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Abstract
Hepatocellular carcinoma (HCC) is increasing in prevalence and has the potential to be a highly lethal malignancy. 
Patients with early-stage HCC have potentially curative therapeutic options, but treatments for more advanced 
HCC were limited until recently. Historically, tyrosine kinase inhibitors have been used in both the first- and 
second-line treatment of patients with advanced HCC; however, given HCC’s highly immune-responsive origins, 
immunotherapy is proving to be a promising systemic therapy in the frontline as well as later lines of treatment. 
Notably, recent studies of the novel antibody therapy combination atezolizumab (anti-PD-L1) and bevacizumab 
demonstrated unprecedented, practice-changing efficacy in the advanced HCC setting and led to its Food and 
Drug Administration approval. Although such landmark studies offer new treatment options for patients with 
HCC, the role of potential biomarkers to monitor immunotherapy response is largely unknown and undergoing 
exploration.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth leading cancer globally and the second leading cause of 
cancer-related death[1]. HCC in the United States is prevalent; it is estimated that there will be 42,810 new 
diagnoses and 30,160 cancer-related deaths during 2020[2]. Men are slightly more at risk for developing 
HCC versus women (3:1 male to female ratio). HCC often arises as a result of underlying liver disease such 
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as cirrhosis and chronic hepatitis. The most common risk factors include hepatitis B (HBV), hepatitis C 
(HCV) fatty liver disease such as nonalcoholic steatohepatitis (NASH), and alcohol consumption[3,4].

In western countries, only about 30% of HCC patients are diagnosed at an early stage[5,6]. Improvements 
in screening and surveillance techniques and the development of antiviral therapies have led to protection 
against HCC in high-risk patients[7]. Early detection of HCC offers the best prognosis and overall survival 
(OS) due to the option of curative treatment in the form of resection or liver transplantation[7-10]. Curative 
resection may be offered to patients, no matter the HCC size, as long as liver function is adequate - 
Child-Pugh Class A without portal hypertension and residual liver volume of at least 20%[8,10]. Liver 
transplantation is the preferred treatment choice for patients who fall within the Milan Criteria (single 
lesion of ≤ 5 cm or up to 3 lesions of ≤ 3 cm)[9-13]. For patients who are not diagnosed within the criteria 
for a liver transplant, liver-targeted therapies such as radiofrequency ablation (RFA), transarterial 
chemoembolization (TACE) and Y90 radioembolization (Y90-RE) are used to control HCC progression 
and prolong the survival rate of patients[14,15].

Unfortunately, many patients with HCC are diagnosed at more advanced stages, involving multifocal 
disease, vascular invasion and extrahepatic spread of the cancer. Such cases require systemic therapy, and 
until late 2007, there were no treatment options for these patients. In November 2007, initial results from 
2 investigations of sorafenib in the treatment of patients with hepatocellular carcinoma - the SHARP[16] 
and Asia-Pacific[17] trials - both randomized placebo-controlled Phase III trials, resulted in the approval 
of sorafenib, a tyrosine kinase inhibitor (TKI), as the first systemic therapy for advanced unresectable 
HCC. Patients in these trials received either daily sorafenib or placebo in the frontline until radiological 
or symptomatic progression was noted. Both studies reported significantly increased OS of the sorafenib 
compared to the placebo-treated cohort.

Now, in 2020, nine systemic therapeutic agents are available to treat patients with HCC, including 
sorafenib, lenvatinib, and combinations of bevacizumab plus atezolizumab in the frontline; and regorafenib, 
nivolumab with or without ipilimumab, cabozantinib, ramucirumab and pembrolizumab in the second-line 
setting[16-24]. Although this is a significant improvement compared to a decade ago, there is limited data on 
how to sequence treatments for maximal survival benefit to patients.

The use of immune checkpoint inhibitors alone or in combination with targeted therapies generates durable 
responses that have reshaped the treatment landscape for HCC. The rationale behind using immunotherapy 
in advanced HCC lies in the knowledge that these tumors arise from a background of chronic inflammation 
and from case reports of spontaneous HCC remission after removing immunosuppressive agents[25-27]. The 
more complex reasoning to utilize immune checkpoint blockade is discussed below. As immunotherapy 
expands treatment options for HCC and numerous other malignancies, biomarkers of response for 
prediction and monitoring purposes are needed. In the current literature, higher response rates to 
immunotherapy have been seen in inflamed tumors with a high degree of cytotoxic T-cell infiltration and 
proinflammatory cytokines, PD-L1 expression, tumor mutational burden (TMB), microsatellite instability 
and deficient DNA mismatch repair. However, biomarker data for HCC is not yet well established[28-32].

RATIONAL BEHIND IMMUNOTHERAPY IN HCC
The concept of immunotherapy is the mobilization of a patient’s immune system to fight cancer. Hence, 
as malignant cells arise in the body due to epigenetic and genetic factors, continued immune surveillance 
recognizes neoantigens on these transformed cells and activates the immune system to clear them[33]. 
However, at the same time, malignant cells develop multiple resistance mechanisms to evade immune 
recognition and destruction. They promote the release of immunosuppressive mediators like transforming 
growth factor-beta (TGF-β) and interleukin 6 (IL-6), which contribute to cancer cell growth, and cytokines 
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and growth factors like interleukin 10 (IL-10) and vascular endothelial growth factor (VEGF), which inhibit 
differentiation and maturation of immune cell progenitors[33,34]. Other ways that tumors evade the immune 
system include immune editing, in which selective tumor pressure leads to less immunogenic and more 
apoptosis-resistant cells; a shift in the balance of T helper (Th) cells from Th1 to Th2; and the upregulation 
of immune checkpoints[33-35].

It is speculated that the liver as an immune-evasive organ may provide the opportunity for immunotherapy 
against HCC. The liver has a natural immune tolerance. HCC cells recruit regulatory T cells and 
overexpress immune-suppressing factors such as programmed death-1, programmed death-ligand 1 (PD-1/
PD-L1) and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)[36-38]. Recently, checkpoint inhibition 
has found a foothold in the treatment of HCC.

Checkpoint inhibitors are monoclonal antibodies designed to target inhibitory immune signals. The 
cell surface protein PD-1 and its ligand PD-L1 are an important part of the PI3K/AKT pathway and are 
responsible for the suppression of T cell signaling in the form of inhibition of T effector cell responses. The 
presence of activated T cells can cause tumor cells to upregulate their expression of PD-L1, which then 
binds to PD-1 and blocks the immune system by reducing that T cell activity. Inhibition of PD-1-PD-L1 
with a checkpoint inhibitor allows the T cell response to continue[39-41].

CTLA-4 is a membrane-bound molecule expressed on activated T cells and T regulatory cells. Together 
with co-stimulatory molecule CD28, it competes for binding to CD80 and CD86. Whereas CD28 has a 
stimulatory effect, CTLA-4 has an inhibitory effect on T cell activation. Inhibition of CTLA-4 potentially 
results in a better immune response to cancer and is indeed associated with improved outcomes in, for 
example, metastatic melanoma[39-42].

Some of the earliest trials testing antitumor activity in HCC were phase I and II studies exploring 
tremelimumab, an anti-CTLA-4 monoclonal antibody[43,44]. The phase I trial’s primary endpoint was to test 
the antitumor and antiviral effect of tremelimumab in patients with chronic HCV and HCC (n = 21)[44]. The 
study showed that tremelimumab was well tolerated and resulted in a partial response or stable disease in 
17.6% or 45% of the patients respectively; the medium time to progression was 6.5 months. Furthermore, 
tremelimumab treatment caused a significant drop in the HCV viral load, indicating a specific anti-HCV 
immune response[44]. Investigators in the follow-up phase II study treated 21 patients with tremelimumab 
every three months for six months total. Two patients had a decrease in tumor burden, 11 had tumor 
stability and 33% of patients had a stable disease without progression for more than a year[43].

SINGLE AGENT IMMUNOTHERAPY USE IN HCC
Single-agent immunotherapy was initially approved for second-line use after progression on sorafenib. 
Hence, the CheckMate 040 dose-escalation and expansion trial (NCT01658878) tested nivolumab in adults 
(≥ 18 years) with histologically confirmed advanced HCC, with or without HCV or HBV infection, and 
with Child-Pugh A or B7[45]. Patients received intravenous (IV) nivolumab at doses of 0.1-10 mg/kg every 
2 weeks in the dose-escalation phase (3 + 3 design) of this trial, and then 3 mg/kg every 2 weeks in four 
different expansion cohorts: sorafenib untreated or intolerant without viral hepatitis; sorafenib progressors 
without viral hepatitis; HCV infected; and HBV infected. Primary endpoints were safety, tolerability and 
overall response rate (ORR) using response evaluation criteria in solid tumors (RECIST), version 1.1. 
Treatment-related adverse events (AEs) were comparable to those experienced in patients with other cancer 
types receiving nivolumab treatment. The ORR was 15% (ORR = 15%; 95%CI: 6-28) in patients treated with 
nivolumab in the dose-escalation phase and 20% (95%CI: 15-26) in the dose-expansion phase. The mean 
duration of response was 9.9 months, with a median OS of 16 months. These results led to the accelerated 
FDA approval of nivolumab, specifically in the treatment of HCC patients who progressed on or were 
intolerant to sorafenib[45].
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Pembrolizumab was also approved for second-line treatment of patients with HCC, based on the 
KEYNOTE-224 phase II clinical trial. This trial demonstrated a pembrolizumab-induced ORR of 17.3% 
(complete response, 1%; partial response, 16.3%) and stable disease in 44.2% of patients. The most 
common treatment-related AEs were increased aspartate aminotransferase (AST) (7%), increased alanine 
aminotransferase (ALT) (4%), and fatigue (4%)[46]. The follow-up KEYNOTE-240 phase III trial confirmed 
the benefits of pembrolizumab for second-line HCC. In this follow-up trial, 408 patients were randomized 
in a 2:1 ratio to pembrolizumab [200 mg IV every 3 weeks (Q3W)] plus best supportive care (BSC) versus 
placebo (Q3W) plus BSC for up to 35 cycles or until disease progression or unacceptable toxicity. The ORR 
was 16.9% (95%CI: 12.7%-21.8%) for pembrolizumab vs. 2.2% (95%CI: 0.5%-6.4%) for placebo (nominal 
one-sided P = 0.00001). Pembrolizumab responses were durable and had a median response duration 
of 13.8 months (1.5-23.6). Although pre-specified statistical criteria were such that significance was not 
reached, OS and progression-free survival (PFS) improved [(OS, 13.6 months vs. 10.6 months; HR = 0.78; 
one-sided P = 0.0238); (PFS, 4.2 months vs. 3.8 months; HR = 0.78; one-sided P = 0.0209)][47]. Despite being 
a statistically negative study, the results showed enough clinical benefit from pembrolizumab that justified 
its approval in the second-line setting.

Despite positive results from the CheckMate 040 trial and subsequent FDA approval of nivolumab in the 
second-line setting, a phase III frontline trial of nivolumab for patients with HCC failed to meet its primary 
endpoints. The investigators of the phase III, international, multicenter CheckMate 459 trial randomized 
743 treatment-naïve HCC patients to nivolumab (240 mg every two weeks) or standard sorafenib (400 mg 
twice daily)[48]. Nivolumab led to a better, but not statistically significant median OS compared to sorafenib 
(16.4 months vs. 14.7 months; HR = 0.85; 95%CI: 0.72-1.02; P =0.0752). Therefore, nivolumab was not 
approved in the frontline HCC setting. Median PFS was similar between the two groups, but the response 
rate for nivolumab was higher than sorafenib (15% vs. 7%)[48]. Although this trial was negative, based on 
predetermined endpoints, the use of single-agent immunotherapy in the frontline showed a favorable 
response in patients with advanced HCC, and the median OS for both groups was longer than that seen in 
the SHARP trial. Interestingly, the median OS was 14.7 months in the sorafenib control arm, higher than 
the 10.7 month OS observed in the original SHARP study. 

COMBINATION IMMUNOTHERAPY AND TARGETED THERAPY 
Anti-angiogenesis plus immunotherapy
The landmark IMbrave150 trial tested the combination of atezolizumab plus bevacizumab, and thereafter 
solidified immunotherapy’s role in advanced HCC. Atezolizumab plus bevacizumab is the first therapy 
to show improved PFS, OS and quality of life compared to sorafenib. The novel combination of PD-L1 
inhibitor atezolizumab combined with VEGF inhibitor bevacizumab is thought to decrease angiogenesis, 
decrease immunosuppression, promote T cell migration into the tumor and inhibit tumor growth[20]. 
This combination was initially studied in the phase Ib GO30140 trial, in which patients with untreated, 
unresectable HCC (n = 119) were randomized to receive atezolizumab (1200 mg IV every 3 weeks) alone 
or with bevacizumab (15 mg/kg IV every 3 weeks) until the development of unacceptable toxicity or loss 
of clinical benefit[49]. The 60 patients who received the treatment combination had better outcomes than 
the 59 patients treated with atezolizumab alone. Atezolizumab plus bevacizumab had an acceptable side-
effect profile, and there was a significant improvement in the primary endpoint of median PFS compared to 
atezolizumab alone: 5.6 vs. 3.4 months (1.9-5.2; HR = 0.55; 80%CI: 0.40-0.74; P = 0.011)[49].

The GO30140 trial seeded the global, open-label, phase 3 IMbrave150 trial, which randomized 501 
treatment-naive advanced HCC patients (2:1) to receive either a combination of atezolizumab (1200 mg IV 
every 3 weeks) plus bevacizumab (15 mg/kg IV every 3 weeks) or standard of care sorafenib (400 mg bid)[20]. 
After a median follow-up duration of 8.6 months, the results revealed an improved OS in the combined 
therapy group (HR = 0.58; 95%CI: 0.42-0.79; P ≤ 0.001)[20]. The OS rates at 6 months and 12 months were 
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84.8% (95%CI: 80.9-88.7) and 67.2% (95%CI: 61.3-73.1) respectively, in the atezolizumab-bevacizumab 
group; and 72.2% (95%CI: 65.1-79.4) and 54.6% (95%CI: 45.2-64.0) respectively, in the sorafenib group. The 
median PFS was longer with the atezolizumab-bevacizumab combination than with sorafenib [6.8 months 
(95%CI: 5.7-8.30) vs. 4.3 months (95%CI: 4.0-5.6); stratified HR for progression or death, 0.59; 95%CI: 
0.47-0.76; P < 0.001]. Secondary outcome findings included an ORR by RECIST 1.1 of 27.3% in the 
atezolizumab-bevacizumab group versus 11.9% in the sorafenib group (95%CI: 7.4-18.0; P <0.001), and an 
ORR by hepatocellular carcinoma-specific mRECIST of 33.2% (95%CI: 28.1-38.6) versus 13.3% (95%CI: 
8.4-19.6; P < 0.001)[20]. The study also explored quality-of-life outcomes utilizing the EORTC QLQ-30 
questionnaire. Results showed that a combination of atezolizumab plus bevacizumab delayed the time to 
deterioration compared to sorafenib (11.2 months with the combination vs. 3.6 months with sorafenib; 
HR = 0.63; 95%CI: 0.46-0.85). The most commonly seen combination therapy grade 3 or 4 AEs were 
hypertension (15.2%), elevated AST (7%) and elevated ALT (3.6%). Although this landmark trial led to 
the approval of atezolizumab plus bevacizumab as a frontline treatment for individuals with unresectable 
or metastatic HCC and meaningfully changed the advanced HCC treatment landscape, this therapy is 
not suitable for every patient. The trial excluded those with Child-Pugh B and C, Eastern Cooperative 
Oncology Group (ECOG) 2 or greater, a history of autoimmune diseases, coinfections with HBV and HCV, 
and untreated esophageal or gastric varices that accompanied bleeding or were at risk of bleeding[20].

TKI plus immunotherapy
The focus on drug development in HCC over the past decade has utilized targets in the VEGF receptor 
(VEGFR) signaling pathway, including monoclonal antibodies as discussed above and TKIs with success. 
Studies of the combination of TKIs with immunotherapy are ongoing and preliminary results are 
promising.

Combination immunotherapy regimens currently being investigated include lenvatinib plus pembrolizumab, 
tested in a recent phase 1b trial (n = 100)[50]. Lenvatinib, a multikinase inhibitor, is approved for frontline 
HCC treatment, and pembrolizumab has accelerated approval in the second-line setting. The results from 
this phase 1 trial revealed a side effect profile similar to that of each drug alone; the most common grade 
3 AE was hypertension. Three treatment-related deaths occurred, which were related to acute respiratory 
distress syndrome, intestinal perforation and liver failure. The response rate was 36% when using RECIST 
and 46% when using modified RECIST[50]. Median OS was 22 months (95%CI: 20.4-not yet reached), and 
the median PFS was 8.6 months (95%CI: 7.1-9.7). This combination regimen is undergoing investigation in 
the phase 3 LEAP-002 trial (NCT03713593), which has completed accrual, and results are pending. 

Another anti-PD-L1 and multi-targeted TKI combination, penpulimab plus anlotinib, went under clinical 
study in China. The phase Ib/II open-label multicenter trial tested the combination of penpulimab and 
anlotinib in 31 patients with unresectable HCC. Results demonstrated an ORR of 24% (NCT04172571), and 
the most frequent treatment-related AEs included AST (35.5%) and ALT (29%) elevation, fatigue (22.6%), 
thrombocytopenia (19.4%), increased bilirubin (19.4%) and rash (16.1%)[51].

Studies are ongoing to explore the novel combination of atezolizumab plus cabozantinib, an oral TKI 
that targets the VEGFR, MET and AXL family, in the treatment of patients with advanced HCC. The 
combination was tested in a phase I trial that included patients with advanced HCC and various other 
malignancies. The study found no grade 4 or 5 AEs on treatment with cabozantinib (40 mg daily) plus 
atezolizumab (1200 mg IV every 3 weeks)[52]. Combination cabozantinib plus atezolizumab is also being 
compared to sorafenib treatment of patients with advanced HCC in the phase 3 global, randomized open-
label COSMIC-312 study (NCT03755791)[53]. The primary endpoints are PFS by RECIST and OS.
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Combinations of immune checkpoint inhibitors
Patients who were previously treated for HCC in the second-line with nivolumab plus ipilimumab had very 
durable responses, and consequently, the combination underwent accelerated approval in this treatment 
setting. In the CheckMate 040 trial, 148 pretreated patients were randomized to one of the 3 therapeutic 
arms: Arm A entailed 1 mg/kg nivolumab plus 3 mg/kg ipilimumab, each administered every 3 weeks for 
4 doses, followed by nivolumab 240 mg every 2 weeks; Arm B comprised 3 mg/kg nivolumab plus 1 mg/kg 
ipilimumab, administered every 3 weeks for 4 doses, followed by nivolumab 240 mg every 2 weeks; and 
Arm C comprised 3 mg/kg nivolumab every 2 weeks plus 1 mg/kg ipilimumab every 6 weeks. The dosing 
regimen in Arm A demonstrated the best responses [ORR, 32% (8% complete response, and 24% partial 
response)], and an additional 18% had stable disease. The median OS in this cohort was 23 months[54].

In the ongoing, randomized, phase 3 CheckMate 9DW trial, patients with HCC are being treated with 
ipilimumab (1 mg/kg) plus nivolumab (3 mg/kg) on a three-week cycle for a total of 4 doses, after which 
nivolumab is administered at a straight dose of 480 mg every four weeks as maintenance therapy. The 
investigators aim to compare the response of these patients with those receiving sorafenib or lenvatinib in 
the frontline setting. The primary endpoint is OS (NCT04039607). This trial is still ongoing, and the results 
are not yet available.

The dual anti-CTLA4 and PD-1/PD-L1 axis therapy combination durvalumab plus tremelimumab was 
evaluated for safety and efficacy in a phase I/II study by Kelley et al.[55] Of the 40 HCC patients enrolled, 
93% were Child-Pugh class A, 30% were treatment naïve, 27% had hepatitis B, and 23% had hepatitis C. The 
response rate to therapy was 15%, and the most common any-grade AEs included fatigue (20%), increased 
ALT (18%), pruritus (18%) and increased AST (15%). Following this trial, the phase III HIMALAYA study 
(NCT03298451) was initiated[55,56]. The study included the following arms: combination tremelimumab plus 
durvalumab; durvalumab alone; and sorafenib. Additional combination immune checkpoint clinical trials 
are still underway and exploring a combination of anti-PD1/PD-L1 with novel targeted agents including 
anti-LAG-3 (NCT03005782, NCT01968109), anti-TIM3 (NCT03099109), anti-IL-6, and anti-TIGIT in the 
Morpheus-Liver trial (NCT04524871). As shown in Figure 1[57-66], Tables 1 and 2.

USE OF IMMUNOTHERAPY IN INTERMEDIATE STAGE HCC
As discussed above, the role of immunotherapy in advanced HCC is somewhat established, with many 
more agents and their combinations still under investigation. However, the benefits of immunotherapy in 
intermediate HCC remain unknown. Current treatment for intermediate HCC includes local therapies 
such as RFA, TACE, transarterial radioembolization (TARE) and microwave embolization. In current 
practice, the failure of local therapy, including resection, is due to the development of micrometastases 
that escape therapeutic death, and produce new lesions and spread of HCC[67-69]. Utilizing immunotherapy 
along with local therapies in intermediate stage HCC is hypothesized to reduce micrometastasis, leading 
to improved response and survival. The local therapies destroy tumor tissue, causing necrosis and release 
of tumor-associated antigens[70,71], stimulating the immune system and, in the case of TARE, contributing 
to the abscopal effect (antitumor response in metastases that are distant to the irradiated tumor)[72,73]. 
However, checkpoints are also activated by this antigen release, which promotes tumor immunoevasion 
and immunoresistance. Hence, the novel combination of immune checkpoint blockade with local tumor-
destroying therapies is hypothesized to result in a robust tumor-fighting response[74]. Emerging clinical 
trials evaluating local therapy plus immune checkpoint treatment are underway. One phase II trial is 
randomizing 128 patients between Y-90 TARE alone and Y-90 TARE followed by the combination of 
atezolizumab and bevacizumab (NCT04541173). The primary endpoint is PFS by RECIST. Secondary 
endpoints include AEs, PFS, time to progression and ORR, all assessed by the modified RECIST; and OS. 
Another phase II trial explored the administration of Y90-RE to patients with intermediate-stage HCC 
combined with nivolumab (NCT03033446). This trial enrolled 40 patients, and 36 were evaluable, all of 
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whom received 240 mg IV nivolumab 21 days after Y90-RE[75]. The ORR was 31%, and only 11% had grade 
3 or 4 AEs showing acceptable safety and tolerability for this combination. An additional study explored the 
use of neoadjuvant nivolumab with or without ipilimumab before surgical resection, and showed adequate 
safety and a 40% pathologic response rate (NCT03222076)[76].

BIOMARKERS FOR IMMUNOTHERAPY IN HCC
Although there are many new systemic therapy options in HCC, including immunotherapy, there are no 
molecular biomarkers to guide specific therapies or predict who will have the most benefit. Predicting 
immune response through biomarkers is at the forefront of research in many malignancies, including HCC. 
Biomarkers of interest include analysis of the tumor microenvironment, TMB, circulating tumor DNA 
(ctDNA) and PD-L1. As mentioned above, HCC arises from an environment of chronic inflammation. 
Studies have shown that a high prevalence of proinflammatory T cells, defined as a high tumor CD4:CD8 
ratio, is linked with less disease recurrence, and longer disease-free survival and overall survival[77-80]. To 
date, proinflammatory T cell ratios have not been explored in the setting of immunotherapy for advanced 
HCC, but remain a field for research. 

Circulating tumor DNA is a promising marker for response and recurrence in many malignancies, but 
not yet for HCC. A small experimental arm of patients (n = 48) enrolled in the phase 1b clinical trial 
testing atezolizumab plus bevacizumab had serum samples drawn at baseline, during treatment cycle 2 at 
day 1, treatment cycle 4 at day 1, and at time of progression (81). ctDNA was found in 45 of 47 patients; 
higher levels correlated with increased tumor burden at baseline (P = 0.03), whereas undetectable levels 
lent patients a longer PFS while on treatment (P = 0.00029). These results indicate that ctDNA could be a 
noninvasive yet sensitive marker of response to immunotherapy, as well as disease relapse[81]. Investigators 
in the phase 1b GO30140 trial aimed to define molecular features associated with patient response to 
atezolizumab plus bevacizumab therapy[82]. Specimens underwent whole-exome molecular sequencing, 
RNA sequencing, gene signature and tumor mutational burden analysis. Cytolytic activity (PRF1), T 
cell activation/exhaustion (ICOS, TIGIT), antigen presentation (TAP2) and IFN response (GBP5) were 
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Figure 1. Timeline of FDA approved systemic therapies for advanced HCC
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Table 1. Review of frontline immunotherapy in advanced HCC

Immunotherapy 
regimen Control arm Mechanism 

of action Trial ORR mOS/
mo

mPFS/
mo

Patient 
population

Biomarkers 
explored

Trial 
progress

Atezolizumab + 
bevacizumab

anti-PD-L1 + 
anti-VEGF

Phase Ib 
GO30140 
trial

36% - 5.6 ctDNA, whole-
exome molecular 
sequencing, RNA 
sequencing, gene 
signature, and TMB

Atezolizumab anti-PD-L1 - 3.4 
Atezolizumab + 
bevacizumab

anti-PD-L1 + 
anti-VEGF

Phase III 
IMBrave150

27.3%, P 
≤ 0.001

6.8 P ≤ 
0.001

Child-Pugh 
Class A

Sorafenib TKI 11.9% 4.3
Lenvatinib + 
pembrolizumab

TKI + anti-
PD-1

Phase Ib 36%-
46%

22 8.6

Lenvatinib + 
pembrolizumab

TKI + anti-
PD-1

Phase III 
LEAP-002

- - - Child-Pugh 
Class A

Completed 
accrual

Lenvatinib + 
Placebo

TKI

Anlotinib + 
penpulimab

TKI + anti-
PD-1

Phase Ib/II 24% Child-Pugh 
Class A and 
B7

Recruiting

Cabozantinib + 
atezolizumab

TKI + anti-
PD-L1

Phase III 
Cosmic-312 
Study

- - - Child–Pugh 
Class A

Recruiting

Sorafenib TKI
Tremelimumab+ 
durvalumab 

anti-CTLA4 
+ anti-PD-L1

Phase I/II 15% Majority 
Child-Pugh 
Class A

Tremelimumab+ 
durvalumab 

anti-CTLA4 
+ anti-PD-L1

HIMALAYA 
study

22.7% 18.7 Child-Pugh 
Class A

Completed 
accrual

Sorafenib TKI
Nivolumab + 
ipilimumab

anti-PD-1 + 
anti-CTLA4

Phase III 
CheckMate 
9DW 

Child-Pugh 
score 5 or 6

Enrolling

Sorafenib or 
lenvatinib

TKI

Table 2. Review of Subsequent-Line Immunotherapy in Advanced HCC

Immunotherapy 
regimen

Mechanism of 
action Trial RR mOS/mo Patient population Biomarkers

Nivolumab anti-PD-1 Phase I/II CheckMate 
040

15%-20% 16 Child-Pugh Class A 
or B7

Tissue collected, PD-
L1 evaluated

Nivolumab + 
ipilimumab

anti-PD-1 + anti-
CTLA4

CheckMate 040 31% 23 Tissue collected, PD-
L1 evaluated

Pembrolizumab anti-PD-1 Phase II Keynote-224 17.3% Child-Pugh Class A

upregulated in responders. High PD-L1 and T effector signature expression may be associated with 
response to atezolizumab plus bevacizumab and longer PFS. Conversely, NOTCH activation may be related 
to a lack of treatment response and shorter PFS[82].

Historically, melanoma, non-small cell lung cancer and bladder cancer have the highest TMB, noted 
as mutations per megabase, and correlate with response to immunotherapy[83,84]. It is hypothesized that 
HCC is immunoresponsive based on its development from chronic inflammation, but TMB has not been 
confirmed as a biomarker of response to immunotherapy. One retrospective study of 1,170 HCC samples 
found that a higher TMB was associated with significantly worse PFS and OS (P < 0.0072 and P < 0.0001, 
respectively)[85]; further study is however needed. PD-L1 has potential as a biomarker - results from the 
CheckMate 459 trial showed higher clinical response rates to nivolumab if patient tumors expressed PD-L1; 
specifically, a 12% response was observed if patient tumors expressed PD-L1 at a rate of < 1%, whereas a 
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28% response occurred if the PD-L1 expression rate was > 1%[48]. The role of PD-L1 expression in HCC 
patients treated with checkpoint inhibitors remains unknown and warrants further research.

CONCLUSION
In conclusion, HCC is a heterogeneous disease with many faces. It evades early detection, which 
provides the greatest chance of cure by resection/transplant, and systemic treatments end up being of 
modest benefit at best, despite recent therapeutic strides. Current developments in immunotherapy and 
its combinations have changed the HCC therapeutic landscape, and clinical trials continue to pave the 
way into the future. Immunotherapy leads to prolongation of survival rates and durably controls cancer 
in subsets of patients with HCC, while also maintaining a well-managed side effect profile. Further 
investigation of immunotherapy in combination with current treatments for early and intermediate stages 
of HCC may provide benefit for a broader range of patients. Biomarkers to identify those who will benefit 
from immunotherapy are still needed, and continued exploration into PD-1/PD-L1, TMB, ctDNA, DNA 
mismatch repair, microsatellite stability, cytokines, neutrophil/lymphocyte ratio and cellular peripheral 
immune response will hopefully identify the most reliable marker for selecting and sequencing systemic 
treatments to achieve the best outcome in HCC patients. Although there are such exciting therapeutic 
changes in HCC, numerous challenges remain. The research community needs to elucidate how to best 
sequence these therapies for the best possible response, manage toxicities, and identify markers to monitor 
for response and relapse.
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