induce a im-
munogenic tumor microenvironment. In a cohort of 34 pa-
tients treated with camrelizumab and TACE, the objective re-
sponse rate was 35.3%, median PFS was 6.1 months and 
median OS was 13.3 months.54 Furthermore, in patients with 
HCC treated with TARE, similar changes were seen within the 
hepatic tumor microenvironment, where an enhanced num-
ber of released tumor antigens leads to local immune activa-
tion with infiltration of CD8+ T cells and natural killer cells.55 

Prospective randomized clinical trials are needed to under-
stand the role of combining locoregional treatment with ICI. 
LEAP-012 is an ongoing randomized phase III trial evaluating 
combination of lenvatinib and pembrolizumab with TACE 
versus placebo and TACE in patients with HCC confined to 
the liver without PVT and otherwise ineligible for other cura-
tive treatment options (NCT042461777). Another ongoing 
study is evaluating Y90 TARE with combination of atezo-bev 
compared to Y90 TARE alone in patients with unresectable 
intermediate-stage HCC (NCT0454117356). The results of many 
such ongoing trials evaluating the combination of ICI with lo-
coregional transarterial therapies may change the treatment 
algorithm of intermediate-stage HCC in the future.

Combination of TKI and lcoregional treatment have been 
explored in recent trials with promising results. A recent mul-
ticenter, randomized, open-label, parallel group phase III trial 
investitgated the role of lenvatinib (LEN) combined with TACE 
(LEN-TACE) as first line treatment for advanced HCC (LAUNCH 
trial).57 A total of 338 patients were randomized to two arms: 

170 to LEN-TACE and 168 to LEN. At a prespecified event-driv-
en interim analysis after a median follow-up of 17.0 months, 
the median OS was significantly longer in the LEN-TACE 
group (17.8 vs. 11.5 months, HR 0.45, P<0.001). The median 
PFS was 10.6 months in the LEN-TACE group and 6.4 months 
in the LEN group (HR 0.43, P<0.001). The grade 3–4 adverse 
events were more common in the LEN-TACE group and in-
cluded alanine aminotransferase (ALT) elevation (17.6% vs. 
1.2%, P<0.001), aspartate aminotransferase (AST) elevation 
(22.9% vs. 1.8%, P<0.001), and hyperbilirubinemia (9.4% vs. 
3.0%, P=0.014). These data suggest that the combining TACE 
with lenvatinib may be considered for patients with ad-
vanced HCC.

Intra-arterial therapies have also been studied in combina-
tion with sorafenib. In the multicenter phase II SORAMIC trial, 
patients with advanced HCC received sorafenib either alone 
or in combination with radioembolization. Patients who re-
ceived combination therapy had higher objective response 
rate (61.6% vs. 29.8%, P<0.001), complete response rate 
(13.7% vs. 3.8%, P=0.022), median PFS (8.9 vs. 5.4 months, 
P=0.022), and hepatic median PFS (9.0 vs. 5.7 months, 
P=0.014).58 However, an improvement in OS was not seen in 
the combination arm. Similarly, the TACTICS trial evaluated 
TACE compared to TACE plus sorafenib in patients with unre-
sectable HCC. Here, median PFS was significantly longer in 
the TACE plus sorafenib arm (25.2 vs. 13.5 months, P=0.006).59 
One-year OS in the combination group was also prolonged 
(96.2% vs. 82.7%).59

While combining locoregional and systemic therapies has 
been suggested as a way to enhance efficacy and tumor re-
sponse rates in treatment of HCC, the ideal strategy has not 
yet been delineated and remains under investigation. 

SYSTEMIC THERAPIES IN NEOADJUVANT AND 
ADJUVANT SETTINGS

Systemic therapies are now being evaluated in the adju-
vant and neoadjuvant settings for early-stage HCC to im-
prove the chance for cure. In a phase IB study, 12 of 15 pa-
tients with unresectable HCC who were treated with 
neoadjuvant cabozantinib and nivolumab underwent suc-
cessful margin negative resection. Furthermore, 5 of the 12 
resected demonstrated major response on final pathologic 
evaluation.60 Tumor specimens demonstrated an enrichment 
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in effector T cells and a distinct spatial arrangement of B cells 
in responders, suggesting the possibility of durable immuno-
logic memory postoperatively conferred by pre-operative 
immune priming. Several ongoing randomized phase III trials 
are evaluating whether adjuvant ICI may reduce the risk of 
recurrence after curative-intent resection (KEYNOTE-937 
evaluating pembrolizumab vs. placebo after curative-intent 
surgical resection or ablation,61 CA209-9DX evaluating 
nivolumab vs. placebo for tumors at high risk of recurrence 
after curative-intent surgical resection,62 and IMbrave050 
evaluating atezolizumab-bevacizumab vs. active surveillance 
after resection63). At the time of interim analysis with a medi-
an follow up of 17.4 months, the primary endpoint (recur-
rence-free survival [RFS]) was met with HR of 0.72 (P=0.012), 
making atezo-bev the first adjuvant regimen to demonstrate 
a statistically significant and clinically meaningful improve-
ment in RFS in patients with high risk of disease recurrence 
following local curative treatment.64 Whether this will trans-
late to improving the cure rate and OS in this patient popula-
tion remains in question. Given the possibility of inducing 
durable immune responses, ICI will likely begin to play a larg-
er role in the treatment of early-stage HCC. Data from the 
aforementioned and several other ongoing trials will shed 
light on the ideal adjuvant and/or neoadjuvant strategies for 
these patients.65

Management of HCC in special populations

An area of unmet need in the current understanding of 
HCC management is the treatment of patients with HCC who 
have concurrent comorbidities and medical conditions such 
as advanced cirrhosis (Child Pugh B), history of prior liver 
transplant, history of immunosuppressive conditions such a 
HIV infection. While the majority of clinical trials which have 
led to the approval of systemic agents for HCC have incorpo-
rated patients with Child Pugh A cirrhosis only, a significant 
portion of patients who present with HCC in clinical practice 
may have advanced cirrhosis. Real-world analyses have 
sought to answer the question of efficacy of current systemic 
therapies in patients with advanced cirrhosis. In a retrospec-
tive real-world study of 216 patients with HCC who were 
treated with atezo-bev, 24% were noted to have Child Pugh 
B cirrhosis. The median OS was significantly longer in the 
Child Pugh A group (16.8 months) compared to the Child 
Pugh B group (6.7 months; P=0.0003).66 PFS was also longer 

in the Child Pugh A group (7.6 vs. 3.4 months). However, 
treatment related adverse events were noted to be similar in 
both groups.66 Although more patients with Child Pugh B 
disease experience grade ≥3 bleeding events and atezoli-
zumab related adverse events compared to the Child Pugh A 
group (10% vs. 4%; 15% vs. 4%), grade ≥3 atezolizumab-re-
lated hepatitis only occurred in patients with Child Pugh A 
disease (8%). Discontinuation of treatment because of treat-
ment-related adverse events was 11% among all patients, 
suggesting that atezo-bev may be tolerable for patients with 
Child Pugh A or B cirrhosis. However, the limited number of 
patients in this study warrants a larger prospective study to 
investigate safety of atezo-bev in patients with Child Pugh B 
disease. Further, nivolumab has been evaluated in a phase I/
II open-label multicenter trial in patients with advanced HCC 
and Child Pugh B cirrhosis. In 24 sorafenib-treated patients 
and 25 sorafenib-naïve patients, the objective response rate 
was 12%. Treatment-related adverse events were reported in 
51% of patients, leading to treatment discontinuation in 2% 
of patients, where safety was comparable to that reported 
for Child Pugh A patients. Given the limited data to guide in 
the treatment of patients with advanced HCC and Child Pugh 
B disease, the recommendation for each individual patient 
may be variable and dependent on several considerations. 
For example, those with Child Pugh B7 may be more likely to 
benefit from treatment than B8 or B9. The etiology of liver 
dysfunction (i.e., cirrhosis versus tumor burden) may be help-
ful in understanding whether patients with Child Pugh B8 or 
B9 may benefit. Furthermore, other markers of liver function 
including albumin-bilirubin grade and the Model for End-
Stage Liver Disease score may be used to stratify patients 
with cirrhosis. 

Up to 10–15% of liver transplant recipients may experience 
HCC recurrence. TKIs have been evaluated retrospectively in 
the post-transplant patient population. In a systematic re-
view and meta-analysis of eight studies, median OS of 12 
months with acceptable safety profile was reported with 
sorafenib. In a multi-center retrospective study of 28 post-
transplant patients with HCC, regorafenib was evaluated in 
patients who progressed on sorafenib, with median OS of 
12.9 months following treatment initiation.67 There is a pauci-
ty of data examining the efficacy and safety of ICI in the post-
transplant setting.68 In a retrospective pilot evaluation to as-
sess the safety and efficacy of ICI in patients post liver 
transplant, 7 patients with metastatic cancer with a history of 
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liver transplant were treated with ICI for either HCC or mela-
noma. 2 of 7 patients developed rejection within a median 
time of 24 days. 1 patient achieved a complete response, 3 
patients had progression of disease, and 3 patients discontin-
ued therapy prior to restaging assessments. Clinical trials are 
underway evaluating safety and efficacy of ICI in post-trans-
plant HCC, and at this time generally are not given outside of 
a clinical trial. 

CONCLUSIONS

The treatment landscape for advanced HCC has trans-
formed over the last decade. ICIs are now the backbone of 
most treatment strategies in clinical practice for advanced 
HCC and continue to be investigated in clinical research in 
novel combinatorial strategies. Despite these major advanc-
es, many challenges still exist in the management of patients 
with advanced HCC. One such challenge frequently faced in 
the clinic is the appropriate management of patients with 
advanced cirrhosis, given that most of the currently approved 
treatments were studied in patients with and are approved 
in patients with Child Pugh A cirrhosis. Frequently, patients 
with HCC tend to be more debilitated from their illness and 
have more complications from their underlying cirrhosis, 
than those represented in major clinical trials, and thus a gap 
still exists in finding the optimal treatment for these patients. 
Secondly, the optimal sequencing of systemic therapies re-
mains unknown, particularly as it relates to the two ICI-based 
combination treatments now approved in the first-line set-
ting (atezo-bev and durva-treme). It is also poorly under-
stood whether combination ICI strategies can be effective af-
ter progression on PD-1 monotherapy, and whether ICI 
strategies can improve outcomes when given in the peri-op-
erative setting for patients with early-stage HCC. The data 
from several ongoing clinical trials will shed light on the opti-
mal combination strategies in these settings. Finally, the 
identification of biomarkers to assess response and develop-
ment of resistance to ICIs is crucial and is a significant area of 
ongoing research. The incorporation of systemic therapy in 
the management of early-stage and intermediate-stage HCC, 
and further advances in effective combination strategies for 
advanced HCC are foreseen in the near future. 
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