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Recent progress in cancer immunotherapy has been remarkable. Most striking are the clinical development and approval of
immunomodulators, also known as immune checkpoint inhibitors. These monoclonal antibodies (mAb) are directed to immune
checkpointmolecules, which are expressed on immune cells andmediate signals to attenuate excessive immune reactions. Although
mAbs targeting tumor associated antigens, such as anti-CD20 mAb and anti-Her2 mAb, directly recognize tumor cells and induce
cell death, immune checkpoint inhibitors restore and augment the antitumor immune activities of cytotoxic T cells by blocking
immune checkpoint molecules on T cells or their ligands on antigen presenting and tumor cells. Based on preclinical data, many
clinical trials have demonstrated the acceptable safety profiles and efficacies of immune checkpoint inhibitors in a variety of cancers.
The first in class approved immune checkpoint inhibitor is ipilimumab, an anti-CTLA-4 (cytotoxic T lymphocyte antigen-4) mAb.
Two pivotal phase III randomized controlled trials demonstrated a survival benefit in patients with metastatic melanoma. In 2011,
the US Food and Drug Administration (FDA) approved ipilimumab for metastatic melanoma. Several clinical trials have since
investigated new agents, alone and in combination, for various cancers. In this review, we discuss the current development status
of and future challenges in utilizing immune checkpoint inhibitors.

1. Introduction

In this decade, remarkable progress has been made in the
clinical application of cancer immunotherapies.Most notable
is the emergence of immune checkpoint inhibitors. Large-
scale clinical trials have shown their feasibility and efficacy for
patients with advancedmalignancies.The therapeutic targets,
or “immune checkpoints,” are also known as coinhibitory
molecules or costimulatory molecules expressed on T cells.

As the name implies, costimulatory/inhibitory molecules
mediate positive/negative signals that modify MHC-TCR
(major histocompatibility complex-T-cell receptor) signaling
pathways.These signals each regulate T-cell survival, prolifer-
ation, differentiation, or responsiveness to cognate antigens.

The net effect depends on the balance among signals [1]. T-
cell activation requires costimulatory signals. If they contact
antigens without costimulatory ligands on antigen presenting
cells (APCs), T cells remain inactivated in a state of anergy.

Coinhibitory molecules induce T-cell dysfunction (so
called “T-cell exhaustion”) or apoptosis. Employing this
inhibitory pathway, the immune system can attenuate exces-
sive immune reactions and ensure self-tolerance, which is
important formaintaining immune homeostasis.These func-
tions involve programmed cell death protein-1 (PD-1), pro-
grammed cell death-1 ligand-1/2 (PD-L1/2), cytotoxic T lym-
phocyte antigen-4 (CTLA-4), lymphocyte-activation gene 3
(LAG-3), T-cell immunoglobulin mucin-3 (TIM-3), and B
and T lymphocyte attenuator (BTLA). Tumor cells harness
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these suppressive effects as one of their “immunoediting”
mechanisms [2]. As shown in recent clinical trials, immune
checkpoint blockade with monoclonal antibody promotes
endogenous antitumor activities of immune cells and
achieves clinically significant benefits for cancer patients [3,
4].

In this review, we focus on the current development status
of and future challenges in utilizing immune checkpoint
inhibitors, especially CTLA-4, PD-1, and PD-L1.

2. Anti-CTLA-4 Antibody

CTLA-4 (also known as CD152) is a member of the CD28
family of receptors [21, 22]. CTLA-4 is inducibly expressed
on the surfaces of activated conventional CD4+ and CD8+ T
cells. CTLA-4 binds to ligands B7.1 (CD80) and B7.2 (CD86)
on APCs, where it competes with costimulatory receptor
CD28 to bind with shared ligands. As CTLA-4 binds with
higher affinity than CD28, it reduces CD28-dependent cos-
timulation. CTLA-4 also mediates direct inhibitory effects
on the MHC-TCR pathway [23]. CTLA-4 recruits 2 phos-
phatases, SHP-2 and PP2A, to its intracellular YVKM
domain. SHP-2 dephosphorylates the CD3𝜁 chain, atten-
uating the TCR signal. PP2A inhibits downstream Akt
phosphorylation, further impairing TCR signaling. Further-
more, CTLA-4 is constitutively and highly expressed on
CD4+CD25+FOXP3+ regulatory T cells (T regs) and plays a
role in their suppressive functions [24–26]. CTLA-4 knock-
out mice have a lethal autoimmune-like syndrome. Promi-
nent infiltration of CD4+ T cells is detected in multiple
organs. Thus, CTLA-4 is considered to be indispensable for
maintaining immune homeostasis.

In the tumor microenvironment, CTLA-4 suppresses
antitumor immune activities. In animal models, it has been
shown that CTLA-4 blockade leads to reactivation of the anti-
tumor immune response and tumor shrinkage [27–29]. The
mechanism of action has not yet been fully elucidated. Obser-
vations made to date suggest that anti-CTLA-4 antibodies
function not only by blocking inhibitory signals from reach-
ing effector T cells but also by depleting regulatory T cells in
the tumor microenvironment [30, 31]. For use in humans,
based on preclinical studies, two anti-CTLA-4 antibodies
have been developed: ipilimumab (Bristol-Myers Squibb) and
tremelimumab (Pfizer).

2.1. Ipilimumab. Ipilimumab is a fully humanized IgG1 mon-
oclonal antibody that inhibits CTLA-4 [32, 33].

Early clinical trials evaluated ipilimumab in patients with
a variety of malignancies, including melanoma, prostate
cancer, renal cell carcinoma, and non-Hodgkin lymphoma
[34–45]. Some of these studies combined ipilimumab with a
peptide vaccine, chemotherapy, or IL-2. Based on preclinical
data, ipilimumab was administered at a dose range of 0.1–
20mg/kg, employing single or multiple dosing schedules
(every 3-4 weeks).

A phase I study evaluated a single 3mg/kg dose of
ipilimumab for patients with metastatic hormone-refractory
prostate cancer. Two (14%) of 14 patients showed ≧50%

decline in prostate specific antigen. One (7%) patient devel-
oped grade 3 rash/pruritus requiring systemic corticosteroid
administration [36]. Another phase I trial combined ipili-
mumab (administered at 3mg/kg every 3weeks)with a glyco-
protein (gp) 100 peptide vaccine for patients with metastatic
melanoma.Three (21%) of 14 patients responded to this treat-
ment, including 2 showing complete responses (CRs). Grade
3 to 4 immune-related adverse events (irAEs) occurred in 6
(43%) patients. These irAEs included dermatitis, enterocoli-
tis, hepatitis, and hypophysitis [34]. On thewhole, irAEswere
mild and manageable with therapy discontinuation and/or
appropriate treatments, including corticosteroids.

A phase II trial compared 3 doses (0.3, 3, or 10mg/kg)
administered every 3 weeks for a total of 4 doses. Eligible
patients were permitted to receive reinduction therapy (at
a dose of 10mg/kg) or maintenance therapy (administered
at the previously assigned dose level every 12 weeks). The
overall response rate (ORR) in the 10mg/kg armwas superior
to those in the other arms (11.1% versus 4.2% versus 0.0%),
but irAEs were also higher in the 10mg/kg arm [43]. The
optimal dosing and scheduling are as yet unknown. A phase
III randomized trial (NCT01515189) is currently comparing 2
doses (3mg/kg versus 10mg/kg). No consensus has yet been
reached on the relative significance of reinduction versus
maintenance therapy [46, 47]. A prospective study com-
paring reinduction therapy versus the physician’s choice of
chemotherapy (NCT00495066) is currently underway.

Based on pivotal phase III randomized controlled trials
(RCTs) showing survival benefit, ipilimumab was approved
by the US Food and Drug Administration (FDA) for
metastatic melanoma [5, 6]. In the landmark phase III trial
for patients with previously treated metastatic melanoma,
ipilimumab (administered at 3mg/kg every 3weeks for a total
of 4 doses) with or without the gp 100 peptide vaccination
was compared with the gp 100 peptide vaccine alone. Eligible
patients were permitted to receive reinduction therapy. The
median OSs in the ipilimumab-containing arms were signifi-
cantly superior to that in the gp 100 alone arm (10.1 months in
ipilimumab/gp 100, 10.0months in ipilimumab alone, and 6.4
months in gp 100 alone, hazard ratio (HR) 0.68; 𝑃 < 0.001).
Grade 3 to 4 irAEs were seen in 10–15% of patients in the
ipilimumab-containing arms, while 3% in the gp 100 alone
arm experienced irAEs. There were 14 treatment-related
deaths (2.1%), including 7 patients with irAEs [5]. Long-term
follow-up analysis confirmed an approximately 20% survival
rate for patients in the ipilimumab-containing arms. Safety
profiles in long-term survivors were comparable among the 3
groups, and new onset irAEs after the last dose of ipilimumab
were infrequent (8%; all grades) [48]. The other phase III
trial compared ipilimumab (at 10mg/kg every 3 weeks for
4 doses)/dacarbazine with dacarbazine/placebo, followed by
maintenance therapy with ipilimumab or placebo adminis-
tered every 12 weeks for eligible patients. Overall survival
(OS) was significantly longer in the ipilimumab/dacarbazine
arm (11.2 versus 9.1 months), and the higher survival rates
were durable (47.3% versus 36.3% at 1 year, 28.5% versus 17.9%
at 2 years, 20.8% versus 12.2% at 3 years, HR for death 0.72;
𝑃 < 0.001). Grade 3 to 4 AEs were seen in more patients
in the ipilimumab/dacarbazine arm (56.3% versus 27.5%;
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𝑃 < 0.001). No drug-related deaths occurred among those
in the ipilimumab/dacarbazine arm [6].

The analysis of the collected data from 12 previous clinical
trials, which include 1861 ipilimumab-treated patients with
advanced melanoma, demonstrated a median OS of 11.4
months and 3-year OS rate of 22%. The OS curve started to
show plateau around year 3, which was independent of the
dose of ipilimumab (3 or 10mg/kg), therapy line (treatment-
näıve or not), or use of maintenance therapy [49].

2.2. Tremelimumab. Tremelimumab is a human IgG2 mono-
clonal antibody that blocks CTLA-4 [50].

Early clinical trials on tremelimumab monotherapy
showed response rates of 2–17%, and these responses were
durable (>150 days) [51–57]. Based on preclinical and clinical
data, the standard regimen is 15mg/kg every 90 days. Most
adverse events were mild and manageable. These adverse
events included skin rash, diarrhea, and endocrine abnormal-
ities.

A phase III study compared tremelimumab (15mg/kg
every 3 months) with chemotherapy (physician’s choice) in
patients with untreated advanced melanoma [7]. This study
demonstrated no benefits in either ORR (10.7% versus 9.8%)
or OS (12.6mo versus 10.7mo), but a superior response
durationwas seen (35.8 versus 13.7months).This observation
might be explained by patient selection bias (exclusion of
patients with lactate dehydrogenase (LDH)>2x upper limit of
normal), drug crossover (to ipilimumab) in the control arm,
and even a potentially suboptimal dosing regimen. Tremeli-
mumab is still being investigated for other tumors, both alone
and as combination therapy (Table 1).

3. Anti-PD-1 Antibodies

Programmed cell death protein-1 (PD-1; also known as
CD279), like CTLA-4, is a coinhibitory CD28-family mole-
cule [22]. While CTLA-4 works in the early phase of näıve-
T-cell activation, PD-1 functions mainly in the late phase, in
which PD-1 induces exhaustion or anergy in effector T cells.
Thus, PD-1 is considered to play an important role in chronic
inflammation such as that associated with viral infection or
tumor exposure [58]. PD-1 is expressed on activated T cells, T
regs [59], activated B cells, NK cells, and monocytes. It binds
to the B7-family ligands PD-L1 (programmed death ligand-
1, B7-H1) and PD-L2 (programmed death ligand-2, B7-
DC) on APCs. PD-1 has cytoplasmic domain motifs known
as ITIM (immunoreceptor tyrosine-based inhibitory motif)
and ITSM (immunoreceptor tyrosine-based switch motif)
[23]. When these motifs are phosphorylated, they recruit
two inhibitory phosphatases, SHP-1 and SHP-2 (SHP: SH2-
containing-phosphatase). These phosphatases dephosphory-
late the CD3𝜁 chain, decreasing TCR signaling. Although
the inhibitory mechanisms of CTLA-4 and PD-1 have some
similarity in terms of inhibiting Akt activation, CTLA-4 can
also interfere with Akt independently via PP2A [23]. PD-
1 knockout mice show a milder lupus-like syndrome than
CTLA-4 knockout mice [60].

Tumor cells utilize the PD-1-PD-L1/2 pathway to evade
immune-cell attack [61]. Blockade of this pathway was shown
to restore and augment antitumor immune activities [62].

3.1. Nivolumab (BMS-936558/ONO-4538). Nivolumab is a
fully humanized IgG4monoclonal antibody that blocks PD-1
[62].

Phase I studies tested nivolumab in such cancers as mela-
noma, non-small cell carcinoma of the lung (NSCLC), ovar-
ian cancer, and renal cell carcinoma. These studies showed
response rates of approximately 20–30%, durable tumor
regression (>1 year), and an acceptable safety profile, with
Grade 3 to 4 irAEs developing in about 20% of patients
[8, 9, 63–65]. In long-term follow-up of the phase I trial
for advanced melanoma, median OS was 16.8 months and
survival rates were 62% at 1 year and 43% at 2 years. The
patients requiring discontinuation of treatment maintained
their tumor responses for at least 16 months (16–56 months).
Long-term safety profileswere acceptable and similar to those
described in a previous report [8]. The preliminary results of
a phase I study evaluating nivolumab (at 3mg/kg q2w) for
untreated advancedNSCLCwere recently reported.TheORR
was 30% with 2 complete remissions (CRs), as measured by
RECIST. ORR and progression-free survival (PFS) correlated
with PD-L1 positivity (67% versus 0% for ORR, 45.6mo ver-
sus 36.1mo for median PFS). AEs were generally manageable
and grade 3 to 4 AEs occurred in 3 patients, including rash,
increased transaminase, and hyperglycemia [66].

Recently the interim analysis report of a phase III
study (NCT01721746), comparing nivolumab monotherapy
(at 3mg/kg q2w) with investigator’s choice chemotherapy in
ipilimumab-refractory advanced melanoma, was shown.The
ORRs were 32% in the nivolumab arm and 11% in the control
arm, with the median duration of response in the nivolumab
arm not reached. Grade 3 to 4 drug-related AEs were less
frequent in the nivolumab arm (9% versus 31%) [10]. Another
phase III study (NCT01721772) compared nivolumab mono-
therapy (at 3mg/kg q2w) with dacarbazine in 418 patients
with previously untreated stage III or IV melanoma. This
study was stopped ahead of schedule and unblinded after
independent data monitoring committee found significant
survival superiority in nivolumab over dacarbazine. The
results from the double-blind part of the study before the
stoppage showed that the OS rate at 1 year was significantly
higher in the nivolumab arm (72.9% versus 42.1%, HR for
death 0.42; 𝑃 < 0.001), and the median PFS was also signifi-
cantly longer in the nivolumab arm (5.1 versus 2.2 months,
HR for death or progression 0.43; 𝑃 < 0.001). Grade 3 to 4
drug-related AEs occurred in more patients in the dacar-
bazine arm (11.7% versus 17.6%). No drug-related deaths
occurred in both arms [11]. A phase II study (NCT01927419)
of nivolumab in combination with ipilimumab compared
with ipilimumab alone for advanced melanoma is currently
ongoing (recruitment has been completed).

In 2013, nivolumab received Fast Track designation for
the treatment ofNSCLC,melanoma, and renal cell carcinoma
(RCC) from the FDA. In April 2014, a rolling submission
to the FDA for nivolumab in third-line pretreated NSCLC
was started. InMay 2014, nivolumab received a Breakthrough
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Therapy designation for non-Hodgkin lymphoma from the
FDA. In Japan, in July 2014, nivolumab received manufactur-
ing andmarketing approval for unresectable melanoma from
the domestic regulator, the Ministry of Health Labor and
Welfare, which made nivolumab the first in anti-PD-1 anti-
body to receive regulatory approval in the world.

3.2. Pidilizumab (CT-011). Pidilizumab (CT-011) is a human-
ized IgG-1𝜅 monoclonal antibody that blocks PD-1. In ani-
mal models, an antitumor effect was achieved with BAT
monoclonal antibody (a murine mAb developed against a
membrane preparation of a Burkitt lymphoma cell line), from
which pidilizumab is derived [67, 68].

In humans, the safety and tolerability of the single dose
regimen were shown in a phase I study of patients with
advanced hematologic malignancies [69]. No treatment-
related toxicities occurred and the maximum tolerated dose
was not identified in this trial (0.2–6mg/kg).

Pidilizumab has been tested in phase II trials, as mono-
therapy for patients with diffuse large B-cell lymphoma after
autologous hematopoietic stem-cell transplantation [70] and
as combined therapy with rituximab for relapsed follicular
lymphoma [71]. Both trials showed promising efficacies even
in high-risk patients.

The results of a phase II trial in patients with pretreated
advanced melanoma were recently reported. ORR was 5.9%,
measured by immune-related response criteria (irRC), and
the OS rate at 1 year was 64.5%. The patients who had been
pretreated with ipilimumab (51% of patients) tended to expe-
rience a higher rate of immune-related stable disease (irSD)
and longer PFS (2.8mo versus 1.9mo) [12].

3.3. Pembrolizumab (MK-3475, Formally Known as Lam-
brolizumab). Pembrolizumab (MK-3475) is a humanized
monoclonal IgG-4𝜅 antibody that blocks PD-1.

A phase I dose-escalation study evaluated three dose
levels, 1mg/kg, 3mg/kg, and 10mg/kg, administered every 2
weeks, in patients with multiple solid tumors [72]. All dose
levels were found to be safe, and themaximum tolerated dose
was not identified. Clinical responses were observed at all
dose levels. Another phase I study tested 3 regimens (2mg/kg
every 3 weeks and 10mg/kg every 2 or 3 weeks) in patients
with advanced melanoma [13]. AEs were generally mild and
grade 3 to 4 AEs were seen in 13% of patients. The ORRs
ranged from 38% to 52%, in the biweekly 10 mg/kg cohort
(measured by RECIST), showing no significant differences.
These responses were durable, with the median PFS exceed-
ing 7 months for all three regimens.

An ongoing phase II trial is now comparing 2 dose levels
of pembrolizumab with investigator-choice chemotherapy
in patients with previously treated advanced melanoma
(NCT01704287). Another ongoing phase II trial is also eval-
uating 2 dose schedules of pembrolizumab (10mg/kg q2w or
q3w) comparedwith ipilimumab (3mg/kg q3w) for advanced
melanoma (NCT01866319).

In April 2013, pembrolizumab received the Breakthrough
Therapy designation for advanced melanoma from the FDA.
After being reviewed under the FDA’s Accelerated Approval
program, in September 2014, pembrolizumab received

approval for treatment of patients with advanced melanoma
by the FDA.

Besides melanoma, several early trials have showed the
tolerability and antitumor effects of pembrolizumab in other
tumors.The preliminary results of another phase I study eval-
uating pembrolizumab in untreated PD-L1-positive NSCLC
were recently reported. The overall objective response rate
was 25% (33% in the 2mg/kg q3w, 20% in the 10mg/kg q3w,
and 31% in the 10mg/kg q2w group), asmeasured by RECIST.
AEs were generally mild and grade 3 to 4 AEs occurred in 3
patients, including pneumonitis requiring treatment discon-
tinuation [14]. Another preliminary result was reported for
the phase I trial of pembrolizumab as monotherapy, admin-
istered at 2mg/kg every 2 weeks, to 60 patients with recur-
rent/metastatic head and neck cancers. Grade 3 to 4 drug-
related AEs were reported in 16.7% of patients.The best ORR
was 20% in all patients (assessed by RECIST 1.1). Efficacies
were comparable between human papilloma virus- (HPV-)
positive and HPV-negative patients (20.0% versus 19.4%)
[15]. Another phase I study (NCT01848834) assessed pem-
brolizumab in the patients with previously treated advanced
gastric cancer that expressed PD-L1. The enrolled 39 patients
were treated with pembrolizumab at 10mg/kg q2w. Median
follow-up period was 6 months. Treatment-related AEs
occurred in 24 patients (61.5%), and those of grade 3 to 5
occurred in 3 patients (pneumonitis, peripheral neuropathy,
and hypoxia). ORR was 30.8% and disease control rate was
43.6%. Responses were mostly ongoing and the median
response duration was not reached [16].

4. Anti-PD-L1 Antibodies

PD-L1 (also known as B7-H1 or CD274) and PD-L2 (also
known as B7-DC or CD273) are inhibitory B7-family mol-
ecules that bind the PD-1 receptor. PD-L1 is inducibly
expressed on a variety of hematopoietic and nonhematopoi-
etic cells, including most human tumor cells and cells within
the tumor microenvironment [61]. PD-L1 expression has
been shown to correlate inversely with the clinical outcomes
of some malignancies. PD-L2 is expressed on hematopoietic
cells. PD-L1 knockout mice show infiltration of lymphocytes
into nonlymphoid organs and exacerbation of preexisting
autoimmune diseases [73, 74].

As mentioned above, the PD-1-PD-L1 axis is one of the
main mechanisms by which cancer cells evade immune-cell
attack [61]. Blockade of this pathway was shown to rein-
force antitumor immune activities [62]. Because PD-L1 also
interacts with CD80 [75, 76], anti-PD-L1 antibodymight have
optimal clinical potency against PD-1.

4.1. BMS-936559. BMS-936559 is a fully humanized IgG4
monoclonal anti-PD-L1 antibody. It inhibits the binding of
PD-L1 to PD-1 and CD80. A phase I dose-escalation study
evaluated BMS-936559 in 207 patients with selected cancers,
including melanoma, NSCLC, ovarian cancer, and renal cell
carcinoma. The study drug was administered at 4 dose levels
(0.3–10mg/kg) every 14 days, 3 times in each 6-week course
for up to 16 cycles, when either CR or disease progression was
confirmed. The ORRs were 6–17% and efficacy was durable
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(>1 year in 8 of 16 patients who responded). Grade 3 to 4
irAEs, seen in 9% of the patients, were treatment-related in
5% [17].

4.2.MPDL3280A. MPDL3280A is a humanized IgG-1𝜅mon-
oclonal anti-PD-L1 antibody. It is genetically engineered to
modify the Fc domain, thereby impairing the antibody-
dependent cellular cytotoxicity of PD-L1 expressing cells [77,
78].

A phase I trial of MPDL3280A as monotherapy for
advancedmelanoma achieved a response rate of 26% and PFS
of 35% at 24 weeks. Grade 3 to 4 AEs were seen in 33% of
patients [79].The results of another phase I trial were recently
reported. MPDL3280A was tested in patients with pretreated
metastatic urothelial bladder cancer. ORR in PD-L1-positive
patients was superior to that in PD-L1-negative patients (43%
versus 11% at 6 weeks). ORR at 12 weeks was 52% in PD-L1-
positive patients. Grade 3 to 4AEswere seen in 4%of patients,
with no irAEs [18]. The FDA has granted the Breakthrough
Therapy designation to MPDL3280A.

4.3. MEDI4736. MEDI4736 is a humanized IgG-1𝜅 mono-
clonal antibody that blocks PD-L1. MEDI4736 demonstrated
tumor regression and improved survival in a mouse model.

A “first-time-in-human” phase I study evaluating the
safety, tolerability, and pharmacokinetics of this agent in
patients with advanced solid tumors is currently underway
(NCT01693562). The interim report was recently presented.
As of January 2014, 26 patients were receiving dose-escalation
treatments and had been given a median of 5 (1–25) q2w
and 4.5 (1–7) q3w doses of MEDI4736 across 6 cohorts
(0.1–10mg/kg q2w; 15mg/kg q3w). No dose limiting tox-
icities (DLTs) or maximum tolerated dose was identified.
Treatment-related AEs occurred in 34% of patients, but all
were grade 1 to 2 and did not lead totreatment discontinua-
tion. Four of the 26 patients showed partial responses (PRs).
The rate (PR + stable disease ≧ 12 weeks) was 46%. Clinical
responses were durable, with 11 patients remaining in the
study (2+ to 14.9+ months) [19]. Another phase I trial is now
testing the combination of MEDI4736 plus tremelimumab
(NCT01975831).

4.4. MSB0010718C. MSB0010718 is a fully humanized IgG1
monoclonal antibody directed to PD-L1. A phase I trial is
currently testing MSB0010718 to assess its safety, tolerability,
and pharmacokinetics in patients with refractory malignan-
cies (NCT01772004). As of January 2014, 27 patients had been
enrolled and were participating in a dose-escalation study (3
+ 3 design; 1, 3, 10, and 20mg/kg, q2w). Twenty-three patients
had been followed for at least 4 weeks. Discontinuation of the
treatment had been necessary in 12 patients (52.2%): 9 (39.1%)
due to progression of disease, 2 (8.7%) for AEs, and 1 (4.3%)
because the patient died. Grade 3 to 4 drug-related toxicities
included laboratory abnormalities in 3 patients. OneDLTwas
observed in 1 patient at dose level 4 (20mg/kg): an irAE with
creatine kinase elevation, myositis, and myocarditis [20].

5. Combination Therapy

Recent clinical trials have actively investigated the potential
for synergistic effects by combining immune checkpoint
inhibitors with other agents. The partner agents/therapies
include other checkpoint agents, cytotoxic agents, anticancer
vaccines, cytokines, and radiotherapy.

A phase I study evaluated combined therapy with ipili-
mumab plus nivolumab in patients with advancedmelanoma
[80].The patients received ipilimumab once every 3 weeks for
4 doses andnivolumab once every 3weeks for 8 doses concur-
rently. Then, eligible patients were permitted to receive both
once every 12 weeks up to 8 doses. Grade 3 to 4 treatment-
related AEs were seen in 53% of the concurrent-cohort
patients but were mild andmanageable.Themaximum toler-
ated dose was 3mg/kg of ipilimumab and 1mg/kg of nivolu-
mab, a dosing regimen at which 53% of patients showed
responses. Recent follow-up surveys confirmedOS to be 94%
at 1 year and 88% at 2 years in this cohort. An expansion
cohort, with the patients receiving 3mg/kg of ipilimumab
and 1mg/kg of nivolumab every 3 weeks for 4 doses and
1mg/kg of nivolumab every 2weeks until disease progression,
is currently being evaluated in a phase II/III study [81]. A
phase III trial (NCT01844505) evaluating this combination is
currently ongoing (recruitment has been completed).

6. Biomarkers for Predicting Clinical Benefits
and Adverse Reactions

Although immune checkpoint inhibitors have shownpromis-
ing safety and efficacy, to date only a small proportion of
patients have achieved long-term survival, with severe irAEs
occurring on occasion. Biomarkers predicting clinical benefit
may enable physicians to select individualized treatments
for their patents and thereby maximize clinical benefits.
Thus, there is an urgent need to identify “baseline (pretreat-
ment)” biomarkers predicting responses or toxicities. Several
biomarkers for examining T-cell proliferation or activation
and other forms of antigen-specific immunity have been
assessed in the context of immune checkpoint inhibitors.

Immunohistochemical PD-L1 expression in a tumor
specimen is among the potential markers for PD-1-PD-L1-
directed therapies. In a phase I study of nivolumab, though
the data obtained are preliminary, an objective response was
seen only in the patients who showed immunohistochemical
PD-L1 expression in pretreatment tumor specimens [63].
These observations may support the strategy of selecting PD-
L1-positive patients for therapy. However, PD-L1 expression
on tumor cells is inducible and is susceptible to influences
of the tumor microenvironment. Furthermore, technical
advances in PD-L1 immunostaining are still needed. Also,
the value of PD-L1 IHC staining as a predictive biomarker
for combination therapy with nivolumab plus ipilimumab
has yet to be validated [80]. As yet, the applicability and
significance of PD-L1 expression as a baseline biomarkermust
be interpreted with caution and further prospective evalua-
tions are needed, including the results of ongoing randomized
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clinical trials that are prospectively evaluating PD-L1 IHC as
a companion diagnostic platform (NCT01721746).

Another potential biomarker is pretreatment levels of
monocytic myeloid-derived suppressor cells (m-MDSCs)
[82, 83]. A recent retrospective study suggested higher pre-
treatment quantities of Lin−CD14+HLA-DRlow/− m-MDSC
to be associated with inferior OS in patients with metastatic
melanoma treated with ipilimumab [83].

Recent genetic analysis using whole-exome sequencing
showed the significance of somatic mutational load as pre-
dictive biomarker of clinical benefit in melanoma patients
treated with CTLA-4 blockade. The neopeptide signature
associated with clinical response was identified and predicted
mutant peptides were verified to activate patient T cell in vitro
[84].

Other potential predictive/prognostic biomarkers in-
clude the gene expression profiles obtained employing tumor
biopsies [85, 86], CRP level [87], absolute lymphocyte and
eosinophil counts [88], and LDH levels [89]. These possibili-
ties await further research.

7. Conclusion

Immune checkpoint inhibitors have opened a new era of
cancer immunotherapy. Since the FDAapprovalwas obtained
for the anti-CTLA-4 monoclonal antibody ipilimumab, sev-
eral large-scale clinical trials have evaluated new agents both
alone and in combinations with other conventional or new
therapies. Future challenges include exploring new target
molecules and immune cells, optimizing dosing regimens
and combination therapies, validating the safety and efficacy
of these novel treatment strategies in many other malignan-
cies, establishing an immunomonitoring system to be applied
during therapy, and identifying biomarkers predicting clin-
ical responses and toxicities. Active, ongoing investigations
are anticipated to provide further clinical benefits for patients
with cancers that are currently refractory to treatment.
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