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Introduction

Primary liver cancer has become the second cause of cancer 
related mortality globally, with hepatocellular carcinoma 
(HCC) accounting for 90% of primary liver cancers (1,2). 
HCC with a high incidence in Asia, and Africa (3,4), is 
now on the rise in Europe and the United States likely 
secondary to the increase in hepatitis C and non-alcoholic 
fatty liver disease and non-alcoholic steatohepatitis (NFLD/
NASH) (5-8). Early stage HCC can potentially be cured 
through surgical resection, ablation, or liver transplantation; 
however, recurrence rates remain high and survival remains 

low (9-13). The majority of patients are diagnosed at a later 
more advanced stage that lacks any curative options (14).  
Historically, systemic therapy had failed to show any 
mortality benefit in advanced HCC patients until 
sorafenib was approved by the United States Food and 
Drug Administration (FDA) (15) followed by approval 
worldwide. Several agents demonstrated clinical activity 
since. Tyrosine kinase inhibitors (TKIs) showed survival 
benefit with tolerable side effects, yet limited improvement 
in prognosis and HCC remains an area of unmet need (2). 
In the TKI era, overall survival in patients with advanced 
HCC was averaging around ten months (16), highlighting 

Review Article

Hepatocellular carcinoma, novel therapies on the horizon

Imane El Dika1,2, Iman Makki3, Ghassan K. Abou-Alfa1,2

1Memorial Sloan Kettering Cancer Center, New York, NY, USA; 2Weill Medical College at Cornell University, New York, NY, USA; 3Icahn School 

of Medicine Mount Sinai St. Luke’s West, New York, NY, USA

Contributions: (I) Conception and design: All authors; (II) Administrative support: I El Dika, GK Abou-Alfa; (III) Provision of study materials or 

patients: None; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: I El Dika, GK Abou-Alfa; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Ghassan K. Abou-Alfa, MD, MBA. Memorial Sloan Kettering Cancer Center, 300 East 66th street, New York, NY, 10065, USA. 

Email: abou-alg@mskcc.org.

Abstract: Hepatocellular carcinoma (HCC) is the most common primary liver cancer and is associated 
with high mortality rate. Incidence remains high due to the persistent prevalence of viral hepatitis, alcoholic 
cirrhosis, and non-alcoholic fatty liver disease (NFLD). Despite screening efforts, the majority of patients 
present with advanced disease, add to the high risk of recurrence after curative surgery. Conventional 
chemotherapy did not alter the nature history of advanced and metastatic HCC. The discovery of multiple 
tyrosine kinase inhibitors (TKIs) led to the approval of sorafenib as first efficacious therapy. A new era in 
the treatment paradigm of HCC is evolving. Since the advent of sorafenib as an active treatment option 
for patients presenting with advanced or metastatic disease, several agents have been examined. This was 
linked with many failures, and success stories to celebrate. Herein, we describe the historical progress and 
current advances of systemic therapies post-sorafenib. Lenvatinib, regorafenib, cabozantinib, ramucirumab, 
pembrolizumab, and nivolumab, are all presently added and available therapeutic options in the advanced 
setting. The evaluation of novel treatment combinations including anti-angiogenic, TKIs plus checkpoint 
inhibitors, add to dual checkpoint inhibitors is evolving rapidly starting with the advent of the combination 
of atezolizumab plus bevacizumab. Combining local and systemic therapies is being actively investigated, 
as an option for locally advanced disease conventionally treated with locoregional approaches. The horizon 
remains promising and continues to evolve for HCC a disease long considered with unmet needs. 

Keywords: Hepatocellular carcinoma (HCC); tyrosine kinase inhibitors (TKIs); immunotherapy 

Submitted Mar 08, 2020. Accepted for publication May 21, 2020.

doi: 10.21037/cco-20-113 

View this article at: http://dx.doi.org/10.21037/cco-20-113 

12

https://crossmark.crossref.org/dialog/?doi=10.21037/cco-20-113


El Dika et al. Novel systemic therapies in hepatocellular carcinoma

© Chinese Clinical Oncology. All rights reserved.   Chin Clin Oncol 2021;10(1):12 | http://dx.doi.org/10.21037/cco-20-113 

Page 2 of 12

the importance of further effort. Experimenting with 
checkpoint inhibitors alone and in combination with other 
modalities and novel therapeutic targets followed. Herein, 
we will review current systemic therapies and expand upon 
some of the relevant ongoing trials and future horizons. 

TKIs 

Sorafenib

Sorafenib, an inhibitor of multiple receptor tyrosine kinases 
that include Raf kinase, vascular endothelial growth factor 
receptor (VEGFR) and other kinases, was the first to show 
a survival benefit in HCC. The SHARP trial concluded 
that the median overall survival reached 10.7 months in 
the sorafenib group compared to 7.9 months with placebo 
[hazard ratio (HR) in the sorafenib group, 0.69; 95% 
confidence interval (CI), 0.55 to 0.87; P<0.001] (16). Since 
then, sorafenib became the standard of care in management 
of advanced HCC worldwide (15,17). 

Lenvatinib

A period of time that spanned over almost a decade 
elapsed since the approval of sorafenib, during which 
multiple efforts did not demonstrate any improvement in 
outcomes compared to sorafenib in advanced HCC (18-20).  
Lenvatinib is a multiple receptor kinase inhibitor mostly 
affecting angiogenesis through inhibiting VEGFR 1-3, 
fibroblast growth factor receptor (FGFR 1-4), platelet 
growth factor receptor alpha (PEDGFR), among other 
kinases (21). The REFLECT trial evaluated the non-
inferiority of lenvatinib versus sorafenib as a first line 
therapy for advanced HCC. The study showed that patients 
randomized to the lenvatinib group had a median survival 
of 13.6 months and a progression free survival (PFS) of 7.4 
months compared to 12.3 and 3.7 months, respectively, 
in the sorafenib group. Objective response rate (ORR) 
as defined by modified RECIST (mRECIST) was 24.1% 
(20.2–27.9%) for lenvatinib compared to 9.2% (6.6–
11.8%) in the sorafenib group, P<0.0001. The difference 
was consistently noted when using masked independent 
imaging review according to RECIST1.1 (18.8% vs. 6.5%, 
P<0.0001) (22). The REFLECT study led to the approval 
of lenvatinib as another frontline therapy in advanced HCC. 

Though both sorafenib and lenvatinib have overlapping 
targets, it appears that lenvatinib could be a more potent 
inhibitor of VEGFR (21). Other than the approved second 

line regorafenib (23) discussed next, that would require 
prior tolerance and progression on sorafenib, other second 
line therapy studies required prior sorafenib by default as it 
was the sole approved systemic therapy at that time. A post 
hoc analysis from the phase 3 REFLECT trial looked at OS 
of patients on subsequent cancer therapies. Patients who 
were randomized to initial lenvatinib had an OS of 20.8 vs. 
17 months for sorafenib-treated patients (HR 0.87; 95% 
CI, 0.67–1.14) (24). This adds to the safety profiles of both 
agents where experience may favor sorafenib while more 
tolerant and more manageable adverse events may favor 
lenvatinib.

Regorafenib

Regorafenib, an oral TKI, was evaluated as a second line 
treatment for patients who have radiologically progressed 
on and tolerated sorafenib in the first line. In the 
RESORCE study (23), patients receiving regorafenib had an 
improvement in median OS to 10.6 months (95% CI, 9.1–
12.1) versus 7.8 months (6.3–8.8) for patients who received 
placebo In an exploratory analysis of the RESORCE trial, 
median OS on sequential sorafenib and regorafenib therapy 
(from initiation of sorafenib until death) reached 26 months 
(22.6–28.1) for patients who received regorafenib in the 
second line compared to 19.2 months (16.3–22.8) for 
placebo (25). 

Cabozantinib

Cabozantinib is another oral TKI with potent angiogenesis 
inhibition in addition to suppressive activity against AXL and 
MET, both involved in tumor growth and metastasis (26).  
The CELESTIAL trial randomized patients with no more 
than two prior lines of therapy one of which is sorafenib, 
to cabozantinib versus placebo (27). The study showed an 
improvement in overall survival in favor of cabozantinib 
versus placebo. Patients treated with cabozantinib had 
a median OS of 10.2 months whereas median OS with 
placebo was 8 months (HR, 0.76; 95% CI, 0.63 to 0.92; 
P=0.005). Median PFS was superior for cabozantinib over 
placebo, 5.2 vs. 1.9 months (HR, 0.44; 95% CI, 0.36 to 0.52; 
P<0.001). Cabozantinib also had an acceptable and tolerable 
side effect profile. The occurrence of adverse events such 
as hypertension and palmar-plantar erythrodysesthesia 
was associated with improved outcomes (28). The positive 
outcomes were irrespective of patients’ age (29) or albumin-
bilirubin (ALBI) grade (30). ALBI score uses albumin and 
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bilirubin levels, two objective readily available biomarkers, 
to evaluate the severity of liver dysfunction and predict the 
prognosis of patients with acute on chronic liver failure. 
High bilirubin levels combined with low albumin predict 
a worse outcome in patients with HCC (31). It permits 
further stratification of liver function within the Child-Pugh 
score and provides a reliable predictive score in patients 
with HCC (32,33). Compared to Child-Pugh, ALBI have 
suggested a better prognostic tool in specific scenarios (34), 
yet may need further validation. 

Anti-angiogenics

Bevacizumab

Bevacizumab inhibits angiogenesis by directly binding 
circulating VEGF and preventing it from acting on its 
receptors. Bevacizumab has been studied as a potential 
agent in treating HCC alone or in combination with first 
line sorafenib. A phase II pilot study was conducted that 
assessed bevacizumab’s efficacy and tolerability in patients 
with HCC after disease progression on sorafenib (35). 
The study showed that at a 12-month median follow-
up, the average time to symptomatic progression was  
3.8 months, time to radiological progression was 3.9 
months, and OS was 9.5 months. The patients tolerated 
the drug well, one patient with already known grade 
3 esophageal varices experienced a grade 3 esophageal 
bleeding. A limitation of this study is the small number 
of patients enrolled (12 patients). Another phase I/II 
trial studied the use of bevacizumab in combination with 
sorafenib as first line therapy in patients with locally 
advanced or metastatic HCC. In the phase II part of the 
trial more than 50% of the patients enrolled exhibited grade 
3 toxicities and no significant efficacy endpoints were noted 
which led to study discontinuation (36). 

Ramucirumab

Ramucirumab is an IgG-1 recombinant monoclonal 
antibody that inhibits VEGF-2 receptor and was tested as a 
potential therapeutic agent in treatment of advanced HCC. 
REACH trial is a phase III trial conducted to evaluate the 
safety and efficacy of ramucirumab in patients whose disease 
has progressed on sorafenib (37). Though ramucirumab 
demonstrated a tolerable safety profile, the effect on median 
survival [9.2 months in the treatment group (95% CI, 8.0–
10.6) vs. 7.6 months in the placebo group (95% CI, 6.0–9.3)] 

was not statistically significant. A prespecified stratification 
based on α-fetoprotein (AFP) level showed an improvement 
OS from 4.2 to 7.8 months in patients with AFP of 400 ng/mL 
or greater. These findings led to the subsequent phase III 
trial (REACH-2), of second line ramucirumab in patients 
with advanced HCC and elevated AFP concentrations of 
400 ng/mL or higher (38). The study showed an improved 
median OS of 8.5 vs. 7.3 months in the placebo group as 
well as improved PFS of 2.8 vs. 1.6 months. Ramucirumab 
demonstrated a tolerable safety profile and can be an added 
option for patients with elevated AFP of 400 ng/mL or 
higher and have progressed on sorafenib. 

Immunotherapy 

The unique vascular anatomy and physiologic role of the 
liver make it vastly exposed to endogenous and exogenous 
antigens, giving the liver its description as “immunologically 
tolerant” organ (39). This feature may halt the development 
of anticancer immunity. The liver microenvironment is 
enriched by growth factors which act on dendritic cells to 
contribute to this tolerogenic profile (40). Furthermore, 
HCC secondary to hepatitis infection exhibit an exhausted 
T cell phenotype where immune cells might not be able 
to mount a response against tumor cells (40). PD-L1 is 
highly expressed in HCC and in the peritumoral antigen 
presenting cells (APCs) (41,42). Interestingly APCs express 
the ligands for CTLA-4 and PD-1 and blockage of these 
pathways should play an important role in the liver where 
priming of T-cells is usually limited (43). In a retrospective 
study, the presence of low regulatory T cells (Tregs) 
and high CD8 T cells was associated with decreased 
rate of recurrence and improved survival in HCC (44). 
Interestingly, cases of spontaneous tumor regression were 
reported (45), suggesting that there is a possibility to 
overcome the liver immunosuppressive abilities. Preclinical 
and early stage clinical trials suggested potential signals of 
efficacy for immune checkpoint blockade in HCC leading 
to the exploration of immune checkpoint blockade against 
various targets.

Nivolumab

Nivolumab is a programmed death-1 (PD-1) receptor 
inhibitor. A phase II study CheckMate 040 showed that 
patients receiving nivolumab had a durable ORR of 20% 
and a relatively good safety profile (46). According to 
the study, response to therapy lasted at least 6 months 
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in 91% of responders and at least 12 months in 55% of 
responders. Nivolumab was granted accelerated FDA 
approval as 2nd line treatment in advanced HCC based on 
results of this trial. A randomized, multicenter, phase III 
study CheckMate 459 followed, comparing nivolumab to 
sorafenib as first-line treatment. Nivolumab treated patients 
had a median OS of 16.4 months versus 14.7 months for the 
sorafenib treated patients (HR, 0.85; 95% CI, 0.72–1.02; 
P=0.0752). Expectantly, the nivolumab treated group 
compared to sorafenib group exhibited a higher ORR 15% 
vs. 7% respectively, and a more favorable safety profile with 
22% grade 3–4 adverse events related to treatment vs. 49% 
respectively (47). 

Pembrolizumab

Pembrolizumab is another PD-1 receptor inhibitor that 
was evaluated in phase II clinical trial for patients with 
advanced HCC after first line therapy (Keynote-224). The 
study showed median PFS of 4.8 months (95% CI, 3.4 
to 6.6), with 6-month PFS and OS rates were 43.1% and 
77.9%, respectively. Disease control rate was 62% (95% 
CI, 52–71%), with 77% of responders showing a duration 
of response (DOR) of 9 months; the median DOR was 
not reached (3.1–14.6+ months) (48). Pembrolizumab was 
granted an accelerated approval by the FDA as second line 
treatment in advanced HCC. The KEYNOTE-240 trial 
followed. A phase III trial of pembrolizumab versus placebo; 
413 patients were randomized. The study did not show an 
improvement in OS. Median OS was 13.9 months (95% CI, 
11.6–16.0 months) in the pembrolizumab investigational 
arm and 10.6 months (95% CI, 8.3–13.5 months) for 
placebo (HR, 0.78; one sided P=0.0238).PFS was not 
significantly improvement with pembrolizumab, where it 
reached 3 months versus 2.8 months with placebo (HR, 
0.78; one sided P=0.0209) (49), raising the same argument 
for the limited benefit if at all of checkpoint inhibitors 
single agent in patients with advanced HCC.

Combination therapies 

Despite all tremendous efforts, single agent therapies in 
HCC were not able to bypass the previously suggested 
ceiling of median OS of less than one year (50), prompting 
the development of new therapeutic notions. Combination 
therapies have already been evaluated extensively and in 
different variations mainly anti-VEGF plus checkpoint 
inhibi tors ,  TKI plus  checkpoint  inhib i tors ,  and 

combinations of checkpoint inhibitors. 
Blockade of VEGF/VEGFR axis could likely potentiate 

the effects of immunomodulators such as PD-1/PD-
L1 inhibitors (51). Studies have shown that inhibiting 
angiogenesis induces hypoxia in tumor tissue, which in 
turn leads to upregulation of immune checkpoint protein 
PD-L1 (52). In addition, studies have also revealed that 
inhibiting VEGF in itself may improve tumor-specific T-cell 
activity (53). This placed antiangiogenic agents as attractive 
candidates for use in combination with anti-PD-1/anti-
PD-L1 agents (51). Below we describe the combination of 
checkpoint inhibitors with antiangiogenic agents, TKIs, and 
other checkpoint inhibitors. Selected ongoing trials testing 
this hypothesis are summarized in Table 1. 

Anti-VEGF plus checkpoint inhibitors

Vascular endothelium plays direct role in antigen 
recognition through interaction between endothelium and 
immune cells (54,55). Recently, combining immunotherapy 
and anti-angiogenesis has shown clinical efficacy in 
different tumors such as lung (56) and genitourinary 
cancers (57). One rationale behind this combination is that 
proangiogenic factors have immunosuppressive activity (58),  
and by inhibiting angiogenesis, immune checkpoint 
blockade can be potentiated. There is growing evidence of 
potential synergy between both pathways and preclinical 
data showing better antitumor effect across various cancer 
models (59). 

Atezolizumab and bevacizumab 

The combination of the PDL-1 inhibitor atezolizumab 
plus bevacizumab was initially looked at in a phase 1b 
study. After a median follow-up period of 10.3 months, the 
study showed that the combination has an acceptable safety 
profile and an ORR of 62% (60). These results prompted 
the phase III trial (IMbrave150) to compare atezolizumab 
plus bevacizumab to single agent sorafenib in previously 
untreated patients with locally advanced or metastatic 
HCC (61). IMbrave150 is a global open-label phase III 
randomized trial that accrued 501 patients with advanced 
HCC and no prior systemic therapy who were randomized 
in a 2:1 ratio to atezolizumab 1,200 mg and bevacizumab 
15 mg/Kg administered intravenously every 3 weeks vs. 
sorafenib 400 mg orally twice daily. Eligible patients have 
confirmed HCC, have not received prior systemic therapy, 
Child Pugh liver function A, and ECOG performance status 
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of 0 or 1. Patients must undergo screening and adequate 
treatment of esophageal varices before initiating therapy. 
The combination of atezolizumab plus bevacizumab 
showed improvement in OS and PFS, the two coprimary 
endpoints of the study, compared to sorafenib. After a median 
follow-up of 8.6 months at the time of study report, median 
OS for sorafenib was 13.2 months and not yet reached for the 
combination, HR was 0.58 (95% CI, 0.42–0.79; P<0.001). PFS 
was improved from 4.3 months for sorafenib to 6.8 months 
for atezolizumab and bevacizumab combination, HR, 0.59; 
95% CI, 0.47–0.76; P<0.001). the investigational arm 
ORR was 27.3% vs. 11.9% in sorafenib (P<0.001) using 
RECIST1.1 criteria. The difference was similarly noted 
and significant when using mRECIST. Patient-reported 
outcomes demonstrated a delayed time to deterioration of 
quality of life with atezolizumab-bevacizumab combination 
(11.2 months) compared to sorafenib (3.2 months), HR 
0.63; 95% CI, 0.46 to 0.85. These breakthrough results can 
potentially be practice changing and lead to a new first line 
treatment approach for advanced unresectable HCC. This 
was the first study to show superiority over sorafenib and 
the first positive frontline checkpoint inhibitor based study. 

TKI and checkpoint inhibitor

Similarly, the combination of TKI and immunotherapy 
was studied in different solid tumors. Sorafenib, lenvatinib, 

and cabozantinib exert immune modulation effect as shown 
in preclinical and clinical data (62,63), making combining 
these agents with checkpoint blockade an attractive 
approach in HCC as well. 

Pembrolizumab and lenvatinib

Pembrolizumab and lenvatinib combination was studied in 
the KEYNOTE-524 open label phase 1b trial. The trial 
was initially designed to assess for dose limiting toxicities 
which none of the enrolled patients manifested. Additional 
patients were enrolled to second part of the study which 
evaluated safety and tolerability as primary outcomes 
and efficacy (ORR and PFS) using modified RECIST 
(mRECIST) as secondary outcomes. The combination 
therapy was deemed to have a favorable safety profile and 
a durable ORR of 44.8% with a DOR of 18.7 months (64). 
In light of these promising results an ongoing phase III 
trial (LEAP-002) is testing the use of pembrolizumab and 
lenvatinib combination compared to lenvatinib alone as 
frontline treatment in patients with advanced HCC (65).

Combinations of checkpoint inhibitors 

Targeting different pathways of the immune checkpoint at 
the same time improved outcomes in melanoma (66) and 
this approach is being evaluated in HCC. 

Table 1 Clinical trials of immunotherapies combinations in locally advanced unresectable and metastatic HCC

Trial identifier Line Agents Primary endpoint Patients Status

NCT03713593 First line Lenvatinib + pembrolizumab vs. lenvatinib PFS, OS 750 Ongoing 

NCT03764293 First Line PD-1 antibody SHR-1210 + apatinib 
mesylate vs. sorafenib

PFS, OS 510 Ongoing 

NCT03298451 First line Durvalumab vs. durvalumab + 
tremelimumab vs. sorafenib

OS 1,310 Active, not recruiting

NCT03412773 First line BGB-A317 (PD-1 antibody) vs. sorafenib OS 674  Active, not recruiting

NCT03434379 First line Atezolizumab + bevacizumab vs. 
sorafenib

OS, PFS 480 Active, not recruiting

NCT01658878 First line Nivolumab + cabozantinib vs. nivolumab 
+ ipilimumab + cabozantinib

Safety, tolerability 
and ORR

1,097 Active, not recruiting

NCT03347292 First line Pembrolizumab + regorafenib TEAEs, DLTs 57 Ongoing, recruiting

NCT03439891 First line Nivolumab + sorafenib MTD, ORR 40 Ongoing, recruiting

PFS, progression free survival; OS, overall survival; TTP, time to progression; TR-RECIST, tumor response using Response Evaluation 
Criteria in Solid Tumors (RECIST); ORR, objective response rate; TEAEs, treatment-emergent adverse events; DLTs, dose limiting toxicities; 
MTD, maximum tolerated dose.
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Ipilimumab and nivolumab 

CHECKMATE 040 discussed above, had an arm extension 
evaluating the combination of PD-1 and CTLA-4 inhibition 
in sorafenib-treated HCC patients. Patients received 
nivolumab 3 mg/kg and ipilimumab 1 mg/kg for 4 doses. 
Patients randomized to the combination arm had an overall 
response rate of 31%. Interestingly, complete response was 
reported in 7 patients. 24-months OS was 40%, with an 
acceptable safety profile (67). 

Durvalumab and tremelimumab

Preclinical data has shown that blocking both PD-L1 and 
anti-CTLA-4 pathways enhanced anti-tumor activity (68). 
Early results from a phase I/II trial combining anti-PD-L1 
and anti-CTLA-4 antibodies established acceptable toxicity 
profile and an ORR of 18% (NCT02519348) (69). A more 
recent data cut-off update was recently released (70). Three 
Hundred thirty-two patients were enrolled. Four regimens 
were evaluated, durvalumab (D) and tremelimumab (T) as 
monotherapy, and two different dosing of the two drugs 
combination (T 300 mg/D for one dose followed by D 
every 4 weeks vs. T 75 mg/D every 4 weeks for 4 doses 
followed by D every 4 weeks). The highest observed ORR 
was for T 300/D combination, at 22.7%. Median OS was 
18.7 months (10.8–not reached) for T 300/D, 11.3 months 
(8.4–14.6) for T75/D combination, 11.7 months (8.5–16.9) 
for D monotherapy, and 17.1 months (10.9–not reached) 
for T monotherapy, given at 750 mg every 4 weeks. Grade 
3 or 4 treatment related adverse events were 35.1%, 24.4%, 
17.8%, and 42%, for each of the study arms, respectively. 

A phase III open-label, multicenter, randomized study 
is evaluating the combination of CTLA-4 and PD-1 
checkpoint blockade in HCC (HIMALAYA) ClinicalTrials.
gov Identifier: NCT03298451. Patients are randomized to 
receive durvalumab monotherapy versus durvalumab and 
tremelimumab combination, versus sorafenib (71). The 
study is looking at OS as primary endpoint, PFS and ORR 
as secondary endpoints. The study aimed to enroll 1,310 
patients across the world. 

Triplet combination

Ipilimumab and nivolumab with cabozantinib

A subanalysis of the CheckMate 040, the multi-arm phase 
I/II study, tested the efficacy of ipilimumab in combination 
with nivolumab and cabozantinib in both sorafenib-

naïve and sorafenib treated advanced HCC compared to 
the combination of nivolumab and cabozantinib alone. 
Preliminary results demonstrated an ORR by RECIST v1.1 
which was the primary endpoint, of 26% in the ipilimumab 
plus combination group vs. 17% in the combination 
nivolumab and cabozantinib alone. Grade 3–4 treatment 
related adverse events were more common in patients 
receiving the triplet therapy (71%) compared to those 
receiving the combination therapy (42%). An improvement 
in median PFS of 6.8 months (95% CI, 4.0–14.3) compared 
to 5.5 months (95% CI, 3.2–10.9) was perceived (72). Of 
course, these findings would be interpreted within the 
context of a subset analysis of the phase 2 study.

Systemic-regional therapy combination

Recent interest is rising in combining liver-directed 
approach with the novel therapeutics. Sorafenib has been 
tested as adjuvant therapy post liver resection (73) and 
extensively in combination with locoregional therapies such 
as transarterial chemoembolization (TACE). A prospective 
phase 2 study of 35 patients initially established safety 
of combining sorafenib with TACE (74). Subsequently, 
several randomized trials were conducted (75-78) with no 
substantial benefit in survival outcomes. 

The SPACE trial, a randomized, double-blind, phase 
II trial, tested the safety as well as efficacy of drug-eluting 
beads (deb)-TACE with or without sorafenib in patients 
with intermediate stage HCC. A total of 307 patients 
were randomized to undergo deb-TACE plus sorafenib or 
placebo with the primary endpoint being time to tumor 
progression (TTP). There was no significant difference 
in median TTP between both study groups. However, 
the trial did demonstrate a lower time-to-“unTACEable” 
progression in the deb-TACE plus sorafenib group with a 
HR 1.586 (95% CI, 1.200–2.096), a secondary endpoint. 

Similarly, TACE 2 trial, a randomized placebo-
controlled, double-blind, multicenter phase 3 trial also 
tested the use of deb-TACE with or without sorafenib in 
patients with unresectable liver-confined HCC (78). The 
primary endpoint was PFS. The addition of sorafenib to 
deb-TACE did not improve PFS compared to deb-TACE + 
placebo in patient with intermediate stage HCC with a HR 
of 0.99 and P=0.94. 

A randomized, double-blind, phase III trial, ECOG 
1208 (NCT01004978) addressed the same question in 
unresectable HCC, with and without vascular invasion. 
Patients received TACE (with either doxorubicin 
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hydrochloride, mitomycin C, cisplatin, or doxorubicin-
eluting beads) with sorafenib or placebo. The primary 
endpoint was to compare PFS difference between study 
arms, regardless of area of progression, while the secondary 
endpoints included OS, safety, and patterns of liver failure 
whether extra-hepatic or intra-hepatic. The study was held 
for futility.

In contrast, the TACTICS trial, a multicenter phase 
II trial, explored the use of sorafenib in combination 
with TACE versus TACE alone in unresectable HCC; 
156 patients were randomized to receive TACE alone or 
TACE plus sorafenib. Interestingly, primary endpoint 
was PFS defined by “time to unTACEable progression”, 
as opposed to conventional PFS. Intrahepatic new lesion 
was not considered tumor progression. The addition of 
sorafenib to TACE translated into improvement in median 
PFS compared to TACE only; 25.2 vs. 13.5 months, 
P=0.006. Furthermore, the trial demonstrated an increase 
in time to untreatable progression in the sorafenib group 
of 26.7 vs. 20.6 months in patients receiving TACE alone 
with a P value of 0.02. The OS was not evaluable as the 
number for events were not reached. The difference in 
outcomes between TACTICS and other similar reported 
studies could be attributed to difference in radiological 
criteria, longer use of sorafenib, and patient’s selection. 
Nonetheless, the difference may be explained in the trial 
design, where PFS was denied as progression within 
treated area not amenable for further TACE. Furthermore, 
sorafenib was administered few weeks before TACE, 
which might have caused delay in treatment start in the 
control arm and the worse outcome. 

More recent ly,  locoregional  therapies  such as 
embolization, ablation, and radiation, are being studied in 
combination with checkpoint inhibition. Earlier a study of 
tremelimumab and ablation in 32 patients with advanced 
HCC (BCLC stage C and must have had progressed on 
or been not tolerant to prior sorafenib). Partial response 
was 26.3% (95% CI, 9.1–51.2%), biopsies at 6-week from 
treatment showed an increase in CD8+ T cells. Median 

TTP was 7.4 months and median OS reached 12.3 months. 
These results suggest that direct cancer cells killing can 
activate the immune system paving the way for immune 
checkpoint inhibitors (79).

Nivolumab with deb-TACE 

An ongoing multicenter pilot phase I/II study is testing 
the use of nivolumab in combination with deb-TACE 
loaded with doxorubicin in patients with unresectable 
HCC (BCLC B). The primary endpoint of the study is 
tolerability, safety, and to identify the optimal dosing 
schedule of the combination (80). Preliminary results were 
reported recently in abstract form. Out of the 9 patients 
treated so far none experienced treatment related liver 
failure, dose-limiting toxicity, or Grade 5 adverse events 
(NCT03143270) (81).

Currently, several agents are being evaluated as 
single agent monotherapy or in combination along with 
various loco-regional therapies such as TACE and radio-
embolization (Table 2). 

Interferon (IFN) therapy 

Historically, IFN were broadly studied in HCC, both in the 
adjuvant and advanced setting, with overall no consensus 
about efficacy as benefit was not reproduced in randomized 
studies and a large concern on toxicity (82,83). TGFβ 
signaling has been associated with HCC (84). A single 
arm phase 2 study of galunisertib, a TGFβ inhibitor, and 
sorafenib in patients with advanced HCC was completed. 
Preliminary results on 47 enrolled patients were reported 
in abstract form. The combination showed a favorable 
safety profile and a median OS of 17.9 months (85). At 
mature follow-up TTP was 4.1 months and median OS 
was 18.8 months (95% CI, 14.8, 24.8). partial response was 
observed in 4.5% of patients per RECIST1.1 criteria (86). 
Interestingly, TGF-β1 responders (as defined by decrease 
of >20% from baseline) vs. non-responders had longer OS 

Table 2 Ongoing clinical trials of combination immunotherapy and locoregional treatment

Trial identifier Agent/regional therapy Primary endpoint Status

NCT03143270 Nivolumab with deb-TACE Safety Ongoing, recruiting

NCT03099564 Pembrolizumab with Y-90 radioembolization PFS Ongoing, recruiting

NCT03482102 Durvalumab, tremelimumab radiation therapy ORR Ongoing, recruiting

PFS, progression free survival; ORR, objective response rate; deb-TACE, drug-eluting bead transarterial chemoembolization. 
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(22.8 vs. 12.0 months, P=0.038). 

Cellular therapy 

Chimeric antigen receptor (CAR) engineered T-cell 
therapy is currently approved in many hematological 
malignancies and seems to be on the horizon in liver 
tumors. Preclinical studies have evaluated adoptive 
glypican-3 (GPC3) CAR T therapy in patient-derived 
xenograft (PDX) models. The treatment was able to slow 
down tumor growth and eradicate tumor cells in which 
GPC3 was highly expressed (87). Early phase clinical 
trials are undergoing to test different CAR targets in 
patients with HCC (NCT02905188, NCT03884751, 
NCT03980288, NCT03993743). In addition to GPC3, 
other potential targets being looked at include AFP, 
human telomerase reverse transcriptase (hTERT), and 
melanoma antigen gene (MAGE3). Although AFP as a 
tumor associated epitope is frequently secreted in HCC, 
its specific immunological responses has not been well 
understood in HCC and the right APC human leucocyte 
antigen (HLA) is yet to be identified. AFP-derived peptides 
containing HLA-A*2402 binding motifs that showed high 
binding affinity to HLA-A*2402 induced cytotoxic T 
cells to produce IFN-gamma and kill an AFP-producing 
hepatoma cell line (88). A fully human AFP CAR T cell 
complexed with HLA-A*02:01 was tested in mouse models 
and demonstrated antitumor activity (89). This approach is 
at the early stages of exploration, mature data and clinical 
experience is surely needed.

Conclusions

As delineated in this systematic review, the treatment 
paradigm in HCC has shifted dramatically over the last 
few years, and we are witnessing a rapid influx of data 
changing our way treating patients with advanced HCC at 
an unprecedented pace.

TKIs, immunotherapy, and the combination of both are 
all efficient therapies showing meaningful improvement in 
outcomes. 

Certain questions pertinent to use of these therapies 
remain unanswered. These include but are not limited to 
sequencing of the different options. This may be difficult 
to ascertain while we remain the current dynamic state of 
rapidly evolving data. Personalizing therapies based on 
etiology and molecular sequencing among other variables 
would be key. 
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