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Introduction

Hepatocellular carcinoma (HCC) is the 4th leading cause of 
cancer-related death worldwide, with approximately 47% of 
new cases in the world occurring in China (1). Specifically, 
around 70–80% of patients with HCC are diagnosed at 
an advanced stage (2), at which time radical treatment 
is not feasible. Patients with advanced HCC typically 

receive multimodal therapy primarily comprising systemic 
treatments. Globally, the 5-year survival rate associated 
with HCC is a mere 18.0–19.6% (3,4) with an exception of  
50.4% in Japan (5,6). In the following review, we summarize 
the current treatment landscape for advanced HCC, and 
outline several key challenges for the development of novel 
combination therapies and treatment strategies. We present 
the following article in accordance with the Narrative 
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Review reporting checklist (available at https://hbsn.
amegroups.com/article/view/10.21037/hbsn-2021-7/rc).

Historical landmarks in the development of 
systemic therapies for HCC

Until recently, sorafenib (7) and lenvatinib (8) were the only 
targeted therapies approved for use as first-line treatment 
for advanced HCC. Despite a continuous search for effective 
drug treatments for advanced HCC over the past decades, 
there have been no significant improvements in patient 
survival. Based on CheckMate 040 (9) and KEYNOTE  
224 (10), nivolumab and pembrolizumab were approved as 
the second-line treatment after sorafenib. However, in 2019, 
the results of Phase III CheckMate 459 in first line versus 
sorafenib (11) and Phase III KEYNOTE 240 in second line 
versus placebo (12) were negative, leading to a failure in 
approval globally. Actually, neither of these drugs were able 
to demonstrate the statistically significant survival benefits. 
In 2020, Finn et al. (13) reported the results of IMbrave 150, 
a clinical trial in which the combination of atezolizumab [an 
anti-programmed cell death ligand-1 (PD-L1) monoclonal 
antibody (mAb)] and bevacizumab was investigated 
versus sorafenib for the treatment of advanced HCC in 
first line setting. The median progression-free survival 
(mPFS) for this combination therapy was 6.8 months,  
significantly longer than 4.3 months for sorafenib 
monotherapy. Although the median overall survival (mOS) 
was not reached in the combination therapy group, it 
was significantly longer than the 13.2-month mOS in the 
sorafenib group (HR =0.58, 95% CI, 0.42–0.79). Thus, 

combined atezolizumab and bevacizumab was the first 
treatment to show a superior survival outcome to sorafenib. 
IMbrave150 was also the first successful phase III clinical 
trial involving the combination of an immunotherapeutic 
agent and an anti-angiogenic drug (AAD). AADs have 
the advantages of rapid onset and potent targeting effects 
in addition to the effect on alteration of tumor immune 
microenvironment from immune suppressive to immune 
permissive properties (14-16), while the advantages of 
immunotherapy are in the extension and durability of the 
triggered antitumor immune response (17,18). This has led 
to the search for further combination therapies that exploit 
the advantages of combination therapy with AADs and 
immune checkpoint inhibitors (ICIs).

The Cancer-Immunity Cycle was first proposed in 
2013 by Chen DS (19), laying the theoretical foundation 
for immuno-oncology. Defects in any step of the cancer 
immunity cycle may modulate the Cycle from its optimal 
state, eventually leading to cancer development and 
progression (20). The development and progression of 
HCC are inseparable from the trilogy of chronic liver 
disease, liver cirrhosis, and carcinogenesis. Based on the 
Cancer-Immunity Cycle, restoration of the immune 
microenvironment of HCC would be expected to transform 
the immunosuppressive “cold tumor” to a “hot tumor” 
(21,22), which may be the key to improve the effectiveness 
of immunotherapy in HCC.

Multiple clinical trials investigating combination 
immunotherapy and AAD strategies in advanced HCC 
are ongoing (Table 1). In 2020, Finn et al. reported results 
from the phase Ib KEYNOTE 524 trial, that evaluated the 

Table 1 Ongoing clinical trials investigating the combination of immunotherapy and AADs in advanced hepatocellular carcinoma

Line Phase Experimental treatment Control Clinicaltrials.gov 

Second I Nivolumab + bevacizumab – NCT03382886

First II Nivolumab + sorafenib – NCT03439891

First Ib Nivolumab + lenvatinib – NCT03418922

First III Atezolizumab + cabozantinib Sorafenib NCT03755791

First I/II Tislelizumab + sitravatinib Sitravatinib CTR20182363

First Ib Pembrolizumab + regorafenib – NCT03347292

First III Pembrolizumab + lenvatinib Lenvatinib NCT03713593

First Ib Avelumab + axitinib – NCT03289533

Second I/II Avelumab + regorafenib – NCT03475953

First III Camrelizumab + apatinib Sorafenib NCT03764293

https://hbsn.amegroups.com/article/view/10.21037/hbsn-2021-7/rc
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efficacy of dual-combination therapy with lenvatinib plus 
pembrolizumab in patients with unresectable HCC (23). 
The study reported promising results, showing a mOS 
of 22 months, mPFS of 9.3 months, median duration of 
response (mDOR) of 8.6 months, objective response rate 
(ORR) of 46% per modified RECIST, and a disease control 
rate (DCR) of 88%. Real-world data from Taiwan also 
confirm the excellent therapeutic prospects for lenvatinib 
plus pembrolizumab in advanced HCC, reporting an 
ORR and a DCR of 58.7% and 76.5% per mRECIST, 
respectively (24). These data also show lenvatinib plus 
pembrolizumab has a tolerable safety profile (24). Results 
from a further phase Ib clinical trial evaluating lenvatinib 
plus nivolumab, Study 117, were reported during the 2020 
ASCO Gastrointestinal Cancers Symposium. This dual-
combination therapy achieved a high ORR of 76.7% per 
modified RECIST and a DCR of 96.7% in patients with 
unresectable HCC (25). Similarly, a single-arm study by 
Zhao investigated the combination of pembrolizumab and 
lenvatinib in advanced biliary tract carcinoma and reported 
satisfactory outcomes, with an ORR of 25% and a DCR 
of 78.1% per RECIST v1.1 (26). In September 2020, 
Zhou et al. reported a phase II clinical trial that evaluated 
the combination of toripalimab [an anti-programmed 
cell death-1 (PD-1) mAb], lenvatinib, and gemcitabine/
oxaliplatin as first-line treatment for advanced intrahepatic 
cholangiocarcinoma. The triple-combination therapy 
achieved excellent outcomes, with an ORR of 80% and a 
DCR of 93.3% (27). It is evident from the results of the 
above trials that immunotherapy in combination with 
other targeted therapies exhibit a superior antitumor 
activity compared to single-agent immunotherapy (28). 
Nonetheless, current evidence for combination treatment 

strategies arises from early-stage trials with small sample 
sizes. The efficacy of combination immunotherapy 
requires further confirmation in multicenter, prospective, 
randomized clinical trials. In addition, although the success 
of the phase III IMbrave 150 has made headway in HCC 
for the first time in the past 13 years, there are still several 
background issues warranting further consideration, which 
we discuss below.

How to evaluate endpoints in phase III clinical 
trials in HCC?

Short follow-up duration makes OS ambiguous

Most current phase III clinical trials of advanced HCC 
are faced with the challenge of a short median follow-up 
period that probably affects OS evaluation (Table 2). A short 
follow-up period will shorten the observation window for 
target events in clinical trials, which may result in more 
censored data. The presence of censored data may render it 
challenging to explain the correlation between the efficacy 
of anticancer drugs and the OS endpoint typically used in 
phase III clinical trials. In the initial analysis of data from the 
IMbrave 150, the median follow-up period for patients in the 
intent-to-treat population who received atezolizumab plus 
bevacizumab was 8.9 months. During this follow-up period, 
the loss to follow-up rate in the combined regimen group 
was 5% and in the sorafenib comparator group was 10%. 
Ninety-six patients died in the combined regimen group 
(n=336) and 65 died in the sorafenib group (n=165) (13).  
Therefore, data censoring may have affected the estimation 
of survival times for the combined regimen and sorafenib. 
Nevertheless, the combined regimen still showed superior 
anti-tumor activity compared with sorafenib. The OS 

Table 2 Summary of data from clinical trials of targeted therapy and immunotherapy in advanced hepatocellular carcinoma

Clinical trial Line Phase
Median follow-up 

time, months
Number at 

risk†

Median TTR, 
months (95% CI)

Median DOR, 
months (95% CI)

Reference

REFLECT (n=478) First III 27.7 207-253 – – (8)

CM459 (n=371) First III 30.6 165-187 3.3 (1.6–19.4) 23.3 (3.1–34.5) (11)

KN240 (n=278) Second III 13.8 135-152 2.7 (1.2–16.9) 13.8 (1.5–23.6) (12)

KN524 (n=100) – Ib 10.6 9 1.9 (1.2–5.5) 8.6 (6.9–NE) (23)

Study117 (n=30) – Ib – – 1.87 (1.87–3.65) NE (24)

IMbrave150 (n=336) First III 15.6 – 2.8 (1.1–11.3) – (13,29)

TTR, time to response; DOR, duration of response; CI, confidence interval; NE, not estimable. †Number at risk: the number of survivors 
corresponding to the median survival time.
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curves for the combined regimen and sorafenib groups 
separated in the early follow-up period and the combined 
regimen had a consistently higher survival rate versus 
sorafenib. With the extension of the median follow-up 
period, the OS data for the combined regimen group was 
mature [mOS of 19.2 months, 95% confidence interval (CI): 
17.0–23.7], and the survival advantage of atezolizumab plus 
bevacizumab at updated analysis become less important 
(HR =0.66) as compared with the results (HR =0.58) from 
the primary analysis at the first interim analysis (follow-
up period=15.6 months) (29). Here, it is worth noting 
that in prospective clinical trials, the selection of follow-
up duration depends mainly on the aggressiveness of the 
disease and the prognosis of the patient population. For 
instance, a 3-year follow-up is sufficient for a clinical trial 
of advanced pancreatic cancer, whereas the same 3-year 
follow-up may be too short for cancers with good prognosis, 
such as thyroid cancer. Therefore, shortening the follow-up 
period may lead to the overestimation of the efficacy of the 
interventions in the treated groups in clinical trials (30).

mOS can be easily misinterpreted

In KEYNOTE 524, the mOS for the pembrolizumab 
plus lenvatinib group was 22 months [95% CI: 20.4–not 
estimable (NE)] (23), which was significantly prolonged by 
12 months compared to the sorafenib group in the 2007 
SHARP trial. This result provided the hope of survival 
times exceeding 2 years for patients with advanced HCC. 
However, it should be noted that the combination of 
pembrolizumab and lenvatinib may be effective in subset 
of patients. This is indicated by the relatively wide 95% 
confidence interval for mOS. In addition, nine patients 
were still alive and followed up to 22 months, and the mOS 
of the combination group was estimated from these nine 
patients. Judging from the Kaplan-Meier curve trend, it 
may be speculated that changes in the survival status of this 
few number of patients would exert a large influence on the 
estimation of mOS. Assuming that the median follow-up 
period was longer than 10.6 months, survival status among 
the small number of at-risk patients would have changed. 
In such a case, the horizontal line extending from the 50% 
cumulative survival point of the Kaplan-Meier curve and 
the OS curve of the combination group would intersect 
earlier or later than at 22 months. This suggests that the re-
estimated mOS would be shorter or longer than 22 months.  
The inconformity between the clinical significance of 
mOS and its corresponding number at risk indicates that 

estimates of long-term efficacy of the combination of 
pembrolizumab and lenvatinib in KEYNOTE 524 would be 
very influenced by the survival status of individual patients. 
With the extension of the median follow-up period, mOS 
may easily change (Table 2). At present, its excellent anti-
tumor efficacy of pembrolizumab plus lenvatinib are 
currently being evaluated through the expansion of the 
sample size of the phase III LEAP 002 clinical trial (Table 1) 
and its results are eagerly awaited.

In contrast, the median follow-up period in the phase 
III CheckMate 459 trial was 30.6 months. The mOS of the 
nivolumab group was 16.4 months, and the corresponding 
number at risk at this point on the Kaplan-Meier curve 
was between 165 and 187 (11), which was higher than 
the corresponding number at risk in KEYNOTE 524. 
Therefore, the mOS of 16.4 months in CheckMate 459, 
due to other factors such as short follow-up period, was less 
affected by censored data, and hence it may be concluded 
that the data supporting nivolumab for the treatment 
of advanced HCC is more robust. In addition, this long 
follow-up data include the effect of subsequent therapy as 
well. However, mOS itself is not that important since the 
most important point in Phase III clinical trial is whether 
or not the trial meets its primary endpoint of OS based on 
prespecified statistical estimation.

Heterogeneity of the kinetics of response to ICIs

Clinical observations have identified high heterogeneity 
in the immune responses mediated by ICIs such as the 
time to onset of immune response [time to response 
(TTR)], depth of the response [complete response (CR), 
partial response (PR), progressive disease (PD), stable 
disease (SD)], and the duration of the immune response 
(DOR). Unlike the antitumor mechanism of conventional 
chemotherapeutic agents, ICIs do not exert a direct 
cytotoxic effect. ICIs instead exert an antitumor effect by 
reversing the immunosuppressive state of T cells, activating 
the immune system and maintaining antitumor immunity 
(14,19). This immune response takes time to generate, 
and hence there is often a lag in clinical efficacy (31). For 
example, clinical studies have reported that around 10% of 
patients with metastatic melanoma treated with ipilimumab, 
a T lymphocyte-associated protein-4 (CTLA-4) antibody, 
showed atypical immune responses. Following personalized 
therapy, a subset of tumors initially exhibited PD, followed 
by tumor regression (PR or CR) or SD; a phenomenon 
referred to as pseudo-progression (32). Therefore, a 
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sufficiently wide clinical observation window is required in 
clinical trials to evaluate the antitumor activity of ICIs, such 
as PD-1 and CTLA-4 mAbs. This will avoid the premature 
termination of the development of a potentially effective 
therapeutic drug due to pseudo-progression. However, 
actual disease progression should be identified as early as 
possible to avoid delay of subsequent treatments. In fact, in 
HCC pseudo progression has never been reported in all the 
clinical trials of ICIs (9-13) as well as in a real-world clinical 
practice. Therefore, in case of HCC, pseudo progression 
may not exist or can be negligible.

The median TTR in IMbrave 150 was 2.8 months. 
However, a subgroup of patients experienced disease 
remission only after receiving the combination therapy for 
around 11 months (13). Therefore, combination therapy 
should be continued when disease control continues. 
Judgement of PD may be performed carefully in order to 
avoid possibility of pseudo progression. Maybe any PD 
should be confirmed by another imaging performed 1 to  
2 months later or just left to be waited for clinical observation.

OS is affected by subsequent treatments

In the phase II KEYNOTE 224 trial, the mOS of 
pembrolizumab as a second-line treatment following failure 
with sorafenib in advanced HCC was 12.9 months (10), 
which was better than the 10.6-month mOS reported for 
regorafenib in the RESOURCE trial (33). However, in the 
subsequent phase III trial KEYNOTE 240, differences in 
the co-endpoints (OS and PFS) between pembrolizumab and 
placebo were not significant per the prespecified statistical 
plan although clinically meaningful OS benefit was observed 
(OS HR 0.781, P=0.0238). This failure was probably 
because 47.4% of the patients in the placebo group had 
received subsequent-line treatments, including regorafenib 
and anti-PD-1 mAb, following disease progression (12). 
Due to the efficacy of the subsequent-line treatments, the 
mOS of the placebo group was extended to 10.6 months. 
This is equivalent to the mOS achieved with sorafenib in 
the SHARP trial. A further sensitivity analysis showed that 
if the subsequent treatments were censored, the OS benefit 
of pembrolizumab would be significantly better than that of 
placebo. A similar phenomenon was observed in CheckMate 
459 where 46% of the patients assigned to sorafenib in 
this study received subsequent-line systemic treatment, 
including anti-PD-1 mAbs, following disease progression. 
In contrast, only 38% of patients in the nivolumab 
group had received subsequent-line treatments (11).  

This greatly affected the direct comparison of nivolumab 
and sorafenib.

In summary, as a primary clinical trial endpoint, OS can 
be affected by multiple complicated factors such as follow-
up duration and effectiveness of subsequent-line treatments. 
With the increased use of multimodal treatments, the OS 
for patients with advanced HCC is becoming longer. This 
makes it more challenging to evaluate therapeutic efficacy 
using OS as an endpoint. Surrogate endpoints, such as 
PFS and ORR, have the advantages of smaller sample size 
requirements and relatively short follow-up period (34,35). 
However, ultimately, it is generally not possible to translate 
PFS and ORR benefits to OS benefits (36,37) although PFS 
and ORR may be surrogate endpoint in the phase II trial 
in order to speed up the drug development. Clinical trials 
are designed to solve practical clinical problems. However, 
if a certain study cannot solve all the problems of patients 
with advanced HCC, it is more important to identify the 
key problems to be solved and the indicators suitable for 
use as study endpoints. Therefore, the classification and 
stratification of patients with advanced HCC in clinical 
trials should be refined based on factors such as the presence 
or absence of vascular invasion, extrahepatic metastasis, 
liver function compensation, and general conditions. The 
study objectives should be carefully optimized, and the 
study endpoints should be selected objectively to best 
reflect patient survival benefits. For clinical trials involving 
patients with advanced HCC who may potentially achieve 
downstaging and conversion to resectable disease, such as 
those with solitary lesions, large tumors, and grade Vp1-3 
portal vein tumor thrombus (PVTT), the more appropriate 
primary study endpoints may be ORR or PFS. On the 
contrary, for patients with advanced HCC and an extremely 
poor prognosis, such as those with multiple lesions, grade 
Vp4 PVTT, extrahepatic metastasis, liver functional 
decompensation, and poor general conditions, the key 
objectives would be to relieve symptoms, prolong survival, 
and improve quality of life (QoL). Thus, OS and QoL 
would be the more appropriate study endpoints.

How to translate ORR benefits to OS benefits?

The 2018 REFLECT trial (8) revealed that lenvatinib 
outperformed sorafenib in terms of ORR (18.8% vs. 6.5%) 
per RECIST v1.1, but the approval of lenvatinib was merely 
based on non-inferiority of OS to that of sorafenib (Table 3). 
It is apparent that, although the disadvantage of sorafenib 
therapy is a low ORR, to date its OS benefits have not been 
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surpassed by other single-agent targeted therapies (38-40).  
This may be because once a tumor develops resistance 
against a targeted therapy, it becomes more resilient as it 
progresses, thereby outweighing the previously achieved 
ORR benefit (41). Thus, the translation of ORR benefits 
into OS benefits will be the key to improve the survival of 
patients with advanced HCC.

In 2019, He et al. reported the results of a randomized, 
controlled, phase III clinical trial evaluating the efficacy of 
combining hepatic arterial infusion chemotherapy (HAIC) 
with sorafenib in advanced HCC (42). This study compared 
the combination of sorafenib and the HAIC regimen of 
oxaliplatin, fluorouracil, and leucovorin (FOLFOX) with 
sorafenib monotherapy. At the clinical follow-up cutoff 
date, the combination therapy group had a significantly 
longer PFS than the sorafenib monotherapy group (7.0 vs.  
2.6 months), a significant ORR benefit (40.8% vs. 2.5%) and 
a DCR of 76% per RECIST, which was much higher than 
that achieved by existing single-agent targeted therapies 
and immunotherapies. Most importantly, the mOS for the 
combination therapy group was also significantly longer 
than that of the sorafenib monotherapy group (13.37 
vs. 7.13 months). Specifically, 16 patients (12.8%) in the 
combination therapy group underwent surgical resection, 
and three underwent local ablation. Therefore, given the 
short-term ORR and PFS benefits for HAIC plus sorafenib, 
an effective way to improve OS with this combination is to 
proactively conduct radical treatments, such as conversion 
surgery or ablation. This may also be the key to overcome 
the challenges of translating ORR and PFS benefits to OS 
benefits.

In July 2020, Mazzaferro et al. (43) reported the efficacy 
of liver transplantation following successful downstaging 
and conversion of advanced HCC beyond the Milan criteria 
by sequential therapies. In that phase IIb/III trial, 45 
patients with advanced HCC beyond the Milan criteria and 
without macrovascular invasion and extrahepatic metastasis 

were randomly assigned to a liver transplantation group 
and non-transplantation group. The tumors in both groups 
underwent successful downstaging and conversion following 
local or systemic therapies. Liver transplantation was 
performed in the experimental group, while in the control 
group local or systemic treatments were administered only 
at the time of disease progression following successful 
downstaging. With a median follow-up of 71 months at 
the data cutoff, the 5-year tumor-free survival rate and 
the 5-year OS rate of the liver transplantation group 
were significantly higher than those of the control group 
(76.8% vs. 18.3% and 77.5% vs. 31.2%, respectively). The 
Mazzaferro study is the first prospective, randomized, 
controlled clinical trial to investigate liver transplantation 
following downstaging therapies in advanced HCC. The 
OS benefit in the liver transplantation group suggested 
that subsequent radical treatment (e.g., transplantation, 
resection, or ablation) following the successful conversion 
of advanced HCC significantly prolonged survival.

Combination therapy: dual- or triple-combination 
therapy? And timing?

Based on the typical shape of Kaplan-Meier curves for 
combination immunotherapies, it appears that patients with 
an effective immune response attain a durable antitumor 
response at a certain time point (i.e., the onset of the 
immune response). This is referred to as the ‘plateau of 
long-term survival’ phenomenon (44). Existing clinical 
trials on advanced HCC have reported different TTRs 
(Table 2). It has been speculated that the addition of local 
interventional therapy (45) to combined antitumor therapy 
with anti-vascular endothelial growth factor (VEGF) 
antibodies and ICIs may be an effective means to shorten 
TTR and increase ORR in patients with HCC (46). Local 
chemotherapy delivered through the hepatic artery can 
destroy HCC tissues directly and lead to apoptosis of 

Table 3 Clinical trials comparing sorafenib with other targeted therapies or immunotherapies

Clinical trial Line Phase Regimen ORR, % (RECIST v1.1) mOS, months

LIGHT (38) First III Linifanib vs. sorafenib 13 vs. 6.9 9.1 vs. 9.8

BRISK-FL (39) First III Brivanib vs. sorafenib 12 vs. 9 9.5 vs. 9.9

SUN1170 (40) First III Sunitinib vs. sorafenib 6.6 vs. 6.1 7.9 vs. 10.2

REFLECT (8) First III Lenvatinib vs. sorafenib 18.8 vs. 6.5 13.6 vs. 12.3

CM459 (11) First III Nivolumab vs. sorafenib 15 vs. 7 16.4 vs. 14.7
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cancer cells. The apoptotic cancer cells release tumor 
antigens (47), which improve priming the T cell and anti-
VEGF inhibitor further improve the Cancer-Immunity 
Cycle in the immune microenvironment of HCC, thereby 
enhancing the capacity of the immune system to destroy 
cancer cells. A small sample size retrospective study showed 
that the DCR obtained with HAIC + targeted therapy + 
anti-PD-1 mAb regimens was 100%, including a CR of 
50% and a PR of 50% (48), which was significantly higher 
than the double-combination regimens used in trials such 
as KEYNOTE 524. The phase III clinical trial, LEAP-
012 (49), investigating the combination of pembrolizumab, 
lenvatinib, and transarterial chemoembolization as the 
treatment for advanced HCC is currently ongoing.

The safety reported in IMbrave 150 does not limit 
the real-world application of the combination regimen 
investigated in that study. In IMbrave 150 trial, 25.2% 
of the patients experienced a bleeding event of all cause 
(6.4% in Grade 3 or 4), although there were six events of 
fatal bleeding or ulcer perforation (13) in combination 
arm. Grade 5 total event in sorafenib arm is 5.8 % similar 
to combination arm (4.6%). Notably, the IMbrave 150 
trial included patients with advanced HCC with well-
compensated liver function, such as those with Child-Pugh 
Class A and without esophageal or gastric varices with low 
bleeding risk and patients with an intermediate or high 
risk for portal hypertension were excluded (13). With these 
stringent enrollment criteria, treatment-related bleeding 
events were very few. However, application of this drug 
combination in the real-world setting should be approached 
with caution similar to the clinical trial.

Further combination therapies may be seeked for patients 
with HCC who are Child-Pugh class B, with a high risk 
of bleeding, or PVTT/IVCTT. Compared with IMbrave 
150, the KEYNOTE 524 and Study117 trials (23,25) had 
more stringent requirements regarding liver function, in 
which only Child-Pugh class A was allowed. Meanwhile, 
the bleeding risk associated with the combination of anti-
PD-1 mAb and lenvatinib was also low, while the ORR was 
relatively high, suggesting this combination may be better 
regimen for the conversion of advanced HCC prior to 
surgical resection.

Regardless of the particular dual- or triple-combination 
regimen comprising HAIC, immunotherapy, or targeted 
therapy, these combinations are all subject to the risk 
of additive liver function damage. For example, in the 
combination group of IMbrave 150, the incidence of grade 
3–4 alanine aminotransferase and aspartate aminotransferase 

increase were 3.6% and 7%, respectively (13). Meanwhile, 
the incidence of grade 3 transaminase increase was 11% 
in the combination group in KEYNOTE 524 (23). As 
mentioned previously, ICIs have a long onset of action; the 
median onset of action of anti-PD-1 mAbs is approximately 
three months (10,11). Therefore, it is believed that for 
very advanced BCLC stage C HCC with main portal vein 
invasion in which the mOS is only about three months 
(50,51), multimodal triple-combination therapy may 
be introduced as early as possible by adding ICIs to the 
HAIC and AADs combination to achieve rapid tumor 
control. However, some researchers believe that the triple 
combination regimen of HAIC, ICIs, and AADs exerts 
additive adverse reactions. Hence, attention should be paid 
to the incidence of adverse events, such as liver function 
damage, when using any combination therapy. Consequently, 
treatment aspects of advanced HCC that have not been 
clinically investigated, such as the sequence and timing 
for combining local treatment, AADs, immunotherapy, 
or other treatments, still merits further exploration. 
Before implementing these triple regimens in the practice, 
prospective randomized controlled study is mandatory.

Radiological CR, what to do next?

Although sorafenib has been the standard treatment regimen 
for advanced HCC since 2007, its associated ORR of  
2% (8) is suboptimal. In comparison, lenvatinib is associated 
with a higher ORR (7), and the CR rate (mRECIST 
criteria) associated with immunotherapy is approximately 
11% (23,25). Also, updated results of IMbrave150 trial 
showed atezolizumab plus bevacizumab combination 
therapy achieved CR in 12% per mRECIST (29).  
This implies that a subgroup of patients with advanced 
HCC that was incurable in the past can now achieve a CR 
with immunotherapy, and the advantage of immunotherapy 
is the possibility of achieving a long-term survival once 
there is an initial response. Whether the next step of 
treatment following radiological CR should be radical 
therapy (surgery, transplantation, ablation), maintenance 
therapy with pharmacologic combinations or observation 
remains controversial.

In the aforementioned clinical trial led by Mazzaferro (43),  
the liver transplantation group had a survival benefit of 
14.5 months, compared with the control group. A further 
survival analysis found that the mOS of the subgroup 
that achieved a PR after downstaging and conversion was 
26.5 months, while the mOS in the CR subgroup without 
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conversion to liver transplantation was 9.9 months. The 
authors suggested that the disparity between the two 
subgroups could be because radiological CR might not 
represent pathological CR. The result may also be due to 
a subgroup of patients with radiological CR experiencing 
disease progression after refusing liver transplantation. 
In KEYNOTE 524, two patients with radiological CR 
eventually experienced PD and died, and seven patients with 
radiological PR experienced PD and died (23). Similarly, 
in Study 117, with an extended clinical observation period, 
a subset of advanced HCC that had initially reduced in 
size grew rapidly (25,52). Kudo et al. proposed a novel 
treatment strategy for Barcelona Clinic Liver Cancer 
(BCLC) stage B and C HCC by suggesting that conversion 
and surgical resection could be indicated for patients with 
these stages of disease (53). Reports have shown that the 
range of the 5-year survival rate for patients with advanced 
HCC after conversion therapies and secondary surgical 
resection or liver transplantation is 25–57% (54,55), which 
is equivalent to a 5-year survival rate of 30–60% in patients 
with resectable HCC (56). Because of this, it is speculated 
that patients who have achieved radiological CR following 
combination immunotherapy should receive curative 
treatments, such as conversion surgery or local ablation, to 
achieve longer survival. However, there are currently no 
prognostic data on the use of combination immunotherapy 
for downstaging and conversion to surgery, and the 
effectiveness of this approach needs to be elucidated in 
future studies.

Dynamic monitoring of PD-1/PD-L1 expression or 
TIME through tumor biopsy

Presently, no definitive biomarkers that can predict response 
to anti-PD-1 mAbs in HCC have been identified. In 
CheckMate 459, even the patient group with negative PD-1 
expression showed an immune response after receiving 
ICIs, but the response rate was lower than that in the PD-1-
positive group. However, the ORR of PD-1-positive patients 
treated with nivolumab was twice that of the PD-1-negative 
group (28% vs. 12%) (11). In the Phase 1b GO30140 
study, the cutoff values for positive PD-L1 expression in 
tumor-infiltrating immune cells or tumor cells were set 
at 1%, 5%, and 10%. With increasing PD-L1 expression 
cutoffs, the ORR showed an upward trend of 41%, 46%, 
and 50%, respectively (57), however, small patient numbers 
in some PD-L1 subgroups make interpretation difficult 
regarding the association between PD-L1 expression and 

efficacy. This observation may suggest that the AAD, as 
part of the combination regimen, may alter the PD-1/
PD-L1 expression levels of the abovementioned cells, 
which increases the response rate achieved with anti-
PD-L1 mAbs. A preliminary preclinical study has shown 
that the combination of anti-VEGF and anti-PD-1 mAbs 
can restore the immune microenvironment, in which the 
expression of PD-L1 in tumor cells and stromal cells was 
upregulated, thereby increasing the sensitivity of tumor 
tissues to anti-PD-1 mAbs (58,59). In IMbrave 150, 64% 
(79/124) of the patients in the combination therapy group 
were PD-L1-positive ≥1% in tumor-infiltrating immune 
cells or tumor cells (13). However, it remained unclear 
whether the antitumor activity was attributable to the 
additive or synergistic effect of dual-combination therapy. 
Due to the lack of repeated biopsies of the tumor tissue, the 
potential antitumor mechanism of the combination could 
not be fully interpreted. Therefore, dynamic monitoring 
of the changes in PD-1/PD-L1 expression in tumor tissue 
through tumor biopsy before, during, and after treatment 
may facilitate the delineation of the antitumor mechanism 
underlying the dual-combination therapy. TIME (tumor 
immune microenvironment) also plays an important role of 
the combination therapy. Therefore, dynamic monitoring of 
Treg or MDSC may also be helpful for the understanding 
its mechanism (15).

Treatment options following PD-1 resistance

In IMbrave 150, a subgroup of patients in the combination 
therapy group received anti-PD-1 mAbs as subsequent 
treatments (13), but its efficacy is unknown. As mentioned 
earlier, the TTR of the combination of pembrolizumab 
or nivolumab with lenvatinib is comparable (1.9 vs.  
1.87 months), but the latter is associated with a higher 
ORR (46% vs. 76.7%) although background characteristics, 
numbers of patients and observation period are different 
between those groups (23,25).

When factors such as drug availability and cost are 
considered (Table 4), orally administered targeted therapies 
remain the first choice for treating advanced HCC in many 
economically underdeveloped regions. Compared with the 
requirements for administering the combination regimens 
in IMbrave 150, KEYNOTE 524, and Study 117, treatment 
with HAIC can be completed in an interventional suite 
with equipment such as digital subtraction angiography. 
Oxaliplatin, fluorouracil, and leucovorin calcium are also 
relatively common and inexpensive antitumor drugs. In 
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China, combination regimens that primarily comprise 
HAIC, AAD, and domestically manufactured anti-PD-1 
mAb exhibit an excellent cost-effectiveness ratio and 
accessibility for patients with advanced HCC. However, 
these data remain to be confirmed in a large prospective 
validation cohort.

After failure of PD-1/PD-L1 antibody therapy, Aoki 
et al. (60) reported that lenvatinib monotherapy showed 
promising outcome (ORR of 55.6 %, DCR of 86.1 % per 
mRECIST, PFS of 10.03 months, mOS of 15.8 months 
since the initiation of lenvatinib and mOS of 29.8 months  
since 1st line PD-1/PD-L1 antibody therapy). This 
favorable outcomes can be explained by prolonged binding 
effect of ICI antibody to lymphocyte more than 20 weeks 
after termination of ICIs (61) in addition to immune 
modulating effect of lenvatinib. In other words, therapeutic 
effect can be expected similar to lenvatinib and PD-1 
antibody combination therapy when lenvatinib is introduced 
after failure of ICIs.

In addition, PD-1/PD-L1 antibodies do not respond to 
WNT/β-catenin mutated HCC (62,63), however lenvatinib 
is highly effective for WNT/β-catenin mutated HCC since 
FGFR4 is highly expressed in WNT/β-catenin mutated 
HCC (64). 

Conclusions

A definitive driver gene that can explain the molecular 
mechanism of HCC has not been identified. Drugs such as 
sorafenib are merely multitargeted AADs, and not targeted 
therapies for specific driver genes in HCC. Most treatment 
strategies for advanced HCC focus on intervention in the 
immune microenvironment, and the restoration of the 

immune microenvironment of HCC may be an effective 
means to improve the efficacy of immunotherapies in 
advanced HCC. Evidence shows that treatments such 
as local radiotherapy and oncolytic viruses facilitate the 
induction of apoptosis in tumor tissues and the release 
of immunogenic tumor antigens (47,65). The released 
tumor antigens, in turn, induce changes in the immune 
microenvironment, favoring the further amplification of the 
antitumor activity of ICIs. The combination of HAIC-based 
local therapy with targeted therapy and immunotherapy 
may be a key direction for multimodal therapies for 
advanced HCC especially in China. Data from early phase, 
small-sample studies, as well as unpublished data from our 
group, show that the triple-combination FOLFOX regimen 
that comprises HAIC + anti-PD-1 mAbs + AAD can achieve 
an ORR above 90%, which is better than that achieved by 
single-agent anti-PD-1 mAbs, AADs, and dual-combination 
regimens. Efficacy of this triple regimen must be confirmed 
by prospective RCT. Therefore, the superior antitumor 
efficacy exhibited by triple-combination regimens may delay 
the urgent need for solving certain challenges in HCC, 
such as accurate molecular typing and the search for driver 
genes. Meanwhile, the search for effective combination 
regimens might be the key to improve survival in patients 
with advanced HCC in the near future.

However, outside China combination immunotherapies 
such as PD-1/PD-L1 antibody plus anti-VEGF/AAD and 
PD-1/PD-L1 plus anti-CTLA4 antibody are still main 
stream treatment for advanced HCCs.
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