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a b s t r a c t
Before 2011, patients with advanced or metastatic melanoma had a particularly poor long-term prognosis. Since traditional treatments failed to confer a survival beneﬁt, patients were preferentially entered
into clinical trials of investigational agents. A greater understanding of the epidemiology and biology
of disease has underpinned the development of newer therapies, including six agents that have been
approved in the EU, US and/or Japan: a cytotoxic T-lymphocyte antigen-4 inhibitor (ipilimumab), two
programmed cell death-1 receptor inhibitors (nivolumab and pembrolizumab), two BRAF inhibitors
(vemurafenib and dabrafenib) and a MEK inhibitor (trametinib). The availability of these treatments
has greatly improved the outlook for patients with advanced melanoma; however, a major consideration
for physicians is now to determine how best to integrate these agents into clinical practice. Therapeutic
decisions are complicated by the need to consider patient and disease characteristics, and individual
treatment goals, alongside the different efﬁcacy and safety proﬁles of agents with varying mechanisms
of action. Long-term survival, an outcome largely out of reach with traditional systemic therapies, is
now a realistic goal, creating the additional need to re-establish how clinical beneﬁt is evaluated. In this
review we summarise the current treatment landscape in advanced melanoma and discuss the promise
of agents still in development. We also speculate on the future of melanoma treatment and discuss how
combination and sequencing approaches may be used to optimise patient care in the future.
Ó 2015 Elsevier Ltd. All rights reserved.

Introduction
Despite an increase in the incidence of advanced melanoma
[1,2], little progress has been made over recent decades in addressing the poor prognosis of patients or the limited treatment options
available [3]. Historically, the primary aims of treatment were to
reduce tumour burden and palliate symptoms, with little hope
for prolonged survival. Chemotherapy remained the standard of
care for advanced melanoma; objective response rates (ORRs)
range from 5% to 25% for dacarbazine monotherapy and up to
45% for polychemotherapies, but none of these treatments have
demonstrated improved overall survival (OS) [4,5].
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More recently, extensive research has yielded a greater understanding of the epidemiology and biology of advanced melanoma,
leading to the development of several new treatments with different mechanisms of action (MoAs). Six new agents have been
approved in the EU, US and Japan for advanced melanoma in recent
years: ipilimumab, nivolumab and pembrolizumab (immunotherapies), and vemurafenib, dabrafenib and trametinib (targeted therapies) [6–8]. These agents have dramatically improved the
outlook for metastatic melanoma but have also increased the complexity of the treatment algorithm. As well as patient and disease
characteristics, treatment decisions must now consider the different activity proﬁles of agents, balancing the desire for an immediate tumour response with symptom management and quality of
life (QoL) [9]. In addition, as long-term survival has become an
achievable treatment goal, the optimal measurement of clinical
efﬁcacy must be reconsidered. To this end, recommendations for
how best to integrate these new agents into clinical practice are
only included in more recent treatment guidelines [10–14].
This article reviews the approved treatment options for
advanced and metastatic melanoma and recent data from clinical
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trials with novel regimens. It also addresses how future treatment
strategies might be improved through sequencing and/or combination approaches.
Systemic treatment approaches
Approved and investigational therapies in metastatic melanoma
differ in their MoAs (Fig. 1). Table 1 summarises the key properties
of agents developed beyond phase I clinical trials.
Chemotherapy
Historically, systemic treatment of patients with advanced melanoma centred on cytostatic chemotherapy with dacarbazine or
other alkylating agents such as temozolomide, fotemustine or taxanes [15]. Dacarbazine induces response rates (RRs) of up to 25%
with no OS beneﬁt over supportive care (median OS, 5–11 months)
[5,16]. However, in comparator arms of controlled phase III trials of
BRAF inhibitors, RRs for dacarbazine were only 6–9% and median
OS was 9.7 months [17,18]. The most common treatment-related
adverse events (AEs) with dacarbazine are nausea and vomiting,
which are manageable with antiemetics in most patients [16].

Biochemotherapy combinations such as dacarbazine plus
cytokines (interleukin-2 [IL-2] or interferons [IFNs]), or cispla
tin/vinblastine/dacarbazine/tamoxifen (known as the Dartmouth
regimen) have demonstrated superior RRs over chemotherapy
alone without improved survival [19]. Furthermore, adding IL-2
to chemotherapy increases toxicity [20,21]. Polychemotherapy
regimens include carboplatin/paclitaxel, CVD (cisplatin, vincristine
and dacarbazine) and the BOLD regimen (bleomycin, vincristine,
lomustine and dacarbazine); gemcitabine plus theosulfan is sometimes used in patients with primary ocular melanoma. Again, these
combinations fail to signiﬁcantly improve survival versus
monochemotherapy and are therefore not considered appropriate
ﬁrst-line therapies [11], unless a high RR is required.
In a phase III trial, treatment with temozolomide, an oral alternative to dacarbazine, did not improve median OS in newly diagnosed patients with metastatic melanoma versus dacarbazine
[22]. However, temozolomide can cross the blood–brain barrier
and is widely used in patients with brain metastases [23].
Fotemustine also showed substantial activity in patients with
symptomatic or asymptomatic brain metastases in a phase II trial
and demonstrated superior RRs and a trend towards improved
OS over dacarbazine in a phase III study [24]. Although used in

Fig. 1. Systemic therapies in advanced melanoma. Abbreviations: CTLA-4 – cytotoxic T-lymphocyte-associated antigen-4; DC – dendritic cell; DTIC – dacarbazine; PD-1 –
programmed death 1.

Table 1
Types of antimelanoma therapy.

MoAa
OS advantagea
PFS advantagea
Long-term (>2 years) survivala
Common side effectsa
Patient populationa
Agents developed beyond phase I trials (highest phase)

Chemotherapy

Targeted therapy

Immunotherapy

Direct cytotoxicity
No
Yes
Unknown
Nausea, myelotoxicity
All
DTIC (3)
Temozolomide (3)
Fotemustine (3)
Nab-P (3)

Inhibition of MAPK signalling
Yes
Yes
Unknown
SCCs, ash, arthralgia, pyrexia, photosensitivity
BRAFV600-mutation-positive
Vemurafenib (3)
Dabrafenib (3)
Trametinib (3)
LGX818 (1)
MEK162 (2)
Selumetinib (2)
Imatinib mesylate (2)

Immune-related
Yes
Small
Yesb
irAEsb: colitis, endocrinopathies
Allb
Ipilimumab (3)
Nivolumab (1)
Pembrolizumab (1)
MPDL3280A (1)
BMS-936559 (1)
T-VEC (3)
IL-2 (3)

Abbreviations: DTIC – dacarbazine; IL-2 – interleukin-2; irAE – immune-related adverse event; MAPK – mitogen-activated protein kinase; MoA – mechanism of action; Nab-P
– nanoparticle albumin-bound paclitaxel; OS – overall survival; PFS – progression-free survival; SCC – squamous cell carcinoma; T-VEC – talimogene laherparepvec.
a
Approved treatments (DTIC/vemurafenib/dabrafenib/ipilimumab).
b
Effects are consistent with expected outcomes generally associated with immunological agents.
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some EU countries, fotemustine is not European Medicines Agency
(EMA)-approved.
In a more recent phase III trial, nanoparticle albumin-bound
paclitaxel (nab-P) signiﬁcantly improved median progression-free
survival (PFS) versus dacarbazine (4.5 versus 2.8 months; hazard
ratio [HR] = 0.792; p = 0.044), with a trend towards improved median OS at interim analysis (12.8 versus 10.7 months; HR = 0.831;
p = 0.094) [25]. Monochemotherapy should be limited to salvage
therapy in metastatic melanoma patient groups unsuitable for
newer treatments or clinical trials. The combination of chemotherapy and other treatment modalities is currently being investigated
in numerous clinical trials. While chemotherapy is migrating from
a classical ﬁrst-line treatment to palliative therapy following progression with newer antimelanoma drugs, it will remain in the
treatment plan for many patients.
Targeted therapy
Several key genetic mutations have been identiﬁed that contribute to melanoma incidence and progression. An estimated
40–50% of melanomas harbour activating mutations in the BRAF
oncogene, most commonly the substitution of valine to glutamic
acid (V600E) or lysine (V600 K) at codon 600. In addition, mutations in NRAS have been identiﬁed in approximately 15–20% of
melanomas [26,27]. The RAS and BRAF proteins regulate cellular
proliferation and survival, mainly through activation of the
mitogen-activated protein kinase (MAPK) pathway [28]. Indeed,
the MAPK pathway can be activated via several cancer-related
mechanisms, including mutations in RAS, BRAF and MEK1, loss of
the tumour suppressor NF1, binding of a ligand to receptor tyrosine
kinases (RTKs), or mutational activation of an RTK, leading to
excessive cellular proliferation through activation of ERK1/2
[28,29]. Consequently, targeting the MAPK cascade is of interest
in melanoma, and inhibitors of BRAF and its primary downstream
target MEK have been developed (Table 2) [30].
BRAF inhibitors
Tumours must be screened for BRAFV600 mutations prior to
treatment to identify patients most likely to respond to BRAF inhibitors [31]. Wild-type (WT) BRAF status is an absolute contraindication for such compounds due to the potential for paradoxical
activation of MAPK [32]. Vemurafenib is a potent BRAF inhibitor
that is approved for patients with BRAFV600 mutation-positive,
unresectable or metastatic melanoma [31,33]. Interim analysis of
a phase III trial (BRIM3) comparing vemurafenib with dacarbazine
indicated early improvements in PFS and the study was unblinded
to allow patients on the dacarbazine arm to cross over to vemurafenib [31]. Following an initial OS beneﬁt with vemurafenib, subsequent follow-up showed that the HR evolved from 0.37 (95%
conﬁdence interval [CI], 0.26–0.55) to 0.70 (95% CI, 0.57–0.87)
[17]. These results were veriﬁed in a phase IIIb trial of >2000
patients [34], and vemurafenib has also shown activity in patients
with asymptomatic or symptomatic brain metastases [35,36].
Vemurafenib has an acceptable safety proﬁle, with frequent yet
manageable grade 1–2 AEs and few grade 3–4 AEs [31,34].
Common treatment-related AEs (>10% patients) reported in phase
I–III trials included arthralgia, fatigue, rash and photosensitivity
[31,34,37,38]. Vemurafenib-induced photosensitivity may be
ultraviolet A-dependent; therefore, ultraviolet A-tailored sunscreens are recommended for patients at treatment initiation
[39]. Patients treated with vemurafenib may require excision of
new squamous-cell carcinomas (SCCs) or keratoacanthomas due
to RAF inhibitor dependent activation of MAPK signalling in BRAF
WT cells [31,33,40]. At present, limited data are available regarding
the potential long-term (P2 years) survival beneﬁt and safety of
vemurafenib.

Dabrafenib, was also recently granted US Food and Drug
Administration (FDA) and EMA marketing authorisation as
monotherapy for BRAFV600-mutated unresectable or metastatic
melanoma. In a randomised phase III trial, dabrafenib signiﬁcantly
improved PFS over dacarbazine with an ORR of 50% [18]. Follow-up
indicated median OS of 20.0 months versus 15.6 months with
dacarbazine (HR = 0.77; 95% CI, 0.52–1.13) [41]. However, the real
difference in OS cannot be assessed due to predeﬁned crossover of
progressing dacarbazine patients into the dabrafenib arm. Efﬁcacy
of dabrafenib has also been shown in patients with asymptomatic
brain metastases [42].
Across ﬁve clinical studies, the most common treatment-related
AEs with dabrafenib monotherapy were hyperkeratosis, headache,
arthralgia and pyrexia [43]. Grade 3–4 AEs were uncommon; the
incidence of phototoxic reactions or epithelial skin lesions with
dabrafenib was lower than with vemurafenib in phase II and phase
III trials, whereas the incidence of pyrexia was higher [18,43],
although no head to head randomized data are available.
LGX818, another potent BRAF inhibitor currently in development, has shown promise in early clinical trials; a phase III study
is ongoing [44,45].
Although the rapidity of response and tumour control with
BRAF inhibitors has been impressive, durability of response is limited due to resistance, relapse and subsequent disease progression
[46,47]. For example, in phase III trials, around 50% of patients treated with vemurafenib or dabrafenib developed disease progression
within 6–7 months of starting treatment [17,41]. Data from a small
number of patients suggest that continuing treatment with vemurafenib or dabrafenib beyond progression may be feasible [48,49];
however, this has not yet been conﬁrmed in a prospective randomised trial.
MEK inhibitors
Activated BRAF phosphorylates and activates downstream MEK
proteins (MEK1 and MEK2), which in turn activate ERK, leading to
proliferation and survival of tumour cells. Trametinib is an orally
available, highly selective allosteric inhibitor of MEK1/2 that
induces tumour regression [50]. Trametinib improved PFS and OS
compared with chemotherapy in a randomised phase III trial and
subsequently received FDA and EMA approval for the treatment
of BRAFV600-mutated advanced melanoma [51]. The most common
AEs with trametinib were rash, diarrhoea, peripheral oedema and
acneiform dermatitis; no secondary skin neoplasms were
diagnosed.
Further evidence supporting MEK targeting has been provided
by MEK162 and selumetinib in phase II trials [52,53]. One of these
trials [52] also included patients carrying NRAS mutations, which
demonstrated the clinical activity of MEK162 in this patient
subgroup, and a phase III trial comparing the efﬁcacy of MEK162
with dacarbazine in patients harbouring a NRASQ61 mutation is
currently ongoing [54].
BRAF inhibitor/MEK inhibitor combinations
Several approaches are being explored to improve durability of
response to targeted therapies, including using intermittent dosing
schedules to delay the selection of resistant tumour cells and
combination strategies (Table 2) [55,56]. Preplanned interim data
from an ongoing phase III trial (COMBI-d) in patients with
BRAFV600-mutated melanoma reported signiﬁcant improvements
in median PFS (9.3 months versus 8.8 months; HR = 0.75; 95% CI
0.57–0.99; p = 0.03) [57], ORR (67% versus 51%; p = 0.002) and
6-month OS (93% versus 85%; HR = 0.63; 0.42–0.94; p = 0.02) with
ﬁrst-line trametinib plus dabrafenib compared with dabrafenib
alone. Furthermore, an open-label, phase III study comparing the
ﬁrst-line combination of dabrafenib and trametinib with vemurafenib in patients with BRAFV600-mutated melanoma (COMBI-v)
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Table 2
Targeted therapy: summary of monotherapy and combination data.
Druga

MoA

ORR (%)

Median
PFS
(months)

Median
OS
(months)

1-/2-year OS
(%)

Summary

Vemurafenib (phase III)

BRAF
inhibitor
BRAF
inhibitor
BRAF
inhibitor
MEK
inhibitor
MEK
inhibitor
MEK
inhibitor
KIT inhibitor
BRAF
inhibitor
plus MEK
inhibitor
BRAF
inhibitor
plus MEK
inhibitor
BRAF
inhibitor
plus MEK
inhibitor
BRAF
inhibitor
plus MEK
inhibitor
BRAF
inhibitor
plus MEK
inhibitor

57

6.9

13.6

55/36b

Improved RR and PFS; rapid tumour regression;
manageable safety proﬁle
Improved RR and PFS; rapid tumour regression;
manageable safety proﬁle
High RR in BRAF inhibitor naïve patients; manageable
safety proﬁle
OS and PFS beneﬁt; rapid tumour regression;
manageable safety proﬁle
High RR; manageable safety proﬁle

Dabrafenib (phase III)
LGX818 (phase I)
Trametinib (phase III)
MEK162 (phase II)
Selumetinib (+ DTIC) (phase II)
Imatinib mesylate (phase II)
Dabrafenib plus trametinib (phase I/
II)

Dabrafenib plus trametinib vs
dabrafenib (phase III)

Dabrafenib plus trametinib vs
vemurafenib (phase III)

Vemurafenib plus cobimetinib
(phase III)

LGX818 plus MEK162 (phase Ib/II)

c

59

6.9

18.2

63 /–

38

–

–

–

22

4.8

–

–

20

3.7

–

–

40

5.6

13.9

–

5–23
76

1.4–3.5
9.4

7.5–14
–

–
79/–

67

9.3

–

–

Improved ORR and PFS vs dabrafenib; manageable
safety proﬁle

64

11.4

–

–

Improved ORR and PFS vs vemurafenib; safety
consistent with previous studies

68

9.9

–

–

Improved ORR and PFS vs vemurafenib; manageable
safety proﬁle

76

–

–

–

Encouraging RRs in 7 BRAF inhibitor-naïve patients;
maximum tolerated dose not reached

Improved RR and PFS; no OS improvement;
manageable safety proﬁle
Improved response rates in a subset of patients
Improved RR and PFS compared with dabrafenib
monotherapy in BRAF inhibitor naïve patients;
acceptable safety proﬁle at full approved doses

Abbreviations: DTIC – dacarbazine; MoA – mechanism of action; ORR – objective response rate; OS – overall survival; PFS – progression-free survival; RR – response rate.
a
Results cannot be directly compared.
b
Based on a phase I study including a small number of patients.
c
OS at 15 months.

showed a signiﬁcant improvement in OS with combination therapy
versus vemurafenib (HR = 0.69; 95% CI 0.53–0.89; p = 0.005) [58];
1-year OS was 72% with the combination versus 65% with vemurafenib while median PFS was 11.4 and 7.3 months, respectively
(HR = 0.56; 95% CI 0.46–0.69; p < 0.001). Collectively, these results
suggest that dabrafenib/trametinib combination therapy can
attenuate resistance to BRAF inhibition and this combination has
been approved in the US for BRAFV600-mutated advanced melanoma; approval in the EU is expected in 2015 [59,60]. It is, however, also important to note that this combination has limited
efﬁcacy in patients already resistant to BRAF inhibitors [55,61].
In clinical studies to date, dabrafenib 150 mg plus trametinib
2 mg has been well tolerated, albeit with an altered safety proﬁle
versus dabrafenib monotherapy [55,62]. In the COMBI-d study,
ﬁrst-line combination therapy was associated with increased pyrexia (51%) compared with dabrafenib alone (28%), and fewer cutaneous hyperproliferative events (cutaneous SCC: 2% versus 9%;
hyperkeratosis: 3% versus 32%) [57]. The number of dose interruptions/reductions was also increased with dabrafenib and trametinib versus dabrafenib alone. In the COMBI-v study, rates of
severe AEs and study-drug discontinuations were similar between
groups [58]. The combination arm had a comparable safety proﬁle
to that of the COMBI-d study, while in the vemurafenib arm, as
expected, a higher rate of photosensitivity was observed.
Potential synergistic effects of another MEK inhibitor, cobimetinib, and vemurafenib have been investigated in a phase III trial.

Interim results show median PFS of 9.9 months with the combination versus 6.2 months for vemurafenib alone (HR = 0.51; 95% CI
0.39–0.68; p < 0.0001), with ORRs of 68% and 45%, respectively
(p < 0.001) [63]. Vemurafenib and cobimetinib was associated with
a higher incidence of diarrhoea (28% versus 56%) as well as a
slightly higher incidence of grade 3 or higher AEs compared with
vemurafenib (65% versus 59%).
The combination of LGX818 and MEK162 is also being investigated in early-stage clinical trials [64].
Other BRAF inhibitor combinations may also be effective in
patients with speciﬁc melanoma subtypes and trials with BRAF
inhibitors in combination with therapies including PI3K, mTOR
and Akt inhibitors are ongoing [65–67].
KIT inhibitors
Binding of stem cell factor to the tyrosine kinase receptor c-KIT
activates multiple signalling pathways involved in cell proliferation and survival, including PI3K/Akt and MAPK [68]. Although
melanomas arising from non-chronically sun-damaged skin frequently harbour BRAF mutations, these are much less frequent in
melanomas arising from other sites. Conversely, activating mutations in c-KIT occur in up to 20% of acral, mucosal and chronically
sun-damaged melanomas, with the highest mutation rate found in
vulvo-vaginal melanoma [69,70]. c-KIT inhibitors such as imatinib,
dasatinib and sunitinib have demonstrated clinical activity in several studies in patients harbouring c-KIT mutations [71–74].
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However, there is a broad spectrum of mutations in c-KIT, of which,
only speciﬁc mutations may be therapeutically relevant; indeed,
RRs observed with imatinib in a phase II trial were highest in
patients with mutations at codons 576 and 642 of exons 11 and
13, respectively [72]. Several clinical trials are investigating KIT
inhibitors in c-KIT mutated melanoma, either as monotherapy or
in combination with chemotherapies, immunotherapies or other
targeted agents [75].
In summary, several targeted approaches have shown improvements in clinical endpoints, including OS, in patients with speciﬁc
oncogenic mutations. Consequently, mutational testing is a prerequisite for informed treatment decisions in metastatic melanoma
[12]. In patients with BRAFV600E-mutated melanoma, BRAF inhibitors can provide rapid tumour reduction and symptom relief, outcomes critical for patients requiring an urgent response. However,
responses are often transient due to acquired resistance, and
long-term data, which are of utmost importance for informed
treatment decisions, are currently limited. A major focus of future
research will be the management of side effects associated with
targeted agents and the development of strategies to provide more
durable clinical beneﬁts. Determining the best sequencing or combination strategies using multiple targeted agents and/or combinations with other approaches provide the most promise for
improved long-term outcomes.

Immunotherapy
Early immunotherapies
Immunotherapies for melanoma have been extensively studied
(Table 3), based on robust evidence that the immune system is
involved in tumour control [76]. Several immunotherapeutic
strategies have demonstrated antitumour activity in metastatic
melanoma although, until recently, no agent had prolonged OS in
the clinical trial setting.
Immunotherapies may be divided into four groups based on
speciﬁc/nonspeciﬁc and active/adoptive approaches. Active therapies rely on an endogenous immune response whereas adoptive
therapies use immune components that are developed ex vivo
[76]. Nonspeciﬁc, active approaches include infusion with cytokines such as IFN-a or IL-2. High-dose IL-2, FDA-approved in 1998
for advanced melanoma, has demonstrated durable complete
responses in a small number of patients. However, its use is associated with major toxicities including fever, chills, hypotension and
cardiac arrhythmias [77]. Adoptive cell therapy (ACT), or the inﬁltration of large numbers of autologous tumour-inﬁltrating lymphocytes (TIL), can also induce durable tumour regression but its
widespread use is limited by cost and time limitations [78–80].
There are ongoing phase III programs to evaluate the activity of
TIL-based ACT compared with ipilimumab in a prospective

Table 3
Immunotherapy: summary of monotherapy and combination data.
Druga

MoA

ORR
(%)

Median
PFS
(months)

Median
OS
(months)

1-/2year OS
(%)

Summary

IL-2

Cytokine

16

13.1

11.4

–

Durable response in a small number of patients; no OS beneﬁt assessed;
signiﬁcant risk of toxicity
Proven OS beneﬁt; durable disease control; long-term survival of >5 years in
some patients; manageable safety proﬁle (grade 3–4 drug-related AEs, 33%)
High RR and median OS; manageable safety proﬁle
Superior efﬁcacy to investigator’s choice of chemotherapy; grade 3–4 drugrelated AEs less frequent vs chemotherapy (9% vs 31%)
Superior efﬁcacy to dacarbazine; grade 3–4 drug-related AEs less frequent vs
dacarbazine (12% vs 18%)

Ipilimumab
(phase III)
Nivolumab (phase I)
Nivolumab (phase
III) pretreated
Nivolumab (phase
III) previously
untreated
Pembrolizumabc
(phase I)
Pembrolizumabc
(phase II)
BMS-936559
(phase I)
MPDL3280A (phase
I)
T-VEC (phase III)
Ipilimumab plus
IL-2d (phase I)
Ipilimumab plus
PEG-IFN a-2b
(phase I)
Ipilimumab plus
T-VEC (phase I)
Ipilimumab plus GMCSF (phase II)
Ipilimumab plus
nivolumabe
(phase I)

b

Anti-CTLA-4

11

2.9

10.1

46/25

Anti-PD-1
Anti-PD-1

32
32

3.7
–

17.3
–

63/48
–

Anti-PD-1

40

5.1

–

72.9/–

Anti-PD-1

24

5.5

–

58/–

High RR; manageable safety proﬁle

Anti-PD-1

21

–

–

–

Anti-PD-L1

17

–

–

–

Median PFS was signiﬁcantly improved vs chemotherapy; grade 3–5 drugrelated AEs lower (11%) vs chemotherapy (26%)
High RR; manageable safety proﬁle

Anti-PD-L1

29

–

–

–

High RR and DCR; manageable safety proﬁle

GM-CSF
production
Anti-CTLA-4 plus
cytokine
Anti-CTLA-4 plus
cytokine

26

–

23.3

74/50

Durable RR beneﬁt; trend towards improved OS; manageable safety proﬁle

25

–

16

–

42

–

16.6

56/–

Durable tumour control in some patients; no evidence of synergistic effect;
acceptable safety proﬁle
High RR and median OS; manageable safety proﬁle

41

–

–

–

High RR; manageable safety proﬁle

19

3.1

17.5

69/–

Improved OS compared with ipilimumab monotherapy; reduced incidence
of high grade AEs

40

–

–

85/79

Improved RR and 1-year OS compared with monotherapies; manageable
safety proﬁle with ipilimumab 3 mg/kg plus nivolumab 1 mg/kg

Anti-CTLA-4 plus
GM-CSF
production
Anti-CTLA-4 plus
WBC growth
factor
Anti-CTLA-4 plus
anti-PD-1

Abbreviations: AE – adverse event; CTLA-4 – cytotoxic T-lymphocyte-associated antigen-4; DCR – disease control rate; GM-CSF – granulocyte–macrophage colony-stimulating
factor; IL-2 – interleukin-2; MoA – mechanism of action; ORR – objective response rate; OS – overall survival; PD-1 – programmed death 1; PD-L1 – programmed death ligand
1; PEG-IFN a-2b – pegylated interferon a-2b; PFS – progression-free survival; RR – response rate; T-VEC – talimogene laherparepvec; WBC – white blood cell.
a
Results cannot be directly compared.
b
Among 95 patients with P2 years follow-up.
c
2 mg/kg.
d
With extended follow-up.
e
Concurrent therapy.

O. Michielin, C. Hoeller / Cancer Treatment Reviews 41 (2015) 660–670

665

Fig. 2. Immune checkpoint regulators Inhibitory and stimulatory checkpoints of immune regulation. Abbreviations: APC – antigen presenting cell; CTLA-4 – cytotoxic Tlymphocyte-associated antigen-4; PD-1 – programmed death 1; PD-L1/2 – programmed death ligand 1/2.

randomized setting (NCT02278887). Results of such trials are
eagerly awaited to better deﬁne the place of ACT in our armamentarium [76].
Other active immune strategies include vaccination with irradiated whole-tumour cells or dendritic cells loaded with
tumour-associated antigens that can prime the immune system
to attack tumour cells and, more recently, monoclonal antibodies
speciﬁc to T-cell receptors that regulate the immune response [81].
Immune checkpoint inhibitors
The amplitude and quality of T-cell responses against neoplastic
cells is regulated by a balance between co-stimulatory and
co-inhibitory signals at key points within the immune cascade
(Fig. 2). These immune checkpoints are crucial for the maintenance
of self-tolerance and prevent damage to the body’s normal tissues
during an immune response. Cytotoxic T-lymphocyte antigen-4
(CTLA-4) and programmed death-1 (PD-1) are inhibitory checkpoint receptors expressed on T cells that inhibit T-cell activity on
engaging with their respective ligands (B7.1/B7.2 for CTLA-4 and
PD-L1/PD-L2 for PD-1) [82].
Inhibiting immune checkpoints constitutes a novel approach to
immuno-oncology by releasing the natural braking mechanism
and engaging the adaptive immune system. Checkpoint inhibitors
offer a number of clinical advantages in comparison with other
therapy types, including a greater duration of immune response
than cytokines (e.g., IL-2 and IFN-a) [83,84], and a lower susceptibility to resistance than chemotherapy and molecular targeted
therapies [85,86].
The approval of ipilimumab, a fully human monoclonal antibody directed against CTLA-4, in 2011, represented a signiﬁcant
breakthrough in the treatment of advanced melanoma [87,88].
By blocking CTLA-4, ipilimumab potentiates T-cell proliferation,
activation and intratumoural inﬁltration, leading to increased
tumour cell death [85]. In the registrational phase III trial, ipilimumab 3 mg/kg, with or without a gp100 peptide vaccine, significantly improved OS in patients with pretreated advanced
melanoma compared with the gp100 vaccine alone (median OS
6.4 months). With a maximum follow-up of 55 months, median
OS was 10.1 months in patients treated with ipilimumab plus
gp100 (HR versus gp100 alone: 0.68; p < 0.001) and 10.1 months

(HR versus gp100 alone: 0.66; p = 0.003) with ipilimumab plus placebo [89]. In a further phase III trial, adding ipilimumab 10 mg/kg
to dacarbazine signiﬁcantly improved OS versus dacarbazine
monotherapy in treatment-naïve patients [90]. Further evidence
for the efﬁcacy of ipilimumab in the ﬁrst-line setting is provided
by two retrospective US observational studies and pooled survival
analysis of data from chemotherapy-naïve patients treated in
phase II or phase III clinical trials [91–93]. Consequently, ipilimumab is approved for the ﬁrst-line treatment of advanced melanoma in the US and many countries in the EU.
Response patterns with ipilimumab differ from those observed
with other agents, which may be due to a slower onset of activity
resulting from the time taken to activate and build an immune
response [94]. Thus, prior to disease stabilisation or regression,
some patients may experience tumour progression or pseudoprogression, an apparent progression owing to immune cell inﬁltration and inﬂammation [95]. Although objective responses with
ipilimumab monotherapy in clinical trials are less frequent than
reported with targeted agents [89,96,97], many patients treated
with ipilimumab have long-lasting stable disease that may reﬂect
prolonged survival [98–100]; this may result from ongoing
immune system activation, persisting for months to years after initial treatment [79]. Thus, the methods employed to assess treatment efﬁcacy in melanoma are evolving to reﬂect the unique
properties
of
immuno-oncology
agents.
For
instance,
immune-speciﬁc criteria, as opposed to traditional methods for
assessing treatment responses such as Response Evaluation
Criteria in Solid Tumours (RECIST), may be more appropriate.
Follow-up data from phase II/III trials further demonstrate
long-term survival with ipilimumab; approximately one-ﬁfth of
patients survive P2 years. Regardless of prior treatment, survival
rates with ipilimumab plateau after 2–3 years, with a meaningful
proportion of patients surviving >5 years [101–103]. In a pooled
analysis of OS data from nearly 2000 patients treated in phase
II/III trials, OS remained approximately 20% for up to 10 years,
across different doses and lines of therapy [104]. The survival beneﬁt observed with ipilimumab within clinical trials is independent
of mutation status (e.g., BRAF, NRAS) and appears to be consistent
across all patient subpopulations. This includes those with noncutaneous (uveal or mucosal) melanoma and those that are harder to
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treat (for example elderly patients and those with elevated LDH,
M1c disease or stable brain metastases), although retrospective
data from some centres indicate that patients with elevated LDH
might have a low probability of achieving the goal of long-term
survival [89,90,102,105–114].
Recent investigations using whole-exome sequencing demonstrated that mutational load was signiﬁcantly associated with survival beneﬁt from ipilimumab therapy, although mutational load
alone did not predict response to treatment in all cases [115].
Mutational load does, however, directly correlate with the emergence of novel antigenic epitopes from mutated proteins. In several
tumour-types, T-cell reactivity against these often patient and
tumour-speciﬁc neo-epitopes has been identiﬁed as essential for
a successful tumour immune response [116]. Recently, a
neo-epitope signature was identiﬁed in patients achieving long
term beneﬁt from CTLA-4 blockade that was predictive of survival
independently from the overall mutational load, and could, if corroborated in a larger set of samples, be one of the ﬁrst useful
biomarkers for such a therapy [115].
Due to its immune MoA, most treatment-related AEs with ipilimumab are inﬂammatory in nature, commonly affecting the skin
or gastrointestinal tract [89,90,97,117–120], and can be managed
effectively using product-speciﬁc treatment guidelines. Early
recognition of these AEs and appropriate initiation of supportive
care are critical to maximise the beneﬁt of treatment and reduce
the risk of severe or life-threatening complications, which may
involve the gastrointestinal, liver, skin, nervous, endocrine or other
organ systems [121–123].
The success of ipilimumab has supported development of
agents directed against other immune-regulatory checkpoints,
including PD-1. Whereas CTLA-4 is activated primarily through
the association between an antigen-presenting cell and T cell in
the periphery followed by distribution of activated T cells to
tumour sites, PD-1 is principally believed to inhibit effector T-cell
activity in the effector phase within tissue and tumours [124].
PD-1 is also more broadly expressed than CTLA-4, and is found
on activated B cells, natural killer cells, activated T cells, Tregs,
CD8+ T cells and activated CD4+ cells [125]. Thus, while CTLA-4
signalling alters the early phase of activation of naïve or memory
T cells, PD-1 signalling limits effector phases from T cells [126].
Consequently, monoclonal antibodies against PD-1 or its ligand
PD-L1 have shown higher response rates and lower rates of AEs in
early clinical trials in melanoma than have been shown in previous
trials with anti-CTLA-4 agents [127,128]. There are therefore a
growing number of monoclonal antibodies targeting PD-1 or
PD-L1 in clinical development, with several larger scale trials nearing completion.
The FDA recently granted accelerated approval of pembrolizumab for the treatment of patients with unresectable or
metastatic melanoma and disease progression following ipilimumab and, if BRAF V600 mutation positive, a BRAF inhibitor.
This approval was on the basis of promising early data from a
phase Ib trial that showed an ORR (assessed by RECIST) of 24% with
pembrolizumab 2 mg/kg every 3 weeks in ipilimumab-pretreated
patients [7]. After median follow-up of 8 months, pembrolizumab
was also well tolerated, and promising results were shown in several other clinical endpoints including median PFS (pembrolizumab 2 mg/kg: 22 weeks; 10 mg/kg: 14 weeks) and 1-year
OS (58% and 63%, respectively) [129]. Preliminary data from a
phase II study evaluating pembrolizumab versus investigator’s
choice of chemotherapy in pretreated patients with advanced melanoma were also recently presented [130]. PFS was signiﬁcantly
improved in both the 2 mg/kg and 10 mg/kg pembrolizumab
groups compared with chemotherapy (p < 0.00001 for both comparisons), with 6-month PFS rates of 34%, 38% and 16%, respectively. ORR was 21% with 2 mg/kg pembrolizumab, 25% with

10 mg/kg and 4% with chemotherapy (p < 0.0001 for both comparisons). Rates of grade 3–5 drug-related AEs were higher with
chemotherapy (26%) than with 2 mg/kg (11%) and 10 mg/kg
(14%) pembrolizumab. Similar efﬁcacy and safety has been shown
with 2 mg/kg versus 10 mg/kg pembrolizumab in clinical trials to
date, thus favouring the lower dose of 2 mg/kg approved by the
FDA [7,129,131]. Data from a phase III trial comparing pembrolizumab with ipilimumab in treatment-naïve patients is
expected to be presented in early 2015 (NCT01866319).
Nivolumab, a fully human monoclonal antibody that potently
blocks PD-1 to prevent its binding to both PD-L1 and PD-L2,
recently received accelerated approval for the treatment of unresectable melanoma in Japan and the US [7,8]. In a phase I
dose-escalation study of nivolumab (0.1, 0.3, 1, 3 or 10 mg/kg) in
patients with solid tumours, ORR was 41% in the 3 mg/kg cohort;
median OS was 20.3 months and median PFS was 9.7 months, with
at least 1 year of follow-up for all patients [132]. At present, nivolumab is the only anti-PD-1 antibody for which long-term survival
data are available, with 1-, 2-, 3- and 4-year survival rates of 63%,
48%, 42% and 32%, respectively, among all dose cohorts. Results
from the ﬁrst phase III trials of nivolumab were recently presented.
In patients with advanced melanoma progressing after anti-CTLA-4
therapy, conﬁrmed ORR (RECIST) was 32% with nivolumab
(3 mg/kg) and 11% with investigator’s choice of chemotherapy,
with median time to response of 2.1 and 3.5 months, respectively
[133]. Responses to nivolumab were observed irrespective of
BRAF status, prior ipilimumab beneﬁt, and in patients with poor
prognostic factors [134]. Responses were observed in patients with
positive and negative tumour PD-L1 status, although PD-L1 positive patients had a higher response rate (44% versus 20%). Grade
3–4 drug-related AEs (9% versus 31%) and discontinuations due
to drug-related AEs (2% versus 8%) were less frequently observed
with nivolumab than chemotherapy. The majority of drug-related
AEs were of a low grade and manageable using recommended
treatment algorithms. In a second phase III study of nivolumab
(3 mg/kg) in previously untreated patients with advanced BRAF
WT melanoma, OS at 1 year was 72.9% with nivolumab versus
42.1% with dacarbazine (HR = 0.42; 99.79% CI 0.25–0.73;
p < 0.001) [136]. Median PFS was 5.1 months and 2.2 months,
respectively (HR = 0.43; 95% CI 0.34–0.56; p < 0.001), while ORR
(RECIST) was 40.0% and 13.9%, respectively (p < 0.001). The safety
proﬁle of nivolumab was acceptable, manageable and consistent
with its proﬁle in pretreated patients. Common AEs with nivolumab included fatigue, pruritus and nausea; drug-related grade 3–
4 AEs were less frequent with nivolumab than dacarbazine
(11.7% versus 17.6%).
Two studies have evaluated the efﬁcacy and safety of the
anti-PD-L1 antibodies, BMS-936559 and MPDL3280A. Among 52
patients treated with BMS-936559 (0.3–10 mg/kg), ORR across all
doses was 17%. Antitumour responses or prolonged stable disease
were observed even in heavily pretreated patients [127,136]. ORR
in 38 melanoma patients who received MPDL3280A 1–20 mg/kg
was 29% [137]. Both of these treatments were well tolerated, with
most AEs being low grade [136,138].
Another immunotherapy in development is talimogene laherparepvec (T-VEC), an HSV-1 based oncolytic therapy designed to
replicate selectively in tumour cells, leading to their lysis, and to
produce granulocyte–macrophage colony-stimulating factor
(GM-CSF) to stimulate antitumour immune responses. Since
T-VEC is injected directly into the tumour tissue, only patients with
injectable (cutaneous or subcutaneous) lesions were included in a
randomised phase III trial comparing T-VEC and subcutaneously
administered GM-CSF in advanced melanoma. Preliminary results
suggested T-VEC improves durable RRs compared with GM-CSF
and has an acceptable safety proﬁle [139], although a signiﬁcant
improvement in OS was not seen, despite an increase of 4.4 months
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with active therapy (p = 0.051). However, the outcome of this study
needs to be interpreted with caution due to the comparator,
GM-CSF, not being injected in the same way (intralesionaly) as
TVEC and furthermore, not being an accepted treatment for metastatic melanoma.
Many immuno-oncology drugs are in clinical development,
with ipilimumab, pembrolizumab and nivolumab having the most
mature clinical evidence. The potential long-term beneﬁts of
immune checkpoint inhibitors necessitate reassessment of how
clinical success is measured. Durable disease control can substantially increase life expectancy, an outcome as important as an
objective response. Emerging data suggest that immunotherapies
may be most effective when used early during the course of
advanced melanoma, provided patients are expected to survive
long enough to complete induction therapy [89,93,107–110,112,
140–144]. An important area for future research will be to identify
and validate potential biomarkers to select patients most likely to
beneﬁt from treatment and achieve long-term clinical beneﬁt with
immunotherapy [96,145,146].
Combination immunotherapies
Combination strategies are a key focus of ongoing
immuno-oncology research (Table 3). A phase I/II trial of ipilimumab plus IL-2 showed no evidence of synergy (ORR 25%)
[103,146]. A phase I trial investigating IL-21 combined with ipilimumab or nivolumab is recruiting patients following preclinical
studies that showed enhanced antitumour activity with this
approach in murine tumour models [147].
Ipilimumab has also been investigated in combination with a
range of other immunotherapies in patients with advanced melanoma. Phase I studies of ipilimumab in combination with
PEG-interferon a-2b, T-VEC or the indoleamine 2,3-dioxygenase
1 inhibitor, INCB024360, have all shown manageable tolerability
proﬁles and promising response rates [148–150]. Promising results
have also been reported from a phase II trial evaluating the efﬁcacy
and safety of ipilimumab plus GM-CSF versus ipilimumab
monotherapy; OS was improved and the incidence of high-grade
AEs was reduced with combination therapy although there was
no difference in PFS [151]. Several clinical studies are also planned
or ongoing to evaluate the combined use of ipilimumab or nivolumab with other vaccine-based therapies (e.g., NY-ESO-1, dendritic
vaccines, Tri-Mix) in advanced melanoma.
There is also a strong rationale for combining immune checkpoint inhibitors with complimentary MoAs. Indeed, preclinical
studies and early clinical trial data suggest that concurrent ipilimumab and nivolumab can induce rapid and deep responses. In
a phase I trial, patients who received concurrent nivolumab (0.3,
1 or 3 mg/kg) and ipilimumab (1 or 3 mg/kg) showed an ORR of
40% and 1-year OS of 85%. Although there was a signiﬁcantly
higher incidence of grade 3–4 AEs with combination therapy than
recorded previously with either drug as monotherapy, there were
no new safety signals and AEs could be managed using standard
protocols. In subgroup analyses, concurrent administration of ipilimumab 3 mg/kg plus nivolumab 1 mg/kg showed 1- and 2-year
OS rates of 94% and 88%; furthermore, the response rate of a further 41 patients who received ipilimumab 3 mg/kg plus nivolumab
1 mg/kg was similar and consistent regardless of tumour BRAF
mutation or PD-L1 expression status [152]. In the same study,
patients who received nivolumab 1 or 3 mg/kg sequentially after
standard ipilimumab therapy showed a 1-year OS rate of 70%,
which is consistent with reported nivolumab monotherapy data
[153]. Interestingly, residual plasma ipilimumab levels were positively associated with the response to subsequent nivolumab.
Thus, concurrent therapy with ipilimumab 3 mg/kg plus nivolumab 1 mg/kg has been selected for investigation in phase III trials
compared with nivolumab or ipilimumab monotherapy [154].
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Two phase I trials will investigate the use of either ipilimumab
or nivolumab in combination with lirilumab, an antibody directed
against killer cell immunoglobulin-like receptors (KIRs) [155,156].
Lirilumab potentiates endogenous immune responses by blocking
signalling through inhibitory KIRs and had an acceptable safety
proﬁle in a phase I monotherapy trial; data are expected in 2015.
Clinical application of available treatments
The best approach for incorporating recent additions to the
melanoma treatment armamentarium into clinical practice needs
to be considered. The distinct mechanisms of action and activity
proﬁles of approved agents can impact treatment choice.
Therefore, treatment decisions should consider genetic information and clinical parameters to optimise individual patient care.
Targeted agents offer rapid responses and prevent ‘early deaths’
in BRAF-mutated patients; however, resistance usually develops
[17,18,46]. By contrast, immunotherapy offers the possibility of
long-term survival but requires time to maximise such possibilities
[94,95,101–104]. Available data suggest that around 40% of
patients who fail treatment with a BRAF inhibitor undergo rapid
disease progression and are unable to complete therapy with
another line of treatment. Conversely, prior treatment with ipilimumab does not appear to compromise the efﬁcacy of subsequent
BRAF inhibitor treatment. Thus, using ipilimumab before BRAF
inhibition in patients with more indolent disease may offer the
best sequencing strategy to promote long-term survival [98,142–
144]. ‘Smart’ sequencing will be important as other investigational
agents and/or combinations become available in the future.
The complimentary MoAs of immunotherapies and targeted
agents may lead to synergism when combined. However, concurrent treatment with immune checkpoint inhibitors and vemurafenib may not be feasible due to hepatotoxicity [138,157].
Nevertheless, combination studies with ipilimumab and the BRAF
inhibitor dabrafenib, either alone or in combination with the
MEK inhibitor trametinib, are ongoing. Preliminary data showed
that the triple-combination led to early bowel perforation in 2
patients and will therefore not be pursued further; the combination of dabrafenib and ipilimumab appeared tolerable. At the same
time, early combination studies of targeted agents and PD-1 targeting drugs are in progress.
Alternative sequencing approaches are also under investigation,
including a phase III study of sequential treatment with dabrafenib
plus trametinib and ipilimumab plus nivolumab (NCT02224781).

Conclusions
The recent approvals of several targeted and immuno-oncology
agents have provided renewed hope for patients with metastatic
melanoma. There are now several treatment options available,
with several other agents in the pipeline. To maximise clinical beneﬁt, the strategies for integrating new treatment options into existing guidelines need to be optimised and aligned with long-term
individual patient goals. Future research is likely to focus on
improving treatment outcomes through combination approaches
and/or smart sequencing strategies. Greater understanding of
how to overcome mechanisms of resistance or immunosuppression and the identiﬁcation of biomarkers to inform treatment
selection may help to transform the outcomes of patients.

Conﬂict of interest statement
Olivier Michielin and Christoph Höller have had a speaker
and/or advisory role for Bristol Myers-Squibb, Roche, GlaxoSmithKline,
Amgen and Novartis.

668

O. Michielin, C. Hoeller / Cancer Treatment Reviews 41 (2015) 660–670

Acknowledgements
Professional medical writing support and editorial assistance
was provided by StemScientiﬁc, an Ashﬁeld Company, part of
UDG Healthcare plc., funded by Bristol-Myers Squibb.

References
[1] Ferlay J, Parkin DM, Steliarova-Foucher E. Estimates of cancer incidence and
mortality in Europe in 2008. Eur J Cancer 2010;46:765–81.
[2] Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J Clin
2010;60:277–300.
[3] Garbe C, Eigentler TK, Keilholz U, Hauschild A, Kirkwood JM. Systematic
review of medical treatment in melanoma: current status and future
prospects. Oncologist 2011;16:5–24.
[4] Eggermont AM, Robert C. New drugs in melanoma: it’s a whole new world.
Eur J Cancer 2011;47:2150–7.
[5] Garbe C, Terheyden P, Keilholz U, Kölbl O, Hauschild A. Treatment of
melanoma. Dtsch Arztebl Int 2008;105:845–51.
[6] Mekinist (trametinib) Summary of Product Characteristics, August 2014.
Available at: http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/002643/WC500169657.pdf.
[7] KEYTRUDAÒ (pembrolizumab) US Prescribing Information. Available at:
http://www.accessdata.fda.gov/drugsatfda_docs/label/2014/125514lbl.pdf.
[8] Ono Pharmaceutical Co., Ltd. Press release 4 July 2014. Available at: http://www.
ono.co.jp/eng/news/pdf/sm_cn140704.pdf [last accessed December 2014].
[9] Ribas A, Hersey P, Middleton MR, Gogas H, Flaherty KT, Sondak VK, et al. New
challenges in endpoints for drug development in advanced melanoma. Clin
Cancer Res 2012;18:336–41.
[10] Dummer R, Guggenheim M, Arnold AW, Braun R, von Moos R. Project Group
Melanoma of the Swiss Group for Clinical Cancer Research. Updated Swiss
guidelines for the treatment and follow-up of cutaneous melanoma. Swiss
Med Wkly 2011;141:w13320.
[11] Dummer R, Hauschild A, Guggenheim M, Keilholz U, Pentheroudakis G. ESMO
Guidelines Working Group. Cutaneous melanoma: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol 2012;23(Suppl.
7):vii86–91.
[12] Garbe C, Peris K, Hauschild A, Saiag P, Middleton M, Spatz A, et al. Diagnosis
and treatment of melanoma. European consensus-based interdisciplinary
guideline – update 2012. Eur J Cancer 2012;48:2375–90.
[13] NCCN clinical practice guidelines in oncology: melanoma. Version 12.2015,
December 2014. Available at: http://www.nccn.org/professionals/physician_
gls/pdf/melanoma.pdf.
[14] Plugfelder A, Kochs C, Blum A, Capellaro M, Czeschik C, Dettenborn T, et al.
S3-guideline ‘‘diagnosis, therapy and follow-up of melanoma’’ – short
version. J Dtsch Dermatol Ges 2013;11:563–602.
[15] Dummer R, Hauschild A, Guggenheim M, Jost L, Pentheroudakis G. ESMO
Guidelines Working Group. Melanoma: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann Oncol 2010;21(Suppl. 5):v194–7.
[16] Serrone L, Zeuli M, Sega FM, Cognetti F. Dacarbazine-based chemotherapy for
metastatic melanoma: thirty-year experience overview. J Exp Clin Cancer Res
2000;19:21–34.
[17] McArthur GA, Chapman PB, Robert C, Larkin J, Haanen JB, Dummer R, et al.
Safety and efﬁcacy of vemurafenib in BRAF(V600E) and BRAF(V600K)
mutation-positive melanoma (BRIM-3): extended follow-up of a phase 3,
randomised, open-label study. Lancet Oncol 2014;15:323–32.
[18] Hauschild A, Grob JJ, Demidov LV, Jouary T, Gutzmer R, Millward M, et al.
Dabrafenib in BRAF-mutated metastatic melanoma: a multicentre, openlabel, phase 3 randomised controlled trial. Lancet 2012;380:358–65.
[19] Chapman PB, Einhorn LH, Meyers ML, Saxman S, Destro AN, Panageas KS, et al.
Phase III multicenter randomized trial of the Dartmouth regimen versus
dacarbazine in patients with metastatic melanoma. J Clin Oncol 1999;17:2745–51.
[20] Hamm C, Verma S, Petrella T, Bak K, Charette M. Melanoma Disease Site
Group of Cancer Care Ontario’s Program in Evidence-based Care.
Biochemotherapy for the treatment of metastatic malignant melanoma: a
systematic review. Cancer Treat Rev 2008;34:145–56.
[21] Ives NJ, Stowe RL, Lorigan P, Wheatley K. Chemotherapy compared with
biochemotherapy for the treatment of metastatic melanoma: a meta-analysis
of 18 trials involving 2621 patients. J Clin Oncol 2007;25:5426–34.
[22] Middleton MR, Grob JJ, Aaronson N, Fierlbeck G, Tilgen W, Seiter S, et al.
Randomized phase III study of temozolomide versus dacarbazine in the
treatment of patients with advanced metastatic malignant melanoma. J Clin
Oncol 2000;18:158–66.
[23] Agarwala SS, Kirkwood JM. Temozolomide, a novel alkylating agent with
activity in the central nervous system, may improve the treatment of
advanced metastatic melanoma. Oncologist 2000;5:144–51.
[24] Quéreux G, Dréno B. Fotemustine for the treatment of melanoma. Expert Opin
Pharmacother 2011;12:2891–904.
[25] Hersh E, Del Vecchio M, Brown M, Kefford R, Loquai C, Testori A, et al. Phase 3,
randomized, open-label, multicenter trial of nab-paclitaxel (nab-P) vs
dacarbazine (DTIC) in previously untreated patients with metastatic
malignant melanoma (MMM). Pigment Cell Melanoma Res 2012;25:
836–903.

[26] Cheng S, Chu P, Hinshaw M, Smith K, Maize J, Sferruzza A. Frequency of
mutations associated with targeted therapy in malignant melanoma patients.
J Clin Oncol 2011;29(Suppl.). abstract 8597.
[27] Colombino M, Capone M, Maio M, De Giorgi V, Cossu A, Lissia A, et al.
Mutation frequency in BRAF and NRAS genes among primary tumors and
different types of metastasis from melanoma patients. J Clin Oncol
2011;29(Suppl.). abstract 8574.
[28] Pratilas CA, Solit DB. Targeting the mitogen-activated protein kinase
pathway: physiological feedback and drug response. Clin Cancer Res
2010;16:3329–34.
[29] Long GV, Menzies AM, Nagrial AM, Haydu LE, Hamilton AL, Mann GJ, et al.
Prognostic and clinicopathologic associations of oncogenic BRAF in
metastatic melanoma. J Clin Oncol 2011;29:1239–46.
[30] Cantwell-Dorris ER, O’Leary JJ, Sheils OM. BRAFV600E: implications for
carcinogenesis and molecular therapy. Mol Cancer Ther 2011;10:385–94.
[31] Chapman PB, Hauschild A, Robert C, Haanen JB, Ascierto P, Larkin J, et al.
Improved survival with vemurafenib in melanoma with BRAF V600E
mutation. N Engl J Med 2011;364:2507–16.
[32] Carnahan J, Beltran PJ, Babij C, Le Q, Rose MJ, Vonderfecht S, et al. Selective
and potent Raf inhibitors paradoxically stimulate normal cell proliferation
and tumor growth. Mol Cancer Ther 2010;9:2399–410.
[33] Zelboraf (vemurafenib) Summary of Product Characteristics, December 2013.
Available at: http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/002409/WC500124317.pdf.
[34] Larkin JMG, Del Vecchio M, Ascierto PA, Schachter J, Garbe C, Neyns B, et al.
Open-label, multicenter safety study of vemurafenib in patients with BRAFV600
mutation–positive metastatic melanoma. J Clin Oncol 2013;31(Suppl.). abstract
9046.
[35] Dummer R, Goldinger SM, Turtschi CP, Eggmann NB, Michielin O, Mitchell L,
et al. Vemurafenib in patients with BRAF(V600) mutation-positive melanoma
with symptomatic brain metastases: ﬁnal results of an open-label pilot study.
Eur J Cancer 2014;50:611–21.
[36] Kefford RF, Maio M, Arance A, Nathan P, Blank C, Avril MF, et al. Vemurafenib
in metastatic melanoma patients with brain metastases: an open-label, singlearm, phase 2, multicenter study. Pigment Cell Melanoma Res 2013;26:965.
[37] Flaherty KT, Puzanov I, Kim KB, Ribas A, McArthur GA, Sosman JA, et al.
Inhibition of mutated, activated BRAF in metastatic melanoma. N Engl J Med
2010;363:809–19.
[38] Sosman JA, Kim KB, Schuchter L, Gonzalez R, Pavlick AC, Weber JS, et al.
Survival in BRAF V600-mutant advanced melanoma treated with
vemurafenib. N Engl J Med 2012;366:707–14.
[39] Dummer R, Rinderknecht J, Goldinger SM. Ultraviolet A and photosensitivity
during vemurafenib therapy. N Engl J Med 2012;366:480–1.
[40] Fisher R, Larkin J. Vemurafenib: a new treatment for BRAF-V600 mutated
advanced melanoma. Cancer Manag Res 2012;4:243–52.
[41] Hauschild A, Grobb J, Demidov L, Jouary T, Gutzmer R, Millward M, et al. An
update on overall survival (OS) and follow-on therapies in BREAK-3. Ann
Oncol 2014;25(Suppl. 4):iv374–93.
[42] Long GV, Trefzer U, Davies MA, Kefford RF, Ascierto PA, Chapman PB, et al.
Dabrafenib in patients with Val600Glu or Val600Lys BRAF-mutant melanoma
metastatic to the brain (BREAK-MB): a multicentre, open-label, phase 2 trial.
Lancet Oncol 2012;13:1087–95.
[43] Taﬁnlar (dabrafenib) Summary of Product Characteristics, September 2013.
Available at: http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/002604/WC500149671.pdf.
[44] Stuart DD, Li N, Poon DJ, Aardalen K, Kaufman S, Merritt H, et al. Preclinical
proﬁle of LGX818: a potent and selective RAF kinase inhibitor. Cancer Res
2012;72(Suppl. 1). abstract 3790.
[45] Dummer R, Robert C, Nyakas M, McArthur GA, Kudchadkar RR, Gomez-Roca
C, et al. Initial results from a phase I, open-label, dose escalation study of the
oral BRAF inhibitor LGX818 in patients with BRAF V600 mutant advanced or
metastatic melanoma. J Clin Oncol 2013;31(Suppl.). abstract 9028.
[46] Shi H, Hugo W, Kong X, Hong A, Koya RC, Moriceau G, et al. Acquired
resistance and clonal evolution in melanoma during BRAF inhibitor therapy.
Cancer Discovery 2014;4:80–93.
[47] Wagle N, Emery C, Berger MF, Davis MJ, Sawyer A, Pochanard P, et al.
Dissecting therapeutic resistance to RAF inhibition in melanoma by tumor
genomic proﬁling. J Clin Oncol 2011;29:3085–96.
[48] Chan M, Haydu L, Menzies AM, Azer MWF, Klein O, Guminski A, et al. Clinical
characteristics and survival of BRAF-mutant. J Clin Oncol 2013;31(Suppl.).
abstract 9062.
[49] Kim KB, Flaherty KT, Chapman PB, Sosman JA, Ribas A, McArthur GA, et al.
Pattern and outcome of disease progression in phase I study of vemurafenib
in patients with metastatic melanoma (MM). J Clin Oncol 2011;29(Suppl.).
abstract 8519.
[50] Kim KB, Kefford R, Pavlick AC, Infante JR, Ribas A, Sosman JA, et al. Phase II
study of the MEK1/MEK2 inhibitor trametinib in patients with metastatic
BRAF-mutant cutaneous melanoma previously treated with or without a
BRAF inhibitor. J Clin Oncol 2013;31:482–9.
[51] Flaherty KT, Robert C, Hersey P, Nathan P, Garbe C, Milhem M, et al. Improved
survival with MEK inhibition in BRAF-mutated melanoma. N Engl J Med
2012;367:107–214.
[52] Ascierto PA, Schadendorf D, Berking C, Agarwala SS, van Herpen CM, Queirolo
P, et al. MEK162 for patients with advanced melanoma harbouring NRAS or
Val600 BRAF mutations: a non-randomised, open-label phase 2 study. Lancet
Oncol 2013;14:249–56.

O. Michielin, C. Hoeller / Cancer Treatment Reviews 41 (2015) 660–670
[53] Carvajal RD, Sosman JA, Quevedo F, Milhem MM, Joshua AM, Kudchadkar RR,
et al. Phase II study of selumetinib (sel) versus temozolomide (TMZ) in gnaq/
Gna11 (Gq/11) mutant (mut) uveal melanoma (UM). J Clin Oncol
2013;31(Suppl.). abstract CRA9003.
[54] Flaherty K, Arenberger P, Ascierto PA, De Groot JW, Hallmeyer S, Long GV,
et al. NEMO: a phase 3 trial of binimetinib (MEK162) versus dacarbazine in
patients with untreated or progressed after ﬁrst-line immunotherapy
unresectable or metastatic NRAS-mutant cutaneous melanoma. J Clin Oncol
2014;32(Suppl. 5s). abstract TPS9102.
[55] Flaherty KT, Infante JR, Daud A, Gonzalez R, Kefford RF, Sosman J, et al.
Combined BRAF and MEK inhibition in melanoma with BRAF V600 mutations.
N Engl J Med 2012;367:1694–703.
[56] Thakur M, Fisher R, Salangsang F, Landman A, Sellers W, Pryer N, et al.
Modeling vemurafenib resistance in melanoma reveals a strategy to forestall
drug resistance. Cancer Res 2013;73. abstract LB-144.
[57] Long GV, Stroyakovskiy D, Gogas H, Levchenko E, de Braud F, Larkin J, et al.
Combined BRAF and MEK inhibition versus BRAF inhibition alone in
melanoma. N Engl J Med 2014;371:1877–88.
[58] Robert C, Karaszewska B, Schachter J, Rutkowski P, Mackiewicz A,
Stroiakovski D, et al. Improved overall survival in melanoma with
combined dabrafenib and trametinib. N Engl J Med 2015;372:30–9.
[59] Mekinist (trametinib) Highlights of Prescribing Information, January 2014.
Available at: http://us.gsk.com/products/assets/us_mekinist.pdf.
[60] Taﬁnlar (dabrafenib) Highlights of Prescribing Information, January 2014.
Available at: http://us.gsk.com/products/assets/us_taﬁnlar.pdf.
[61] Johnson DB, Flaherty KT, Weber JS, Infante JR, Kim KB, Kefford RF, et al.
Combined BRAF (dabrafenib) and MEK inhibition (trametinib) in patients
with BRAFV600-mutant melanoma experiencing progression with singleagent BRAF inhibitor. J Clin Oncol 2014;32:3697–704.
[62] Cebon JS, Flaherty K, Weber JS, Kim K, Infante JR, Daud A, et al. Comparison of
BRAF inhibitor (BRAFi)-induced cutaneous squamous cell carcinoma (cuSCC)
and secondary malignancies in BRAF mutation-positive metastatic melanoma
(MM) patients (pts) treated with dabrafenib (D) as monotherapy or in
combination with MEK1/2 inhibitor (MEKi) trametinib (T). J Clin Oncol
2013;31(Suppl.). abstract 9016.
[63] Larkin J, Ascierto PA, Dréno B, Atkinson V, Liszkay G, Maio M, et al. Combined
vemurafenib and cobimetinib in BRAF-mutated melanoma. N Engl J Med
2014;371(20):1867–76.
[64] Kefford R, Miller WH, Tan DS-W, Sullivan RJ, Long G, Dienstmann R, et al.
Preliminary results from a phase Ib/II, open-label, dose-escalation study of
the oral. J Clin Oncol 2013;31(1):9029.
[65] Fedorenko IV, Gibney GT, Sondak VK, Smalley KS. Beyond BRAF: where next
for melanoma therapy? Br J Cancer 2015;112(2):217–26.
[66] Shtivelman E, Davies MQ, Hwu P, Yang J, Lotem M, Oren M, et al. Pathways
and therapeutic targets in melanoma. Oncotarget 2014;5(7):1701–52.
[67] Arkenau HT, Kefford R, Long GV. Targeting BRAF for patients with melanoma.
Br J Cancer 2011;104(3):392–8.
[68] Smalley KS. Understanding melanoma signaling networks as the basis for
molecular targeted therapy. J Invest Dermatol 2010;130:28–37.
[69] Curtin JA, Busam K, Pinkel D, Bastian BC. Somatic activation of KIT in distinct
subtypes of melanoma. J Clin Oncol 2006;24:4340–6.
[70] Omholt K, Grafström E, Kanter-Lewensohn L, Hansson J, Ragnarsson-Olding
BK. KIT pathway alterations in mucosal melanomas of the vulva and other
sites. Clin Cancer Res 2011;17:3933–42.
[71] Guo J, Si L, Flaherty KT, Xu X, Zhu Y, Corless CL, et al. Phase II, open-label,
single-arm trial of imatinib mesylate in patients with metastatic melanoma
harbouring c-Kit mutation or ampliﬁcation. J Clin Oncol 2011;29:2904–9.
[72] Carvajal RD, Antonescu CR, Wolchok JD, Chapman PB, Roman RA, Teitcher J,
et al. KIT as a therapeutic target in metastatic melanoma. JAMA
2011;305:2327–34.
[73] Bastian BC, Esteve-Puig R. Targeting activating KIT signaling for melanoma
therapy. J Clin Oncol 2013;31:3288–90.
[74] Carvajal R, Lawrence D, Weber JS, Gajewski TF, Gonzalez R, Lutzky J, et al.
LBA5_PR - phase 3, double-blind, placebo-controlled study of vemurafenib
versus vemurafenib + cobimetinib in previously untreated BRAFV600 mutationpositive patients with unresectable locally advanced or metastatic melanoma
(NCT01689519). Ann Oncol 2014;25(Suppl. 4):iv374–93.
[75] Finn L, Markovic SN, Joseph RW. Therapy for metastatic melanoma: the past,
present, and future. BMC Med 2012;10:23.
[76] Maio M. Melanoma as a model tumour for immuno-oncology. Ann Oncol
2012;23(Suppl. 8):viii10–14.
[77] Atkins MB, Lotze MT, Dutcher JP, Fisher RI, Weiss G, Margolin K, et al. Highdose recombinant interleukin 2 therapy for patients with metastatic
melanoma: analysis of 270 patients treated between 1985 and 1993. J Clin
Oncol 1999;17:2105–16.
[78] Bernatchez C, Radvanyi LG, Hwu P. Advances in the treatment of metastatic
melanoma: adoptive T-cell therapy. Semin Oncol 2012;39:215–26.
[79] Rosenberg SA, Yang JC, Sherry RM, Kammula US, Hughes MS, Phan GQ, et al.
Durable complete responses in heavily pretreated patients with metastatic
melanoma using T-cell transfer immunotherapy. Clin Cancer Res
2011;17:4550–7.
[80] Rosenberg SA. Raising the bar the curative potential of human cancer
immunotherapy. Sci Transl Med 2012;4:127ps8.
[81] Finn OJ. Cancer immunology. N Engl J Med 2008;358:2704–15.
[82] Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy.
Nat Rev Cancer 2012;12:252–64.

669

[83] Kirkwood JM, Tarhini AA, Panelli MC, Moschos SJ, Zarour HM, Butterﬁeld LHL. Next
generation of immunotherapy for melanoma. J Clin Oncol 2008;26:3445–55.
[84] Fang L, Lonsdorf AS, Hwang ST. Immunotherapy for advanced melanoma. J
Invest Dermatol 2008;128:2596–605.
[85] Fong L, Small EJ. Anti-cytotoxic T-lymphocyte antigen-4 antibody: the ﬁrst in
an emerging class of immunomodulatory antibodies for cancer treatment. J
Clin Oncol 2008;26:5275–83.
[86] Zigler M, Villares GJ, Lev DC, Melnikova VO, Bar-Eli M. Tumor immunotherapy
in melanoma: strategies for overcoming mechanisms of resistance and
escape. Am J Clin Dermatol 2008;9:307–11.
[87] Korman AJ, Peggs KS, Allison JP. Checkpoint blockade in cancer
immunotherapy. Adv Immunol 2006;90:297–339.
[88] Schneider H, Downey J, Smith A, Zinselmeyer BH, Rush C, Brewer JM, et al.
Reversal of the TCR stop signal by CTLA-4. Science 2006;313:1972–5.
[89] Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, et al.
Improved survival with ipilimumab in patients with metastatic melanoma. N
Engl J Med 2010;363:711–23.
[90] Robert C, Thomas L, Bondarenko I, O’Day S, Weber J, Garbe C, et al.
Ipilimumab plus dacarbazine for previously untreated metastatic
melanoma. N Engl J Med 2011;364:2517–26.
[91] Dummer R, Schadendorf D, Ascierto PA, Larkin J, Lebbé C, Hauschild A. Overall
survival of patients with chemotherapy-naive advanced melanoma treated
with ipilimumab 3 mg/kg in clinical trials. J Transl Med 2014;12(Suppl. 1):P8.
[92] Patt DA, Rembert D, Bhor M, Bhowmik D, Rao SA. A real-world observational
study of patients with advanced melanoma receiving ﬁrst-line ipilimumab in
a community practice setting. J Cancer Therapy 2014;5:1049–58.
[93] Margolin KA, Wong SL, Penrod JR, Song J, Chang I-F, Johnson DB, et al.
Effectiveness and safety of ﬁrst-line ipilimumab for advanced melanoma: a U.S.
multisite retrospective chart review. Pigment Cell Melanoma Res 2013;26:986.
[94] Pennock GK, Waterﬁeld W, Wolchok JD. Patient responses to ipilimumab, a
novel immunopotentiator for metastatic melanoma: how different are these
from conventional treatment responses? Am J Clin Oncol 2011;35:606–11.
[95] Ribas A, Chmielowski B, Glaspy JA. Do we need a different set of response
assessment criteria for tumor immunotherapy? Clin Cancer Res
2009;15:7116–8.
[96] Hamid O, Schmidt H, Nissan A, Ridolﬁ L, Aamdal S, Hansson J, et al. A
prospective phase II trial exploring the association between tumor
microenvironment biomarkers and clinical activity of ipilimumab in
advanced melanoma. J Transl Med 2011;9:204.
[97] Wolchok JD, Neyns B, Linette G, Negrier S, Lutzky J, Thomas L, et al.
Ipilimumab monotherapy in patients with pretreated advanced melanoma: a
randomised, double-blind, multicentre, phase 2, dose-ranging study. Lancet
Oncol 2010;11:155–64.
[98] Ascierto PA, Simeone E, Giannarelli D, Grimaldi AM, Romano A, Mozzillo N.
Sequencing of BRAF inhibitors and ipilimumab in patients with metastatic
melanoma: a possible algorithm for clinical use. J Transl Med 2012;10:107.
[99] Di Giacomo AM, Danielli R, Calabrò L, Bertocci E, Nannicini C, Giannarelli D,
et al. Ipilimumab experience in heavily pretreated patients with melanoma in
an expanded access program at the University Hospital of Siena (Italy).
Cancer Immunol Immunother 2011;60:467–77.
[100] Weber JS. Review: anti-CTLA-4 antibody ipilimumab: case studies of clinical
response and immune-related adverse events. Oncologist 2007;12:864–72.
[101] Lebbé C, Weber JS, Maio M, Neyns B, Harmankaya K, Hamid O, et al. Longterm survival in patients with metastatic melanoma who received
ipilimumab in four phase II trials. J Clin Oncol 2013;31(Suppl.). abstract 9053.
[102] Maio M, Bodarenko I, Robert C, Thomas L, Garbe C, Testori A, et al. Survival
analysis with 5 years of follow-up in a phase III study of ipilimumab and dacarbazine
in metastatic melanoma. Eur J Cancer 2013;49(Suppl. 2). abstract 3704.
[103] Prieto PA, Yang JC, Sherry RM, Hughes MS, Kammula US, White DE, et al.
CTLA-4 blockade with ipilimumab: long-term follow-up of 177 patients with
metastatic melanoma. Clin Cancer Res 2012;18:2039–47.
[104] Schadendorf D, Hodi FS, Robert C, Weber JS, Margolin K, Hamid O, et al.
Pooled analysis of long-term survival data from phase II and phase III trials of
ipilimumab in metastatic or locally advanced, unresectable melanoma. Eur J
Cancer 2013;49(Suppl. 2). abstract 24LBA.
[105] Bedikian AY, Johnson MM, Warneke CL, Papadopoulos NE, Kim K, Hwu WJ,
et al. Prognostic factors that determine the long-term survival of patients
with unresectable metastatic melanoma. Cancer Invest 2008;26:624–33.
[106] Danielli R, Ridolﬁ R, Chiarion-Sileni V, Queirolo P, Testori A, Plummer R, et al.
Ipilimumab in pretreated patients with metastatic uveal melanoma: safety
and clinical efﬁcacy. Cancer Immunol Immunother 2012;61:41–8.
[107] Del Vecchio M, Di Guardo L, Ascierto PA, Grimaldi AM, Sileni VC, Pigozzo J,
et al. Efﬁcacy and safety of ipilimumab 3mg/kg in patients with pretreated,
metastatic, mucosal melanoma. Eur J Cancer 2014;50:121–7.
[108] Khan SA, Callahan M, Postow MA, Chapman PB, Schwartz GK, Dickson MA,
et al. Ipilimumab in the treatment of uveal melanoma: the Memorial SloanKettering Cancer Center experience. J Clin Oncol 2012;30(Suppl.). abstract 8549.
[109] Khattak MA, Fisher R, Hughes P, Gore M, Larkin J. Ipilimumab activity in
advanced uveal melanoma. Melanoma Res 2013;23:79–81.
[110] Maio M, Danielli R, Chiarion-Sileni V, Pigozzo J, Parmiani G, Ridolﬁ R, et al.
Efﬁcacy and safety of ipilimumab in patients with pretreated, uveal
melanoma. Ann Oncol 2013;24:2911–5.
[111] Mangana J, Goldinger SM, Schindler K, Rozati S, Frauchiger AL, Rechsteiner M,
et al. Analysis of BRAF and NRAS mutation status in advanced melanoma
patients treated with anti-CTLA-4 antibodies: association with overall
survival? J Clin Oncol 2013;31(Suppl.). abstract 9025.

670

O. Michielin, C. Hoeller / Cancer Treatment Reviews 41 (2015) 660–670

[112] Shahabi V, Whitney G, Hamid O, Schmidt H, Chasalow SD, Alaparthy S, et al.
Assessment of association between BRAF-V600E mutation status in
melanomas and clinical response to ipilimumab. Cancer Immunol
Immunother 2012;61:733–7.
[113] Zimmer L, Eigentler TK, Vaubel J-M, Mohr P, Jradi Z, Kiecker F, et al. Openlabel, multicenter, single-arm phase II study (DeCOG-Trial) to further evaluate
the efﬁcacy and safety of ipilimumab in patients with cutaneous melanoma and
rare subgroups. J Clin Oncol 2014;32(Suppl. 5s). abstract 9031.
[114] Kelderman S, Heemskerk B, van Tinteren H, van den Brom RR, Hospers GA,
van den Eertwegh AJ, et al. Lactate dehydrogenase as a selection criterion for
ipilimumab treatment in metastatic melanoma. Cancer Immunol
Immunother 2014;63:449–58.
[115] Snyder A, Makarov V, Merghoub T, Yuan J, Zaretsky JM, Desrichard A, et al.
Genetic basis for clinical response to CTLA-4 blockade in melanoma. N Engl J
Med 2014;371(23):2189–99.
[116] Schumacher TN, Schreiber RD. Neoantigens in cancer immunotherapy.
Science 2015;348:69–74.
[117] Hoos A, Ibrahim R, Korman A, Abdallah K, Berman D, Shahabi V, et al.
Development of ipilimumab: contribution to a new paradigm for cancer
immunotherapy. Semin Oncol 2010;37:533–46.
[118] Lynch TJ, Bondarenko I, Luft A, Serwatowski P, Barlesi F, Chacko R, et al.
Ipilimumab in combination with paclitaxel and carboplatin as ﬁrst-line
treatment in stage IIIB/IV non-small-cell lung cancer: results from a
randomized, double-blind, multicenter phase II study. J Clin Oncol
2012;30:2046–54.
[119] Weber J, Thompson JA, Hamid O, Minor D, Amin A, Ron I, et al. A randomized,
double-blind, placebo-controlled, phase II study comparing the tolerability
and efﬁcacy of ipilimumab administered with or without prophylactic
budesonide in patients with unresectable stage III or IV melanoma. Clin
Cancer Res 2009;15:5591–8.
[120] O’Day SJ, Maio M, Chiarion-Sileni V, Gajewski TF, Pehamberger H,
Bondarenko IN, et al. Efﬁcacy and safety of ipilimumab monotherapy in
patients with pretreated advanced melanoma: a multicenter single-arm
phase II study. Ann Oncol 2010;21:1712–7.
[121] YERVOY (ipilimumab) Summary of Product Characteristics, December 2013.
Avaliable at: http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/002213/WC500109299.pdf.
[122] Kaehler KC, Piel S, Livingstone E, Schilling B, Hauschild A, Schadendorf D.
Update on immunologic therapy with anti-CTLA-4 antibodies in melanoma:
identiﬁcation of clinical and biological response patterns, immune-related
adverse events, and their management. Semin Oncol 2010;37:485–98.
[123] Weber JS, Kahler KC, Hauschild A. Management of immune-related adverse
events and kinetics of response with ipilimumab. J Clin Oncol
2012;30:2691–7.
[124] Postow MA, Callahan MK, Wolchok JK. Immune checkpoint blockade in
cancer therapy. J Clin Oncol 2015:1–2 [Epub ahead of print].
[125] Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and its ligands in tolerance
and immunity. Annu Rev Immunol 2008;26:677–704.
[126] Blank CU. The perspective of immunotherapy: new molecules and new
mechanisms of action in immune modulation. Curr Opin Oncol
2014;26:204–14.
[127] Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL, Hwu P, et al. Safety
and activity of anti-PD-L1 antibody in patients with advanced cancer. N Engl J
Med 2012;366:2455–65.
[128] Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF,
et al. Safety, activity, and immune correlates of anti-PD-1 antibody in cancer.
N Engl J Med 2012;366:2443–54.
[129] Robert C, Ribas A, Wolchok JD, Hodi FS, Hamid O, Kefford R, et al. Antiprogrammed-death-receptor-1
treatment
with
pembrolizumab
in
ipilimumab-refractory advanced melanoma: a randomised dosecomparison cohort of a phase 1 trial. Lancet 2014;384:1109–17.
[130] Ribas A, Pzanov I, Dummer R, Daud A, Schadendorf D, Robert C, et al. A
randomized controlled comparison of pembrolizumab and chemotherapy in
patients with ipilimumab-refractory (IPI-R) melanoma (MEL). Late breaking
abstract presented at the 11th International Congress of the Society for
Melanoma Research, 13–16 November 2014, Zurich, Switzerland.
[131] Robert C, Joshua AM, Weber JS, Ribas A, Hodi FS, Kefford RF, et al.
Pembrolizumab (PEMBRO; MK-3475) for advanced melanoma (MEL):
randomized comparison of two dosing schedules. Ann Oncol
2014;25(Suppl. 5):v1–v41.
[132] Hodi FS, Kluger HM, Sznol M, Carvajal RD, Lawrence DP, Atkins MB, et al.
Long-term survival of ipilimumab-naïve patients (pts) with advanced
melanoma (MEL) treated with nivolumab (anti-PD-1; BMS-936558, ONO4538) in a phase 1 trial. Pigment Cell Melanoma Res 2014;27:1169–241.
[133] Weber JS, Minor DR, D’Angelo SP, Hodi FS, Gutzmer R, Neyns B, et al. A phase
3 open-label study of nivolumab (anti-PD-1; BMS-936558; ONO-4538) vs
investigator’s choice in advanced melanoma patients progressing post antiCTLA-4 therapy (CheckMate 037). Ann Oncol 2014;25(Suppl. 5):v1–v41.
[134] D’Angelo SP, Larkin J, Weber J, Hodi FS, Gutzmer R, Neyns B, et al. Efﬁcacy and
safety of nivolumab vs investigator’s choice chemotherapy (ICC) in subgroups
of patients with advanced melanoma after prior anti-CTLA-4 therapy. Late
breaking abstract presented at the 11th International Congress of the Society
for Melanoma Research, 13–16 November 2014, Zurich, Switzerland.
[136] Tykodi SS, Brahmer JR, Hwu W-J, Chow LQ, Topalian SL, Hwu P, et al. PD-1/
PD-L1 pathway as a target for cancer immunotherapy. J Clin Oncol
2013;31(Suppl.). abstract 2510.

[137] Hamid O, Robert C, Daud A, Hodi FS, Hwu WJ, Kefford R, et al. Safety and
tumor responses with lambrolizumab (anti-PD-1) in melanoma. N Engl J Med
2013;369:134–44.
[138] Hamid O, Sosman JA, Lawrence DP, Sullivan RJ, Ibrahim N, Kluger HM, et al.
Clinical activity, safety, and biomarkers of MPDL3280A, an engineered PD-L1
antibody in patients with locally advanced or metastatic melanoma (mM). J
Clin Oncol 2013;31(Suppl.). abstract 9010.
[139] Kaufman HL, Andtbacka RHI, Collichio FA, Amatruda T, Senzer NN, Chesney J,
et al. Primary overall survival (OS) from OPTiM, a randomized phase III trial
of talimogene laherparepvec (T-VEC) versus subcutaneous (SC) granulocytemacrophage colony-stimulating factor (GM-CSF) for the treatment (tx) of
unresected stage IIIB/C and IV melanoma. J Clin Oncol 2014;32(Suppl. 5s).
abstract 9008a.
[140] Chiarion-Sileni V, Pigozzo J, Ascierto PA, Maio M, Danielli R, Del Vecchio M,
et al. Efﬁcacy and safety data from elderly patients with pretreated advanced
melanoma in the Italian cohort of ipilimumab expanded access programme
(EAP). J Clin Oncol 2013;31(Suppl.). abstract 9548.
[141] Dummer R, Larkin J, Lebbe C, Schadendorf D, Hanaan J. Exploratory 12-week
survival analysis of patients with unresectable or metastatic melanoma
treated with ipilimumab in a phase 3 trial (MDX010-20). 2012 Presented at
8th EADO Congress 2012: poster presentation P51.
[142] Ackerman A, McDermott DF, Lawrence DP, Gunturi A, Flaherty KT, GiobbieHurder A, et al. Outcomes of patients with malignant melanoma treated with
immunotherapy prior to or after vemurafenib. J Clin Oncol 2012;30(Suppl.).
abstract 8569.
[143] Ascierto PA, Simeone E, Grimaldi AM, Curvietto M, Esposito A, Palmieri G,
et al. Do BRAF inhibitors select for populations with different disease
progression kinetics? J Transl Med 2013;11:61.
[144] Ascierto PA, Simeone E, Chiarion-Sileni V, Queirolo P, Del Vecchio M, Di Guardo
L, et al. Sequential treatment with ipilimumab and BRAF inhibitors in patients
with metastatic melanoma: data from the Italian cohort of ipilimumab
expanded access programme (EAP). J Clin Oncol 2013;31(Suppl.). abstract 9035.
[145] Di Giacomo AM, Calabrò L, Danielli R, Fonsatti E, Bertocci E, Pesce I, et al.
Long-term survival and immunological parameters in metastatic melanoma
patients who responded to ipilimumab 10 mg/kg within an expanded access
programme. Cancer Immunol Immunother 2013;62:1021–8.
[146] Wang W, Yu D, Sarnaik AA, Yu B, Hall M, Morelli D, et al. Biomarkers on
melanoma patient T cells associated with ipilimumab treatment. J Transl
Med 2012;10:146.
[147] Jure-Kunkel M, Selby M, Lewis K, Masters G, Valle J, Grosso J, et al. Nonclinical
evaluation of the combination of mouse IL-21 and anti-mouse CTLA-4 or PD1 blocking antibodies in mouse tumor models. J Clin Oncol 2013;31(Suppl.).
abstract 3019.
[148] Kudchadkar RR, Gibney GT, Dorman D, Merek S, Ramadan H, Chen A, et al. A
phase IB study of ipilimumab with peginterferon alfa-2b for patients with
unresectable stages IIIB/C/IV melanoma. J Clin Oncol 2014;32(Suppl. 5s).
abstract 9098.
[149] Puzanov I, Milhem MM, Andtbacka RHI, Minor DR, Hamid O, Li A, et al.
Primary analysis of a phase 1b multicenter trial to evaluate safety and
efﬁcacy of talimogene laherparepvec (T-VEC) and ipilimumab (ipi) in
previously untreated, unresected stage IIIB-IV melanoma. J Clin Oncol
2014;32(Suppl. 5). abstract 9029^.
[150] Gibney GT, Hamid O, Gangadhar TC, Lutzky J, Olszanski AJ, Gajewski T, et al.
Preliminary results from a phase 1/2 study of INCB024360 combined with
ipilimumab (ipi) in patients (pts) with melanoma. J Clin Oncol
2014;32(Suppl. 5). abstract 3010.
[151] Hodi FS, Lee S, McDermott DF, Rao UN, Butterﬁeld LH, Tarhini AA, et al.
Ipilimumab plus sargramostim vs ipilimumab alone for treatment of
metastatic melanoma: a randomized clinical trial. JAMA 2014;312:1744–53.
[152] Kluger HM, Sznol M, Callahan MK, Postow MA, Gordon RA, Segal NH, et al.
Survival, response duration, and activity by BRAF mutation status in a phase
1 trial of nivolumab (anti-PD-1; BMS-936558, ONO-4538) and ipilimumab
concurrent therapy in advanced melanoma (MEL). Pigment Cell Melanoma
Res 2014;27:1169–241.
[153] Kluger H, Sznol M, Callahan M, Postow M, Gordon R, Segal NH, et al. Survival,
response duration, and activity by BRAF mutation (MT) status in a phase 1
trial of nivolumab (anti-PD-1, BMS-936558, ONO-4538) and ipilimumab (IPI)
concurrent therapy in advanced melanoma (MEL). Ann Oncol 2014;25(Suppl.
4):iv374–93.
[154] Wolchok JD, Kluger HM, Callahan MK, Postow MA, Gordon RA, Segal NH, et al.
Safety and clinical activity of nivolumab (anti-PD-1, BMS-936558, ONO4538) in combination with ipilimumab in patients (pts) with advanced
melanoma (MEL). J Clin Oncol 2013;31(Suppl.). abstract 9012^.
[155] Rizvi NA, Infante JR, Gibney GT, Bertino EM, Cooley SA, Lekatis K, et al. A
phase I study of lirilumab (BMS-986015), an anti-KIR monoclonal antibody,
administered in combination with ipilimumab, an anti-CTLA4 monoclonal
antibody, in patients (Pts) with select advanced solid tumors. J Clin Oncol
2013;31(Suppl.). abstract TPS3106.
[156] Sanborn RE, Sharfman WH, Segal NH, Hodi FS, Wolchok JD, Urba WJ, et al. A
phase I dose-escalation and cohort expansion study of lirilumab (anti-KIR;
BMS-986015) administered in combination with nivolumab (anti-PD-1;
BMS-936558; ONO-4538) in patients (Pts) with advanced refractory solid
tumors. J Clin Oncol 2013;31(Suppl.). abstract TPS3110.
[157] Ribas A, Hodi FS, Callahan M, Konto C, Wolchok J. Hepatotoxicity with
combination of vemurafenib and ipilimumab. N Engl J Med 2013;368:
1365–6.

