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Introduction

The immune system is an important defense against the develop-
ment and progression of cancer (1). Historically, there has been
a waxing and waning enthusiasm for immune therapies to treat
cancer due to limited efficacy. Immunotherapies, such as IL-2
and adoptive transfer of autologous tumor-infiltrating lympho-
cytes, can induce durable tumor responses in a subset of patients,
leading to long-term survival for patients with an otherwise poor
prognosis (2, 3). With improved understanding of the importance
for both the priming and effector phases of antitumor immunity,
checkpoint blockade-based therapeutics have recently begun pro-
viding patients with durable benefits and appear to be applicable
in a broad array of malignancies.

There are many mechanisms by which tumors evade destruc-
tion by the immune system. These mechanisms include recruit-
ment of suppressor immune cells, such as Tregs, myeloid-derived
suppressor cells that impair T cell proliferation, and tumor-
associated macrophages, which appear to have both tumoricidal
and tumorostatic functions. In addition, tumors upregulate pro-
grammed death ligand-1 (PD-L1, also known as B7-H1), which
binds to the programmed death-1 receptor (PD-1) on the T cell sur-
face to inhibit T cell function (4, 5). Tumors also produce factors
associated with immunosuppression, such as TGF-B, IL-10, reac-
tive oxygen species, and nitric oxide (6, 7).

Effective antitumor immunity is limited by insufficient
costimulation of the immune system by tumor cells (8). These
same costimulatory pathways can be involved in priming of the
immune system as well as execution of tumor cell killing in the
tumor microenvironment. As a result, the targeting of these
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The relationship between cancer and the immune system is complex and provides unique therapeutic opportunities.
Cytotoxic T lymphocyte antigen-4 (CTLA-4) is a regulatory molecule that suppresses T cell effector function following initial
activation by costimulatory signals. Fully human monoclonal antibodies targeting CTLA-4 have been shown to increase T cell
function and antitumor responses in patients with advanced metastatic melanoma. Responses observed with such immune
checkpoint therapy can follow a different pattern from that seen with cytotoxic chemotherapy or targeted therapy and may
continue after therapy is discontinued. In addition, the toxicities that are associated with anti-CTLA-4 therapy may differ
from those of conventional therapies and consist of inflammatory events in parts of the body that do not contain cancerous
cells. Early recognition of these inflammatory events and intervention is important, and the identification of predictive
biomarkers continues to be an unfulfilled need in the field of immunotherapy. Combinatorial approaches with targeted
therapies, radiation therapy, chemotherapy, or other immune checkpoint agonists/antagonists have the potential to increase

costimulatory pathways has become a primary area of clinical
investigation for cancer therapeutics.

Immune checkpoint blockade

The immune system is tightly regulated to respond to appropri-
ate antigens without responding to self (9). T cells, one of the
key mediators of the immune response, require costimulation for
activation and can be inactivated by inhibitory signals (10). T cell
activation isinitiated when antigen is presented to the T cell recep-
tor (TCR) complex by MHC class I or II on an antigen-presenting
cell. Signals from the TCR are then amplified or counteracted by
costimulatory molecules (11, 12). Binding of CD28 on the T cell to
B7-1 (CD80) and B7-2 (CD86) molecules on the antigen-present-
ing cell creates an amplifying signal required for full T cell activa-
tion. This CD28/B7 binding leads to increased production of IL-2
and other stimulatory cytokines, enhances metabolism, facilitates
cell cycle progression, upregulates cell survival genes, and results
in T cell proliferation and differentiation (13).

Cytotoxic T lymphocyte antigen-4 (CTLA-4) is a key inhibitory
receptor that affects T cell function and plays a critical role in the prim-
ing phase of the immune response (14). In resting T cells, CTLA-4
is found in the intracellular compartment. Following T cell activa-
tion through CD28 binding, CTLA-4 is transported to and expressed
on the surface of T cells (15, 16). The stronger the stimulatory signal
through the TCR, the more CTLA-4 is expressed and translocated to
the T cell surface (17). Once at the cell surface, CTLA-4’s inhibitory
signal is transmitted through the binding of B7-1 and B7-2 on acti-
vated B cells and monocytes. Compared with CD28, CTLA-4 bind-
ing is higher affinity and blocks further costimulation (Figure 1 and
ref. 18). Additionally, CTLA-4-expressing cells capture and degrade
B7-1and B7-2 through a process called trans-endocytosis (19).

The CTLA-4 inhibitory signaling goes beyond blocking
costimulation, and the mechanisms underlying this inhibition are
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under active study. For example, CTLA-4 binding inhibits IL-2
transcription within activated T cells and prevents their progres-
sion through the cell cycle (20). Additionally, CTLA-4 interacts
with Src homology domain-containing tyrosine phosphatases
SHP-1, SHP-2, and PP2A, which dephosphorylate key TCR signal-
ingkinases (FYN, LCK, ZAP-70) and members of the RAS pathway
(21, 22). CTLA-4 is also constitutively expressed on Tregs, which
control effector T cell functions and are involved in tolerance (23).

The role of CTLA-4 in immune regulation has been demon-
strated through the production of Ctla4 knockout mice. These ani-
mals exhibit diffuse tissue infiltration with polyclonal T cell blasts,
which leads to death at 3 to 4 weeks (24). Moreover, Treg-specific
CTLA-4 suppression resulted in spontaneous lymphoproliferation
and fatal T cell-mediated autoimmune disease, suggesting that
the development of these toxicities is related to CTLA-4 activity
on Tregs (25). CTLA-4-targeted antibodies deplete intratumoral
Tregs by an unknown mechanism, possibly through antibody-
dependent cell-mediated cytotoxicity (26, 27).

There are likely several mechanisms by which CTLA-4 block-
ade increases antitumor immune responses. As noted above,
CTLA-4-blocking antibodies increase CD8* lymphocytes and
deplete Tregs. However, depletion of the Tregs alone does not
enhance antitumor responses (28). The combination of enhanced
effector T cell function with inhibition of Treg cell activity seems
to be necessary for maximal antitumor activity.

Role in cancer
Tumor cells can both inhibit and cause insufficient activation of
immune costimulatory pathways to suppress antitumor immune
function. Tumor cells that were transfected with B7-1 were rejected
when placed into mice, and subsequent attempts at tumor growth
in these mice were unsuccessful. These results suggest that activa-
tion of antitumor immunity through B7-1 signaling is durable, lead-
ing to the idea that targeting this signaling pathway through inhibi-
tion of CTLA-4 could be a tool in the treatment of malignancy (8).
Allison and colleagues developed CTLA-4-blocking antibod-
ies and demonstrated that combining them with tumor lysate-
loaded dendritic cells reduced Tregs, increased CD8* lympho-
cytes, inhibited metastatic growth, and prolonged survival in
murine colon carcinoma and fibrosarcoma models (29). In a syn-
geneic mouse model, CTLA-4 antibodies were found to enhance
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Figure 1. T cell activation requires costimula-
tion through TCR and CD28. Binding of B7 to
CTLA-4 inhibits T cell function. Anti-CTLA-4
antibodies block CTLA-4 binding and prevent
inhibition of T cell function. This figure is
adapted from Clinical Therapeutics.

T cell

anti-prostate cancer immune responses against injected tumor
cells, significantly delaying growth of tumors (30). Coadministra-
tion of anti-CTLA-4 antibodies and GM-CSF-producing vaccines
induced rejection of a murine melanoma cell line, B16, in 80% of
mice. In addition, those mice that survived an initial tumor cell
injection rejected a subsequent challenge with B16 cells (31).

A human monoclonal IgGlk antibody targeting CTLA-4
(MDX-010 also known as ipilimumab and Yervoy) and an IgG2
antibody targeting CTLA-4 (CP-675, also known as tremeli-
mumab) were developed for use in patients (32). A trial of CTLA-4-
blocking antibodies in prostate cancer demonstrated a =50%
decline of prostate-specific antigen in 2 of 14 patients (33). A
cohort of previously vaccinated patients with melanoma and
ovarian carcinoma was treated with CTLA-4 antibody blockade.
Reduced tumor markers were seen in two patients with ovarian
carcinoma, and there was evidence of tumor necrosis in three
patients with metastatic melanoma (34). This early indication that
CTLA-4 blockade was safe and clinically active led to more inten-
sive exploration of this therapy.

Success in melanoma
Melanoma is one of the diseases in which immunotherapy his-
torically has shown promise. Interferon is used in the treatment
of early-stage melanoma, and high-dose IL-2 can lead to durable
responses in a subset of patients with metastatic melanoma (2, 35).
Early trials found that CTLA-4 blockade was safe and had poten-
tial efficacy in patients with metastatic melanoma. In a multiple-
dose phase /11 study of ipilimumab, a disease control rate (com-
plete response plus partial response plus stable disease rates) of
39% was observed in the highest dose cohort (36, 37). Several
dose-finding phase II studies showed an increase in inflamma-
tory toxicity at higher doses, with efficacy at both the 3 mg/kg and
10 mg/kg dosage levels. As an example, in a double-blind study
that tested doses of 0.3 mg/kg, 3.0 mg/kg, and 10 mg/kg, 11.1%
of patients responded at the highest dosage (38-40). Based upon
these results, both the 3 mg/kg and 10 mg/kg dosage have been
used in subsequent clinical trials. Phase I/II testing of tremeli-
mumab at 15 mg/kg every 90 days and 10 mg/kg monthly showed
a10% objective response rate with durable responses (41).

The pivotal phase III trial randomized untreated patients to
ipilimumab at 3 mg/kg every three weeks for up to four doses in
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Table 1. Phase Ill trials of CTLA-4 inhibitors in malignant melanoma

Trial Agent(s) and dosing

Ipilimumab (3 mg/kg)
Ipilimumab (3 mg/kg) + gp100 (1 mg x2)
gp100 (1mg x2)

Phase IIl ipilimumab + gp100 vs.
gp100 (42) in metastatic melanoma

Ipilimumab (10 mg/kg) + dacarbazine
(850 mg/m?)
Dacarbazine (850 mg/m?)

Phase Il dacarbazine * ipilimumab (44)
in metastatic melanoma

Tremelimumab (15 mg/kg)

Temozolomide (200 mg/m? days 1-5)
or dacarbazine (1000 mg/m?)

Phase Il tremelimumab vs. chemotherapy
(45) in metastatic melanoma

No. of Objective response Disease control rate  Overall survival

patients rate (CR+PR) (CR+PR+SD) (mo)

403 10.9% 28.5% 1041

137 57% 20.1% 10.0

136 1.5% 11.0% 64

250 15.2% 33.2% 12

252 10.3% 30.2% 9.1

328 10.7% - 126

327 9.8% = 10.7

CR, complete response; PR, partial response; SD, stable disease; +, with or without.

combination with glycoprotein 100 (gp100) peptide vaccine, ipil-
imumab alone, or gp100 alone. The gp100 vaccine consisted of a
modified gp100 melanoma antigen with increased binding affinity
for HLA-A2. An overall survival benefit was seen when the groups
receiving ipilimumab plus gp100 and ipilimumab alone were com-
pared with the group receiving gp100 alone. The overall survivals
were 10.0 months, 10.1 months, and 6.4 months, respectively,
with a hazard ratio for death between the two gp100 arms of 0.68.
There was no difference in survival between the two groups that
received ipilimumab (42). These results led to the FDA approval
of ipilimumab in advanced melanoma as an intravenous infusion
given at a dose of 3 mg/kg every three weeks for up to four doses.

Dacarbazine is an alkylating agent that destroys cancer cells
by adding an alkyl group to DNA. Previous trials in melanoma
demonstrated response rates to dacarbazine of between 8% and
20% with limited duration (43). A phase III trial compared ipili-
mumab plus dacarbazine with dacarbazine alone in previously
untreated patients with metastatic melanoma. This trial used a
higher dose of ipilimumab, 10 mg/kg, every three weeks for four
doses, followed by maintenance therapy every twelve weeks. The
overall survival was significantly longer in the ipilimumab group
as compared with that in the dacarbazine group (44).

A phase III trial of tremelimumab versus chemotherapy
showed an overall survival of 12.6 months in the tremelimumab
arm and 10.7 monthsin the chemotherapy arm. These results failed
to meet statistical significance (45). Phase III trial results are sum-
marized in Table 1. Tremelimumab is being actively investigated
in combination with angiopoietin 2 (ANG2) inhibition in mela-
noma and with PD-L1 inhibition in head and neck cancer, non-
small-cell lung cancer, and other solid tumors (NCT02141542,
NCT02369874, NCT02352948, NCT02261220).

Brain metastases frequently occur in patients with metastatic
melanoma and are generally less responsive to systemic therapy
than other distant metastasis due to the blood brain barrier. How-
ever, CTLA-4 blockade has proven to be effective in patients with
brain metastasis from melanoma. An open-label phase II trial of
ipilimumab in patients with brain metastasis showed a disease
control rate of 18% in patients off steroids, with a 24% disease con-
trol rate in brain alone; the disease control rate was much lower in
patients on systemic steroids. Thus, ipilimumab has some activity

in patients with brain metastasis from melanoma, and its activity
does not appear to be restricted by the blood brain barrier (46).

Data in non-melanoma cancers

Ipilimumab was evaluated in tumor types other than melanoma
and showed some potential therapeutic benefit in a small fraction
of patients (47). A randomized phase II trial of ipilimumab com-
bined with carboplatin and paclitaxel in patients with non-small-
cell lung cancer showed some improvement in progression-free
survival when ipilimumab was given in a phased dosing regimen
that started with chemotherapy alone; however, no overall sur-
vival benefit was observed (48).

Ipilimumab following radiation therapy was tested in patients
with metastatic castration-resistant prostate cancer who progressed
after treatment with docetaxel. The trial showed no difference
in overall survival, and there were four deaths due to ipilimumab
toxicity. However, there was a suggestion that some subgroups of
patients with prostate cancer may benefit from ipilimumab (49).

Renal cell carcinoma (RCC) is another malignancy with a his-
tory of responses to immunotherapy. Ipilimumab was tested in
patients with RCC in a phase II study in which 6 of 61 patients had
a response to therapy, even if they had not previously responded
to high-dose IL-2 treatment (50). Clinical trials are currently
underway that examine the combination of ipilimumab with other
immunotherapy in RCC and other malignancies (NCT02210117,
NCT02231749, NCT02089685).

Patterns of response and patient selection

Patients with metastatic melanoma undergoing treatment with
ipilimumab have patterns of response that are different from those
typically seen with conventional chemotherapy or targeted ther-
apies. Metastatic melanoma is monitored by obtaining CT scans,
MRIscans, or PET scans at regular intervals. Responses to therapy
are based upon the measurement of target lesions seen on these
scans. Most patients treated with chemotherapy or targeted ther-
apy have aresponse or lack of response at the first interval imaging
that is reflective of the overall response to therapy. With CTLA-4
blockade, some responses were delayed, while other patients
had initial progression of disease (characterized by an increase in
target lesions or new sites of disease) and then went on to expe-
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rience stabilization of their disease or decrease in overall tumor
burden (51). Patterns of response to CTLA-4 blockade include
(a) regression of baseline lesions with no new lesions; (b) stable
disease followed by slow, steady decline in tumor burden; (c)
delayed response after an initial increase in tumor burden; and (d)
response after the appearance of new lesions (51).

The observations described above showed that the conven-
tional Response Evaluation Criteria in Solid Tumors (RECIST)
would not be an effective way to monitor for responses in all
patients, and alternative criteria, termed immune-related response
criteria (irRC), were proposed (51). The irRC consider total tumor
burden regardless of the growth of new disease, with higher maxi-
mum tumor growth allowed within the definition of stable disease.
These criteria permit increases in tumor burden, with a require-
ment for confirmation of progression with subsequent CT, MRI,
or PET imaging. Based on this, it has been recommended that
no imaging be obtained until the end of the four-dose treatment
period with anti-CTLA-4 antibodies in melanoma (12-16 weeks)
and that disease status be confirmed with the same type of imag-
ing at least 4 weeks later (51, 52). Anti-CTLA-4 antibody treatment
may be discontinued due to toxicity during the twelve-week treat-
ment period but would not be discontinued for disease progression
unless there was marked symptomatic progression. Another set of
ipilimumab treatments may be considered for select patients who
experience no significant systemic toxicity during prior ipilimumab
therapy and who relapse after initial clinical response or progress
after stable disease for over three months (53, 54).

Five-year survival rates of patients treated with ipilimumab
have been reported to be between 16.5% and 25%. Some of these
patients did not display an objective response to ipilimumab but
did not exhibit disease progression in the long term (55). Survival
curves show a plateau at three years that is ongoing, and initial
reports suggest that similar findings will be seen with analysis of
the larger phase Ill trials (56). It appears that a minority of patients
receives the majority of the long-term benefit, with a tail-of-the-
curve phenomenon seen in the Kaplan-Meier analyses character-
ized by very prolonged survival for a small proportion of patients.

One area of active investigation includes the identification
of biomarkers to track responses to anti-CTLA-4 therapy as well
as the development of prospective markers that can better pre-
dict which patients might benefit from anti-CTLA-4 therapy.
There has been an association between response and baseline
expression of immune-related tumor markers and an increase in
tumor-infiltrating lymphocytes after treatment (57). Some mark-
ers identified retrospectively that reflect immune activation by
ipilimumab in responders include absolute lymphocyte count,
upregulation of the T cell activation marker inducible costim-
ulator (ICOS), and the development of a polyfunctional T cell
response to the tumor antigen NY-ESO-1 (58).

Some promising mechanisms that are currently being explored
in the realm of predictive markers of response include looking at
genetic factors within the tumor or the host. High baseline expres-
sion levels of immune-related genes predicted response to ipili-
mumab treatment in a cohort of 45 patients (59). Additionally, the
tumor mutation volume may help predict activity of checkpoint
blockade (60, 61). In a recent study, whole-exome sequencing was
performed in tumors and matched blood samples from 64 patients
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treated with CTLA-4 blockade. Mutational load was associated
with the degree of clinical benefit but was not able to predict ben-
efit on its own. Candidate tumor neoantigens were identified for
each patient, and those that were correlated with a strong response
to CTLA-4 blockade were validated with a second patient set (62).
Similar approaches may lead to better patient selection in the
future once prospective clinical testing validates their use.

Toxicity

Immune therapy with CTLA-4 blockade induces drug-related
adverse events that are different from those observed with other
types of treatment. These toxicities are related to immune effects
and are classified as immune-related adverse events (irAEs; also
now called adverse events of special interest), with an emphasis
on end-organ inflammatory events.

The most prevalent toxicity with ipilimumab is skin rash, with
47% to 66% of patients experiencing a pruritic maculopapular
rash (63). The most concerning toxicity observed is ipilimumab-in-
duced inflammatory colitis, which initially manifests as diarrhea
and can lead to death from bowel perforation. Overall, diarrhea
was observed in 44% of patients receiving ipilimumab at 10 mg/
kg, and severe diarrhea was reported in 18% of patients. Hepa-
totoxicity was observed in 3% to 9% of patients receiving anti-
CTLA-4 antibodies, and the presentation was often an asymptom-
atic elevation of liver enzymes. Hypophysitis occurs in 1% to 9%
of patients treated with 3 or 10 mg/kg ipilimumab, respectively,
and develops an average of 6 weeks after the initiation of therapy.
Pancreatitis, iridocyclitis, lymphadenopathy, neuropathies, and
nephritis have also been reported with ipilimumab (64). An anal-
ysis of patients in a phase III trial of ipilimumab showed that the
majority of these irAEs developed within 12 weeks of initial dosing
and resolved within 12 weeks of onset (64).

Early diagnosis, vigilant follow up, and early treatment are
essential to minimizing morbidity from these inflammatory adverse
events (51). Systemic corticosteroids and other immunosuppres-
sive drugs can be used in the treatment of inflammatory toxicities.
Although rash, when it appears, is generally mild, there have been
rare cases of toxic epidermal necrolysis and Stevens-Johnson syn-
drome, which require systemic steroids and discontinuation of ipil-
imumab (63). Given the potential severity of ipilimumab-induced
colitis, an algorithm to treat diarrhea has been developed and
published to help guide clinicians on dosing of corticosteroids and
the use of the tumor necrosis inhibitor infliximab in patients with
steroid refractory diarrhea (64). Budesonide, a nonabsorbable oral
steroid, was initially used to treat the colitis; however, a randomized
phase I study comparing the efficacy of ipilimumab with or without
prophylactic budesonide showed no change in the rate of grade 2 or
higher diarrhea between the two arms (65). Hypophysitis can pres-
ent with somewhat nonspecific symptoms, including headache,
double vision, nausea, weakness, and fatigue. In patients with these
symptoms, this toxicity should be confirmed with lab tests and a
brain MRI, which may show pituitary swelling and/or enlargement
of the sella turcica. Patients with evidence of hypophysitis often
require long-term hormone replacement, including systemic corti-
costeroids (63, 66). Severe hepatotoxicity can develop and should
be treated with systemic corticosteroids. If patients do not respond
to systemic corticosteroids, then oral mycophenolate mofetil should
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be initiated. Infliximab should not be used in hepatic toxicity, as it
can elevate liver function tests (63).

The toxicities observed with CTLA-4 blockade are typically
transient, reversible inflammatory events. However, many of the
patients require high doses of systemic corticosteroids that cause
significant immunosuppression. In addition, patients with hypo-
physitis can remain on lifelong corticosteroid supplementation.
The effect of this immunosuppression on the tumor immune
response is unclear, as these patients still respond to therapy, and
further analysis will be needed to determine the long-term effects
on tumor growth. However, in the short term, there are cases of
opportunistic infections associated with the use of high-dose cor-
ticosteroids for irAEs, and these must be considered when patients
present with new or worsening symptoms (67).

Combination therapies and future directions

The ultimate goal with checkpoint blockade therapy is long-term
disease control in patients with advanced malignancy. While this is
unlikely to be attained through the use of CTLA-4 therapy alone,
it may be achieved through appropriate combinations of different
therapeutics. Selecting combinations with some scientific rationale
involves identifying combinations that may enhance the environ-
ment for immunomodulatory therapy by releasing antigens from
tumors or by changing the tumor microenvironment. Potential
combinations for CTLA-4 blockade include conventional cytotoxic
chemotherapy, radiation therapy, targeted therapy, and traditional
immune therapy as well as use of other checkpoint blockade agents.

Evidence suggests that radiation therapy may activate the
immune system and thus prime it for greater activation by immu-
notherapy. The abscopal effect, by which local radiation therapy
causes tumor regression at a distant site, may be mediated by an
immune response. In patients treated with radiation therapy with
or without ipilimumab, changes in peripheral blood immune cells
and increased antibodies to known tumor antigens were observed
(68, 69). Further studies are ongoing to determine how radia-
tion therapy may be used to enhance responses to anti-CTLA-4
antibodies (NCTO01689974, NCT02239900, NCT02107755,
NCT01970527, NCT01996202).

BRAF-targeted therapy has been proven to prolong survival
in patients with melanoma with BRAF mutations (70), and the
combination of BRAF inhibitors and MEK inhibitors has proven
even more effective (71,72). BRAF inhibition enhances melanoma
antigen expression and facilitates T cell cytotoxicity, suggesting
that combinations of BRAF inhibitors with immunotherapy may
be synergistic (73, 74); however, attenuation of the MAPK path-
way using MEK inhibitors may impair T cell effector function,
although this appears to be more related to MEK inhibition than
BRAF inhibition alone (75). Unfortunately, the initial combina-
tion of BRAF inhibitor therapy and ipilimumab led to hepatoxicity
in 8 of 12 patients enrolled in a phase I trial test of this combina-
tion. The trial was closed to further accrual due to this toxicity
(76). Additional trials combining MAPK-targeted therapies with
immunotherapy are underway. A trial of sequential vemurafenib
followed by ipilimumab has completed accrual, and results are
pending (NCTO01673854). Trials of dabrafenib plus ipilimumab
or dabrafenib/trametinib/ipilimumab and sequencing trials are
ongoing (NCT01940809, NCT02224781, NCT01767454).
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VEGF plays an immunologic role by suppressing dendritic
cell activation. Additionally, studies in preclinical animal models
have shown that VEGF blockade may play a role in lymphocyte
trafficking across endothelium (77). Bevacizumab is an anti-
VEGF-A antibody that is widely used in the treatment of malig-
nancy. A phase I study of ipilimumab plus bevacizumab treated
46 patients and showed that the combination was safe for further
testing, with a disease control rate of 67.4% (78). Based upon these
results, patients are currently being enrolled in a randomized
phase II trial of this combination (NCT01950390).

The ability to induce a higher rate of durable responses with
ipilimumab is dependent upon immune activation, suggesting that
combinations with other immune modulators may increase effi-
cacy. The combination of IL-2 and ipilimumab has shown an over-
all response rate of 22%, with three complete responses (79). Trials
to further explore this combination are ongoing (NCT01856023,
NCT02203604). GM-CSF is known to enhance dendritic cell activa-
tion and potentiate antitumor T and B cell responses and is hypoth-
esized to synergize with CTLA-4 blockade. In a randomized phase II
trial, 245 patients with melanoma were treated with ipilimumab with
and without GM-CSF. While no difference in progression-free sur-
vival was observed, the one-year survival rate for GM-CSF plus ipil-
imumab was 68.9% versus 52.9% for ipilimumab alone. Addition-
ally, there was a reduction in grade 3 to 5 adverse events in patients
on ipilimumab plus GM-CSF compared with patients on ipilimumab
monotherapy (80). Further trials to evaluate the addition of GM-CSF
to ipilimumab will be needed to confirm these findings.

Recently, fully human monoclonal antibodies that target PD-1
have been developed in a variety of tumor types. Two PD-1-tar-
geting drugs, nivolumab and pembrolizumab, have demonstrated
single-agent activity in melanoma and are currently approved by
the FDA for patients with ipilimumab-refractory disease (81, 82). A
phase I trial combining nivolumab with ipilimumab in 53 patients
with advanced melanoma showed evidence of clinical activity
(conventional, unconfirmed, or immune-related response or stable
disease for 224 weeks) in 65% of patients. Many of the respond-
ing patients had a reduction in tumor volume of 80% or greater
(83). Survival updates for these patients showed 1- and 2-year
overall survival rates of 82% and 75%, respectively. The objective
response rate was 40%, and the median duration of response was
not reached, indicating ongoing responses for many patients (84).

It is still unclear which sequence of checkpoint blockade
therapies is the most effective. Trials are underway to deter-
mine whether the benefit is greater if ipilimumab and nivolumab
are given concurrently or whether they could be given sequen-
tially with similar clinical activity and long-term benefits
(NCT01844505, NCT01927419, NCT01783938). In addition,
understanding the sequence of immune checkpoint blockade may
improve our understanding of how targeting one checkpoint may
affect the activity of another and what roles immune infiltrates,
lymphocytes, and other stromal elements, such as dendritic cells
and myeloid-derived suppressor cells, play.

As with many therapies that demonstrate activity in the meta-
static setting, investigation in the high-risk adjuvant setting is under-
way. A European Organisation for Research and Treatment of Can-
cer (EORTC) study randomized 951 patients with high-risk resected
melanoma to placebo or ipilimumab at 10 mg/kg every three weeks
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for four doses, followed by treatment every three months for three
years. This trial demonstrated a recurrence-free survival of 26.1
months on the ipilimumab arm as compared with a recurrence-free
survival of 17.1 months in the placebo arm (85). Unfortunately, there
were five deaths due to ipilimumab-related immune toxicity dur-
ing the trial; three were due to colitis, one was due to myocarditis,
and one was due to Guillain-Barré syndrome. In the US, high-dose
interferon-a2b is approved by the FDA for use in this setting and
has demonstrated benefit previously (35, 86). The Eastern Cooper-
ative Oncology Group (ECOG) recently completed enrollment for a
study (NCT01274338) comparing high-dose interferon-o2b against
ipilimumab at 3 mg/kg and 10 mg/kg, respectively.

Conclusion
Immunotherapy is rapidly changing the landscape of cancer ther-
apy. Patients with advanced malignancies are looking for effective
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therapies with durable disease control and manageable toxicity.
Anti-CTLA-4 therapy with ipilimumab is the first example of a
new class of therapeutics providing such opportunities. The future
of immunotherapy is in the development of combination thera-
pies and improving the numbers of patients experiencing durable
benefit. In addition, investigation continues in biomarker devel-
opment to identify the patients that are most likely to respond
to therapy and those at highest risk of toxicity. Further roles for
CTLA-4 blockade in the adjuvant setting as well as in other can-
cers and combinations are still to be determined.
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