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Abstract Hepatocellular carcinoma has still been one of the
cancer with increasing incidence and highest mortality rate in
the world. Although many new promising developments have
been defined in hepatocarcinogenesis, with a short survival
the treatment of patients with advanced hepatocellular carci-
noma is an emerging issue. On the recent decade, only one
anti-angiogenic agent sorafenib improved overall survival
with costing a hardly manageable toxicity. Novel immuno-
therapeutic agents, especially immune checkpoint inhibitors
are on the edge of more effective but less toxic treatments
for these patients. In this article the activity of immune check-
point inhibitors, anti-CTLA-4 and anti-PD1 antibodies for the
treatment of patients with advanced hepatocellular cancer will
be reviewed.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
cancer among men and also third the most common cause of
cancer-related deaths (9.5 death/100.000) following lung and
breast cancer among both sexes in the world [1]. HCC has
different underlying etiologies; including hepatitis B virus
(HBV), hepatitis C virus (HCV), alcohol, aflatoxin B, and non-
alcoholic steatohepatitis [2]. These risk factors can cause diverse

molecular changes that induces to hepatocarcinogenesis. The
prognosis and treatment of HCC depends on anatomic stage,
biological grade, and functional status of underlying liver dis-
eases. The treatment of the patients with advanced HCC is an
unmet need. Recently, immunotherapy especially with immune
checkpoint inhibitors is the new hope on the horizon.

Pre-immunotherapy era

Clinical staging for HCC is complex, and specific treatments are
assigned based on Barcelona Clinic Liver Cancer staging (BCLC)
[3]. Patients with very early (0) and early (A) staged disease are
generally treated with curative intend; tumor resection, liver trans-
plantation and radiofrequency ablation (RFA)/percutaneous etha-
nol injection (PAI), and the expected 5-year overall survival (OS)
varies from 40 to 70%. On the other hand, patients with interme-
diate (C) and advanced staged (D) disease are managed with
locoregional approaches like transarterial chemoembolization
(TACE)/transarterial radioembolization (TARE) and systemic ther-
apy (TKI inhibitor; sorafenib), respectively. With these palliative
treatments, 3-year survival ratio ranges from 10 to 30% in the
randomized clinical trials (RCT) [4].

For patients with BCLC stage C disease, the only approved
treatment is sorafenib, based on results from the randomized
phase III SHARP trial comparing sorafenib vs placebo in ad-
vanced, unresectable HCC (uHCC) [5, 6]. This is the first time
that an agent demonstrated improved median OS (10.7 vs
7.9 months) in advanced incurable HCC in a randomized phase
III trial. When compared with sorafenib in phase III REFLECT
trial, lenvatinib is not inferior in OS and achieves statistically
significant and clinically meaningful improvements in PFS,
TTP, and ORR, as first-line therapy for uHCC. It may be a
potential treatment option without a safer toxicity profile [7].
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In the setting of advancedHCC following sorafenib failure,
two agents targeting angiogenesis have yielded improved re-
sults in recent phase III clinical trials. Ramicurumab, a
VEGFR2 antibody, prolonged the median OS among patients
with baseline AFP > 400 ng/mL (7.8 vs 4.2 months) when
compared to placebo [8]. The other promising agent, regoraf-
enib, a small molecule inhibitor of VEGFR1-3, TIE2,
PDGFRβ, FGFR, KIT, RET, and RAF reduced the risk of
death (38%) and progression (54%) and yielded median OS
(10.6 vs 7.8 months) when compared to placebo [9].

Immunotherapy

The immune system is responsible for eliminating tumor cells.
Normally, with release of cancer cell antigens, antigen pre-
senting cells (APCs) process and present these antigens via
MHC I and MHC II to TCR on T-cells. With co-signaling
interaction of T-cell and APCs, CD4 and CD8-positive T-cell
are primed and activated in lymph nodes. Activated T-cells
reach to tumor tissue and begin to infiltrate tumor. T-cells
recognize tumor cells and kill them via perforin and granzyme
[10]. Unfortunately, many tumor cells can escape from the
immune system by multiple mechanisms [11]. Two major
escaping mechanisms related to immune checkpoints are co-
inhibitory CTLA-4 and PD-1 pathways [12, 13]. CTLA-4
antigen inhibits the interaction between APC and T-cell acti-
vation in lymph nodes and PD-1 antigen on active T-cells
interacts with PD-L1 on tumor cells, and inhibits tumor cell
kill.

HCC is an immunogenic tumor and expresses many tumor-
associated antigens. The tumor-associated antigens recog-
nized by CTLs included cyclophilin B, squamous cell carci-
noma antigen recognized by T cells (SART) 2, SART3, p53,
multidrug resistance-associated protein (MRP) 3, alpha-
fetoprotein (AFP), and human telomerase reverse transcrip-
tion (hTERT) [14, 15]. Co-inhibitory antigen PD L1 are clear-
ly detected on both immune cells and HCC cells. PD-L1 ex-
pression (observed in ~ 74% of HCC cases) predicts
recurrence/survival in HCC patients after resection [16].

HBV and HCV infections cause immunosuppression.
Antiviral T cells in HBV and HCV infection are anergic and
can impair immune responses [17]. PD-1 pathway-mediated
immunosuppressive mechanisms are also evidenced in pa-
tients with virally infected chronic liver diseases [18].

Immunotherapy has emerged as an exciting treatment mo-
dality for HCC. Wide varieties of other immune-based treat-
ment approaches are used to manipulate the immune system
and, thereby, improve outcomes. These include vaccine-based
approaches, oncolytic viruses, various cytokines, as well as
cell-based approaches (e.g., elimination of suppressor cells
and in vitro modulation of immune cells).

However, the most mature immunotherapy data in ad-
vanced HCC to date are related to immune checkpoint inhib-
itors targeting CTLA-4 and PD-1 pathways. Antibodies
against CTLA-4, PD-1, and PD-L1 antigens have shown
promising activity in early phase trials.

Immune Checkpoint Inhibitors

CTLA4 Blockade

Sangro B, et al. reported that CTLA-4 blockade with
tremelimumab in patients with HCC andHCVachieved prom-
ising results; ORR 17.6%, disease control rate (DCR) 76.4%,
median TTP 6.48 months [19]. Sangro et al. also demonstrat-
ed a decrease of > 200-fold in serum HCV viral load at day
210 in 12 patients treated with tremelimumab [19]. First re-
sults of phase II study, tremelimumab plus TACE/RFA/stereo-
tactic body radiotherapy (SBRT), showed 6 and 12-month
probabilities of tumor progression-free survival for the refrac-
tory HCC population were 57.1 and 33.1%, respectively, with
median time to tumor progression of 7.4 months (95% CI 4.7
to 19.4 months). Median overall survival was 12.3 months
(95% CI 9.3 to 15.4 months) [20].

PD-1 and PD-L1 Blockade

Recently, a plenty of PD 1 and PD L1 inhibitors demonstrated
significant clinical activity in the treatment of many incurable
metastatic tumors including melanoma, lung cancer, renal cell
carcinoma, head-neck cancer, breast cancer, colorectal cancer,
and urothelial cancer.

With a shorter than 6-month survival, treatment of the pa-
tients with advanced HCC is an emerging issue.

Nivolumab is a fully human immunoglobulin (IgG4)
monoclonal antibody inhibitor of PD-1 receptor. The safety
and efficacy results were analyzed across dose-escalation and
dose-expansion cohorts in Study CheckMate 040 [21, 22].
The dose escalation cohort consisted of 48 uninfected and
infected (HBV and HCV) advanced HCC patients and dose-
expansion cohort consisted of 112 uninfected (54 sorafenib
naïve/intolerant, 58 sorafenib progressor) and 102 infected
(51 HBV and 51 HCV) advanced HCC patients. Majority of
the patients (76%) had extrahepatic diseases and received sys-
temic treatment (75%). AFP level was ≥ 200 ng/dL in 40% of
the patients. Of 262 patients, 68% had any grade and 19% had
grade ¾ toxicity, predominantly skin adverse effects and lab-
oratory abnormalities, transaminitis, and increase in lipase
levels. Disease was controlled in 68% of the patients.
Objective responses (16%) were occurred irrespective of in-
fection status (uninfected or infected HCV or HBV), prior
sorafenib treatment, and PD L1 expression on tumor cells.
Median duration of response was 17 months in escalation
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cohort and not reached in expansion cohort [23]. Nivolumab
demonstrated limited antiviral activity in infected patients
with advanced HCC. Nivolumab is currently under investiga-
tion in a phase III RCT (CheckMate 459) vs sorafenib in the
first-line setting (NCT02576509).

With these promising results, a phase III study of another
PD1 inhibi t ing agent , pemrol izumab is ongoing
(NCT02702401). There is a rationale to block other immune
checkpoints (such as Lag-3 and TIM-3) and to evaluate anti-
bodies that agonistically bind costimulatory receptors on im-
mune cells (OX40, GITR, CD137). While early phase studies
evaluating such agents are ongoing, combinations of
immunotheroupatic agents both with themselves (CTLA4
and PD1 /PD L1 inhibitors, costimulatory receptors) and other
treatments (sorafenib/TACE/TARE) will be challenging for
the shadowed side of the HCC treatment.
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