
© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(1):3-16 tcr.amegroups.com

Background

Immunity and cancer

The concept of directing the immune system toward 
malignant tumors as an anti-cancer strategy has stimulated 
scientific inquiry, experimentation, and clinical investigation 
for more than a century. The now infamous “Coley’s toxin” 
is the first known clinical success of tumor regression 
from local stimulation of immunity using bacteria injected 
directly into malignant lesions. Via this technique, in 1891 
Coley reported a 10% cure rate in soft-tissue sarcomas  
(1-3). Recognition of the interplay between cancer and 
the immune system was later asserted by Paul Erlich, the 

1909 Nobel Laureate physician and scientist who proposed 
cancer developed in vivo and that the immune system 
was able to both recognize and protect against it (4). In 
subsequent decades the mainstays of cancer treatment for 
solid malignancies evolved toward surgery, radiation, and 
infusions of cytotoxic chemotherapy, and the role of the 
immune system remained nascent until the 1970s, when 
T-cells were identified and thought to be the protective 
cells of Dr. Ehrlich’s theory. Nearly three decades later, 
the landmark work on immune checkpoints published by 
Allison and colleagues in 1996 served as a tipping point 
for the extraordinary advances seen in immuno-oncology  
today (5).
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Melanoma—a frontrunner in the immunotherapy 
movement

Cutaneous melanoma is the most lethal form of skin cancer, 
and while not the most common cancer in the United  
Sta te s  (6 ) ,  i t  was  among  the  dead l i e s t  p r ior  to 
immunotherapy, with estimated 5-year overall survival 
(OS) of only 18% (7). Distinct genetic and molecular 
derangements exist among the different sites of origin 
and subtypes (Figure 1), and while all forms of melanoma 
have been relatively resistant to traditional cytotoxic 
chemotherapy, cutaneous melanoma has been the platform 
from which modern era immune therapies have sprung. 
Initial research on tumor infiltrating lymphocyte (TIL) 
therapy, using T-lymphocytes extracted from melanoma 
tumors and then re-infused into patients with metastatic 
disease, showed an impressive response rate of 34% (11). 
Later co-administration with IL-2 showed enhanced 
responses to TIL, and IL-2 administered alone also 
demonstrated efficacy including durable complete responses 
(CR) in approximately 5% of patients (12,13). Enthusiasm 
for these early successes with cytokine and cell transfer 
therapies was tempered by intensive dosing schedules, 
substantial toxicity, and logistical hurdles which limited 
use to medically fit patients at experienced treatment 
centers. Within a short time, however, advancements have 
enabled many patients to benefit both in the academic and 
community settings, with improved efficacy and toxicity 
profiles.

Ushering in a new era—checkpoint blockade immune 
therapies

A difference in ex vivo and in vivo cytotoxic effects of 
T-cells led to recognition of co-opted mechanisms used 
by malignant cells for immune evasion. While immune 
recognition of cancers as “non-self” first requires T 
cell receptor engagement to major histocompatibility 
complex (MHC) containing antigenic peptide, additional 
costimulatory signals are necessary for T cell activation (14).  
The most important of these costimulatory signals appears 
to be provided by the interaction of CD28 on T cells with 
its primary ligands B7-1 (CD80) and B7-2 (CD86) on the 
surface of specialized antigen-presenting cells (APCs), 
which is inhibited when cytotoxic T-lymphocyte antigen 
4 (CTLA-4) binds to CD80, serving as an “immune 
checkpoint” (15). Ipilimumab, an IgG1-kappa monoclonal 
antibody (mAb) directed against CTLA-4, interrupts this 
T-cell inhibitory pathway and now holds FDA-approval in 
both the adjuvant and metastatic treatment settings (16-18).

Another co-stimulatory receptor of importance is 
programmed death receptor 1 (PD-1), which is expressed 
by activated T-cells and mediates immune response to limit 
extensive tissue damage. PD-1 is upregulated on T-cells in 
an inflammatory environment and binds to its ligands PD-
L1 or PD-L2. PD-L1 is expressed on a variety of tumors, 
including melanoma, and via binding to PD-1 can suppress 
T-cell proliferation, cytokine release, and cytotoxicity (19). 
Pembrolizumab and nivolumab are both IgG4-kappa anti-

Figure 1 Mutations in melanoma across sites of origin. While the most common mutations are listed, this is not a comprehensive list (8-10).

Mutation (codon) Incidence and site of origin

BRAF (V600) 41–52% cutaneous (8,9), 18% acral (8), 7% mucosal (8)

NRAS 22–28% cutaneous (8,9), 24% acral (8), 22% mucosal (8)

NF1 14% cutaneous (8)

Triple-wild-type (absent BRAF, NRAS, or NF1 mutation) 13% cutaneous (9)

KIT 11% acral (8), 16% mucosal (8)

TP53 18% cutaneous (8), 5% acral (8), 8% mucosal (8)

GNAQ 44% uveal (10)

GNA 11 44% uveal (10)

BAP1 45% uveal (10) 

SF3B1 24% uveal (10) 

EIF1AX 17% uveal (10)
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PD-1 monoclonal antibodies that abrogate T-cell binding 
to PD-L1 and PD-L2, and have demonstrated superior 
progression-free survival (PFS) and overall survival (OS) 
outcomes in melanoma both naïve to, and refractory to, 
ipilimumab therapy (20,21). Pembrolizumab and nivolumab 
are both FDA approved as single-line therapies, and nivolumab 
is also FDA-approved in combination with ipilimumab. 

The dramatic responses to checkpoint blockade, 
efficacy in a variety of malignancies, and relative ease of 
administration have appealed to both patients and physicians 
regarding their use. However, checkpoint blockade can 
induce immune-mediated toxicities—inflammatory 
cascades of variable degrees in any organ. Use of guideline 
recommendations for management of toxic effects, the so-
called immune-related adverse events (irAEs), is key to 
preventing catastrophic outcomes (22-25). Considering the 
potential for severe toxicities from any immune therapy in 
patient selection is fundamental to uphold the “primum, 
non nocere” tenet of medical practice. 

Full circle—oncolytic vaccine therapy

Harkening to “Coley’s Toxin” of the nineteenth century is 
the first-in-class FDA-approved injectable oncolytic virus, 
Talimogene laherparepvec (T-VEC), a herpes simplex 
virus (HSV) type 1 designed for selective replication within 
tumors that can induce an anti-tumor immune response. 
Remarkably, both local and distant immune activation 
can occur with intralesional or intranodal injection of  
T-VEC (26). Other approaches of cancer vaccination in 
melanoma are based on targeting tumor-associated antigens, 
but none has yet led to FDA-approval (27). Clinical trials of 
TVEC in combination with immune checkpoint antibodies 
are currently underway (28).

Case scenarios

Case 1 

In 2004, a 32-year-old man presents to clinic with a cough for 
2 months. He underwent wide local excision of an ulcerated 
3.8 mm thick melanoma from his trunk 2 years prior. A 
left axillary sentinel node was positive with a 3-mm focus 
of melanoma. He underwent complete left axillary node 
dissection revealing no other nodal metastasis (final Stage 
IIIB, pT3bN1a). He initiated adjuvant interferon alpha but 
stopped after 6 months due to intolerance. For the cough, a 
chest X-ray was done which revealed numerous pulmonary 
nodules. Further radiographic staging with computed 

tomography (CT) of the chest, abdomen and pelvis revealed 
additional numerous lesions in the liver. CT-guided lung 
biopsy confirmed metastatic melanoma. He proceeded to 
treatment with IL-2 which resulted in a partial response (PR) 
for 3 years. Upon recurrent disease in the liver, he receives 
TIL therapy resulting in complete remission.

Case in context: management of metastatic melanoma 
prior to checkpoint blockade
In 2004, the median survival of patients diagnosed with 
metastatic melanoma to visceral organs was 5.1 months (29),  
owing to the limited systemic therapies available at the time, 
either dacarbazine (approved in 1975) or high-dose IL-2 
(approved in 1998). Non-FDA approved therapies included a 
clinical trial, other chemotherapies, or adoptive T-Cell therapy 
(ACT), the last of which is a reasonable (and potentially 
curative) option in a young, fit patient. This particular case 
highlights the paucity of therapies available in the era before 
contemporary checkpoint blockade and targeted therapy. 

Dacarbazine
Dacarbazine (DTIC) is an alkylating agent that received 
FDA approval for use in metastatic melanoma in 1975 
despite lack of randomized trials demonstrating benefit over 
placebo or best supportive care. Nevertheless, it became 
a benchmark for other systemic therapies (30), and had 
modest overall response rates (ORR) of 15–28%, CR in 
3–5%, and response durations up to 6 months (31-34). In 
this modern era of immune therapy, it is unclear whether 
any role for the traditional cytotoxic chemotherapy, as 
monotherapy, exists. The combination of chemotherapy 
and immune therapy or targeted therapy has been studied 
and will be addressed later in this review. 

Interleukin-2
The cytokine and T-cell growth factor, IL-2, is considered 
to be the first effective anti-cancer immune therapy. The 
concept of using IL-2 in cancer came about through 
discovery in the 1970s of its ability to stimulate growth 
and differentiation of CD8+ cytotoxic lymphocytes, its 
role in maintenance of CD4+ regulatory T cells, and in 
differentiation of CD4+ T cells. Administration of IL-2 in 
murine cancer models was eventually translated into humans 
with success in both renal cell carcinoma and melanoma. The 
success seen in murine models was not replicated in humans 
until the high-dose bolus regimen was used that has become 
the standard formula to this day (12,35-37). 

The first series of patients receiving high-dose IL-2 
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included 7 patients with melanoma and 3 with metastatic 
renal cell cancer. Tumor regression occurred in 4 of the 
7 patients with melanoma and all 3 patients with kidney 
cancer. Toxicity included a capillary leak syndrome resulting 
in fluid extravasation into visceral organs. This syndrome 
caused organ dysfunction that returned to baseline at 
conclusion of treatment (12). Based on subsequent multi-
institutional studies of high-dose IL-2 in renal cell 
carcinoma showing an ORR of 14% and 5% CR rate, 
IL-2 became the first FDA-approved immune therapy in 
cancer in 1992 (38). Trials across 22 institutions using high-
dose bolus IL-2 in a total of 270 patients with metastatic 
melanoma were conducted between 1985 and 1993. These 
demonstrated an ORR of 16% with 17 CRs (6%) and  
26 PRs (10%) (39). These results and the extended 
durability seen among complete responders led to  
FDA-approval of high-dose IL-2 in metastatic melanoma 
in 1998. During the early clinical trials of IL-2 there 
were treatment-related deaths near 2–4%, but mortality 
has dropped to <1% as clinicians gained experience with 
management of the complexities of administration and 
inherent toxicities from this immune-based cancer therapy. 

An updated analysis of IL-2 outcomes through July 2015 
from the PROCLAIMSM registry included 170 patients 
with metastatic melanoma treated between 2005 and 2012. 
CR was observed in 5%, PR in 10%, stable disease (SD) in 
22%, and 63% had progressive disease (PD). The median 
overall survival (mOS) for these patients was 19.6 months, 
with a median follow-up of 43.1 months. The mOS was 
not reached for patients achieving CR or PR, and was 
33.4 months for patients with SD (13). These data support 
consideration for IL-2 among eligible patients, even in 
the modern era of immunotherapy, as long-term survival 
outcomes can be seen in patients with disease response. 

ACT
As described earlier in this review, successful outcomes 
in patients with metastatic melanoma using infusion of 
autologous ex vivo expanded TIL were first published in 
1988 (11). The original method of ACT in melanoma 
involved extracting TILs from a resected tumor followed by 
ex vivo expansion in culture and finally re-infusion with co-
administration of IL-2. The use of IL-2 along with reinfusion 
of TILs produced superior in vivo lymphocyte expansion (37).  
In one of the earliest trials of TIL therapy, out of 35 pre-
treated patients (34 of whom had prior treatment with  
IL-2), 18 (51%) demonstrated ORR. Among responders, 
3 had a CR and 15 had a mixed or minor response. Since 

initial trials, lymphodepletion has improved response rates to 
more than 50% (40-42). Use of a lymphodepleting regimen 
(cyclophosphamide and fludarabine) eliminates T regulatory 
cells and non-cytotoxic lymphocytes, which compete 
with transferred cells for homeostatic cytokines. A recent 
randomized prospective trial investigated the addition of total 
body irradiation (TBI) to lymphodepletion. One hundred 
and one patients with metastatic melanoma, including 
76 with M1c disease, were randomly assigned to receive 
nonmyeloablative chemotherapy with or without 1,200 cGy 
TBI prior to transfer of TIL. The primary endpoints were 
CR (as defined by RECIST 1.0) and OS. CR rates were 
24% in both groups, and OS was also similar (median OS, 
38.2 vs. 36.6 months). With a median potential follow-up of  
40.9 months, only one of the 24 patients achieving CR 
recurred. This trial showed TBI does not provide additional 
benefit to nonmyeloablative chemotherapy (43).

Future directions for use of TIL therapy include 
identifying predictive biomarkers for successful TIL 
expansion and clinical response, combination and 
sequencing with other immune therapies, establishment 
of consistent protocols based on phase II/III clinical trials, 
and infusion of lymphocytes with enhanced tumor killing 
effects through using chimeric, genetically modified, or 
antigen-expanded autologous lymphocyte populations (44). 
While significant success has occurred in patients with 
metastatic melanoma and TIL therapy, limitations exist. 
The intensity of therapy mirrors stem cell transplant and 
requires inpatient management of side effects before and 
after TIL infusion. Logistical limitations include the need 
for a specialized center for TIL acquisition, engineering, 
expansion and infusion, and institutional experience with 
high-dose IL-2. While TIL therapy has proved to be an 
impressive treatment option, it has not become a standard 
of care due to these complexities. 

Case 2 

The same patient as in Case 1 returns in 2012 at the age 
of 40. He now has relapsed disease with cutaneous and 
pulmonary nodules, and is treated with four doses of 
ipilimumab IV every three weeks. Following treatment, 
several pulmonary and cutaneous nodules regress, others are 
stable in size, and no new lesions have appeared 4 years later.

Case in context: management of metastatic melanoma 
in the era of immune checkpoint blockade
In March of 2011, ipilimumab was granted FDA approval 



7Translational Cancer Research, Vol 6, No 1 February 2017

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(1):3-16 tcr.amegroups.com

for use in patients with unresectable or metastatic 
melanoma, following results of a Phase III trial comparing 
ipilimumab alone, ipilimumab plus gp100 vaccine, and 
gp100 vaccine plus placebo in 676 patients with metastatic 
melanoma (16). The mOS was 10.0 months among patients 
receiving ipilimumab plus gp100, as compared with  
6.4 months among patients receiving gp100 alone (hazard 
ratio for death, 0.68; P<0.001). The mOS with ipilimumab 
alone was 10.1 months, thus no difference in OS was 
detected between the ipilimumab groups. Immune-
related adverse events, most commonly affecting the skin 
and gastrointestinal tract, occurred in approximately 60% 
of patients treated with ipilimumab and 32% of patients 
treated with gp100 alone. Grade 3 or 4 irAEs occurred in 
10% to 15% of patients treated with ipilimumab and in 3% 
treated with gp100 alone. Up to 31% of patients receiving 
ipilimumab developed diarrhea. This was typically controlled 
with corticosteroids, however, four patients required 
infliximab (anti-tumor necrosis factor alpha antibody) for 
grade 3 or higher colitis. Eight patients required hormone 
replacement for endocrine immune-related adverse events.

OS data from patients treated with ipilimumab for 
unresectable or metastatic melanoma were pooled from ten 
prospective and two retrospective studies with a separate 
analysis of patients treated on an expanded access program 
(EAP). Among 1,861 patients treated on study the mOS was 
11.4 months and after up to 10 years in follow-up the survival 
curve was seen to plateau near 3 years. Among 2,985 patients 

who received ipilimumab from an EAP, the median OS 
was 9.5 months with a similar 3-year survival curve plateau. 
Remarkably, the long-term survival benefit from ipilimumab 
appeared to be independent of prior therapy (45).

Case 3

A 62-year-old woman with no prior history of melanoma 
presents in 2016 with a bleeding 4 cm mass proximal to her 
elbow. Biopsy reveals malignant melanoma. Radiographic 
staging with whole-body positron emission tomography 
(PET) and brain magnetic resonance imaging (MRI) reveals 
several scattered hepatic lesions and bilateral subcentimeter 
pulmonary nodules. No intracranial lesions are seen. Liver 
biopsy confirms metastatic melanoma. She begins combination 
immunotherapy with ipilimumab and nivolumab, and 
completes 3 of 4 induction cycles prior to discontinuation for 
grade 2 rash and grade 3 hepatotoxicity. After a 3-week course 
of 1 mg/kg corticosteroids, symptoms and lab derangements 
abate and she resumes monotherapy with nivolumab.

Case in context: management of metastatic/
unresectable melanoma in the era of anti-CTLA-4 and 
anti-PD-1 antibody therapy
For this patient with de novo metastatic disease who is 
otherwise healthy, single-agent checkpoint blockade or 
combination treatment with ipilimumab and nivolumab are 
both reasonable first-line therapies (Figure 2).

FDA-Approved Agents for Unresectable / Advanced Melanoma

1975

DTIC 

2013

Dabrafenib

1998

IL-2

2014

Dabrafenib +
trametinib 

Vemurafenib +
cobimetinib 

Nivolumab +
Ipilimumab 

Talimogene 
laherparepvec
Local effect

2015

Nivolumab

Pembrolizumab

Vemurafenib

2011

Ipilimumab

Trametinib

Figure 2 http://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm279174.htm (46).
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Anti-PD-1 antibodies: nivolumab and pembrolizumab
Both PD-1 antagonist  antibodies,  nivolumab and 
pembrolizumab, have been granted FDA-approval for the 
treatment of metastatic melanoma. Each has demonstrated 
superior ORR, PFS, and OS compared to chemotherapy 
and in treatment naïve patients to ipilimumab. In an effort 
to overcome mechanisms of resistance, and improve durable 
responses, combination of ipilimumab with each PD-1 
antibody has been of particular interest.
(I) Pembrolizumab
The  phase  I I ,  KEYNOTE-002 ,  t r i a l  compared 
pembrolizumab with investigator-choice chemotherapy 
(ICC) in 540 patients with ipilimumab refractory 
metastatic melanoma. Patients were randomized 1:1:1 to 
pembrolizumab 2 mg/kg, pembrolizumab 10 mg/kg, or 
ICC. ORRs were 25% and 21% for the pembrolizumab 
10 and 3 mg/kg groups, respectively, versus 4% for ICC. 
Six-month PFS was 34% in the pembrolizumab 2 mg/kg 
group, 38% in the 10 mg/kg group, and 16% in the ICC 
group. Median PFS in the pembrolizumab arms were 5.6 
and 5.4 months versus 3.6 months for ICC. Unfortunately, 
OS data were not interpretable due to crossover from the 
chemotherapy group to the pembrolizumab group (47).

The phase III, KEYNOTE-006, trial randomized 
834 patients to receive different dosing frequencies of 
pembrolizumab 10 mg/kg versus standard-dose ipilimumab  
(3 mg/kg every 3 weeks for 4 cycles) in patients with 
metastatic melanoma who had received no more than 
one prior line of therapy (48). The ORR was similar with 
pembrolizumab administered every 2 weeks (33.7%) and 
every 3 weeks (32.9%), but superior compared to ipilimumab 
(11.9%). Updated survival analysis showed the mOS was 
not reached for pembrolizumab versus 16.0 months with 
ipilimumab, with an estimated 24-month OS rate of 55% 
(compared to 43% for ipilimumab) (P=0.0008) (49).

An ongoing trial, KEYNOTE-029, is looking at 
pembrolizumab 2 mg/kg every 3 weeks combined with 
low-dose ipilimumab (1 mg/kg) every 3 weeks for 4 doses, 
then maintenance pembrolizumab up to 2 years. At a 
median follow-up of 6.4 months, 79 pts (74%) received 
all 4 doses of ipilimumab and 73 pts (68%) remained on 
pembrolizumab, with an ORR of 51% (9% CR and 42% 
PR) (50) (NCT02089685).
(II) Nivolumab
The phase I dose-escalation trial of nivolumab assessed 
0.1, 0.3, 1, 3, and 10 mg/kg doses administered IV every  
2 weeks (for up to 96 weeks) in 107 patients with advanced 
melanoma that had received 2 to 5 prior lines of therapy, not 

including anti-CTLA-4. Median OS was 16.8 months, with 
1- and 2-year survival rates of 62% and 43%, respectively. 
Median PFS was 2 years (51). Recently updated survival 
data reported 5-year OS of 34% (95% CI: 24.6, 42.9) and 
mOS of 17.3 months (95% CI: 12.5, 37.8), with survival 
appearing to plateau near 48 months (52).

The CheckMate 066 trial was a Phase III study 
of nivolumab 3 mg/kg versus dacarbazine (DTIC) in  
418 patients with treatment-naïve, BRAF wild-type 
advanced melanoma. At 1 and 2 years, OS was 72.9% and 
57.7% in the nivolumab group and 42.1% and 26.7% in the 
DTIC group (P<0.001). The median PFS was 5.1 months 
in the nivolumab group versus 2.2 months in the DTIC 
group (P<0.001), with ORR 40.0% with nivolumab versus 
13.9% with DTIC (P<0.001) (53). 

The phase III,  CheckMate 037, trial  compared 
nivolumab and investigator choice of chemotherapy 
(ICC) in 405 patients with advanced melanoma. Patients 
had to have received prior anti-CTLA-4 therapy and, if 
BRAF mutation-positive, a BRAF inhibitor. Patients were 
randomized 2:1 to nivolumab 3 mg/kg every 2 weeks or 
ICC. ORR in the nivolumab group was 31.7% compared 
to 10.6% in the ICC group, again confirming superiority of 
checkpoint blockade to standard-of-care chemotherapy in 
pre-treated patients. Updated survival data, including OS, 
are eagerly awaited (54). 

The phase II, CheckMate 172, trial also looked at the 
efficacy of nivolumab in patients with more advanced 
disease, including 307 patients with poor prognostic 
factors which would have excluded them from other trials 
(such as brain metastases and ECOG performance status 
of 2). All patients had prior treatment with ipilimumab. 
Nivolumab was given at 3 mg/kg every 2 weeks for up to  
2 years. Overall, 256 (84%) patients received at least  
4 doses of nivolumab, while 241 (79%) received >4 doses.  
Twelve-week ORR was 29.5%, with 3% CR, 26% PR, and 
34% SD, with a low incidence of Grade 3/4 adverse events 
(11%) (55) (NCT02156804).
Therapeutic sequence with CTLA-4 and PD-1
The optimal sequencing of checkpoint blockade is being 
investigated. The phase II, CheckMate 064, trial sought 
to determine if differences in ORR, PFS, and OS occur 
relative to sequencing of nivolumab and ipilimumab in 
140 patients with advanced melanoma. Patients were 
randomized 1:1 to receive sequential induction treatment 
with nivolumab 3 mg/kg every two weeks for 6 doses 
followed by ipilimumab 3 mg/kg every 3 weeks for 4 doses 
(Cohort A) or ipilimumab followed by nivolumab with the 
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same dosing strategy (Cohort B). Following induction, both 
cohorts received maintenance nivolumab. ORR in Cohort 
A was 54% versus 31% in Cohort B, with more CRs seen 
in Cohort A vs. B (11% vs. 6%). A significant difference in 
OS was observed between Cohorts A and B (HR: 0.48; 95% 
CI: 0.29, 0.80; P=0.0041), with a median OS not reached 
vs. 16.9 months, and 1-year OS rates of 76% and 54%, 
respectively. Response was noted to be higher in patients 
with PD-L1 expression ≥5% in both treatment groups, 
which may point to the importance of biomarker status 
when considering sequence of therapy (56).
Combination of anti-CTLA-4 and anti-PD-1
The landmark phase III trial, CheckMate 067, investigating 
combination anti-CTLA-4 and anti-PD-1 therapies in 
previously untreated patients with advanced melanoma 
has produced the most dramatic results seen in the history 
of melanoma. The trial included 945 patients randomized 
in a 1:1:1 fashion to nivolumab 3 mg/kg every two weeks; 
nivolumab 1 mg/kg plus ipilimumab 3 mg/kg every 3 weeks 
for 4 doses, followed by maintenance nivolumab every two 
weeks; or ipilimumab 3 mg/kg every three weeks for 4 doses.  
PFS and OS were co-primary endpoints; of particular 
interest was the secondary endpoint of efficacy by PD-L1  
expression. ORRs were 57.6%, 43.7%, and 19% in the 
combination, nivolumab, and ipilimumab arms, respectively, 
and the initial survival analysis demonstrated median PFS 
6.9 months in the nivolumab group, 11.5 months in the 
nivolumab plus ipilimumab group, and 2.9 months in 
the ipilimumab group. Combination therapy yielded a 
58% risk reduction for progression that was statistically  
significant. At ≥18 months of follow-up, median duration 
of response (DOR) in responders treated with combination 
therapy has  not  been reached,  and was 22.3 and  
14.4 months in the nivolumab and ipilimumab responders, 
respectively. Median PFS was also longer with combination 
therapy regardless of PD-L1 expression or BRAF mutation 
status (57).

While combination therapy yielded remarkable clinical 
results, the outcomes were offset by a higher rate of 
immune-mediated toxicities. Treatment-related adverse 
events of any grade that led to discontinuation of the study 
drug occurred in 7.7% of the patients in the nivolumab 
group, 36.4% of those in the nivolumab-plus-ipilimumab 
group, and 14.8% of those in the ipilimumab group, with 
the most common events being diarrhea (in 1.9%, 8.3%, 
and 4.5%, respectively) and colitis (in 0.6%, 8.3%, and 7.7%, 
respectively). One death due to toxic effects of the study 
drug was reported in the nivolumab group (neutropenia) 

and one in the ipilimumab group (cardiac arrest), but 
none were reported in the nivolumab-plus-ipilimumab 
group. Immune modulatory agents, including topical 
agents, to manage adverse events were used in 47.0% of 
the patients in the nivolumab group, 83.4% of those in the 
nivolumab-plus-ipilimumab group, and 55.9% of those in 
the ipilimumab group, with secondary immunosuppressive 
agents (e.g., infliximab) used in 0.6%, 6.1%, and 5.1% of 
the patients, respectively.

Pembrolizumab has also demonstrated efficacy in 
combination with ipilimumab. The KEYNOTE 029 
trial enrolled 153 patients with advanced melanoma and 
administered pembrolizumab 2 mg/kg plus ipilimumab 
1 mg/kg every three weeks for 4 doses, followed by 
maintenance pembrolizumab 2 mg/kg every three weeks 
for up to 24 months unless stopped early for intolerable 
toxicity or progression. Patient characteristics included 
18% with elevated LDH, 55% with Stage M1c disease, 
36% were BRAF mutant, 13% with more than 1 prior line 
of therapy, and 12% previously treated with BRAF + MEK 
inhibitors. Notably, 84% had PD-L1+ tumors (cutoff ≥1%). 
Preliminary efficacy data showed ORR of 51%, with 9% 
CR (n=5) and 42% PR (n=56). Combination therapy with 
a lower dose of ipilimumab had a more favorable safety 
profile, where 38% of patients had ≥1 grade 3–4 drug-
related AE (DRAEs) but 68% of these had resolved by 
data cutoff. DRAEs led to discontinuation of combination 
therapy in 8% (n=9), ipilimumab alone in 10% (n=11), 
and pembrolizumab alone in 4% (n=4). There were no 
treatment-related deaths. Immune-mediated AEs of any 
grade and grade 3–4 severity occurred in 53% and 20% of 
patients, respectively (50).

Optimal dosing of checkpoint blockade, particularly 
ipilimumab, that achieves maximum efficacy with minimal 
toxicity remains unclear. The KEYNOTE 029 trial using 
lower dose ipilimumab than CheckMate 067 preliminarily 
shows similar efficacy with fewer patients discontinuing 
therapy for DRAEs.

The toxicities associated with checkpoint blockade 
antibodies range from very mild to potentially life 
threatening. They can involve any organ, but most 
commonly affect the skin, gastrointestinal tract, liver, and 
endocrine system. Toxicity management typically involves 
symptomatic treatment, delay in therapy, or in the case of 
grade 3/4 toxicity, cessation of therapy and administration 
of high-dose corticosteroids. Infliximab is effective in severe 
colitis (58), and mycophenolate mofetil in the case of severe 
hepatitis (59). Immune suppressive therapy use ranges  



10 Bollin and Freeman. Case-based review of immunotherapy in melanom

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(1):3-16 tcr.amegroups.com

2 weeks to 2 months and often a full recovery is achieved, 
with the exception of endocrine irAEs which often require 
lifelong hormone replacement. Deaths have occurred 
from irAEs, most commonly from intestinal perforation in 
patients getting ipilimumab (60). Multiple publications offer 
expert recommendations on treatment of toxicities from 
checkpoint blockade (22-25,61-63). 

Case 4 

A 58-year-old man with a history of stage IIA (pT2bN0) 
resected melanoma presents with hemiparesis, dysarthria, 
and confusion. Staging imaging reveals nine brain lesions 
(2 are >3 cm) and pulmonary nodules. The largest brain 
lesions are resected and he is placed on corticosteroids. 
Resolution of neurological symptoms occurs rapidly and 
he declines post-operative radiation. Molecular testing 
of the brain tumor reveals BRAF V600E mutation. He is 
started on BRAF and MEK combined inhibitor therapy 
resulting in significant diminution of brain lesions. He is 
tapered off of corticosteroids, treated for 3 months with 
molecular targeted therapies and transitions to combination 
checkpoint blockade. Disease has been stable for 8 months 
with continuation of anti-PD-1 therapy.

Case in context: management of melanoma brain 
metastases
Intracranial metastases occur in up to 75% of patients and 
pose significant challenges (64). Rapid control of tumors 
that are high-risk for hemorrhage is critical. Tools including 
surgical decompression, stereotactic radiosurgery, whole-
brain radiation, or systemic therapy should be considered. 
Melanoma oncologists utilize a multidisciplinary approach 
toward balancing maximal tumor regression with minimal 
neurocognitive sequelae. 

Tumor regression can occur quickly after administration 
of molecular targeted therapies in patients with BRAF 
V600E mutations, although may take as long as 12 weeks 
with immunotherapy. Furthermore, administration 
of immune therapy may be delayed during courses of 
corticosteroids for cerebral edema. Several early trials 
have shown efficacy in treating metastatic brain lesions. 
Retrospective and early phase studies evaluating concurrent 
or sequential treatment with radiation and checkpoint 
blockade are ongoing. 

A phase II open-label trial established safety and efficacy 
of treatment with ipilimumab in patients with melanoma 
brain metastases. Patients were divided in two groups: 

cohort A (51 neurologically asymptomatic patients, not 
receiving corticosteroids) and cohort B (21 patients with 
neurologic symptoms on a stable corticosteroid dose) and 
received ipilimumab (10 mg/kg every 3 weeks for four doses). 
If patients maintained clinical stability at 24 weeks, they 
continued receiving ipilimumab every 12 weeks. Patients 
were assessed after 12 weeks for the primary endpoint of 
disease control (CR, PR, or SD), which was greater in the 
asymptomatic cohort (18%, 95% CI: 8–31 versus 5%, 0.1–24). 
The most common AEs were diarrhea, fatigue, nausea, and 
rash, with one death occurring from immune-related colitis. 
Grade 4 confusion occurred in one patient from each 
cohort. No new AEs were noted and proportion of AEs was 
similar to trials in patients without brain metastases (65).

Early analysis of an ongoing phase 2 trial of 52 patients 
(18 with melanoma, 34 with non-small cell lung cancer) 
with untreated or progressive brain metastases after 
radiation showed activity of pembrolizumab (10 mg/kg  
every 2 weeks until progression) and tolerability. No 
maximum number of metastases was exclusionary with size 
criteria between 5 and 20 mm. Leptomeningeal disease was 
excluded. Among the melanoma cohort, there were four 
PRs (95% CI: 7–48) with ongoing response at 4 months 
when data cutoff occurred. There were two non-responders 
with SD and eight with progression. ORR was 22%. AEs 
included grade 1–2 seizure after which all patients were 
started on antiepileptics. One patient stopped therapy for 
grade 3 increased aminotransferases, and other reported 
irAEs were noted to be quite tolerable. In a patient with 
radiographic progression in all lesions, biopsy revealed only 
inflammation (66) (NCT02085070).

The ongoing phase II, CheckMate 204, trial using 
ipilimumab and nivolumab (same dosing regimen as 
in CheckMate 067) seeks to enroll 110 patients with  
≥1 measurable, unirradiated brain lesion(s) measuring 
0.5–3.0 cm. The only prior treatments allowed are adjuvant 
BRAF/MEK inhibition or IFN-alpha and patients with 
leptomeningeal disease are excluded. Preliminary safety 
data of 61 patients showed a similar safety profile as in 
prior studies using the same regimen with 39% of patients 
experiencing grade 3–5 AEs, no evidence of increased 
neurological AEs, and with cutaneous and gastrointestinal 
AEs  occurr ing  in  >50% of  pat ients  (69%,  51%, 
respectively). There was one treatment-related death from 
immune-mediated myocarditis. Efficacy data are eagerly 
awaited (67).

A phase I exploratory study using the same regimen 
as in CheckMate 067 (ipilimumab and nivolumab versus 
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nivolumab, without an ipilimumab monotherapy arm) for 
patients with previously untreated brain metastases has 
shown a similar safety profile as previously seen with this 
regimen. The ORR of target lesions in the ten patients on 
each study arm was 50% (95% CI: 19, 81). Median PFS 
in the nivolumab group has not been reached and was  
10.8 months in the combination arm (95% CI: 1.2–). 
Mediation time to response for the combination versus 
nivolumab was 11.3 and 12 weeks, respectively, with median 
DOR still outstanding for both groups (68).

Case 5 

A 45-year-old woman presents with a pT3b ulcerated 
melanoma on her great toe. Lymphoscintigraphy identifies 
lymphatic drainage to the groin. One sentinel lymph node 
has a 5-mm focus of invasive melanoma; final stage IIIB 
(pT3bN1a). PET-CT is negative for other sites of disease. 
She undergoes inguinal lymph node dissection followed by 
adjuvant systemic therapy with ipilimumab. 

Case in context: adjuvant management of high-risk 
localized melanoma
Lymph node metastases confers a risk of recurrence 
following definitive surgery that is variable by substage. 
Five-year survival for stage IIIA, IIIB, and IIIC is 78%, 
59%, and 40% respectively (P<0.0001) (69). Prior to 
checkpoint blockade, the only FDA-approved therapies for 
melanoma in the adjuvant setting were interferon (IFN) and 
pegylated-interferon (PEG-IFN). In 2015 ipilimumab was 
approved for use in the adjuvant setting (Figure 3).

IFN exerts immunomodulatory effects via increasing 
TILs, decreasing regulatory T-cells (Tregs), changes in 
cytokine concentrations and other signaling and immune 

regulatory mechanisms (70). The randomized phase III, 
ECOG 1684, trial comparing high-dose IFN-alpha-2b 
versus observation demonstrated median PFS from 1 to 
1.7 years and OS from 2.8 to 3.8 years. Administration 
of IFN in this trial was daily for 1 month, then 3 times 
per week for 48 weeks (71). Therapy is often stopped for 
significant toxicities including depression (40%), pyrexia 
(up to 35%), and liver toxicity (up to 29%). Low-dose 
IFN has been evaluated in the adjuvant setting, but no OS 
benefit has been demonstrated (72). Pegylated interferon 
alfa-2b requires less frequent dosing than unpegylated 
interferon. The phase III, EORTC 18991, trial randomized 
1,256 patients to pegylated interferon alfa-2b for 5 years or 
observation alone to determine long-term efficacy. Patients 
received pegylated interferon alfa-2b 6 μg/kg a week 
subcutaneously for 8 weeks (induction phase), followed by 
3 μg/kg per week subcutaneously for up to 5 years. After 
median follow-up of 3.8 years, although fewer recurrences 
were seen in the treatment versus observation group (N=328 
versus 368, respectively), no significant difference was seen 
in distant metastasis-free survival nor in OS (73).

Data from checkpoint blockade in the adjuvant setting 
are emerging. Ipilimumab was granted FDA-approval in 
2015 for patients with cutaneous melanoma with pathologic 
involvement of regional lymph nodes of more than 1 mm 
who have undergone complete resection, including total 
lymphadenectomy. Approval was based on the EORTC 
18071 trial, a randomized, double-blind, placebo-controlled 
trial in 951 patients with resected melanoma, Stage IIIA 
(lymph node >1 mm), IIIB, and IIIC (with no in-transit 
metastases). Ipilimumab was given at 10 mg/kg IV for  
4 doses every 3 weeks followed by 10 mg/kg IV every  
12 weeks for up to 3 years, a dose higher than that 
previously approved for metastatic melanoma. Initial data 

 Current adjuvant systemic therapy stage III melanoma; 
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Figure 3 http://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm279174.htm (46).
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showed a superior relapse-free survival (RFS) of 26 months 
with ipilimumab compared to 17 months with placebo (18). 
Updated survival data presented at the European Society 
of Medical Oncology (ESMO) showed a 5-years OS rate 
of 65.4% in the ipilimumab group compared to 54.4% in 
the placebo group (HR for death, 0.72; 95.1% CI, 0.58, 
0.88; P=0.001). The rate of distant metastasis-free survival 
at 5 years was 48.3% in the ipilimumab group, as compared 
with 38.9% in the placebo group (HR for death or distant 
metastasis, 0.76; 95.8% CI, 0.64, 0.92; P=0.002). Immune-
related adverse events of grade 3 or 4 occurred in 41.6% of 
the patients in the ipilimumab group and 5 patients (1.1%) 
died owing to immune-related adverse events (17). 

Additional adjuvant trials exploring checkpoint blockade 
therapies for the treatment of resected high-risk stage III/
IV melanoma include SWOG S1404 (pembrolizumab 
versus investigator-choice ipilimumab 10 mg/kg or IFN), 
ECOG E1609 (HD-IFN versus ipilimumab 3 mg/kg 
versus ipilimumab 10 mg/kg), CheckMate 238 (ipilimumab  
10 mg/kg versus nivolumab, KeyNote-054 (pembrolizumab 
versus placebo), and OpACIN (ipilimumab 1 or 3 mg/kg 
and nivolumab for 12 weeks after surgery or for 6 weeks 
pre- and 6 weeks post-surgery). 

Case 6

A 67-year-old woman had a stage IIIA (pT4aN1a) 
melanoma 4 years ago removed from her arm. She now 
presents with three subcutaneous nodules on her chest. 
Radiographic staging is otherwise negative. 

Case in context: management of nodular and/or 
cutaneous metastases
In this patient with isolated cutaneous metastases, several 
options exist. Given the low burden of disease and easily 
accessible lesions on her chest, she is an ideal candidate for 
intralesional therapy.

The first reported successful intralesional therapy in 
melanoma was with Bacillus Calmette-Guérin (BCG) vaccine 
injected into a metastatic bladder lesion resulting in tumor 
regression (74). Other patients with melanoma responded, 
however, at least on died from disseminated BCG. A phase 
III trial (E1673) using intralesional BCG in melanoma failed 
to show benefit (75). Other intralesional therapies have 
demonstrated efficacy in clinical trials, some even eliciting 
a systemic antitumoral response. Among such therapies 
are intratumoral electroporation of plasmid IL-12 (76),  
PV-10 ( Rose Bengal) (77), Coxsackievirus A21 (78), and SD 

101 (79). 
The first-in-class injectable oncolytic virus, Talimogene 

laherparepvec (T-VEC) was granted FDA-approval in 
2015, based on results of the phase III, OPTiM, trial (26)  
comparing intralesional T-VEC with subcutaneous 
granulocyte macrophage colony-stimulating factor (GM-
CSF). The HSV of TVEC is modified for attenuated 
viral pathogenicity and has been engineered to stimulate 
expression of the gene encoding human granulocyte 
macrophage colony-stimulating factor (GM-CSF). 
This promotes a local immune response capable of 
inducing tumor cell apoptosis. The first dose of T-VEC 
is administered at 106 pfu/mL (to seroconvert HSV-
seronegative patients) which is followed by 108 pfu/mL 
3 weeks after the first dose and then once every 2 weeks. 
Therapy is generally well tolerated aside from mild fatigue, 
chills, and pyrexia. Among 436 patients randomly assigned 
to TVEC (2:1 ratio compared to GCSF), durable response 
rate (DRR) was 16.3% compared to 2.1% with GM-CSF 
(P<0.001). The ORR with T-VEC was also higher than 
with GM-CSF (26.4% versus 5.7%, P<0.001). Median OS 
was not significantly different with 23.3 versus 18.9 months 
(HR, 0.79; 95% CI, 0.62 to 1.00; P<0.051) between T-VEC 
and GM-CSF, respectively. DRR differences were greatest 
in stage III and M1a disease than in M1b/c. Average 
time to response was 4.1 months, and more than half of 
patients experienced ≥25% increase in the size of lesions or 
appearance of new lesions before achieving a response.

Exciting new intralesional treatments include antigen-
specific targeted vaccine (27) and combination regimens 
with checkpoint blockade and radiation (28,80). T-VEC in 
combination with ipilimumab was shown to have synergy 
in a small phase Ib/II study. Among 18 patients with stage 
IIIB/IV M1c melanoma, the investigator-assessed CR rate 
was 33%, with PR in 22%, SD in 17%, and an ORR of 
56% (95% CI: 31–79%) (81).

Summary

Immune therapy in melanoma has propelled cancer therapy 
into a new era. Clinical questions remain about predictive 
biomarkers to identify responders and patients refractory 
to therapy; sequencing and appropriate combination design 
therapy; stimulatory means to enhance the therapeutic 
response; and how to appropriately select life-prolonging 
treatments against the high toxicity index seen with some of 
these therapies. Moving forward, tools for screening patients 
using predictive biomarkers may help in personalizing 



13Translational Cancer Research, Vol 6, No 1 February 2017

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(1):3-16 tcr.amegroups.com

therapies and reducing toxicities. Although developments in 
immune therapy against cancer have evolved dramatically 
since Coley’s toxin of the 20th century, accurate and precise 
deployment from this new armamentarium is yet to be 
realized.
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