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ABSTRACT

Traditional treatment modalities for advanced cancer (radio-
therapy, chemotherapy, or targeted agents) act directly on
tumors to inhibit or destroy them. Along with surgery, these
modalities are predominantly palliative, with toxicity and only
modest improvements in survival in patients with advanced
solid tumors. Accordingly, long-term survival rates for most
patientswith advanced cancer remain low, thus there is a need
for cancer treatments with favorable benefit and toxicity
profiles that can potentially result in long-term survival. The
immune system plays a critical role in the recognition and
eradication of tumor cells (“immune surveillance”), and
immunotherapies based on this concept have been used
for decades with some success against a few tumor types;
however, most immunotherapies were limited by a lack of
eithersubstantialefficacyorspecificity, resulting in toxicity.We

nowhave a greater understanding of the complex interactions
between the immune system and tumors and have identified
keymolecules that govern these interactions.This information
has revitalized the interest in immunotherapy as an evolving
treatment modality using immunotherapeutics designed to
overcome the mechanisms exploited by tumors to evade
immune destruction. Immunotherapies have potentially com-
plementary mechanisms of action that may allow them to
be combined with other immunotherapeutics, chemother-
apy, targeted therapy, or other traditional therapies. This
review discusses the concepts and data behind immunothera-
pies, with a focus on the checkpoint inhibitors and their re-
sponses, toxicities, and potential for long-term survival, and
explores promising single-agent and combination therapies in
development. The Oncologist 2015;20:812–822

Implications for Practice: Immunotherapy is an evolving treatment approach based on the role of the immune system in
eradicating cancer. An exampleof an immunotherapeutic is ipilimumab, an antibody that blocks cytotoxic T-lymphocyte antigen-4
(CTLA-4) to augment antitumor immune responses. Ipilimumab is approved for advanced melanoma and induced long-term
survival in a proportion of patients. The programmed death-1 (PD-1) checkpoint inhibitors are promising immunotherapies with
demonstrated sustained antitumor responses in several tumors. Because they harness the patient’s own immune system,
immunotherapies have the potential to be a powerful weapon against cancer.

INTRODUCTION

Traditional cancer treatments, such as radiotherapy, chemo-
therapy, and targeted agents, are designed to act directly
on tumors by inhibiting their growth and ultimately leading
to their destruction. However, resistance mechanisms often
develop with agents that have direct effects on tumor cells,
and toxicities may limit continued administration at effective
levels [1]. As a class of anticancer agents, immunotherapies
are designed to harness the patient’s own immune system to
fight cancer. By directly targeting the immune system, immuno-
therapies may overcome some of the resistance mechanisms
that occur with other agents [2].

More than 100 years ago, Paul Ehrlich was among the first
topostulate that the immunesystemplaysa role in recognizing

and eradicating tumor cells; it is now well established that
tumorcells canactivelyevade immunedestruction topromote
tumor growth [3]. Immunotherapies have been used with
some success in a few cancer types, for example, interferon-a
(IFN-a) and interleukin-2 in metastatic melanoma and me-
tastatic renal cell carcinoma (RCC) [4]. Evidence of durable
responses in a small proportion of treated patients suggests
the potential for long-term survival or even a cure [5, 6];
however, the lack of specificity of these treatments and the
potential for serious toxicities has limited their use [7, 8].

A greater understanding of the complex interrelation-
ships between the immune system and tumor cells and the
mechanisms exploited by tumor cells to evade destruction
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has led to the identification of several specific immunothera-
peutictargets [9].Thisreviewprovidesanoverviewofthisrapidly
evolving field, with a focus on immune checkpoint inhibitors as
a potential treatment approach for a variety of cancers.

MATERIALS AND METHODS

References for this review were identified through searches of
PubMedwiththesearchterms“immuno-oncology,”“ipilimumab,”
“cancer,”“solid tumors,”“immunotherapy,”“immunesystem,”
“checkpoint receptors,” “CTLA-4,” and “PD-1.” PubMed was last
searched in August 2014. Articles were also identified through
searches of congress proceedings, the authors’ own files, and
reference lists from key study papers. The final reference list was
generated on the basis oforiginality and relevance to the scope of
this review.

The Immune System and Cancer
The host immune system has a natural response to cancer,
recognizingandeliminatingabnormalcellswithreplicativeerrors,
precancerous cells, andmalignant tumorcells fromthebody.This
elimination process has historically been known as “immune
surveillance.”However, the equilibriumbetween tumor cells and
the immune system can shift in favor of the tumor and can result
in uncontrolled malignant growth. This “escape” process can
involvetheemergenceoftumorcellswith lower immunogenicity,
which dampens the antitumor immune response below the
threshold required for complete tumor elimination [3].

The immune response to tumor cells involves both the
adaptive and innate components of the immune system.
Adaptive antitumor immune responses are mediated by
cellular and humoral components, with cytotoxic T lympho-
cytes (CD41 andCD81 T cells) (Fig. 1) having a key role. Natural
killer (NK) cells have an important role in the innate antitumor
immune response [10–13]. Tumor cells exploit multiple
complexmechanismstoescaperecognitionanddestructionby
the immune system (Fig. 2) [11, 14–20]. As summarized in
Table 1, tumor cells can actively dysregulate immune cell
activity (notably, T cells and NK cells) [18–22]. This can occur
through mechanisms including the activation of T-cell inhibi-
tory (checkpoint) pathways, such as cytotoxic T-lymphocyte
antigen 4 (CTLA-4), programmed death-1 (PD-1), and lympho-
cyte antigen gene 3 (LAG-3); inhibition of T-cell activation
pathways (e.g., CD137, OX-40, CD40, GITR, HVEM); and/or
suppression of NK cell activity (Fig. 3). Furthermore, the tumor
microenvironment contains various immunosuppressive
factors from different sources that may be exploited by
tumor cells to escape the immune system [11, 14–20].

Immunotherapies
Counteracting the mechanisms exploited by tumors to sup-
press and evade the immune system is a rational approach to
cancer therapy. A greater understanding of the mechanisms
exploited by tumor cells to suppress the immune system and
evade destruction has provided a wealth of potential treat-
ment strategies, enabling the development of active immuno-
therapies that target specific components of the immune
system. Alongside the development and evaluation of novel
immunotherapeutic agents, translational research efforts
have been directed toward trying to understand why some
patients respond to immunotherapy and others do not. One

concept is based on the immunologic status of the tumormicro-
environment. In some tumors, the tumor microenvironment does
not support T-cell infiltration—it is not inflamed and may be less
likely to support an antitumor immune response—however,
tumorswith aT-cell-inflamedmicroenvironmentcontainmore
T cells and thus may be more likely to respond to immuno-
therapy. Understanding the tumor microenvironment may
offer opportunities to predict response to therapy and help
physiciansselect themostappropriate immunotherapy foreach
patient (Fig. 4) [23]. Another consideration is the mutational
heterogeneity of the tumor. Data showed that mutational
frequency varies greatly among different tumor types, with
melanoma, lung, and bladder cancer having very highmutation
rates, whereas rates were low in thyroid cancer, rhabdoid
tumors, and acute myeloid leukemia [24]. In theory, the extent
of hypermutationwithin a tumormaypredict a better response
to immunotherapy because mutation generates neoantigens,
which may trigger or support an antitumor immune response.

Understanding the tumor microenvironment may
offeropportunities topredict response to therapyand
help physicians select themost appropriate immuno-
therapy for each patient

Vaccines, perhaps the best known example of active im-
munotherapy, have been widely evaluated for cancer ther-
apy. Most are designed to present specific tumor antigens
to the immune system and provide immune modulation to
allow the immune response to reach its full potential [25–27].
Although toxicities are low, results from clinical trials have
been largely disappointing with limited efficacy, possibly due
to trial design or use in the maintenance or adjuvant setting.
Sipuleucel-T was approved for asymptomatic or minimally
symptomatic metastatic castration-resistant prostate cancer
(mCRPC) based on an improvement in median overall survival
(OS) versus placebo in aphase III trial [28].Notably, it is the first
and only approved therapeutic cancer vaccine [29].

Another approach under evaluation is adoptive cell trans-
fer of tumor-infiltrating lymphocytes, a passive immuno-
therapy that has been shown to induce durable complete
responses inpatientswithmetastaticmelanoma [30]. Because

Figure 1. T cells are an important component of the antitumor
immune response.

Abbreviation: APC, antigen-presenting cell.
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vaccines and adoptive cell transfer have beenwidely reviewed
elsewhere, they will not be discussed further.

Immunotherapy in the Clinic
Given the wealth of potential targets to overcome tumor-
induced immune suppression, many novel active immuno-
therapies are in clinical development across a range of solid
tumor types (Table 2) [31]. The most advanced in develop-
ment, including agents approved for patients with advanced
melanoma (ipilimumab and pembrolizumab), are checkpoint
inhibitors.

Targeting T-Cell Checkpoint Pathways
T-cell responses are partly regulated through a complex
balance of inhibitory (“checkpoint”) and activating signals
[10, 32]. Data suggest that tumors may exploit inhibitory
checkpoint and activating pathways to suppress T-cell activity,
limiting antitumor immune responses. The working hypoth-
esis of immunotherapy focuses on the premise that targeting
specific molecules within these pathways can restore the anti-
tumor immune response.

Key targets of immune checkpoint inhibitory pathways
include CTLA-4, PD-1, and LAG-3 (Table 1) [18–22]. Ipilimumab,
whichblocks CTLA-4 to augment antitumor immune responses,

wasthe firstcheckpoint inhibitorapprovedforcancertreatment
based on its improvements in OS in the treatment of un-
resectable or metastatic melanoma [2]. Other agents include
the anti-CTLA-4 antibody tremelimumab (melanoma), the PD-1
immune checkpoint inhibitors pembrolizumab (MK-3475) and
nivolumab, and the PD-L1 targeted agents MPDL3280A
(RG7446) and MEDI-4736 [31].

CTLA-4 Immune Checkpoint Pathway. Blockade of CTLA-4 with
ipilimumabsignificantly improvedOS intworandomizedphase III
trials of patients with metastatic melanoma. In the first phase III
trial,medianOSwas10.1monthswithipilimumab3mg/kgversus
6.4monthswith thegp100vaccine as control (p, .001) [33].The
results formed thebasis of the regulatory approval of ipilimumab
at 3 mg/kg in unresectable or metastatic melanoma [2].

In the second phase III trial, ipilimumab 10 mg/kg plus
dacarbazine was compared with placebo plus dacarbazine in
first-line treatment. Ipilimumab or placebo was given concur-
rently with dacarbazine at weeks 1, 4, 7, and 10, followed by
dacarbazine alone every 3weeks throughweek 22.MedianOS
was 11.2 months with ipilimumab versus 9.1 months with
placebo (p , .001) [34]. Another anti-CTLA-4 monoclonal
antibody, tremelimumab, demonstrated antitumor activity,
durable responses, and a similar toxicity profile as ipilimumab
but was not approved for advanced melanoma because a

Figure 2. Mechanisms exploited by tumors to evade and suppress the immune system [11, 14–16].
Abbreviations: APC, antigen-presenting cell; DC, dendritic cell; IDO, indoleamine 2,3-dioxygenase; iNOS, inducible nitric oxide

synthase; MDSC, myeloid-derived suppressor cell; NK, natural killer.

Table 1. Pathways that tumors may exploit to escape the immune system

Pathway Role of the tumor and immune effectsa

CTLA-4 Interaction of CD80/86 on APCs with CTLA-4 on T cells, inhibits T-cell costimulation,
suppressing T-cell activation [18, 21]

PD-1 Expression of PD-1 ligands (PD-L1/PD-L2) by tumor cells binds to PD-1 on T cells and other
immune cells, inhibiting their activity [19]

Other T-cell checkpoint and
activation pathways

Tumors may act through a range of direct and indirect mechanisms to dysregulate other
checkpoint and activating pathways involved in T-cell regulation (e.g., LAG-3, TIM-3
[inhibitory]; CD137, OX-40, CD40 [activating]) [18]

KIRs NK cells have inhibitory and activating receptors that engage MHCI molecules; tumor cells
that maintain MHCI expression may escape NK cell detection and killing [20]

FAS/FAS ligand Expression of FAS ligand by tumor cells can kill activated T cells expressing FAS (induction of
FAS-mediated cell death; similar role observed for TRAIL/TRAIL ligand) [22]

aPathways may be disrupted in various ways; the key effects are summarized.
Abbreviations: APCs, antigen-presenting cells; KIRs, killer immunoglobulin-like receptors; MHCI, major histocompatibility complex class 1; NK, natural
killer; TRAIL, tumor necrosis factor-related apoptosis-inducing ligand.
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phase III trial failed to show a significant improvement in OS
when compared with chemotherapy [35, 36].

Ipilimumab isalsobeingevaluated foradjuvantmelanoma.
Data from a phase III trial of ipilimumab (n 5 475) versus
placebo (n5 476) in patients at high risk of relapse (stage IIIA,
IIIB, or IIIC) showed recurrence-free survival was 26.1 months
with ipilimumabversus17.1monthswithplacebo(hazardratio
[HR]: 0.73; p5 .0013). The incidence of some immune-related
adverse events (AEs; e.g., endocrinopathies) was higher in this
study [37] than that usually reported in advanced melanoma
trials. Another phase III trial evaluating adjuvant ipilimumab
compared with high-dose IFN-a-2b is ongoing (ClinicalTrials.gov
identifier NCT01274338) [31].

CTLA-4 inhibition has been evaluated in other solid tumors.
Ipilimumab and chemotherapy significantly improved immune-
related progression-free survival (irPFS) and progression-
free survival comparedwith chemotherapyalone in aphase II
study of patients with non-small cell lung cancer (NSCLC) or
extensive-disease small cell lung cancer (ED-SCLC) [38, 39].
Immune-related response criteria, discussed later, represent
a modification of the Model World Health Organization
that was intended to capture the unique tumor response
patterns to ipilimumab that include regression of index
lesions in the face of new lesions and initial progression, fol-
lowed by tumor stabilization or a decrease in tumor burden
[40].Median irPFSwas 5.7monthswith paclitaxel/carboplatin
followed by ipilimumab plus paclitaxel/carboplatin (phased
regimen: two doses of placebo plus paclitaxel/carboplatin
followed by four doses of ipilimumab plus paclitaxel/
carboplatin) versus 4.6months in NSCLC patients treatedwith
paclitaxel/carboplatin alone. The phased regimen appeared
to be superior to the concurrent regimen (ipilimumab plus
paclitaxel/carboplatin given concurrently), and on the phased
regimen, improvements in irPFSwith ipilimumabwere greater
in patients with squamous compared with nonsquamous
histology [38]. In the same trial, median irPFS was 6.4 months
with phased ipilimumab/chemotherapy versus 5.3 months
with chemotherapy alone in ED-SCLC patients [39].

The combinations of ipilimumab with paclitaxel plus
carboplatin for squamous NSCLC and ipilimumab with etoposide
plusaplatinumagentforSCLCarebeingevaluatedinphaseIII trials
(ClinicalTrials.gov identifiers NCT01285609 and NCT01450761,

respectively) [2].Tremelimumab is also being evaluated in NSCLC
in a phase I study in combination with gefitinib in previously
treated patients with mutated EGFR (ClinicalTrials.gov identifier
NCT02040064) [31].

Ipilimumab and tremelimumab are being evaluated in
other solid tumors, including prostate cancer, RCC, pancreatic
cancer, mesothelioma, and breast cancer (Table 2) [31]. Data
from a phase III trial of single-dose radiotherapy followed by
ipilimumab or placebo in previously treated patients with
mCRPC showed that the primary endpoint, OS, was not met
(ipilimumab vs. placebo, 11.2 vs. 10.0 months, respectively;
HR: 0.85; p 5 .053); however, prespecified and exploratory
subgroup analyses suggested ipilimumab may have activity in
patients with better prognostic features [41]. An ongoing
phase III trial in patients with less advanced, chemotherapy-
näıve mCRPC will evaluate this hypothesis (ClinicalTrials.gov
identifier NCT01057810) [31].

PD-1 Immune Checkpoint Pathway. In contrast to CTLA-4,
which regulates de novo immune responses, PD-1 affects
ongoing effector immune responses that protect against
immune-mediated tissue destruction [9]. Antibodies designed
to inhibit the interaction between PD-1 and its ligands (PD-L1
and PD-L2) have shown promising results in clinical trials of
different tumor types. Because they have historically re-
sponded well to immunotherapies, melanoma and RCC have
long been considered “immunogenic” tumors. In contrast,
lung cancer, for example, has not historically been considered
immunogenic because little success was achieved with immu-
notherapies (mostlyvaccines).Nonetheless, tumor regressions
and prolonged responses with improved survival have been
observed in early phase trials with PD-1 immune checkpoint
inhibitors, supporting the capability of the immune system to
recognize and respond to lung cancer and other tumor types
not previously considered sensitive to immunotherapy.

Pembrolizumab, a PD-1 immune checkpoint inhibitor,
produced a median PFS of .7 months in patients with ad-
vanced melanoma, some of whom had received prior treat-
ment with ipilimumab [42]. A pooled analysis of 411 patients

Figure 4. The immune status of the tumormicroenvironmentmay
have implications for the selection and success of immunotherapy.
From [23] with permission from Elsevier.

Abbreviation: IDO, indoleamine 2,3-dioxygenase.

Figure 3. Checkpoint and activating receptors on T cells are
targets for immunotherapy. From [17] with permission from
Macmillan Publishers Ltd.
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showed a 1-year OS rate of 71% and a manageable safety
profile [43]. Pembrolizumab was the first PD-1 immune
checkpoint inhibitor to be approved by theU.S. Food andDrug
Administration (FDA); it was approved for the treatment
of patients with unresectable or metastatic melanoma and
disease progression following ipilimumab, and, if BRAF V600
mutation positive, a BRAF inhibitor. Initial data from a phase I
trial of pembrolizumab in previously treated and untreated
patients with advanced NSCLC showed evidence of robust
antitumor activity and agent tolerability [44, 45]. In a phase Ib
trial of pembrolizumab in selected advanced solid malignan-
cies, early data from patients with human papillomavirus-
associated (HPV-associated) and non-HPV-associated head
andneckcancer (n559)showedanencouragingresponse rate
of 20% (confirmed and unconfirmed responses) and stable
disease in 29% of patients. Pembrolizumab was well tolerated
overall, with pruritus (10%), fatigue (7%), and rash (7%) as the
most frequently reported drug-related AEs [46]. This trial
continues, evaluating pembrolizumab in malignancies,

including triple-negative breast cancer, urothelial cancer, and
gastric cancer (ClinicalTrials.gov identifier NCT01848834).
Ongoing phase III clinical trialswill provide further information
about pembrolizumab in melanoma (ClinicalTrials.gov identifier
NCT01866319),NSCLC(ClinicalTrials.gov identifierNCT01905657),
and squamous cell cancer of the head and neck (ClinicalTrials.gov
identifier NCT02252042) [31].

Another PD-1 immune checkpoint inhibitor, nivolumab,
achieved sustained OS in patients with advanced solid tu-
mors, includingNSCLC,melanoma, andRCC in an early phase
clinical trial. Median OS was 9.6 months, 16.8 months,
and.22months in patients with NSCLC, melanoma, and RCC,
respectively [47]. A large phase I trial (CheckMate 012,
ClinicalTrials.gov identifier NCT01454102) is in progress in
chemotherapy-näıve patientswithNSCLC to evaluate nivolumab
asmonotherapyand ina rangeofcombinations, includingwith
ipilimumab, in three-platinum-based doublet chemotherapy
regimens, with bevacizumab given after at least 4 cycles of
platinumdoublet chemotherapy, andwitherlotinib inpatients

Table 2. Active immunotherapies under evaluation for selected tumorsa (highest development phase only is shown) [31]

Phase Melanoma NSCLC/ SCLC RCC
Prostate/
CRPC Pancreatic

Head and
neck Breast

Hematologic
malignancies

III Anti-CTLA-4
Ipilimumaba

Anti-CTLA-4
Ipilimumab

Anti-PD-1
Nivolumab

Anti-CTLA-4
Ipilimumab

Anti-PD-1
Nivolumab

Anti-PD-1
Nivolumab
Pembrolizumab

Anti-PD-1
Nivolumab
Pembrolizumab

Anti-PD-L1
MPDL3280A

Anti-PD-L1
MPDL3280A

Anti-PD-L1
MEDI4736

II Anti-PD-1
Pidilizumab

Anti-PD-L1
MPDL3280A

Anti-CTLA-4
Tremelimumab

Anti-PD-1
Pidilizumab

IDO inhibitor
Indoximod

Anti-PD-1
Nivolumab
Pembrolizumab

IDO inhibitor
INCB024360

Anti-PD-1
Pidilizumab

IDO inhibitor
Indoximod

I/II LAG-3 protein
IMP321

OX-40 agonist
Anti-OX-40

Anti-CTLA-4
Ipilimumab

Anti-CTLA-4
Ipilimumab

Anti-PD-1
Pidilizumab

OX-40 agonist
Anti-OX-40

Anti-PD-1
Pembrolizumabb

Anti-PD-L1
MPDL3280A

OX-40 agonist
Anti-OX-40

Anti-CTLA-4
Ipilimumab

CD137 agonist
Urelumab

I Anti-PD-L2
rHIgM12B7

rhIL-15 Anti-CTLA-4
Tremelimumab

Anti-PD-L1
MPDL3280A

Anti-CTLA-4
Tremelimumab

Anti-CTLA-4
Tremelimumab

Anti-LAG-3
BMS-986016

Anti-PD-L2
rHigM12B7

LAG-3 protein
IMP321

CD40 agonist
CP-870,893

LAG-3 protein
IMP321

CD137 agonist
PF-05082566

Anti-GITR
TRX518

rhIL-15

CD40 agonist
CP-870,893

GITR agonist
TRX518

rhIL-15
aMPDL3280A is under evaluation in phase II trial for bladder cancer; pembrolizumab is under evaluation in a phase I trial for urothelial and gastric cancer.
bTriple-negative breast cancer.
Abbreviations: CRPC, castration-resistant prostate cancer; NSCLC, non-small cell lung cancer; RCC, renal cell carcinoma; SCLC, small cell lung cancer.
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with EGFR mutation-positive nonsquamous NSCLC. Prelimi-
nary data showed activity with the various chemotherapy
combination regimens [48]; objective responses occurred in
33%–47% of patients across the treatment arms. Similarly,
initial data with the erlotinib and ipilimumab combinations
showed the combinations were feasible and provided evi-
dence of durable clinical activity despite some increase in
toxicity [49, 50]. In 2014, nivolumabwas approved in Japan for
patients with unresectable melanoma, and the FDA recently
approved it for patients with unresectable or advanced mel-
anoma who no longer respond to other drugs. Nivolumab is
being investigated in phase II/III trials in advanced NSCLC
(ClinicalTrials.gov identifiers NCT02041533, NCT02066636,
NCT01642004, and NCT01673867), RCC (ClinicalTrials.gov
identifierNCT01668784),melanoma (ClinicalTrials.gov iden-
tifiers NCT01721772 and NCT01721746), and head and neck
cancer (ClinicalTrials.gov identifier NCT02105636) [31]. Encour-
aging data have also been reported from phase I trials with
nivolumab in patients with relapsed or refractory lymphoid
malignancies [51, 52]. Several phase I and II trials are ongoing
to evaluate nivolumab further in patients with hematologic
malignancies (e.g., ClinicalTrials.gov identifiers NCT02275533,
NCT02038946, NCT02038933, and NCT02181738) [31].

Pidilizumab is an anti-PD-1 monoclonal antibody. Data
fromaphase II trial of 103patientswithmetastaticmelanoma,
including 51% who had previously received ipilimumab,
showed a 1-year OS rate of 64.5% [53]. Other trials with
this agent are in progress (ClinicalTrials.gov identifier
NCT01952769 and NCT02077959) [31]. MEDI-0680 (AMP-
514) is a PD-1 inhibitor under evaluation in a phase I trial
(ClinicalTrials.gov identifier NCT02013804) [31].

The anti-PD-L1 antibody MPDL3280A (RG7446) has been
evaluated in a phase I expansion study in patients with
squamous or nonsquamous NSCLC, and 37 NSCLC patients
were evaluable for efficacy [54]. An objective response rate
(ORR) of 24% (9 of 37) was observed with a duration of
response in the range of .1 to .214 days, and the 24-week
PFS was 46%. Additional patients had delayed responses after
apparent radiographic progression (not included in the ORR).
A phase III trial is ongoing (ClinicalTrials.gov identifier
NCT02008227). Data froma cohort of patientswithmetastatic
urothelial bladder cancer (n5 30 with a minimum of 6 weeks
of follow-up) in a phase I trial showed an ORR of 43% with
grade 3/4 drug-related AEs in 4.4% of patients (n 5 68) [55].
A phase II trial is ongoing in patients with locally advanced
or metastatic urothelial bladder cancer (ClinicalTrials.gov id-
entifier NCT02108652) [31]. MEDI4736, another anti-PD-L1
monoclonal antibody, is under evaluation in NSCLC including
a phase III trial as sequential therapy for patients who have not
progressed following platinum-based concurrent chemoradia-
tion therapy (ClinicalTrials.gov identifier NCT02125461) and
a phase II trial in patients with stage IIIB–IV disease who have
received at least two prior systemic regimens (ClinicalTrials.gov
identifier NCT02087423) [31].

Several other agents designed to inhibit the PD-1 pathway
are in early phase development, including the anti-PD-L2
monoclonal antibodies rHIgM12B7 (ClinicalTrials.gov identi-
fier NCT00658892) and AMP-224 (ClinicalTrials.gov identifier
NCT01352884) (Table 2) [31]. At present, the immature clinical
data and lack of comparative clinical trials means the activity

and safety of the different PD-1-pathway targeted agents
cannotbe compareddirectly.Thedifferent rolesof the receptor
and ligands in the immune system suggest that there is the
potential for agents targeting either the receptor or a ligand
(PD-L1 or PD-L2) to have different clinical profiles. It has been
proposed that agents inhibiting PD-1 may be more active than
PD-L1-directed agents because they can inhibit binding to both
PD-L1 and PD-L2, targeting tumors that express higher levels of
both receptors; however, this broader inhibition might also be
associated with increased inflammatory toxicity [56].

Alongside evaluating the efficacy and safety of these
agents, PD-L1 expression is being evaluated as a biomarker of
response. Evidence suggests that tumor PD-L1 expressionmay
be associated with response, although responses have been
observed in patients with no or low PD-L1 expression [57, 58].
An analysis of responses to pembrolizumab treatment in pa-
tients with advanced melanoma showed a response rate of
51% of patients with PD-L1-positive tumors versus 6% in
patients with PD-L1-negative tumors [58]. Similarly, in a phase
III trial of nivolumab versus chemotherapy in previously un-
treated patients with advanced melanoma, the response rate
to nivolumab was 52.7% in patients with PD-L1-positive
tumors compared with 33.1% in patients with PD-L1-negative
or indiscriminate tumors [59]. An analysis of responses to
MPDL3280A showed that across a range of solid tumor types,
responses were observed in patients with high PD-L1 tumor
expression, especially when PD-L1 was expressed by tumor-
infiltrating immune cells [60]. Further evaluation is needed to
define fully the predictive value of PD-L1 expression.

Evidence suggests that tumor PD-L1 expression may be
associatedwithresponse,althoughresponseshavebeen
observed inpatientswithnoor lowPD-L1expression.An
analysis of responses to pembrolizumab treatment in
patients with advanced melanoma showed a response
rateof51%ofpatientswithPD-L1-positivetumorsversus
6% in patients with PD-L1-negative tumors.

LAG-3 Checkpoint Pathway. LAG-3 (CD223) is an immune
checkpoint pathway that can regulate T-cell activity, particu-
larly via its role in enhancing the function of regulatory T cells
[18]. IMP321, a LAG-3 immunoglobulin fusion protein, has
been evaluated in phase I/II trials in a range of solid tumors,
either alone or in combination with chemotherapy. Combina-
tion therapy with paclitaxel and IMP321 achieved clinical
benefit in 90% of patients with metastatic breast cancer
(ORR 50%) [61]. IMP321 has also shown evidence of activity in
apreliminary studyofpatientswithadvancedRCC[62], and it is
being evaluated in a phase I/II trial in stage II–IV melanoma
patients with HLA-A2 genotype (ClinicalTrials.gov identifier
NCT01308294) [31]. BMS-986016, an anti-LAG-3 monoclonal
antibody, is in phase I development for patientswith advanced
solid tumors, alone and in combination with nivolumab
(ClinicalTrials.gov identifier NCT01968109) [31].

T-Cell-Activating Pathways
Several T-cell costimulatory receptors are potential targets
for active immunotherapy, including CD137, OX-40, CD40, and
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glucocorticoid-induced tumornecrosis factor receptor-related
gene (GITR). Agents targeting these costimulatory receptors
are shown in Table 2 [31] and include urelumab and
PF-05082566, both agonistic CD137 monoclonal antibodies
[63, 64]; TRX518, an agonist GITR monoclonal antibody [31];
an agonisticOX-40monoclonal antibody [65]; andCP-870,893,
an agonistic CD40 monoclonal antibody [66].

Other active immunotherapies include agents designed to
manipulate theactivationofNKcell inhibitory receptors (killer-
cell Ig-like receptors [KIRs]) [20, 67–69] or inhibit indoleamine
2,3-dioxygenase [70, 71]. Several phase I trials are in progress
to evaluate the use of PD-1 checkpoint inhibitors in com-
bination with these agents (e.g., ClinicalTrials.gov identifiers
NCT01714739 and NCT02178722) [31].

Long-Term Survival Benefit
Because the checkpoint inhibitors discussed are designed to
promote thepatient’s ownantitumor immune response, given
thenatural adaptabilityof the immunesystemresponseand its
capacity to develop durable immunememory, it is conceivable
that these therapies will have the potential for long-term
survival. Evidence for a long-term survival benefit has been
provided by follow-up survival analyses of patients with ad-
vanced melanoma who received ipilimumab in phase II and III
studies. In the registrational phase III trial (MDX010-20) in
previously treated patients with advanced melanoma, 2- and
3-yearsurvival rateswere25%[72]. In thesecondphase III trial,
a near doubling of the 5-year survival rate was observed with
ipilimumab plus dacarbazine compared with placebo plus
dacarbazine (18.2% vs. 8.8%) [73]. In a pooled analysis of data
from 12 ipilimumab clinical trials in advanced melanoma with
follow-up to 10 years in some patients, a plateau in the OS
curve began at approximately 3 years, and the 3-year survival
rate was 22% (Fig. 5) [74].

In patients with melanoma, NSCLC, and RCC, preliminary
data from phase I studies indicated that patients can achieve
durable outcomes after treatment with the PD-1 inhibitors
nivolumab and pembrolizumab [42, 43, 47]. Patients with
NSCLC (n 5 129) and RCC (n 5 34) treated with nivolumab
demonstrated1- and2-yearOS ratesof 42%and22% (56%and
45% at 3 mg/kg only; n5 37) and 70% and 50%, respectively
[47,75]. Inpatientswithmelanoma(n5107),1-, 2-, and3-year
OS rates of 63%, 48%, and 41%, respectively, have been
reported [76]. In the phase I trial with pembrolizumab in
melanoma, responses appeared durable, with 88% ongoing at
the time of analysis [43]. Similarly, in patients with NSCLC,
pembrolizumab responses appeared durable, and 1-year
survival rates were encouraging [44, 45]. Furthermore, the
manageable tolerabilityprofilesandtherelatively lowincidence
of toxicities (described in “AE Profile”) combined with the
potential for durable survival makes these PD-1 pathway-
directed agents particularly exciting prospects for the future.

AE Profile
It is now well established that checkpoint inhibitors are
associated with a unique AE profile [2, 77, 78]. These AEs are
inflammatory in nature, consistent with increased immune
activity, and reflect the mechanism of action of these thera-
pies. Accordingly, they have been termed “immune-related”
AEs (irAEs) in clinical studies of ipilimumab [2].

Some irAEsmay present like AEs seenwith other anticancer
therapies, but they have different etiologies and require dif-
ferent management strategies. In clinical trials of ipilimumab,
protocol-specific treatment guidelines were developed to
help the investigators manage inflammatory AEs [2, 79–81].
Because irAEs can be serious and potentially fatal (e.g., colitis
leading to intestinal perforation), prompt recognition and
treatment with systemic corticosteroids are required to
minimize life-threateningcomplications.Educationofboththe
patient and the health care team regarding irAEs and their
management is critical [82].

The organ systems often affected by checkpoint inhibi-
tors include the skin, the endocrine system, the liver, the
gastrointestinal tract, the nervous system, the eyes, the
respiratory system, and the hematopoietic system [2, 77, 78].
Frequently reported drug-related AEs with ipilimumab,
nivolumab, and pembrolizumab are summarized in Table 3
[33, 42, 83]. Inhibition of CTLA-4 induces well-documented
irAEs, including colitis/diarrhea, dermatitis, hepatitis, and
endocrinopathies, including uveitis, nephritis, and inflamma-
tory myopathy [79, 80]. Common treatment-associated AEs
with the PD-1 inhibitors nivolumab and pembrolizumab
include fatigue, rash, and diarrhea (Table 3) [33, 42, 83].
Immune-mediated pneumonitis has been reported in patients
treatedwith nivolumab and pembrolizumab [42, 83].Thismay
be a concern for additionalmorbidity andmortality in patients
with NSCLC who already have compromised lung function.
Although there is no data yet from trials designed to compare
CTLA-4 and PD-1 checkpoint inhibitors directly, data from
separate trials suggest PD-1 inhibitors may be associated
with a lower incidence of AEs. Overall, awareness of the uni-
que AE profiles of immunotherapies and their proper man-
agement will be key to maximizing the clinical benefit of
immunotherapies.

The Potential of Combination Therapy
It is rational to consider that active immunotherapies may
be most effective when used in concurrent or sequential
combination with immunotherapies that have different but
potentially complimentary mechanisms of action. Initial sup-
port for a synergistic effect has come from a phase I study
of dual T-cell checkpoint inhibition with ipilimumab and
nivolumab in patients with advanced stage III or IVmelanoma

Figure 5. Long-term survival in melanoma patients treated with
ipilimumab: results of a pooled analysis. From [74] with per-
mission from the American Society of Clinical Oncology.

Abbreviations: CI, confidence interval; OS, overall survival.
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[84]. Patientswere treatedwithboth ipilimumab (1 or3mg/kg)
and nivolumab (0.3, 1, or 3 mg/kg) in a concurrent or se-
quenced regimen. The 2-year OS rate across concurrent dose
cohorts (n 5 53) was 79%. In the 17 patients who received
nivolumab1mg/kg plus ipilimumab3mg/kg, the1- and2-year
OS rateswere94%and88%, respectively [85].The typesofAEs
occurring in patients treated with the combination were
similar to previous experience with monotherapy, but the
frequency appeared to be higher: 96% of patients receiving the
concurrent regimen experienced a treatment-related AE, and
65% experienced a grade 3 or 4 event. Twenty-two percent
of patients discontinued because of a treatment-related AE
[84, 85]. Interim data with this combination in patients with
NSCLCalso suggestedan increased frequencyofAEs [50].These
data emphasize the care required when combining immuno-
therapies with each other or existing treatment modalities
because of the potential for unpredictable toxicity.

The combination of ipilimumab and nivolumab is being
evaluated further inaphase III study (CheckMate067) inwhich
ipilimumab/nivolumab are given concurrently in patientswith
previously untreated, unresectable, or metastatic melanoma
(ClinicalTrials.gov identifier NCT01844505). Interestingly, the
results of the phase I study showed that patients who were
previously treatedwith ipilimumab and did not respond could
achieve objective responses on subsequent treatment with
nivolumab. This suggests that the combination or sequencing
of immune checkpoint inhibitors may be used to restore
activity in patients who have progressed on one inhibitor. This
strategymay also offer amore powerful tool to induce immune
activity in tumors that respondpoorly, (i.e., those thatmayhave
a greater level of immune suppression). Others trials are also in
progress evaluating checkpoint inhibitor combinations, for
example, ananti-PD-1antibody (MEDI-0680)withananti-PD-L1
antibody (MEDI-4736) in patients with advanced malignancies
(ClinicalTrials.gov identifier NCT02118337), nivolumab plus

urelumab (ClinicalTrials.gov identifier NCT02253992), and
pembrolizumab plus PF-05082566 (ClinicalTrials.gov identi-
fier NCT02179918) [31].

Immunotherapies offer the possibility of use in concurrent
or sequential combination with chemotherapy, radiotherapy,
andtargetedtherapies.Thesemodalitieshavevarious immune-
potentiating activities in addition to their cytotoxic/cytostatic
effects, including modification of the tumor microenviron-
ment to reduce immune suppression and the release of tumor
antigens [86–92]. Particularly interesting are the reports of a
potential immune-mediated abscopal effect when radiotherapy
is combined with immunotherapy [93]; however, clinical data
indicate that the potential for enhanced activity may comewith
the potential for enhanced toxicity, highlighting the importance
of determining the optimal dose, schedule, and sequence when
combiningan immunotherapywith another treatmentmodality
[34, 38, 39, 94–97].

Clinical Profile: Response Patterns
Because the mechanism of action of checkpoint inhibitors
differs from other treatment modalities, it is not unexpected
that their response patterns will also differ [40, 98, 99].

Four distinct patterns of response have been observed
with ipilimumab monotherapy [40, 98, 100]: (a) shrinkage in
baseline lesions, without new lesions (similar to chemother-
apy); (b) durable stable disease (in some patients followed by
a slow, steadydecline in total tumorburden); (c) responseafter
an increase in total tumorburden(pseudoprogression); and (d)
response in the presence of new lesions.The first two patterns
could be captured by standard response criteria (World Health
Organization criteria or Response Evaluation Criteria In Solid
Tumors), whereas the other two would be classified as pro-
gressivedisease.Novelcriteria (immune-relatedresponsecriteria)
have been developed that capture all four potential response
patterns [40].

Table 3. Overview of treatment-related AEs reported in trials with select immunotherapies

Agent Ipilimumab Nivolumab Pembrolizumab

Trial Phase III trial in patients with
metastatic melanoma (n5 131
ipilimumab alone arm) [33]

Phase I trial in patients
with advanced solid
tumors (N5 296) [83]

Phase I trial in patients
with advanced
melanoma (N5 135) [42]

All treatment-related AEs 80.2 70 79

All grade 3–4
treatment-related AEs

22.9 14 13

Most frequently reported
treatment-related AEs;
incidence (grade 3–4 incidence)a

Fatigue; 42 (6.9) Fatigue; 24 (2) Fatigue; 30, (1)

Nausea; 35.1 (2.3) Rash; 12 (0) Rash; 21 (2)

Diarrhea; 32.8 (5.3) Diarrhea; 11 (1) Pruritus; 21 (1)

Decreased appetite; 26.7 (1.5) Pruritus; 10 (0.3) Diarrhea; 20 (1)

All immune-related AEsb 61.1 41 N/A

All grade 3–4 immune-related AEs 14.5 6 N/A

Most frequently reported
immune-related AEs incidence
(grade 3–4 incidence)a

Pruritus; 24.4 (0) Rash; 12 (0) N/A

Diarrhea; 27.5 (4.6) Diarrhea; 11 (1)

Rash; 19.1 (0.8) Pruritus; 9 (,1)

Colitis; 7.6 (5.3) Increased alanine
aminotransferase; 4 (1)

All data are shown as percentages.
aFour most frequently reported AEs for each agent are shown.
bAlso termed AEs of special interest.
Abbreviations: AE, adverse event; N/A, not available in detailed format (narrative provided for selected AEs only).
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Similar, unconventional patterns of response have been
observed with nivolumab, pembrolizumab, and MPDL3280A
[99, 101, 102]. Figure 6 depicts the variable responses seen in
a phase I trial with nivolumab [47, 83]. Responses could occur
earlyor lateand continue afterdiscontinuation (patients could
be treated up to 96 weeks).

Clinicians need to be aware of the potential for these un-
conventional response patterns, particularly the possibility of
delayedor lateresponses,sothattreatment isnotstoppedearly in
patientswhomaybebenefiting. Inclinical studiesof ipilimumabin
patients with advanced melanoma, delayed responses and
improvements in survival were observed in patientswith stable
disease or early immune-related progression [2, 40]. These find-
ings suggest that the ORR may underestimate the treatment
effect of immunotherapies and that OS remains the best end-
point to fully capture the activity of these agents.

Clinicians need to be aware of the potential for these
unconventional response patterns, particularly the
possibility of delayed or late responses, so that
treatment is not stopped early in patients who may
be benefiting.

CONCLUSION
Immunotherapy offers a rational approach to counter the
mechanisms tumors exploit to evade destruction by the
immune system. In contrast to other therapeutic modalities,

an approach designed to harness the patient’s own immune
system has the potential for benefits, including activity across
a broad range of tumor types and durable, long-term survival.
In particular, the CTLA-4 and PD-1 immune checkpoint in-
hibitors offer the opportunity of tumor regression and pro-
longed survival in solid tumor types previously considered
unlikely to respond to immunotherapy. Clinical experience
with these agents has shown that an early diagnosis and
appropriate management of irAEs can minimize serious com-
plications. Health care providers also need to be aware of
the potential for unconventional response patterns when
makingtreatmentdecisions toavoidpremature terminationof
treatment in patientswhomaybebenefiting. Although agents
are progressing quickly from phase I trials to approval, there is
still a lot tounderstand, such as themostaccurateendpoints to
use and optimal response criteria.We also need to define the
best scheduling and combination regimens and associated
toxicityprofiles and theirmanagement.Given theencouraging
data, opportunities for combinationor sequential approaches,
and additional targets yet to be investigated, immunothera-
pies may become the foundation of cancer therapy in the
future, offering long-lasting responses, improvements in sur-
vival, and the potential for long-term remission or even a cure
for cancer.
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