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Abstract
Clinical trials of antibodies targeting the immune check-
point inhibitors programmed cell death 1 (PD-1), pro-
grammed cell death ligand 1 (PD-L1), or cytotoxic T-lym-
phocyte-associated protein 4 (CTLA-4) for the treatment of
advanced hepatocellular carcinoma (HCC) are ongoing. Ex-
pansion cohorts of a phase I/ll trial of the anti-PD-1 anti-
body nivolumab in advanced HCC showed favorable re-
sults. Two phase lll studies are currently ongoing: a com-
parison of nivolumab and sorafenib in the first-line setting
for advanced HCC, and a comparison of the anti-PD-1 anti-
body pembrolizumab and a placebo in the second-line set-
ting for patients with advanced HCC who progressed on
sorafenib therapy. The combination of anti-PD-1/PD-L1
and anti-CTLA-4 antibodies is being evaluated in other
phase /1l trials, and the results suggest that an anti-PD-1
antibody combined with locoregional therapy or other
molecular targeted agents is an effective treatment strat-
egy for HCC. Immune checkpoint inhibitors may therefore
open new doors to the treatment of HCC.

© 2017 S. Karger AG, Basel

Introduction

Since immune checkpoint inhibitors were first report-
ed in 2010 [1] and 2012 [2], they have exceeded expecta-
tions in clinical studies, the results of which indicate that
these agents are highly effective (even in patients with ad-
vanced or metastatic liver cancer). The goal of previous
cancer immunotherapy has so far been to enhance im-
mune cell activity to kill the cancer cells; however, this
does not result in actual activation of the immune system
because of the inhibition signal by checkpoint molecules.
Consequently, its clinical application remains controver-
sial among clinical researchers in this field. Recently,
many clinicians have become involved in the develop-
ment of immune checkpoint inhibitors, which release the
‘brakes’ on the immune system, restoring its activity to
normal levels. Their use in cancer immunotherapy is now
actively promoted by both companies and academics
worldwide. The journal Science selected cancer immuno-
therapy as its Breakthrough of the Year in 2013, and Na-
ture featured the use of immune checkpoint blockade in
cancer as a sensational paradigm shift in cancer therapy.
Various industry/academia collaborations are ongoing,
with the field developing at an amazing speed. Cancer im-
munotherapy has been described as the ‘beginning of new
cancer therapy’ [3]; it has also been said that ‘cancer im-
munotherapy comes of age’ [4].
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The first protein identified as an immune checkpoint
molecule was programmed cell death 1 (PD-1), which
was discovered by Prof. Tasuku Honjo (Kyoto Univer-
sity) in 1992 [5]. Subsequent reports described its in-
volvement in immune regulation and its function as a
receptor that ‘puts the brakes” on immune responses. In
2000, the PD-1ligands PD-L1 and PD-L2 were identified
by a collaborative project between Prof. Honjo’s group at
Kyoto University and a group at Harvard University [6,
7].1In 2002, Iwai et al. [8] blocked the interaction between
PD-1 and its ligands in a mouse model and found that
the resulting increase in the strength of the immune re-
sponse led to a marked increase in anticancer activity.
Based on these findings, Ono Pharmaceutical Co., Ltd.
(Japan) and Medarex (later acquired by Bristol-Myers
Squibb; both based in the USA) successfully created the
humanized anti-PD-1 antibody, nivolumab, in 2005, and
clinical trials in humans were initiated in the USA in
2006. Bristol-Myers Squibb and Ono Pharmaceutical
Co., Ltd. collaborated and jointly conducted a clinical
study in 2009. Nivolumab was first approved for use as a
treatment for melanoma in Japan in 2014. Nivolumab is
currently approved for the treatment of melanomas,
non-small-cell lung cancer, and kidney cancer in the
USA. In Japan, it was approved for the treatment of non-
small-cell lung cancer in 2015 and for kidney cancer in
2016. In addition to nivolumab, pembrolizumab (an an-
ti-PD-1 antibody developed by Merck) is now an ap-
proved agent for the treatment of melanoma and non-
small-cell lung cancer in the USA.

A series of clinical trials are currently examining these
two anti-PD-1 antibodies for the treatment of head and
neck cancer, breast cancer, Hodgkin’s lymphoma, hepa-
tocellular carcinoma (HCC), and bladder cancer, and fa-
vorable outcomes were reported at the annual meetings
of the American Society of Clinical Oncology (ASCO)
and the European Society of Medical Oncology in 2016.
These results suggest that antibodies against PD-1 and its
ligand PD-L1 will soon be approved for the treatment of
many types of cancer.

In 1995, James Allison at the University of Texas MD
Anderson Cancer Center found that a different immune
checkpoint molecule, cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4), acts as a regulator of immune cells
[9]. In 1996, he demonstrated tumor regression in mice
treated with antibodies that inhibit CTLA-4 function
[10]. An antibody against this molecule, ipilimumab, was
subsequently developed by Bristol-Myers Squibb and was
approved as an anti-melanoma agentin the USA in March
2011, in Europe in July 2011 [11], and in Japan in 2015.

Immune Checkpoint Inhibitors for
Hepatocellular Carcinoma

Clinical trials of monotherapy or combination therapy
using one or multiple antibodies against PD-1, PD-L1, or
CTLA-4 for the treatment of HCC are currently ongoing,
reflecting the rapid progress in this field. This review out-
lines the basics of immune checkpoint inhibitors and the
current status of clinical trials.

Theoretical Mechanism of Antitumor Immunity

When cells become cancerous, major histocompati-
bility complex (MHC) molecules on antigen-presenting
cells (APCs) recognize tumor-associated antigens. The
APCs then migrate to lymph nodes where they present
antigens to T cell receptors expressed on immature T
cells. However, antigen stimulation alone is insufficient
for activation of immature T cells; an additional co-stim-
ulatory signal is required. Upon this second signal, name-
ly, binding of CD28 on T cells to CD80/B7-1 or CD86/
B7-2 on APCs, CD8 T cells become activated (priming
phase) (fig. 1, 2). These activated T cells then migrate to
the tumor site via the bloodstream and recognize tumor
antigens presented by MHC molecules on tumor cells,
triggering an attack on the tumor cells via perforin and
granzymes (effector phase) (fig. 1, 2). This process is
known as the cancer-immunity cycle (fig. 1) [12].

The effect of a T cell attack cells does not last long. To
increase antitumor immunity, several conventional ap-
proaches for boosting immune responses, such as therapy
with peptides, dendritic cells, cytokines, and lympho-
kine-activated killer cells, have been investigated. How-
ever, at the time these strategies were developed, the brake
function in immunity (i.e., immune tolerance or escape)
was not fully understood. Therefore, the therapeutic ef-
fect of these immune-stimulating agents remained insuf-
ficient, which led researchers to question whether these
approaches were clinically applicable. In fact, since the
brake and the accelerator can be stimulated simultane-
ously in the immune system, the effects of immune acti-
vation are limited. There are two main mechanisms for
cancer immune escape: one that occurs in the lymph
nodes and anther at the tumor site.

Cancer Immune Escape

The CTLA-4 Pathway

The CTLA-4 pathway functions solely within the
lymph nodes and regulates the proliferation of activated
lymphocytes. CTLA-4 is expressed constitutively on reg-
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Fig. 1. The cancer-immunity cycle. Cited
from Chen and Mellman [12].
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Fig. 2. Cancer attack by activated T cells.
Presentation of tumor-associated antigen
by the major histocompatibility complex
(MHC) expressed by the antigen-present-
ing cell leads to the release of an activating
signal in combination with a co-stimulato-
ry signal via the B7-CD28 pathway, result-
ing in activation of T cells in the lymph

T cell activation by co-stimulatory signal Attack of the cancer cell by activated T cell
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node. Subsequently, in the cancer microen-

| Antigen-presenting cell |

vironment, activated T cells attack the tu-
mor by releasing perforin or granzymes.

ulatory T cells (Tregs) and transiently on a broad range of
T cells at the early activation stage (24-48 h). B7-1 and
B7-2 (the molecules mediating the second stimulatory
signal mentioned above) also bind to CTLA-4, and their
affinity for CTLA-4 is 10 times as strong as it is for CD28.
Therefore, these ligands favor binding to CTLA-4 over
binding to CD28, and activation of T cell does not occur.
CTLA-4 prevents excessive T cell immune responses by
halting physiologically unnecessary T cell activity. How-
ever, in anticancer immunity, this acts as a brake on the
activation and proliferation of valuable activated T cells
that recognize cancer antigens (fig. 3).
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Therapy with an anti-CTLA-4 antibody aims to release
this brake on T cell activation in the lymph nodes. The use
of a CTLA-4 antibody for cancer treatment was first sug-
gested in 1996 by Allison [10], who worked on a mouse
model wherein an inhibitory antibody against CTLA-4
eliminated tumors. Given that CTLA-4 is most strong-
ly expressed on Tregs, the mechanism of action of anti-
CTLA-4 antibodies may involve inhibition of Treg activ-
ity. Two antibodies against CTLA-4, ipilimumab and
tremelimumab, are currently being actively investigated
in clinical trials (table 1).
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Fig. 3. Cancer immune escape by the im-
mune checkpoint molecules PD-1, PD-LI,
and CTLA-4. Immune escape is induced in

Suppression of T cell activation

(Priming phase)

Escape from anti-tumor T cells

@’\ (Effector phase)

Tumor-associated antigen
|

cancer via the PD-1/PD-L1 axis. T cell ac- Antigen-presenting cell (APC) | | T cell
tivation is also suppressed by the B-7/
CTLA-4 axis.
Table 1. Immune checkpoint inhibitors
Target cell Target Development Drug name Commercial Antibody Company
molecule  code name
T lymphocyte  PD-1 BMS-36558 nivolumab Optivo fully human IgG4 Ono/BMS
ONO-4538 antibody
PD-1 MK-4375 pembrolizumab  Keytruda humanized 1gG4 Merck
antibody
Tumor cell PD-L1 MPDL3280A atezolizumab not approved fully humanized IgG1 Roche
antibody
PD-L1 MEDI4736 durvalumab not approved humanized IgG1 AstraZeneca
antibody
PD-L1 MSB-0010718C  avelumab not approved humanized IgG1 Merck Serono
antibody
T lymphocyte CTLA-4 BMS-734016 ipilimumab Yervoy fully humanized IgG1 BMS Medarex
antibody
CTLA-4  MEDII1123 tremelimumab not approved fully humanized 1gG2 AstraZeneca
antibody MedImmune

Ono = Ono Pharmaceutical Co., Ltd.; BMS = Bristol-Myers Squibb.

The PD-1/PD-L1 Pathway

PD-1 is an immune co-inhibitory receptor expressed
on T cells, B cells, NK cells, and myeloid cells. On T cells,
PD-1suppresses antigen-specific T cell activation through
interactions with its ligands PD-L1 and PD-L2. PD-L1 is
expressed on dendritic cells and in a broad range of tis-
sues, including blood vessels, the myocardium, lung, and
placenta, while PD-L2 expression is restricted to dendrit-

Immune Checkpoint Inhibitors for
Hepatocellular Carcinoma

ic cells. PD-1 is rarely expressed on peripheral blood lym-
phocytes in normal mice and healthy humans; it is ex-
pressed selectively on T cells at the late activation stage in
association with infection or an immune response (e.g.,
inflammation). Expression of PD-1 is particularly strong
in effector T cells in peripheral tissues.

In contrast to PD-1, PD-L1 is constitutively expressed
in normal peripheral tissues and on most immune cells
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by anti-CTLA-4, anti-PD-1, and anti-PD-
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during the initiation of the immune response. The ma-
jority of cancer cells also express this molecule through
the mechanism described below. Conversely, PD-L2 ex-
pression is selective and limited to APCs, suggesting its
involvement in T cell activation in the lymph node. Tak-
en together, these observations explain why antibodies
against PD-1 and PD-L1 are equally effective while PD-
L2 plays a limited role in anticancer immunity.

When T cell receptors on activated T cells recognize
cancer antigens presented by MHC molecules on cancer
cells, perforin and granzymes are released to attack the
cancer cells. At the same time, interferon-y and other cy-
tokines are released by the activated T cells. In response
to these cytokines, cancer cells upregulate PD-L1, which
binds to PD-1 on the T cells, thereby weakening the T cell
attack (i.e., resulting in immune escape or immune toler-
ance) (fig. 3).

Administration of anti-PD-1 antibodies releases this
brake mechanism and allows T cells to remain active de-
spite the inhibitory molecules expressed by the tumor
(fig. 4). In other words, unlike conventional chemother-
apy and molecular targeted therapy, this approach takes
advantage of the immune system’s natural antitumor re-
sponse and aims to amplify and prolong it [13-24]. An-
tibodies to PD-L1 have an effect similar to that of PD-1
antibodies. PD-L1 overexpression is a marker of tumor
aggressiveness [25]. PD-L1 is also being explored as a po-
tential biomarker to predict the efficacy of anti-PD-1
therapy. Patients with high PD-L1 expression may be
more likely to respond well to anti-PD-1 therapy.
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Results from Previous Studies with Anti-PD-1
Antibodies

Approved immune checkpoint inhibitors include ni-
volumab and pembrolizumab (anti-PD-1 antibodies) as
well as ipilimumab (an anti-CTLA-4 antibody). Other
agents under development include tremelimumab (an
anti-CTLA-4 antibody) and durvalumab, avelumab, and
atezolizumab (anti-PD-L1 antibodies) (table 1).

A study of pembrolizumab demonstrated the marked
effect of an anti-PD-1 antibody when used to treat DNA
mismatch repair (MMR)-deficient colorectal cancer and
other types of solid tumor [21].

Clinical trials are currently underway to evaluate im-
mune checkpoint inhibitors for the treatment of various
types of cancer, including esophageal cancer, gastric can-
cer, MMR-deficient colorectal cancer, head and neck can-
cer, breast cancer, small-cell lung cancer, Hodgkin’s lym-
phoma, ovarian cancer, and bladder cancer.

The response rates to anti-PD-1 monotherapy are 10—
30% overall, but response rates are much higher in ex-
tremely immunogenic tumors such as malignant mela-
noma and Hodgkin’s disease. Disease control rates,
which include patients with stable disease (SD), are
around 70% overall, suggesting that approximately 30%
of patients do not respond to anti-PD-1 antibody mono-
therapy. Although the causes of nonresponsiveness re-
main unclear, one possibility is that there may be addi-
tional molecules involved in immune escape other than
PD-1,PD-L1/2,and CTLA-4. This question might be an-
swered by the development of antibodies that block oth-
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Table 2. Investigator-assessed best overall response (RECIST v1.1)
Uninfected: sorafenib-naive Uninfected: sorafenib HCV HBV Total
or -intolerant (n = 54) progressors (n = 58) (n=51) (n=51) (n=214)
Objective response 11 (20%) 11 (19%) 7 (14%) 6 (12%) 35 (16%)
Complete response 0 2 (3%) 0 0 2 (1%)
Partial response 11 (20%) 9 (16%) 7 (14%) 6 (12%) 33 (15%)
Stable disease 32 (59%) 27 (47%) 29 (57%) 23 (45%) 111 (52%)
Progressive disease 11 (20%) 18 (31%) 12 (24%) 22 (43%) 63 (29%)
Not evaluable 0 2 (3%) 3 (6%) 0 5(2%)

CheckMate 040 Dose Expansion Cohort (n = 214). Cited from Sangro et al. [42].

er inhibitory immune checkpoint molecules such as
TIM3 or LAGS3, or by the development of agonists of ac-
tivation signals (fig. 5).

Combination Inmunotherapy

A different approach to anticancer immunotherapy
is combination therapy to simultaneously block the sup-
pressive signals of both PD-1 and a CTLA-4. The objec-
tive of this strategy is to achieve a stronger therapeutic
effect than what can be achieved with single-agent ther-
apy. The advantages of such an approach have been

Immune Checkpoint Inhibitors for
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shown for the treatment of malignant melanoma [26].
The rationale of this strategy is based on the idea that if
CD8-positive T cells do not exist in cancer tissues, block-
ade of the PD-1/PD-L1 pathway cannot be expected to
be efficacious. Therefore, blocking CTLA-4 may be an
effective strategy to increase the number of activated
CD8-positive T cells that infiltrate the tumor tissue. In-
deed, a combination trial of an anti-CTLA-4 antibody
and a PD-1/PD-L1 antibody for the treatment of HCC
is in the early stages (table 2). A three-arm phase I/II
trial is currently investigating the combination of ni-
volumab (anti-PD-1) and ipilimumab (anti-CTLA-4) at
varying doses and intervals. Another three-arm trial
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is currently comparing the efficacy and safety of com-
bination therapy with durvalumab (anti-PD-L1) and
tremelimumab (anti-CTLA-4) with the corresponding
monotherapies. The results of these trials are eagerly
awaited.

A different approach is pretreatment of HCC with
transcatheter arterial chemoembolization, radiofrequen-
cy ablation, or radiation to induce inflammation or ther-
mocoagulation, thereby creating conditions that favor tu-
mor neoantigen generation prior to the initiation of im-
munotherapy. This type of pretreatment is expected to be
beneficial when cancer antigen recognition has not been
established due to a lack of neoantigen release. An inves-
tigator-initiated clinical trial of this approach was recent-
ly initiated in stage III and IV HCC patients [27].

Biomarkers in Immune Checkpoint Blockade

In 2010, Brahmer et al. [28] showed that PD-1 pathway
inhibitors have a stronger therapeutic effect in patients
with high levels of PD-L1 expression. The level of PD-L1
expression in tumors can vary greatly throughout the
course of treatment [14, 29]. Furthermore, differences in
the timing and method of specimen collection (biopsy or
surgical specimens), the preparation of the specimen
(paraffin-embedded or frozen), the evaluation method
(immunohistostaining, quantitative PCR, or Western
blotting), and the cutoff values used also greatly influence
the apparent PD-L1 expression.

Only 10-30% of patients respond to anti-PD-1/PD-L1
therapy, and even when patients with SD are included, the
drug is effective in only 70% of them; the remaining 30%
do not respond at all to immune checkpoint inhibitors. In
practice, although disease progression is sometimes ob-
served immediately after initiation of therapy, treatment
must be continued in nonresponders because of the pos-
sibility of pseudoprogression. Some responders also re-
quire long-term administration of the therapy. Therefore,
the identification of biomarkers to predict response is ur-
gently needed, both from the perspective of the effective
use of medical resources and to prevent adverse effects
caused by unnecessary treatment. There as several highly
promising candidate predictors of a therapeutic effect:
PD-L1 expression in tumor tissue, the number of tumor-
infiltrating lymphocytes, and the presence of CD8-posi-
tive T cells in the cancer microenvironment. Kupffer
phase findings in Sonazoid contrast-enhanced ultra-
sound are another possible imaging biomarker that may
predict the effect of anti-PD-1 therapy [30].

56 Oncology 2017;92(suppl 1):50-62
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The possibility of MMR deficiency serving as abiomark-
er for the therapeutic effect of pembrolizumab, an anti-
PD-1 antibody, was demonstrated in a clinical study exam-
ining three cohorts: 25 patients with MMR-deficient
colorectal cancer, 25 patients with MMR-normal colorectal
cancer, and 21 patients with MMR-deficient cancers other
than colorectal cancer [21]. The response rate and disease
control rate were 62 and 92%, respectively, in MMR-defi-
cient colorectal cancer patients, and 60 and 70%, respec-
tively, in patients with MMR-deficient noncolorectal can-
cer, while both rates were extremely low (0 and 16%, re-
spectively) in MMR-normal colorectal patients.

Rapid advances in high-throughput analysis tech-
niques should enable the identification and verification of
more effective biomarkers in cancer immunotherapy. An
example of such high-throughput analysis is mutanome
analysis, where next-generation sequencing is globally
performed in cancer genomes to search for biomarkers.
Another example is immunome analysis, which employs
T cell repertoire analysis, microarray analysis, and pro-
tein analysis. The results of these studies are leading to the
identification of biomarkers for various cancers.

Adverse Events

The toxicities associated with immune checkpoint in-
hibitors are milder than those of cytotoxic anticancer
agents and molecular targeted agents. However, immune
checkpoint inhibition can induce adverse events related
to autoimmunity such as hyperthyroidism, hypothyroid-
ism, type 1 diabetes mellitus, myasthenia gravis, rheuma-
toid arthritis, or Addison’s disease. Many of these adverse
events can be controlled by withdrawal of immune check-
point inhibitors and initiation of steroid therapy. Im-
mune-related adverse events are least frequent in patients
treated with anti-PD-L1 antibodies and most frequent in
patients treated with anti-CTLA-4 antibodies (fig. 4) [31].
Other adverse events include dry mouth, hepatitis, der-
mopathy, pancreatitis, pneumonitis, adrenal insufficien-
cy, enteritis, arthritis, and uveitis.

Results of Clinical Trials in HCC

Long-awaited results from an interim analysis of a
phase I/II trial of nivolumab (anti-PD-1) in patients with
advanced HCC (CA209-040 trial) were presented at the
2015 ASCO meeting held in Chicago [32]. A dose escala-
tion study showed that nivolumab was safely adminis-
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Table 3. Overall survival rates (percentage with 95% confidence interval in parentheses')

Uninfected: sorafenib-naive

or -intolerant (n = 54) progressors (n = 58)

Uninfected: sorafenib

HCV
(n=51)

HBV
(n=51)

Total
(n=214)

89.8 (77.1-95.6)
79.8 (50.6-92.8)

6 months
9 months

75.6 (61.5-85.2)
not calculated

82.1 (61.3-92.4)
not calculated

83.3 (67.6-91.8)
not calculated

82.5 (75.8-87.5)
70.8 (56.6-81.1)

! Estimated using the Kaplan-Meier method. CheckMate 040 Dose Expansion Cohort (n = 214). Cited from Sangro et al. [42].

tered up to a dose of 3 ml/kg in hepatitis C virus (HCV)-
infected, hepatitis B virus (HBV)-infected, and uninfect-
ed individuals, and confirmed the safety of nivolumab at
10 ml/kg in the uninfected group. At the same time, the
efficacy of nivolumab in a range from 0.1 to 3 ml/kg was
also reported. Among a total of 47 subjects, 33 (70%) had
extrahepatic metastasis, 6 (13%) had vascular invasion,
and 32 (68%) had a history of sorafenib therapy, suggest-
ing that these patients had relatively advanced liver can-
cers. The report (interim analysis date: March 12, 2015)
indicated that 17 patients remained on nivolumab thera-
py, while therapy was completed or discontinued in 30
patients because of disease progression in 26 patients, an
adverse event in 2 patients (elevated bilirubin in one and
an unrelated event in the other), and a complete response
(CR) in 2 patients. The only CTCAE grade IV adverse
event was elevation of lipase levels. Grade I1I increases in
aspartate amino transferase levels were seen in 5 (11%)
patients, and increases in alanine amino transferase levels
were seen in 4 (9%) patients. Autoimmune disease and
hepatic dysfunction, which were the adverse events of ini-
tial concern, were not observed.

The response rate was 19% (8 patients) and the CR rate
was 5% (2 patients). The disease control rate (including
SD cases) was 67% (28 patients), while progressive disease
(PD) occurred in 33% of patients (14 cases). Waterfall
plots revealed a tumor size reduction in all cohorts (HBV
patients, HCV patients, and uninfected patients). The re-
sponders showed a notable, durable response. Two pa-
tients achieved CR at <3 months and remained in remis-
sion for 18 months. A sustained response was seen in all
partial response (PR) and SD cases, and reversion to PD
due to acquisition of resistance was not observed in any
case. Taken together, these results confirmed that treat-
ment with the anti-PD-1 antibody nivolumab produced
a durable response in patients with HCC, as reported in
patients with other types of cancer. This is the most
unique and notable characteristic of immune checkpoint
inhibitors, especially considering that 2 patients achieved

Immune Checkpoint Inhibitors for
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CR within 3 months and maintained this response for
longer than 18 months despite the termination of ni-
volumab therapy several months after CR was achieved.

In most patients who achieved CR/PR, the response
was evident within 3 months. In clinical cases presented
at ASCO 2015, a large number of multiple HCCs disap-
peared after 6 weeks of therapy, and the alpha-fetoprotein
level in 1 case dropped from 21,000 to 283 ng/ml. The
overall survival rate at 12 months was 62%. Furthermore,
a continuous reduction in tumor size (from approximate-
ly 10 to 2 cm) was observed in a patient after 48 weeks.
Taken together, these outcomes are very promising, espe-
cially considering the poor tumor-related patient charac-
teristics in this patient cohort.

In summary, monotherapy with nivolumab, an anti-
PD-1 antibody, had a favorable safety profile in patients
with HCC (comparable to that seen in patients with oth-
er types of cancer); it can be used safely in patients with
HBV and HCV infection, and its high response rate was
groundbreaking compared to the rates achievable with
other types of immunotherapy. Durable responses were
seen at all dose levels regardless of etiology (HBV, HCV,
and uninfected cohorts).

Since then, a fixed dose of 3 mg/kg of nivolumab was
planned in expansion cohorts of 50 uninfected patients
with PD after sorafenib treatment failure, 50 uninfect-
ed patients who were sorafenib-naive or -intolerant, 50
HCV-infected patients, and 50 HBV-infected patients.
Outcomes of the fixed dose trial and the final results of
the dose escalation study were reported at the 2016 ASCO
meeting.

Ongoing Clinical Trials

According to the outcomes reported at the 2016 ASCO
meeting, 35 (16%) of the 214 patients in the dose expan-
sion cohort achieved a response, including 2 (1%) who
achieved CR and 33 (15%) who achieved PR (table 2).
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Table 4. Baseline patient characteristics and prior treatment history

Uninfected: Uninfected: HCV HBV Total
sorafenib-naive sorafenib progressors (n =51) (n=51) (n=214)
or -intolerant (n =54) (n=58)
Age, years 66 (20-83) 65 (19-80) 65 (53-81) 55 (22-81) 64 (19-83)
Male 46 (85%) 43 (74%) 43 (84%) 39 (77%) 171 (80%)
Race
White 36 (67%) 35 (60%) 30 (59%) 4 (8%) 105 (49%)
Black/African American 1 (2%) 1 (2%) 2 (4%) 2 (4%) 6 (3%)
Asian 16 (30%) 22 (38%) 18 (35%) 45 (88%) 101 (47%)
Other 1(2%) 0 1(2%) 0 2 (1%)
Extrahepatic metastases 42 (78%) 43 (74%) 30 (59%) 46 (90%) 161 (75%)
Vascular invasion 1 (2%) 3 (5%) 5 (10%) 6 (12%) 15 (7%)
Child-Pugh score
5 41 (76%) 38 (66%) 27 (53%) 44 (86%) 150 (70%)
6 12 (22%) 20 (34%) 21 (41%) 7 (14%) 60 (28%)
7 1 (2%) 0 2 (4%) 0 3(1%)
9 0 0 1(2%) 0 1 (0.5%)
Alpha-fetoprotein >200 pg/1 15 (28%) 26 (45%) 18 (35%) 27 (53%) 86 (40%)
Prior treatment type
Surgical resection 29 (54%) 37 (64%) 19 (37%) 40 (78%) 125 (58%)
Radiotherapy 7 (13%) 17 (29%) 5 (10%) 12 (24%) 41 (19%)
Local treatment for HCC 25 (46%) 33 (57%) 29 (57%) 40 (78%) 127 (59%)
Systemic therapy 22 (41%) 57 (98%) 32 (63%) 46 (90%) 157 (73%)
Sorafenib 15 (28%) 56 (97%) 30 (59%) 40 (78%) 141 (66%)

Figures are given as mean (range) or n (%). CheckMate 040 Dose Expansion Cohort (n = 214). Cited from Sangro et al. [42].

Furthermore, 111 patients (52%) had SD and 63 (29%)
had PD (table 3).

The response rates in the cohorts of uninfected pa-
tients who were sorafenib-naive or -intolerant, uninfect-
ed patients with PD after sorafenib treatment failure,
HCV-infected patients, and HBV-infected patients were
20, 19, 14, and 12%, respectively (table 3). Nine-month
survival was favorable (70%) (table 4). Considering that a
high proportion (66%) progressed on sorafenib treat-
ment (table 5), these outcomes appear to be extremely
good. The frequency of adverse events was also extreme-
ly low. The most concerning treatment-related adverse
event was hepatic dysfunction; however, only 9 (4%) and
6 (3%) patients showed grade 3-4 increases in aspartate
amino transferase and alanine amino transferase levels,
respectively (table 6). These figures were comparable to
those reported in nivolumab-treated patients with other
types of cancer. Severe hepatic dysfunction related to
nivolumab therapy in patients with viral hepatitis, which
was an original concern, was not observed in any patient.

Additional analysis of the dose escalation cohort (48 pa-
tients) showed that 3 (6%) and 4 (8%) patients achieved CR
and PR, respectively, while 24 (50%) and 15 (13%) had SD
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and PD, respectively. The response rate was 13% in the
noninfected group and 30% and 7% in the HCV- and
HBV-infected groups, respectively (table 5). In this CA209-
040 phase I/1I trial, a dose escalation cohort (cohort 2), a
cohort for randomized comparison against sorafenib (co-
hort 3), and a combination therapy cohort (with an anti-
CTLA-4 antibody, ipilimumab) (cohort 4), in addition to
the dose escalation cohort (cohort 1), were tested and reg-
istered. Furthermore, based on the tolerability and low fre-
quency of hepatic dysfunction observed in patients with
liver cirrhosis, a trial of nivolumab in patients with Child-
Pugh B HCC (cohort 5) was initiated (table 2).

Following these trials, a phase III trial directly compar-
ing nivolumab with sorafenib was initiated, as was a clin-
ical trial investigating the efficacy of second-line pembro-
lizumab in patients who did not respond to sorafenib.
Monotherapy with an anti-PD-1 antibody (nivolumab or
pembrolizumab) or combination therapy is expected to
be successful. A clinical trial examining the use of an anti-
CTLA-4 antibody in HCC has also been conducted, but
the results, reported in the Journal of Hepatology in 2013,
indicated more adverse events than those caused by anti-
PD-1 antibodies [33].
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Table 5. Treatment-related adverse events (TRAEs)

Uninfected (n = 112) HCV (n=51) HBV (n=51) Total (n = 214)

any grade grade3-4 anygrade grade3-4 anygrade grade3-4 anygrade grade3-4
Patients with any TRAE 72 (64%) 21 (19%) 37 (73%) 15 (29%) 30 (59%) 3 (6%) 139 (65%) 39 (18%)
Symptomatic TRAEs reported in >4% of all patients
Fatigue 31 (28%) 2 (2%) 7 (14%) 0 7(14%) 0 45 (21%) 2 (1%)
Pruritus 11 (10%) 0 11 (22%) 0 11(22%) O 33(15%) O
Rash 12 (11%) 1 (1%) 8 (16%) 0 6(12%) 0 26 (12%) 1 (0.5%)
Diarrhea 16 (14%) 2 (2%) 3 (6%) 0 1 (2%) 1(2%) 20 (9%) 3(1%)
Nausea 8 (7%) 0 6(12%) 0 0 0 14(7%) 0
Decreased appetite 5 (5%) 0 2 (4%) 0 3 (6%) 0 10 (5%) 0
Dry mouth 5 (4%) 0 1(2%) 0 2(4%) 0 8(4%) 0
Laboratory-value TRAEs reported in >4% of all patients
ALT increased 6 (5%) 2 (2%) 7 (14%) 4 (8%) 2 (4%) 0 15 (7%) 6(3%)
AST increased 7 (6%) 3 (3%) 6 (12%) 6 (12%) 0 0 13 (6%) 9 (4%)
Platelet count decreased 4 (4%) 1 (1%) 3 (6%) 2 (4%) 5(10%) 1(2%) 8 (4%) 3 (1%)
Anemia 2(2%) 0 3 (6%) 1(2%) 3 (6%) 0 8 (4%) 1 (0.5%)

CheckMate 040 dose expansion cohort (n = 214). Cited from Sangro et al. [42]. ALT = Alanine amino transferase; AST = aspartate

amino transferase.

Table 6. Current clinical trials of immune checkpoint inhibitors for HCC

Drug Trial name ClinicalTrials.gov  Company Phase n Lineof  Design Endpoint Status
therapy

Nivolumab

Nivolumab (PD-1 Ab) CheckMate 040 NCT01658878 BMS/ONO  T/II 42 1L/2L cohort 1: dose escalation DLT/MTD completed

Nivolumab (PD-1 Ab) CheckMate 040 NCT01658878 BMS/ONO  I/lI 214 1L/2L cohort 2: dose expansion ORR completed

Nivolumab (PD-1 Ab) CheckMate 040 NCT01658878 BMS/ONO  I/II 200 1L cohort 3: nivolumab vs. ORR completed
sorafenib

Nivolumab (PD-1 Ab)/ CheckMate 040 NCT01658878 BMS/ONO  I/TI 120 2L cohort 4: nivolumab + safety/ completed

ipilimumab (CTLA-4 Ab) ipilimumab tolerability

Nivolumab (PD-1 Ab) CheckMate 040 NCT01658878 BMS/ONO  I/TI - 1L/2L cohort 5: nivolumab safety/ recruiting
(Child B patients) tolerability

Nivolumab (PD-1 Ab) CheckMate 459 NCT02576509 ONO 111 726 1L nivolumab vs. sorafenib TTP/OS recruiting

Pembrolizumab

Pembrolizumab (PD-1 Ab) KEYNOTE-224 NCT02702414 MSD 11 100 2L pembrolizumab (1 arm) ORR completed

Pembrolizumab (PD-1 Ab) KETNOTE-240 NCT02702401 MSD I 408 2L pembrolizumab vs. placebo PFS/OS recruiting

Durvalumab

Durvalumab (PD-L1 Ab)/ - NCT02519348 AstraZeneca I 144 1L/2L durvalumab (arm A); safety/ recruiting

tremelimumab (CTLA-4 Ab)

tremelimumab (arm B);
durvalumab + tremelimumab
(arm C)

tolerability

BMS = Bristol-Myers Squibb; DLT = dose-limiting toxicity; MTD = maximum tolerated dose; Ono = Ono Pharmaceutical Co., Ltd.; ORR = overall response rate; OS = overall

survival; PFS = progression-free survival; TTP = time to progression.

Future Prospects

The outcomes described above, which were reported
at the 2015 and 2016 ASCO meetings, were interim anal-
ysis results of phase I/II trials of monotherapy with an
anti-PD-1 antibody (nivolumab) in HCC patients. Ni-

Immune Checkpoint Inhibitors for
Hepatocellular Carcinoma

volumab is approved for the treatment of melanoma,
non-small-cell lung cancer, and kidney cancer (in the
USA), and similar effects in other types of cancer are ex-
pected. HCC is an extremely heterogeneous cancer, does
not have a clear driver mutation, and cannot be treated
with agents that reduce hepatic functional reserve; there-
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Future direction: combination therapy

Combination with locoregional therapy
or other immune checkpoint inhibitors.
Clinical trials in some of them have
already started.

Resection
or RFA

Immune checkpoint inhibitors
(anti-PD-1 antibody, anti-PD-L1
antibody, anti-CTLA-4 antibody)

Fig. 6. Treatment strategy using immune
checkpoint inhibitors. RFA = Radiofre-
quency ablation; TACE = transcatheter ar-

Other immune checkpoint inhibitors
(anti-PD-1, PD-L1, CTLA-4 antibodies)

terial chemoembolization.

fore, different therapeutic strategies from those used for
other types of solid tumors and hematologic malignan-
cies are needed. Based solely on the outcomes of the
phase I/II trials, anti-PD-1 antibody therapy seems high-
ly promising, and several pharmaceutical companies
have started clinical trials in HCC patients. The outcomes
of these studies are eagerly awaited.

There are unmet needs at various stages of HCC treat-
ment, such as neoadjuvants and adjuvants after resection
[34, 35] and ablation [36-38], combination therapy with
transcatheter arterial chemoembolization [39-41], and
first- and second-line treatments. Novel antibodies against
PD-1 and PD-L1 may be beneficial at these stages. Their
combination with other anti-angiogenic agents, locore-
gional therapy, another checkpoint inhibitor such as an
anti-CTLA-4 antibody (ipilimumab or tremelimumab), or
with a molecular targeted agent (e.g., sorafenib or lenva-
tinib) appears promising. Indeed, combination therapy
with nivolumab and ipilimumab produces better therapeu-
tic outcomes than the corresponding monotherapies [12].

The development of combination immunotherapy for
the treatment of other types of cancer is rapidly advanc-
ing. Nivolumab became an FDA-designated break-
through therapy in September 2014, followed by pembro-
lizumab. Antibodies against PD-1/PD-L1 and CTLA-4
are expected to be approved for the treatment of addi-
tional types of cancer, particularly in the setting of liver
cancer, where they are expected to be implemented in the
very near future.

Immune checkpoint inhibitors will play a major role
in combination with other chemotherapies and locore-
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gional therapies as treatment strategies against liver
cancer, with high hopes for improved therapeutic out-
comes (fig. 6). We are in the middle of a paradigm shift,
not only for systemic therapy, but also for multimodal
therapeutic strategies against liver cancer. There is no
doubt that immune checkpoint inhibitors will play a key
role.

Conclusion

Anticancer therapy has progressed through the first
and second stages of treatment strategies with cytotoxic
agents and molecular targeted agents, respectively. We
are now about to enter the third stage with immune
checkpoint blockade. Immune checkpoint inhibitor-
based strategies will soon become the mainstay of anti-
cancer treatment for liver cancer, and we will continue to
watch the rapid advances in the therapeutic use of im-
mune checkpoint inhibitors with great interest.
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