Chapter 28
Clinical Approach to Advanced Melanoma
for Today and Tomorrow

Joanne Monterroso, Yongli Ji, Steve Emmons, and Claire Verschraegen

28.1 Clinical Overview

Melanoma is the most aggressive of cutaneous malignancies. It accounts for less
than 5 % of skin cancer cases, but for the majority of deaths from skin cancer. The
incidence rates have increased in the last 30 years [1]. Before the age of 40, the
incidence is higher in women, and after 40, higher in men. There were about 76,000
new cases and 9,000 deaths from melanoma in the United States in 2013. The esti-
mated death rate is 2.6 in 100,000 [2]. In Australia and New Zealand the death rate
is higher at 3.5 per 100,000, and in Western Europe, slightly lower at 1.8 per 100,000
[2, 3]. The median survival of patients affected with metastatic melanoma is about
1 year. The most important prognostic factors include the Breslow, which is the
thickness of the melanoma measured in millimeters, the stage (Table 28.1), and the
presence or absence of ulceration of the overlying epithelium. These factors have
been included in the TNM staging system that was most recently updated in 2009 [4].

The mainstay of treatment for early melanoma is surgery, which helps staging
patients and has a curative intent. Definitive surgery includes a wide excision with
or without sentinel lymph node biopsy (SLNB). The role of SLNB on overall sur-
vival is unclear. The NCCN guidelines recommend a wide excision as category 1
evidence, but the SLN is only a category 2B and should be discussed and advocated
for lesions thicker than 0.75 mm (Stage 1A) [5]. Sentinel lymph node biopsy is
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Table 28.1 Melanoma staging — AJCC 7th edition

Melanoma
stage
0

1A

1B

ITA

1B

IIC

1A
111B
1c

v

Description

The tumor confined to epidermis
(melanoma in situ)

Tumor less than 1 mm thick
without ulceration

Tumor less than 1 mm with
ulceration

Or

1-2 mm without ulceration
Tumor 1-2 mm with ulceration
Or

2-4 mm without ulceration
Tumor 2-4 mm with ulceration
Or

>4 mm without ulceration
Tumor >4 mm with ulceration
Tumor of any thickness with or
without ulceration

Lymph nodes are involved®

Metastatic

Mla: metastases to skin,
subcutaneous tissue, or distant
lymph nodes — normal LDH level

M1b: metastases to lungs — normal

LDH level

Milec: metastases to other organs,
or any site with elevated LDH
level

J. Monterroso et al.

Treatment options

Surgical excision

Surgical wide excision
May consider SLNB*
Surgical wide excision
Consider SLNB

Surgical wide excision with SLNB

Surgical wide excision with SLNB

Surgical wide excision with SLNB
Surgical wide excision and
lymphadenectomy

Consider adjuvant treatments, either on a
clinical trial, with immunotherapy, or with
radiation

See text

3SLNB, sentinel lymph node biopsy — indicated for tumors >0.75 mm
N1, spread to 1 lymph node; N2, Spread to 2 or 3 lymph nodes; N3, Spread to >4 lymph nodes;
Nla or N2a, microscopic spread to the lymph node; N1b or N2b, macroscopic spread to the lymph

node; N2c, satellite tumors

preferred over observation because it provides staging and prognostic information
on the risk of stage upgrade with increasing Breslow [6]. The incidence of sentinel
node micrometastases is 15-20 % in patients with intermediate thickness primary
melanoma (1.2-3.5 mm). High risk features for positive sentinel lymph node are
high mitotic rate, ulceration and lymph vascular invasion [5]. Patients with lymph
node metastases should undergo lymphadenectomy which improves prognosis and
survival rate and be offered adjuvant immunotherapy on a clinical trial or with inter-
feron. Patients with metastatic disease need systemic therapy. In the last 5 years,
there has been substantial development in the treatment of advanced melanoma.
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New targeted therapies and immunotherapies are benefiting a subset of patients who
derive a longer survival [2]. Therapeutic options include targeted therapies, immune-
based treatments, chemotherapy, or a combination thereof.

28.2 Molecular Signaling Pathways

The mitogen activated protein kinase (MAPK) pathway is activated in the majority
of melanomas, through the neuroblastoma RAS viral oncogene homolog (NRAS)
(15-20 %) or the v-raf murine sarcoma viral oncogene homolog B1 (BRAF) (40-50 %).
NRAS and BRAF are components of the MAPK pathway, also called RAS-RAF-
MEK-ERK signal transduction pathway (Fig. 28.1) [7]. Under physiological condi-
tions the MAPK pathway transmits extracellular signals to the nucleus which leads
to the expression of genes that drive cell proliferation, differentiation, and survival
[8, 9]. The MAPK pathway is a critical component of oncogenic RAS signaling.
In normal cells, the most important downstream mediators through this pathway are
BRAF found in the testes, some hematopoietic precursors, and some brain cells, and

Growth factors \
-
TRK\\

Fig. 28.1 MAPK pathway. TRK Tyrosine Kinase. When a ligand binds to a receptor on the cell
surface it stimulates the activity of RAS. There are three isoforms of RAS: HRAS, KRAS and
NRAS (RAS is the most commonly mutated oncogene in human malignancies). NRAS is com-
monly mutated in melanomas and can signal through MAPK and non MAPK pathways (PI3K
pathways) [7, 8]
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CRAF which is essential to the daily function of most other cells. Both are serine/
threonine kinases. The RAF proteins are major mediators of this pathway and signal
through phosphorylation and activation of downstream kinases. RAF homodimer-
ization or heterodimerization interacts with MEK and initiates its phosphorylation
that leads to the phosphorylation and activation of ERK (also called MAPK), its
substrate.

The activation of ERK leads to pro-growth signals that alter gene transcription.
CRAF can have oncogenic effects through MEK independent pathways leading to
nuclear factor kappa B (NF-kB) activation and inhibition of critical regulators of
apoptosis (ASK-1 and MST-2). Activated BRAF has no other substrates other than
MEK [8, 9].

There are more than 65 BRAF mutations reported in the literature. BRAF muta-
tions occur most frequently in exon 15 at codon 600 (V600). The most common is
BRAF V600E, comprising 90 % of all BRAF mutations. There are several substitu-
tions that have been documented including valine by glutamic acid (V600E, 75 %),
valine by lysine (V600K, 10-30 %), valine by arginine (V600R, 1-7 %) and lysine
by glutamic acid (K601E, 14 %). Several characteristics are attributable to differ-
ent BRAF mutations, as described in Tables 28.2 and 28.3 [7, 10]. Other pathway
interferences by mutated BRAF include activation of NF-kB and others. For
example, BRAF mutation (BRAF V600E) is also associated with activation of the
mammalian target of rapamycin (mTOR) pathway. Activated ERK inhibits the

Table 28.2 Mutations and their association with clinical presentations in melanoma

Mutations Frequency | Clinical associations | Prognosis

NRAS 15-20 % Skin with chronic or | Worse prognosis in
intermittent sun the metastatic
exposure setting

BRAF 40-50 % Skin without chronic | Worse prognosis in
sun exposure the metastatic

setting

c-KIT expression 2-40 %* Acral and mucosal Unknown
melanomas

NF1, H-RAS, MAP2K1, MAP2K?2, | Rare GNAQ and GNA 11 Unknown

ERK phosphorylation, GNAQ and seen in uveal

GNA 11 melanoma

“Percentage varies depending on the type of melanoma. c-KIT is expressed in up to 20-35 % of
cutaneous melanomas found in sun-damaged skin, 3040 % acral lentiginous melanoma, and
35-45 % of mucosal melanoma [10, 11]

Table 28.3 Characteristics V600E [7] | Younger age

of variant BRAF mutations -
Lack of chronic sun exposure

Truncal primary site
V600K Increased age
[7] Head and neck site
Chronic sun exposure
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tumor suppressor LKB1, a serine/threonine protein kinase mutated in autosomal
dominantly inherited Peutz-Jeghers syndrome, a disease characterized by increased
risk of benign and malignant tumors in multiple tissues. The LKB1 tumor suppres-
sor negatively regulates mTOR signaling. ERBB 4 is activated in 19 % of melano-
mas, which leads to the activation of the PI3K pathway. This pathway involves
PTEN and AKT, as described in Fig. 28.1. Normally PTEN is a tumor suppressor
protein that negatively regulates the PI3K pathway, but when it is mutated it can
activate the PI3k pathway by increasing expression of AKT. Selective activation of
AKT (a downstream factor) is seen in 53 % of primary and 67 % of metastatic mela-
nomas. PTEN mutation or deletion has been reported in up to 30 % of melanomas
and can occur concurrently with BRAF, but not NRAS mutations [11].

28.3 BRAF Testing

Testing for a BRAF mutation involves the extraction of genomic DNA from the
tumor sample and a real time polymerase chain reaction (PCR) assay that detects
both wild type and mutant BRAF. The Food and Drug Administration (FDA) has
approved two tests cobas 4800 BRAF V600 Mutation Test (Roche Molecular
Systems Inc., Pleasanton, CA, U.S.A.) and THXID®-BRAF KIT [12]. The Cobas
4800 test can identify 96 % of mutations across all specimen types with 5 % mutant
alleles at a DNA input of 125 ng, an amount readily obtained from one 5 pm section
of formalin-fixed paraffin-embedded tissue. The test can also identify V600K and
V600D mutations, although the limit of detection is lower than that for
V600E. Eighteen percent mutant alleles in a specimen are required for detection
[13]. Other testing methods reported in the literature but not readily available in all
institutions, include immunohistochemistry, pyrosequencing and next generation
sequencing [12]. In our institution, BRAF testing is a send-out test and usually takes
around 14 days to be reported. We recommend that the reader familiarizes him/
herself with the turnaround time at their institution or vendors.

28.4 Chemotherapy for Metastatic Melanoma

Dacarbazine is the standard chemotherapy option for metastatic melanoma and the
only FDA approved cytotoxic drug. The response rate is about 15 % with a median
overall survival of 6-8 months [13]. Complete responses are observed in 5 % of
patients with a 2-6 % survival at 5 years [14].

Temozolomide is an oral prodrug of the active metabolite of dacarbazine. It has
been used to treat advanced melanoma and crosses the blood brain barrier, a theo-
retical advantage for patients with brain metastases. In a phase III study that com-
pared temozolomide with dacarbazine in patients with no brain metastases, the
median survival time was 7.7 and 6.4 months, respectively (HR 1.18; 95 %
Confidence Interval (CI), 0.92—-1.52). The median PFS was longer in patients who
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receive temozolomide (1.9 months) compared to dacarbazine (1.5 months) (p 0.012).
There was no difference in overall survival or overall response rate [15].

Current NCCN guidelines list the following agents as category 2B for systemic
chemotherapy of melanoma: nab paclitaxel, dacarbazine or temozolomide, dacarba-
zine, cisplatin, and vinblastine (CVD) with or without interferon alpha, and carbo-
platin with paclitaxel [5]. Combination chemotherapy usually yields a 25 % response
rate with no improvement in survival. Biochemotherapy combines interleukin and
interferon with CVD. This combination failed to demonstrate a survival benefit
despite higher response rates. Chemotherapy remains a good option for patients
who have potentially resectable oligometastases, and who obtain a response to sys-
temic treatment given as a neoadjuvant modality prior to surgery. Patients should be
carefully selected for this multidisciplinary approach.

28.5 Targeted Therapies for Metastatic Melanoma

28.5.1 c¢-KIT Inhibitors

In a phase II open label trial of 28 patients with advanced unresectable melanoma
bearing a c- KIT mutation, imatinib, at 400 mg twice a day, yielded an overall
response rate of 16 % (95 % confidence interval, 2-30 %) with a median time to
progression of 12 weeks and a median overall survival of 46 weeks. While these
results demonstrate the targeted effects, better patient selection is needed to narrow
the targets that imatinib affects. Further studies with c- KIT inhibitors are underway
in melanoma [16].

28.5.2 BRAF and MEK Inhibitors

To date, the FDA has approved three BRAF inhibitors vemurafenib, dabrafenib and
trametinib, along with the combination of dabrafenib with trametinib (Table 28.4).

28.5.2.1 Sorafenib

The first BRAF inhibitor to be tested was sorafenib, however a double-blind, ran-
domized, placebo-controlled phase III study failed to improve overall survival when
given in combination with carboplatin and paclitaxel for chemotherapy-naive
patients with metastatic melanoma. The median overall survival was 11.3 months
(95 % CI, 9.8-12.2 months) for carboplatin and paclitaxel and 11.1 months (95 %
CI, 10.3-12.3 months) for carboplatin, paclitaxel and sorafenib; the difference in
overall survival distribution was not statistically significant. The reason for sorafenib
failure could be attributed to the fact that is a non-specific inhibitor and that the trial
included an unselected population [23].
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Table 28.4 Major clinical trials of BRAF inhibition

Median
duration
Median of Confirmed | Median
time to response | response PFS Brain
Therapy response (months) | (%) (months) | Median OS | metastases
Vemurafenib 1.4 months | 6.7 48 5.3-6.8 84 % No
surviving at
6 months
Dabrafenib 1.5 months | 5.5 52 5.1 N/A No
Trametinib + NA 10.5 76 9.4 72 % at Yes
dabrafenib 12 months
Cobimetinib + | NA NR 68 9.9 81 % at Yes
vemurafenib 9 months

[2, 17-22]

28.5.2.2 Vemurafenib

Several clinical trials have established the clinical efficacy of vemurafenib for
BRAF V600E mutated melanoma. The dose of vemurafenib is 960 mg orally twice
a day. The overall response rate is 53 %, with 6 % and 47 % of complete and partial
responses, respectively. The median duration of response is 6.7 months, the median
progression-free survival (PFS), 6.8 months (95 % CI, 5.6-8.1), and the median
overall survival, 15.9 months (95 % CI, 11.6-18.3 months) [24, 25]. The phase 3
trial, BRIM-3 Study Group, eventually led to FDA approval. The study enrolled 675
previously untreated patients with BRAF V600E mutated melanoma who were ran-
domized between vemurafenib and dacarbazine. At 6 months, the overall survival
was 84 % (95 % CI, 78-89) in the vemurafenib group and 64 % (95 % CI, 56-73)
in the dacarbazine group. The study allowed a crossover from dacarbazine to vemu-
rafenib. Vemurafenib was associated with a relative reduction of 63 % in the risk of
death, compared to dacarbazine (p<0.001). However, when the melanoma recurs,
the prognosis is terrible. About 50 % of patients died of disease progression within
28 days of the last vemurafenib dose. Patients who progress after BRAF inhibitors
have rapid clinical deterioration [2]. The most common adverse events included
grade 1 and 2 photosensitivity, fatigue, alopecia, arthralgia, rash, serositis, keratoac-
anthoma and squamous cell carcinoma, and nausea and diarrhea. Squamous cell
carcinoma was diagnosed in 18-26 % of patients [2, 25]. These skin cancers develop
secondary to a paradoxical activation of the MAPK pathway and proliferation of
HRAS Q61L transformed keratinocytes. This creates a decreased latency and accel-
erated growth of cutaneous squamous cell carcinomas and keratoacanthomas.
Vemurafenib is not a tumor promoter but has been shown to accelerate the growth
of preexisting RAS-mutant subclinical lesions [26]. All patients should have a der-
matology evaluation before starting treatment with vemurafenib and a skin screen-
ing every 2 months afterwards. They should be aware of new lesions and report
them to their oncologist. Before starting therapy it is recommended to perform an
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electrocardiogram to monitor for QT prolongation, to consult an ophthalmologist
for a baseline eye exam, and to protect skin with regular sunscreen.

28.5.2.3 Dabrafenib

Dabrafenib is a selective inhibitor of mutant BRAF kinase. The first phase 1 study
enrolled 184 patients including 156 patients with melanoma with or without asymp-
tomatic brain metastases. The median PFS was 5.5 months in patients without brain
metastasis and 4.2 months in patients with brain metastases. The dose is 150 mg
orally twice a day. The phase 2 study enrolled 92 melanoma patients with histologi-
cally confirmed BRAF mutations (76 with BRAF V600E and 16 with BRAF V600K
mutations). A 59 % response rate was seen in patients with BRAF V600E mutation,
but only two patients with BRAF V600K mutation obtained a complete response.
The median PFS was 6.3 months for BRAF V600E and 4.5 months for BRAF
V600K. After a follow up of 11.9 months, the median overall survival was 13.1 and
12.9 months for BRAF V600E and BRAF V600K, respectively. The median time to
response for BRAF V600OE was 1.3 months [27]. The phase 3 study included 250
patients with stage IV or unresectable stage III BRAF V600OE mutation positive
melanoma randomly assigned to receive dabrafenib 150 mg orally twice a day or
dacarbazine 1,000 mg/m? intravenously every 3 weeks in a 3/1 ratio. The median
PES was 5.1 months for dabrafenib and 2.7 months for dacarbazine, with a hazard
ratio of 0.30 (95 % CI 0.18-0.51; p<0.0001) [17]. The most common adverse
events were cutaneous squamous cell carcinoma, keratoacanthoma, fatigue, pyrexia,
headache, nausea, and arthralgia. A panniculitis has also been described in patient
obtaining remissions. The development of squamous cell carcinoma led to studies
of the combination of BRAF inhibitors with MEK inhibitors to inhibit the squa-
mous cell carcinoma pathway [27, 28].

28.5.2.4 Trametinib

Activated BRAF phosphorylates and activates MEK proteins (MEK1 and MEK?2),
which then activate downstream MAP kinases. Trametinib, a selective inhibitor of
MEKI1 and MEK?2, is administered orally. The phase 3 study enrolled 322 patients
with stage IIIC or IV cutaneous melanoma with a V60OE (281 patients) or V600K
BRAF mutations (40 patients). All patients were naive to BRAF and/or MEK inhibi-
tion, or to ipilimumab. Patients with stable brain metastases were also allowed to
enroll. Patients were randomized in a 2:1 ratio to 2 mg of trametinib once daily or
chemotherapy consisting of either dacarbazine (1,000 mg/m?) or paclitaxel (175
mg/m?), every 3 weeks. The median PFS was 4.8 months in the trametinib group
and 1.5 months in the chemotherapy group (HR, 0.45; 95 % CI, 0.33-0.63;
P<0.001). The 6-month overall survival rate was 81 % for trametinib and 67 % for
chemotherapy. Crossover was allowed during this trial and 47 % of patients treated
with chemotherapy crossed over to trametinib. The median duration of response
was 5.5 months in the trametinib group. Adverse events of trametinib include rash,
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diarrhea, peripheral edema, fatigue, and dermatitis acneiform. There was a decrease
in ejection fraction of 7 % in the trametinib group. There were no reports of cutane-
ous squamous cell carcinomas in patients receiving trametinib [18].

28.5.2.5 Cobimetinib

Cobimetinib is a potent selective MEK inhibitor, administered orally. The phase 3
study enrolled 495 patients with advanced stage IIIC or stage IV melanoma with a
BRAF V600 mutation. They included patients with stable metastatic disease to the
brain. Patients were randomized to vemurafenib + cobimetinib or placebo. The dose
of vemurafenib was 960 mg BID and the dose of cobimetinib was 60 mg daily for
21 days and 7 days off. The median PFS was 9.9 months in the combination group
and 6.2 months in the control group (HR for death or disease progression, 0.51; 95
% confidence interval [CI], 0.39-0.68; P<0.001). The rate of CR or PR in the com-
bination group was 68 %, and 45 % in the control group (P<0.001). The interim
analyses of overall survival showed 9-month survival rates of 81 % (95 % CI,
75-87) in the combination group and 73 % (95 % CI, 65-80) in the control group.
Median duration of response was not reached in the combination group but was
only 7.3 months in the vemurafenib and placebo arm. Adverse events in the combi-
nation group included central serous retinopathy, gastrointestinal events (diarrhea,
nausea, or vomiting), photosensitivity, elevated aminotransferase levels, and an
increased creatinine kinase level; most of them were grade 1 or 2. Most common
grade 4 AE was elevation of creatinine kinase in the combination group (4 %),
thought to be a class effect of MEK inhibition [19].

28.5.2.6 Combination of BRAF Inhibitors and MEK Inhibitors

In order to overcome resistance to BRAF inhibitors, several studies are underway to
evaluate alternative combination of kinase inhibitors. Patients with BRAF V600
mutated metastatic melanoma were randomized to receive the combination of dab-
rafenib 150 mg orally daily and trametinib 1 or 2 mg, or dabrafenib monotherapy.
The maximum tolerated doses for this combination were not reached in this study.
The recommended phase 2 dose is the combination of dabrafenib 150 mg with tra-
metinib 2 mg, which combines the recommended monotherapy dose for each agent.
The median PFS of these 247 patients was 9.4 months for the combination and 5.8
months for single agent dabrafenib (HR, 0.39; 95 % CI, 0.25-0.62; p<0.001). The
overall response rate was 76 % for the combination group and 54 % for dabrafenib
single agent (p=0.03). Only 7 % of patients developed cutaneous squamous cell
carcinomas when treated with the combination, but 19 % did with the monotherapy
(p=0.09). This combination was approved by the FDA in 2013.

In a preplanned interim overall survival analysis, the overall survival rate at 12
months was 72 % (95 % confidence interval [CI], 67-77) in the combination-
therapy group and 65 % (95 % CI, 59-70) in the vemurafenib group (hazard ratio
for death in the combination-therapy group, 0.69; 95 % CI, 0.53-0.89; P=0.005).
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Median PFS was 11.4 months in the combination group and 7.3 months in the
vemurafenib group (hazard ratio, 0.56; 95 % CI, 0.46-0.69; P<0.001). The objec-
tive response rate in the combination group was 64 % and 51 % in the vemurafenib
group (P<0.001) [20, 21].

28.5.3 Mechanism of Resistance to BRAF Inhibitors

Tumor resistance develops in a median of 57 months. There are different mecha-
nisms by which tumors develop resistance. The MAPK pathway dependent mecha-
nism includes de novo mutations in NRAS (upstream) and MEK (downstream).
Overexpression of mitogen-activated protein kinase kinase kinase 8§ (MAP3KS)
drives resistance to RAF inhibition in BRAF V600E cell lines. MAP3K8 activates
ERK primarily through MEK-dependent mechanisms that do not require RAF sig-
naling. Moreover, MAP3K8 expression is associated with de novo resistance in
BRAF V600E cultured cell lines and acquired resistance in melanoma cells and
tissue obtained from relapsing patients following treatment with MEK or RAF
inhibitors [14]. Another MAPK independent pathway mechanism involves the over-
expression or overactivation of PDGFR- or IGFIR inducing oncogenic signaling
through PI3K-AKT-mTOR pathway (Fig. 28.2) [30]. Resistance to the combination
of dabrafenib and trametinib was tested by whole exome and whole transcriptome
sequencing, on five patients with acquired resistance. Three patients had additional
MAPK pathway alterations including a novel MEK2 mutation that conferred resis-
tance to RAF/MEK inhibition in vitro [31]. Acquired resistance to these targeted
therapies need to be further studied to determine alternative treatment strategies.
These may include combination therapies, addition of downstream targeted thera-
pies, and dosing adjustment, among others.

A phase I/II trial evaluated the combination of dabrafenib and trametinib after
disease progression with a BRAF inhibitor. The ORR was 14 % (95 % CI, 7-24 %),
and an additional 46 % of patients had stable disease 8 weeks; median PFS was 3.6
months. This regimen may be a therapeutic strategy in patients who had previously
been exposed to single agent BRAF inhibitor for >6 months. In patients with rapid
development of resistance, less than 6 months, derived no benefit on further combi-
nation therapy and had rapid progression [32].

28.6 Immunotherapy for Metastatic Melanoma

Melanoma is associated with immune-related phenomena, including spontaneous
remission in the absence of active therapy or vitiligo. Rare patients who developed
infections and fever have been found to have tumor regression [33]. About 16 % of
patients with advanced melanoma respond to high-dose interleukin-2 (IL-2), a non-
specific type of immunotherapy that activates T cells [34]. Cytotoxic T lymphocyte
(CTL) activation requires antigen-specific recognition. Co-stimulatory and
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Fig. 28.2 Mechanisms of resistance to BRAF inhibitors [29]. /. NRAS mutations. 2. BRAF
V600E slice variant: creates a truncated form of BRAF mRNA and this mutated BRAF protein has
enhanced interaction with RAS. This leads to dimer formation between the truncated, activated
BRAF kinase and wild type RAF kinases. Once dimerized, BRAF inhibitors (such as Vemurafenib)
can induce transactivation and then reactivation of MAPK pathway. 3. MEK-1 mutation. 4. BRAF
inhibitors lead to decreased activation of ERK. There is decreased level of negative regulators
which then leads to decreased suppression of RAS. RAS reactivates and then dimerizes and acti-
vates BRAF. 5. IGFR activation leads to non-MAPK pathway activation. 6. PDGFRp activation
leads to non-MAPK pathway activation

co-inhibitory signals are also required to orchestrate this process [35] (Fig. 28.3 and
Table 28.8). Immunomodulation of co-inhibitory signals, including CTLA-4 and
PD-1, have become pivotal targets for the treatment of melanoma. In the last 5
years, such new targeted immunotherapy drugs have revolutionized the treatment of
advanced melanoma. Gradual understanding of immune-specialized cell interplay
will lead to newer therapeutic approaches.

28.6.1 Evaluation of Response after Immunotherapy
Jor Melanoma

Response Evaluation Criteria in Solid Tumors (RECIST) or WHO criteria are con-
ventionally employed to evaluate the response to chemotherapy in solid tumors.
Tumor response to immunotherapy has a different pattern. Tumor shrinkage induced
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Fig. 28.3 T cell activation and mechanism of action of ipilimumab. When an antigen (Ag) is pre-
sented in the context of the major histocompatibility complex (MHC) to the T cell receptor (TCR),
binding of B7 with CD28 occurs which activates the T cell. Slightly later, the activated T cell
stimulates CTLA4 which also binds to B7 to down-regulate the T cell. Ipilimumab inactivates the
binding of CTLA4 with B7, allowing the T cell to remain activated [36]

by immunotherapy may be preceded by inflammatory changes, initially causing
tumor swelling. New immune-related response criteria (irRC) have been proposed
[49]. The irRC approach attempts to not separate index lesions from new lesions.
Instead, irRC considers index lesions and new measurable lesions together to mea-
sure total tumor burden and defines immune-related complete response (irCR),
immune-related partial response (irPR), and immune-related stable disease (irSD).
As long as the total tumor burden is decreased to more than 50 %, progression of
some lesions or the appearance of new lesions is acceptable to adjudicate partial
response. In most clinical trials of immunotherapy in advanced melanoma, irRC are
used with RECIST and/or WHO criteria in parallel or in tandem (Table 28.5).

28.6.2 Immunotherapy Drugs
28.6.2.1 Interferon Alpha
Single treatment with interferon alpha was primarily tested for adjuvant therapy in

high-risk melanoma. The Eastern Cooperative Oncology Group trial 1684 com-
pared high dose adjuvant interferon versus observation and showed a prolonged
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Table 28.5 Comparison between WHO criteria and irRC

WHO irRC

CR | Disappearance of all lesions in two Disappearance of all lesions in two
consecutive observations not less than 4 weeks | consecutive observations not less than 4
apart weeks apart

PR | >50 % decrease in SPD of all index lesions >50 % decrease in tumor burden
compared with baseline in two observations at | compared with baseline in two
least 4 weeks apart, in absence of new lesions | observations at least 4 weeks apart
or unequivocal progression of non-index
lesions

SD | 50 % decrease in SPD compared with baseline | 50 % decrease in tumor burden
cannot be established nor 25 % increase compared with baseline cannot be
compared with nadir, in absence of new established nor 25 % increase compared
lesions or unequivocal progression of to nadir
non-index lesions

PD | Atleast 25 % increase of SPD compared with | At least 25 % increase of tumor burden

nadir (or unequivocal progression of
non-index lesion) and/or appearance of any
new lesions (at any single time point)

compared to nadir (at any single time
point) in 2 consecutive observations at
least 4 weeks apart

CR complete response, PR partial response, SD stable disease, PD progressive disease
BOR Best overall response = irRC CR and PR [49]

SPD the sum of the product of the longest diameters

irRC Tumor Burden = SPD index lesions + SPD new, measurable lesions

median survival of 3.8 years compared to 2.8 years for observation [50]. Interferon
was therefore approved by the FDA in 1996. There is a debate whether interferon
alpha improves overall survival or not, as some of the earlier trials and pooled meta-
analyses did not reveal statistical significant HR for overall survival [51]. The most
recent meta-analysis included 10,499 patients enrolled on 18 eligible randomized
clinical trials [52]. This pooled analysis demonstrated a HR of 0.83 in favor of adju-
vant interferon for PFS, and 0.91 for overall survival, both statistically significant
(Table 28.6).

28.6.2.2 Interleukin-2

Interleukine-2 (IL-2) is an immune-modulatory cytokine that enhances cellular
immune responses through inducing lymphocyte proliferation and promoting lym-
phokine production [54]. High-dose bolus of recombinant IL-2 (600,000-720,000
international units per kg administrated intravenously as a 15 min bolus every 8 h
over five consecutive days up to a maximum of 28 doses per course) was given to
patients with advanced melanoma [54]. Eight clinical trials using high dose IL-2
with or without lymphokine-activated killer (LAK) cells were conducted from
1985-1993, recruiting 270 patients with advanced melanoma. The pooled analysis
of these trials confirms that the use of high-dose IL-2 in advanced melanoma results
in a low but durable response rate [34]. The overall response rate is 16 % (95 %
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Table 28.6 Summary of meta-analyses of interferon alpha adjuvant clinical trials

Numbers of RCTs included Disease-free survival Overall survival References
12 HR=0.85 HR=0.93 [51]
95 % C1=0.77-0.90 95 % C1=0.85-1.02
P=0.0003 P=0.1
14 HR=0.82 HR=0.89 [53]
95 % C1=0.77-0.87 95 % C1=0.83-0.96
P<0.001 P=0.002
18 HR=0.83 HR=0.91 [52]
95 % C1=0.78-0.87 95 % CI1=0.85-0.97
P<0.001 P=0.003

RCTs randomized clinical trials, HR hazard ratio, CI confidence interval [51-53]

confidence interval, 12-21 %; complete response, 6 %; partial response, 10 %). Of
the responding 43 patients, 20 (47 %) patients were alive at a median follow up of
62 months and 15 (35 %) survived more than 10 years [34]. High-dose IL-2 was
approved by the FDA for treatment of metastatic melanoma in 1998. Until recently,
IL-2 has been the mainstay of treatment, either alone, or as part of biochemotherapy.
IL-2 is difficult to administer because of side effects. Treatment with high-dose IL-2
requires expertise and intensive care access. IL-2 administration is limited to
patients with excellent performance status of 0—1, age less than 65 years old, and
with excellent organ function. Treatment related mortality is 1-2 %. Common IL-2
toxicities include hypotension, cardiac arrhythmias, metabolic acidosis, nausea and
vomiting, diarrhea, fevers and chills, dyspnea, peripheral edema, elevated creati-
nine, elevated transaminases, neurotoxicity, skin rash, and pruritus [34]. Although
patients are carefully selected to receive high-dose IL-2, it is not possible to predict
who will respond. However, NRAS mutation status might correlate with response to
IL-2 [55]. Among patients with NRAS mutation, 47 % responded to high dose IL-2,
while 23 % with proved BRAF mutation responded to IL-2. Among patients without
NRAS or BRAF mutation, the response rate was only 12 % [55]. Gene expression
profiling and other newer technologies will provide more answers, but this is not yet
applicable to clinical practice.

28.6.2.3 Anti CTLA-4 Therapy

Cytotoxic T-lymphocyte antigen-4 (CTLA-4, CD152) is an antigen that is expressed
on CTLs (Fig. 28.3). It competes with the co-stimulatory molecule CD28 for its
shared ligand family B7 on the surface of antigen presenting cells (APCs) [56].
CTLA-4 is up-regulated and becomes functional only after T-cell activation. This
physiological delay in CTLA-4 up-regulation allows for initial T-cell activation by
CD28, followed by a regulatory feedback inhibition by CTLA-4 [36]. Therefore,
CTLA-4 functions as a negative regulator of activated T cells, and is commonly
called an immunocheckpoint protein. To generate more effective immune responses
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to tumors, one approach is to block the co-inhibitory effect of CTLA-4 so that CTL
activity is persistent.

Ipilimumab is a fully human monoclonal antibody against anti-CTLA-4. The
first randomized phase III trial, compared ipilimumab to the GP100 peptide vaccine
in patients with recurrent metastatic melanoma. Ipilimumab was administrated at 3
mg/kg every 3 weeks for four doses. Recurring patients, who had achieved a
response or stabilized their disease after completion of the initial treatment, could
be reinduced at the same dose. The median duration of survival increased from 6 to
10 months [37]. In addition, the 1-year survival was 45.6 % versus 25.3 % for the
vaccine (Table 28.9) [37], suggesting the possibility of a durable response. Among
177 patients who were treated with ipilimumab, 15 patients achieved a complete
response. The longest response lasted over 99 months [61]. Based on these positive
results, ipilimumab was approved in 2011 by the FDA. Of patients who were previ-
ously treated with high-dose IL-2, 48 (23 %) received ipilimumab and had a median
overall survival of 12 months, suggesting that these patients exposed to IL-2 also
benefit from ipilimumab [62]. After 11 years of clinical studies, a pooled analysis of
12 prospective and retrospective trials, including the expanded access program was
performed [63]. Two different doses were tried, 3 mg/kg in 965 patients and 10 mg/
kg in 706 patients. The median overall survival was 11.4 months (95 % CI: 10.7-
12.1) and the 3 year overall survival, 22 %.

Tremelimumab appears to have similar activity to ipilimumab in phase I and II
trials [64], but there was no trial designed to compare this two drugs head to head.
In a randomized, open-label phase III trial, tremelimumab failed to demonstrate a
survival benefit compared to standard-of-care chemotherapy (temozolomide or
dacarbazine). Of note, ipilimumab became available to patients while this trial was
ongoing, and at least 16 % of patients in the control arm received ipilimumab, which
might explain the negative result [38].

The toxicity profile associated with ipilimumab and tremelimumab is the result
of activation of auto-immunity due to the blockage of CTLA-4. Common immune-
related adverse effects (irAEs) include skin reaction such as rash, pruritus, vitiligo;
gastrointestinal reaction, diarrhea, colitis; endocrine effect, hypothyroidism,
thyroiditis, adrenal insufficiency, hypophysitis; hepatitis; ophthalmological inflam-
mation, uveitis and conjunctivitis. Cutaneous and gastrointestinal side effects are
very common while other organ systems are usually less frequently affected (Table
28.7) [65].

28.6.2.4 Anti PD-1 Therapy

PD-1, also called programmed cell death 1 protein or CD 279, is a member of the
extended CD28/CTLA-4 family of T cell regulators. It is another co-inhibitory
checkpoint protein, negatively immune-modulating T cell activity (Table 28.8).
PD-1 has 2 ligands: PD-L1 and PD-L2. PD-L1 is expressed on tumor cells; PD-L2
expression is more restricted and mainly identified on dendritic cells, macrophages,
as well as mast cells. Within the tumor and its microenvironment, the interaction of
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Table 28.7 Frequency of ipilimumab toxicities [65]

Any grade Grade 3—4 Grade 5
Any irAE 962 (64.2 %) 266 (17.8 %) 9 (0.6 %)
Dermatological 672 (44.9 %) 39 (2.6 %) 0 (0 %)
Gastrointestinal 487 (32.5 %) 137 (9.1 %) 3(0.2 %)
Endocrine 68 (4.5 %) 34 (2.3 %) 00 %)
Hepatic 24 (1.6 %) 16 (1.1 %) 2 (0.1 %)
Ocular 20 (1.3 %) 6 (0.4 %) 0 (0 %)
Neurological 2 (0.1 %) 0 (0 %) 1 (<0.1 %)
Cardiac 2 (0.1 %) 2 (0.1 %) 0 (0 %)

PD-1 with PD-L1 down-regulates T cell activity, which helps tumors escape immune
recognition. CTLA-4 is expressed on various antigen presenting cells including
tumor cells, while PD-L1 expression is commonly restricted to tumor cells.
Nivolumab, also known as MDX-1106, BMS-936558, or Ono-4538, was the first
drug in this class to be tested. It is a fully human monoclonal anti-PD-1 antibody,
has a high affinity to PD-1 (K ~3 nM), and competitively blocks both PD-L1 and
PD-L2. In a phase I/II trial, nivolumab was administrated to 296 patients with meta-
static pre-treated solid tumors, including 107 patients with melanoma. Although
patients in the melanoma cohort had received various prior systemic therapies,
responses were seen throughout the range of doses given every 2 weeks (0.1-10 mg/
kg), with an overall response rate of 31 % [41]. The best response was seen in
patients treated at 3 mg/kg with an overall response rate of 41 %. Pretreated tumors
from 42 patients in this trial were tested for PD-L1 expression. Among 25 patients
who were positive for PD-L1 expression, the objective response rate to nivolumab
was 36 %. In contrast, among 17 patients who were negative for PD-L1 expression,
none of them responded to nivolumab [41], suggesting a correlation between PD-L1
expression and overall response. The toxicity profile is similar to anti-CTLA-4, but
less pronounced. There are 11-14 % of grade 3 and 4 irAEs, fewer than with ipili-
mumab (18.4 %). Nivolumab has less severe gastrointestinal effects (3.4 % of grade
3 and 4) [41], in contrast to ipilimumab (10 %) with colitis and bowel perforation
being potentially life threatening. The main gastrointestinal side effect of nivolumab
is diarrhea, while colitis is seen in less than 1 % of cases. Cutaneous grade 3 and 4
reactions are seen in 0.3 % after nivolumab and in 2.6 % after ipilimumab.
Pneumonitis occurs in 3 % of patients and seems unique to Nivolumab [41], but it
was not reported in the subsequent phase III trial [42]. Pneumonitis is rarely seen in
ipilimumab, with one case described [66]. Nivolumab has been approved by the
FDA in December 2014 to treat patients who have progressed on Ipilimumab.
Pembrolizumab (formally called Lambrolizumab) is another anti-PD-1 antibody
tested in a phase I study for patients with advanced melanoma [39]. Overall response
rate across all dose level cohorts was 38 %. The highest response rate (52 %) was
observed in the cohort that received Lambrolizumab at 10 mg/kg every 2 weeks. Of
135 patients, 48 (36 %) had received prior treatment with ipilimumab. The response
rate did not differ significantly between patients who had received ipilimumab and
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those who did not (28 %), confirming that PD-1/PD-L1 and CTLA-4/B7 may have
non-redundant functions. The overall incidence of grade 3 and 4 side effects appears
to be lower compared to the one observed with CTLA-4 blockade antibodies.
Pembrolizumab (2 mg/kg administered as an intravenous infusion over 30 min
every 3 weeks) has been approved by the FDA in September 2014 to treat patients
who have progressed on Ipilimumab.

Many novel anti-PD-1 drugs are currently undergoing clinical testing. Their
class, targets, and status of clinical development (through February 2015) are sum-
marized in Table 28.8.

28.6.2.5 Anti PD-L1 Therapy

PD-L1, also called B7-H1 or CD274, is a ligand that is expressed on tumor cells
(occasionally tumor infiltrating macrophages) within the tumor microenvironment.
PD-L1 is expressed on many solid tumors including melanoma, and increasingly
identified in hematological malignancies. With evidence from preclinical and trans-
lational studies that PD-L1 expression is one of the mechanisms for tumors to evade
immune recognition, blockade with anti-PD-L1 provides a novel strategy to enhance
T cell activity.

BMS-936559, a fully human anti-PD-L1 antibody, was tested in a phase I/ trial
on 56 patients with metastatic melanoma [43]. All had received prior immunother-
apy and 9 % had received prior BRAF inhibitor therapy. The overall objective
response rate was 17 % and ranged from 6 % to 29 % across dose levels (0.3—10 mg/
kg). The highest response rate was observed at 3 mg/kg dosage instead of 10 mg/kg.
Of nine patients who responded, response lasted for over a year in five patients.
Twenty-seven percent had stable disease for longer than 6 months. Toxicity was
generally mild. Of 207 patients, 39 % had an immune adverse event of any grade,
and only 5 % reported a toxicity of grade 3 or higher. No case of pneumonitis was
reported. There was no significant difference in toxicities across dose levels, except
that infusion reactions were more common in those who received the highest dose,
10 mg/kg.

MPDL3280A is another anti-PD-L1 human monoclonal antibody that was tested
in 45 patients with locally advanced or metastatic melanomas and yielded an overall
response rate of 26 % [44].

28.6.2.6 Blockage of Other Co-inhibitory Molecules

Lymphocyte activation gene 3 (LAG-3), also known as CD223, is another check-
point protein. Its ligands are MHC class II molecules which are upregulated in some
cancers and tumor-infiltrated macrophages. Blockage by the anti-LAG-3 antibody,
IMP 321, is currently being tested in clinical trials (Table 28.8). B7-H3 is a newly
identified B7 family member, thought to inhibit T cell activation. Its overexpression
is seen in some tumor cells and correlates with disease severity, therefore, it might
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help tumor evade immune recognition [67]. One Fc-enhanced anti-B7-H3 monoclonal
antibody, MGA 271, is being tested in phase 1.

28.6.2.7 Upregulation of Other Co-stimulatory Molecules

Glucocorticoid-induced TNFR (GITR) was initially identified as a new family
member of the Tumor Necrosis Factor (TNF) receptor superfamily. It is upregulated
by T cell activation and functions as one of the co-stimulatory factors. Agonist anti-
GITR antibody, TRX518, just started to be tested in phase I trial. Similarly, one drug
that activates CD40 is also being tested in pilot studies.

28.6.2.8 Cancer Vaccines

Cancer vaccines include tumor cell-based vaccines, dendritic cell-based vaccines,
or DNA vaccines. Vaccines against cancer have been tested for the last 50 years.
However, the knowledge of the microenvironmental immunity of tumors was lack-
ing and led to a lack of understanding of vaccine function. Thus, randomized con-
trolled trials failed to prove a benefit of cancer vaccines for the treatment of advanced
or metastatic melanoma [68]. Recently, new vaccine concepts have emerged, using
DNA addition to modify gene translation. The cancer-killing virus talimogene
laherparepvec (T-VEC) constitutes the first oncolytic immunotherapy to demon-
strate therapeutic benefit against melanoma in a phase III trial. T-VEC was engi-
neered by introducing genetic mutations to knock out the infectious genes of herpes
simplex virus type-1 and at the same time introducing the gene encoding the
granulocyte-macrophage colony-stimulating factor (GM-CSF). The study com-
pared T-VEC to GM-CSF in patients with metastatic disease. Response rates were
26.4 % for T-VEC compared to 5.7 % for GM-CSF [69]. A durable response defined
as a complete or partial response that lasted 6 months or more and was mainly
observed in patients who had non-visceral disease and in those who received T-VEC
as first-line therapy. This vaccine is injected in the largest tumor. The OPTiM study
randomized 436 patients with unresectable stage IIIB, ITIC, or IV melanoma in a 2:1
ratio to receive intratumoral T-VEC or subcutaneous GM-CSF [69]. The median
time to treatment failure was 8.2 months with T-VEC compared to 2.9 months with
GM-CSF (hazard ratio 0.42, 95 % CI [0.32, 0.54]; p<0.0001). The study continues
to monitor patients for survival. The most common grade 3 and 4 adverse event after
T-VEC was cellulitis in 2.1 % of patients. Other common symptoms included
fatigue (50.3 %), chills (48.6 %), fever (42.8 %), and nausea (35.6 %).

28.6.2.9 Combination of Dual Immunotherapy

CTLA-4 and PD-1 are not redundant. The CTLA-4/B7 axis plays an important role
in attenuating the early activation of naive and memory T cells, while the PD-1/
PD-L1 interaction is observed within the peripheral tumor microenvironments. The
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combination of ipilimumab and nivolumab (together or sequentially) yields an over-
all response rate of 40 % [59]. At the maximum dose, the response rate is 53 %.
However, the incidence of grade 3 or 4 side effects is also higher.

28.6.2.10 Immunotherapy Combined with Systemic Chemotherapy

One hallmark study compared ipilimumab (10 mg/kg every 3 weeks for four doses)
plus dacarbazine versus dacarbazine plus placebo. The median overall survival was
11.2 months among patients receiving ipilimumab plus dacarbazine compared to
9.1 months among patients receiving dacarbazine alone. Durable survival rates for
the combination compared to dacarbazine were at 1 year 47.3 % versus 36.3 %; at
2 years, 28.5 % versus 17.9 %; and at 3 years 20.8 % versus 12.2 %. Of note, the
incidence of grade 3 and 4 events was significantly increased for the combination
(56.3 % versus 27.5 % for dacarbazine) [57].

The combination of ipilimumab (10 mg/kg every 3 weeks for four doses) and
GM-CSF had a similar overall response than ipilimumab single agent, but the over-
all survival seemed improved with 17.5 months for the combination versus 12.7
months for ipilimumab alone (Table 28.9).

28.7 Management of Melanoma in the Twenty-First Century

BRAF inhibitors induce rapid responses but the median time to progression is less
than 7 months. When exposed to targeted inhibitors (such as the BRAF inhibitor,
MEK inhibitor, NRAS inhibitor, c-KIT inhibitor), the tumor itself dies quickly,
potentially increasing endogenous antigenicity. Combined with immunotherapy
such as high-dose IL-2, anti-CTLA-4 or anti-PD-1, immune effect may be enhanced.
Therefore, concurrent or sequential combinations of immunotherapy and targeted
therapy have a strong rationale and potentially a huge impact in the management of
advanced or metastatic melanoma. Currently, there is no randomized trial to provide
insight on the appropriate sequencing of all the available choices. A recent single
institution retrospective analysis included 34 BRAF mutation positive patients. Six
patients received ipilimumab and then BRAF inhibitor and 28 patients were treated
with BRAF inhibitor before receiving ipilimumab. Among the 28 patients that
received BRAF inhibitor first, the median time to disease progression was 3.6
months and 12 out of 28 patients had rapid disease progression that resulted in
death. These 12 patients were unable to complete induction doses with ipilimumab
and their overall survival was 5.7 months. In the 16 patients that were able to com-
plete induction therapy with ipilimumab, the medial overall survival was 18.6
months (95 % CI: 3.2-41.3; p<0.0001). The median overall survival for all patients
in this group was 14.3 months [70]. The six patients that received ipilimumab
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Table 28.9 Summary of published immunotherapy trial results (excluding IL-2)

Regimens

Ipilimumab + gp100
vs ipilimumab vs
gpl00

Ipilimumab +
dacarbazine

Nivolumab

Nivolumab vs
dacarbazine

Pembrolizumab

Pidilizumab
BMS-936559
(anti-PD-L1)
MPDL3280A
Ipilimumab +
nivolumab

Ipilimumab +
GM-CSF vs
ipilimumab

[37, 40, 42, 57, 59, 60]

Trials

Phase 111

Phase 111

Phase 1/
11

Phase 111

Phase |

Phase 11

Phase 1/
1I

Phase 1
Phase 1

Phase 1T

Overall response rate

10.9 % vs 5.7 % vs 1.5

%

38 % vs 26 %

31 % (41 % with the
maximum dose)

40 % vs 13.0 %

38 % (52 % with the
maximum dose)
5-10 %

17 % (29 % with the
maximum dose)

26 %

40 % (53 % with the
maximum dose) used
concurrently;

20 % if used sequentially

15 % for both arms

Median overall
survival

10 month vs 10.1
month vs 6.4
months

45.6 % vs 43.6 % vs
25.3 % by 1 year

23.5 % vs 21.6 % vs
13.7 % by 2 years

11.2 months vs 9.1
month;

47.3 % vs 36.3 % by
1 year

28.5 % vs 17.9 % by
2 year

17 months

Not reached vs
10.8 months

>7 months; not
reached yet

NA
Not reached yet

Not reached yet
Not reached yet

17.5 months vs
12.7 months

References
[37]

[57]

[41]

[42]

[39, 40]

[58]
[43]

[44]
[59]

[60]

followed by BRAF inhibitors, were alive at 11.2 months. The median time to pro-
gression with ipilimumab was 3.4 months. The authors suggested to consider start-
ing therapy with ipilimumab first and then follow with BRAF inhibition [70].

We propose a management algorithm for patients with advanced melanoma (Fig.
28.4). Currently there are no published guidelines that have established which drug
to use front line or how to combine with immunotherapies. On-going clinical trials
are elucidating this question. Our recommendation is to offer patients with mela-
noma participation in judicious clinical trials.
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CLINICAL EVALUATION

- Sentinel lymph node evaluation:
High mitotic rate, ulceration, lymphovascular invasion, thickness >0.76 mm

- BRAF evaluation in all patients with stage III and IV

- TNM staging
- Assess for clinical trial participation

BRAF mutation in unresectable stage III or stage IV

Consider starting immunotherapy
Consider starting BRAF/MEK

Consider starting immunotherapy

combination therapy or
monotherapy with BRAF inhibitor
for rapidly growing disease

The best treatment sequence is not
known

Combination of immunotherapy
and BRAF inhibition is in clinical

Patients excluded in trials: Crohns,
Colitis, RA, Graves, Lupus, Sjogrens

If not a candidate, start conventional
chemotherapy or IL2

Combination of chemotherapy and
ipilimumab is feasible, but not FDA
approved [57]

trials

P A

Fig. 28.4 Proposed algorithm for treatment of advanced melanoma
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