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Practice points

e Development of brain metastases (BMs) is a common and devastating event in the course of advanced melanoma.

e Management of melanoma BMs requires comprehensive evaluation of patient’s performance status, the number, size
and location of BMs, the extent of extracranial disease and BRAF mutation status.

e Surgical resection of BMs improves local disease control, enhances functional independence and may prolong overall
survival in patients with good performance status, limited or no extracranial disease, and BMs amenable to safe and
complete resection.

e Stereotactic radiosurgery has largely replaced whole brain radiation therapy (WBRT) in patients who are not surgical
candidates, with limited BMs, or BMs in inaccessible or eloquent areas of the brain given the relative radioresistance
of melanoma to the more toxic WBRT.

e Traditional cytotoxic agents, such as temozolomide or fotemustine, with or without WBRT, have marginal impact on
progression-free survival and overall survival in patients with melanoma BMs.

e Novel immunotherapies, such as ipilimumab, and targeted agents, such as vemurafenib and dabrafenib, produce
meaningful intracranial response and expand the systemic treatment options for patients with melanoma BMs.

Relapses in the brain remain a major obstacle to cure in many patients with advanced
melanoma. At present, the management of melanoma brain metastases continues to rely
heavily on surgical and radiotherapeutic interventions, which have become safer and more
effective with modern imaging, surgery and radiation technologies. Additionally, novel
targeted and immunotherapeutic agents, shown to generate meaningful intracranial
response and survival benefit in patients with melanoma brain metastases when compared
with historical controls, expand systemic treatment options for this subset of patients.
These systemic therapies become particularly important when intracranial disease burden
precludes neuro- or radio-surgery. Considerable multidisciplinary research effort is ongoing
to improve outcomes for melanoma patients with brain metastases, a key challenge in the
management of advanced melanoma.
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Melanoma is the third most common solid
tumor to metastasize to the brain, with a prev-
alence of 20-40% in clinical series and up to
75% in autopsy series [1.2]. The development of
brain metastases (BMs) is a devastating event in
the course of advanced melanoma. Historically,
patients with advanced melanoma and active BMs
have dismal prognosis. Thus, improving survival
outcome while preserving quality of life for this
patient subset has been the most important goal
of multidisciplinary research efforts.

The management of melanoma BMs contin-
ues to rely heavily on surgical and radiotherapeu-
tic interventions, which have become safer and
more effective with modern technology. Until
recently, systemic treatments for melanoma
patients with BMs are primarily used as pallia-
tive therapy, with options limited to a few cyto-
toxic agents that can penetrate the blood-brain
barrier (BBB). Recent insights into the molecu-
lar basis of melanoma and the intricate regu-
latory mechanisms of tumor immunity have
expanded the pharmacologic options for this
subset of patients. This review aims to provide
an update on recent progress in the treatment
of patients with advanced melanoma and BMs.

Risk factors & prognosis

The prognosis of advanced melanoma involv-
ing the CNS is grim, with a median overall
survival (OS) of 3.8-5.2 months [2-4]. In the
effort to develop more effective therapies for
melanoma BMs, several studies were carried
out to identify the risk factors for BM develop-
ment as well as the prognostic factors for patients
with melanoma BMs. Various clinicopathologic
features have been linked to BM development.
Zakrzewski et al. showed the presence of ulcera-
tion in the primary lesion was predictive of BM
development [5]. Bedikian ez /. identified M
stage (M1b or Mlc vs Mla + III) and elevated
lactic acid dehydrogenase levels as the predic-
tive factors for BMs at diagnosis of stage III or
IV melanoma [6]. Qian et al. associated tumor
thickness, presence of ulceration and advanced
stage (III or IV vs I or II) with high risk of BM
development [7]. In the era of genomic medicine,
evidence associating molecular abnormalities
with CNS metastases is emerging. Jakob et /.
linked NRAS or BRAF mutations with increased
risk of CNS involvement [8]. In addition, loss
of PTEN expression has recently been associ-
ated with a shorter time to BM development in
patients with BRAF V600-mutant stage IIIB or
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ITIC melanoma [9]. These risk factors, however,
will require rigorous validation in larger patient
cohorts before they can be used as predictors of
BM and alter current surveillance and preventa-
tive strategies [10].

Another aim of the aforementioned retrospec-
tive studies was to identify prognostic factors
influencing OS from the time of BM occurrence.
Multiple BMs, leptomeningeal involvement,
coexistence of extracranial disease, elevated lac-
tic acid dehydrogenase, poor performance status,
and head and neck primary lesions were among
the identified indicators of unfavorable OS after
BM development [2,4-5.11]. Furthermore, several
therapeutic interventions, in other words, sur-
gery, stereotactic radiosurgery (SRS), temozolo-
mide-based chemotherapy and immunotherapy,
have been correlated with improved survival in
patients with BMs [3-4,11-13]. Nevertheless, these
results are from retrospective analyses, which are
not able to control for potential confounders and
selection biases. In addition, the patient- and/or
disease-specific characteristics that steer treating
physicians to select different treatment strategies
in these studies make it difficult to discern the
survival benefit of each therapeutic modality [10].

To differentiate the relative influence of pre-
treatment patients’ characteristics from treat-
ment effects on the OS of patients with BMs, the
Radiation Therapy Oncology Group (RTOG)
developed a prognostic index named recursive
partitioning analysis (RPA) based on a retrospec-
tive analysis of 1200 patients treated in three
RTOG BM trials [14]. Of note, these studies
enrolled participants regardless of primary can-
cer diagnosis, with majority of patients having
breast or lung cancers. The validated RTOG
RPA groups patients into three prognostic cat-
egories: class 1, including patients younger than
65 years of age with Karnofsky performance
status (KPS) 270, controlled primary and no
extracranial disease, has the best OS (median
OS: 7.1 months); class 3, comprising patients
with KPS <70, has the worst outcome (median
OS: 2.3 months) and class 2, with the remain-
ing patients, has intermediate prognosis (median
OS: 4.2 months) [14,15].

To minimize the subjectivity in appraising the
status of primary tumor control and to include
the number of BM lesions in prognostic scoring
system, the RTOG subsequently developed the
Graded Prognostic Assessment (GPA), which
assigned patients into four prognostic classes
based on age, KPS, number of brain lesions and
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presence or absence of extracranial disease [16].
The GPA has also been validated and, more
importantly, tailored to diagnosis-specific prog-
nostic variables for five different cancers, includ-
ing breast, lung, gastrointestinal, melanoma and
renal cell carcinoma [17). The melanoma-specific
GPA score, calculated based on KPS and the
number of BMs, helps clinicians individualize
treatment plans or to stratify participants of
clinical trials evaluating BM therapies.

Treatment

¢ Local therapy

Selection of treatment modalities for melanoma
BMs relies upon a comprehensive multidiscipli-
nary evaluation of patient’s performance status,
the number, size and location of BMs, the extent
of extracranial disease and BRAF mutation sta-
tus. At present, aggressive local therapy to com-
pletely eradicate all brain lesions with surgical
resection and/or SRS, with or without whole
brain radiation therapy (WBRT), is the stand-
ard of care in patients with favorable prognosis,
based on data from many retrospective and pro-
spective studies suggesting an improved survival
outcome compared with best supportive care or

WBRT alone [4,11,18-19].

Surgery

Surgical resection of metastatic brain disease
is indicated for histologic diagnosis, if not yet
ascertained, or rapid decompression of intracra-
nial mass effect. In addition, surgical resection of
solitary metastatic brain lesion has been shown
to improve OS in two randomized trials [18,19].
Patchell ez al. compared the efficacy of surgical
resection followed by WBRT with WBRT alone
in 48 patients with single BM from a number of
tumor types, among whom three had advanced
melanoma [18]. The median OS were 40 weeks
in the surgery arm and 15 weeks in radiotherapy-
alone arm (p < 0.01). Local disease control and
functional independence were also improved
with surgery followed by WBRT. The complica-
tion rates were similar between the two groups.
Thirty-day mortality rate was 4% in each arm.
The 30-day morbidity rates were 8 and 17% in
the surgery-WBRT and WBRT-alone groups,
respectively.

Another randomized study by Vecht ez al.
confirmed prolonged OS with surgery followed
by WBRT compared with WBRT alone in 63
patients with single BM, among whom six had
advanced melanoma (median OS: 10 months
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vs 6 months; p = 0.04) [19]. Functionally inde-
pendent survival was also longer in the surgery-
plus WBRT arm. The 1-month mortality rates
were 9 versus 0% in the combined treatment
and WBRT-alone arms, respectively. The
early deaths in the combined treatment group
occurred in patients with infratentorial lesions.
Morbidities were comparable between the two
arms.

However, Mintz et al. reported no OS differ-
ence in 84 patients with single BM in a rand-
omized study of WBRT with or without surgical
resection [14]. Of note, a higher percentage of
patients with poor prognosis, low KPS and/or
coexisting extracranial disease, were enrolled in
this study as compared with the previous two
trials. This factor may account for the negative
results of the study [20).

For patients with multiple metastatic brain
lesions, the OS benefit of complete surgical
removal of BMs is supported only by retro-
spective studies [2122]. Bindal e# /. compared
survival outcome of 30 patients with multiple
BMs with some BM lesions resected (group A)
versus 26 patients with all BM lesions resected
(group B) [21]. Results were also compared with
the historical data of 26 patients with resected
single BM lesion (group C), who best matched
those in group B. Median OS were 6, 14 and 14
months in group A, B and C, respectively (A vs
B,p=0.03;Avs C,p=0.012; Bvs C, p>0.5).
Konstadoulakis ez al. reported higher 1-year
survival rate with surgical resection, compared
with radiotherapy, chemotherapy or supportive
care, in patients with single or multiple BMs [22].
These data suggest multiple craniotomies can be
safely performed, and complete removal of all
BM lesions may improve survival.

Most of the aforementioned studies are not
melanoma specific, and data for the survival
benefit of neurosurgery in patients with mela-
noma BMs are limited. These retrospective
series suggest that surgical resection of BMs
potentially prolongs OS compared with WBRT
or supportive care in select patients, with good
performance status, limited or no extracranial
disease, and BMs amenable to safe and com-
plete resection [4,11,22]. Please refer to Table 1 for
summary of key neurosurgery studies.

Radiation therapy

Melanoma is considered resistant to low doses
of radiation delivered in standard fractionated
courses of radiotherapy [23.24]. Consequently, the
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Table 1. Summary of key neurosurgery studies.

Study

Patchell et al. Solitary
Vechtetal. Solitary
Mintz et al. Solitary
Bindal et al. Multiple
Konstadoulakis Mixed

etal.

No.of BMs No. of patients

Treatment (n) Local Median Median overall Ref.
(% melanoma) control (%) functionally survival
independence
survival
48 (6) Surgery + WBRT (25) 201 38 weeks' 40 weeks' [18]*
WBRT 52f 8 weeks' 15 weeks'
63 (10) Surgery + WBRT (32) NR 7.5 months® 10 months? (97
WBRT 3.5 months® 6 months®
84 (5) Surgery + WBRT (41) NR No difference 6.28 months 201
WBRT 5.62 months
56 (45) Resection of some BMs (30) NR NR 6 months* [21)*
Resection of all BMs (26) 47 14 months?
Matched control (solitary BM) (26) 8 14 months
136 (100) Surgery (32) NR NR 6.67%" [22]
WBRT or chemotherapy or both (75) 3.459%"t
No therapy (29)

*Randomized.

5p=0.06.

IPercentage local relapse.
Retrospective.

AL 1 year.

TStatistically significant difference.

BM: Brain metastases; NR: Not reported; WBRT: Whole brain radiotherapy.
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use of radiation in the treatment of melanoma,
particularly when metastatic to the relatively
radiation-sensitive normal tissues of the CNS,
has often been reserved for palliation of unre-
sectable disease or in the adjuvant/postopera-
tive setting. With the advent of improved target
localization and radiation delivery techniques,
radiation therapy (RT) is often the first choice
for local control of brain disease in patients with
metastatic melanoma.

Whole brain radiation therapy

WBRT delivers small daily doses of RT, typi-
cally from 2 to 3 Gy per fraction, for ten to 20
fractions and a total dose of 30-40 Gy, to the
entire intracranial contents, thereby treating the
known, visible BMs as well as any microscopic
disease elsewhere in the brain not detected on
routine imaging. In one retrospective analysis
of 41 patients with radiation resistant BMs, of
which 23 had melanoma, Brown e# a/. showed
that 6-month actuarial local control (LC) in the
brain was improved to 100% with WBRT from
85% without WBRT, and that elsewhere fail-
ure in the brain was reduced from 64% without
WBRT to 17% with WBRT [24]. This finding
of significantly improved intracranial disease
control with WBRT was also demonstrated in
two large Phase III studies [25.26]. Progression
of brain disease was identified as the cause of
death in 44% of patients not receiving WBRT
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and in 28% of those treated with WBRT in
the European Organization for Research and
Treatment of Cancer trial [26]. Of note, how-
ever, only 5% of subjects were noted to have
melanoma in this study [26], and the percentage
of patients having melanoma was not reported
in the other Phase III study comparing WBRT
with SRS [25]. Results of an international Phase
IIT trial of WBRT following local therapy of
intracranial metastases from melanoma being
conducted by the Australia and New Zealand
Melanoma Trials Group and the Trans Tasman
Radiation Oncology Group are still pending [27].

In an attempt to overcome the relative resist-
ance of melanoma to standard fractionated
radiation used in WBRT, various approaches to
increase the radiation sensitivity of melanoma
BMs have been investigated. One such approach
has examined the benefit of RT dose escalation.
In one retrospective study of 87 melanoma
patients with multiple BMs, Hauswald ez al.
reported a near doubling of median OS from
3.1 months after standard 30 Gy in 10 fractions
to 5.6 months following dose escalated WBRT
of 40 Gy in 20 fractions (p = 0.003) [28]. The
results from this analysis are confounded by the
use of other therapies to improve LC including
craniotomy or RT boost. Improved OS following
higher dose WBRT was shown in another retro-
spective analysis of 51 patients with BMs from
melanoma [29]. In this study, patients receiving
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40 Gy in 20 fractions or 45 Gy in 15 fractions
had 20% 1-year OS, compared with only 4% of
those receiving 30 Gy in 10 fractions (p = 0.009).
Other important characteristics associated with
improved OS in this group of patients included
the presence of <4 BMs, no extracranial disease
and RPA class 1. Table 2 summarizes the key find-
ings of studies evaluating the utility of WBRT in
the management of melanoma BMs.

Another approach that has been evaluated to
improve the therapeutic effect of WBRT in the
management of intracranial metastases from
melanoma is the concurrent use of systemic
agents known to penetrate the BBB during RT to
act as potential radiosensitizers. Specific agents
including temozolomide [32-34], fotemustine [35]
and ipilimumab [36], have been investigated with
WBRT with mixed results. These analyses are
addressed in more detail in the chemotherapy
section below.

In addition to the work by Rades ez al. 291, sev-
eral other investigators have demonstrated longer
OS following WBRT in melanoma patients
whose extracranial disease is controlled [30-31,37],
supporting the hypothesis that extent of disease
outside the brain is an important measure of
life-limiting disease burden in these patients.
Consequently, presence or absence of extracra-
nial disease has been included in newer scoring
systems for radiation-resistant brain metasta-
ses to identify subjects who may benefit from
WBRT with dose escalation and/or stereotactic
radiosurgical boosting, discussed below [37.38].

Management of melanoma brain metastases

Stereotactic radiosurgery

SRS is a technique initially developed by the
Swedish neurosurgeon Lars Leksell to deliver
high doses of radiation to well-defined, small
intracranial targets in a single fraction using a
minimally invasive head frame externally affixed
to the patient’s cranium. Proposed advantages
of SRS over WBRT in the management of BMs
from melanoma include improved LC of radi-
ation-resistant tumors by the ablative RT dose
delivered by SRS, decreased toxicity associated
with the focal brain SRS treatment and minimal
interruption of systemic therapy regimens by the
1-day SRS therapy.

Several prospective investigations have shown
improved LC of BMs when SRS is added to
WBRT. An early study of patients with two to
four BMs by Kondziolka ez al. was stopped early
due to significant reduction in 1-year local fail-
ure from 100% following 30 Gy in 12 fractions
WBRT alone to 8% with addition of SRS boost
(p =0.0016) [39]. Melanoma was the second most
common histology after lung carcinoma, and
there was no association identified between
tumor type and LC in this study (p = 0.85). In
a larger, Phase III trial by the RTOG, RTOG
9508, patients with one to three BMs receiving
SRS after 37.5 Gy in 15 fractions WBRT had
82% 1-year LC compared with 71% in WBRT
alone (p = 0.01) [40]. Lung cancer again com-
prised the majority of subjects in this trial, and
only 4% had melanoma. The improved intra-
cranial disease control with SRS after WBRT

Table 2. Summary of key whole brain radiotherapy studies.

Study No. of
patients (%
melanoma)

Treatment (no.)

+ Up-front WBRT (39)
+ Salvage WBRT (33)

Brown 41 (56) SRS alone 18 Gy (15) SRS alone: 85" 14.2 [24]
etal. SRS + WBRT 30-50Gy/10-25 fx SRS + WBRT: 100"
Hauswald 87 (100) WBRT NR All: 3.5 [28]
etal. 30 Gy/10 fx (56) 30 Gy: 3.1

40 Gy/20 fx (31) 40 Gy: 5.6*
Rades 51 (100) WBRT [29]
etal. 30 Gy/10fx (33) 30 Gy: 23" 30 Gy: 27%"

40 Gy/20 fx (11) 40-45 Gy: 50*# 40-45 Gy: 50%"*

45 Gy/15 fx (7)
Ellerhorst 87 (100) WBRT NR 4.75 [30]
etal. 15-50 Gy/5-25 fx
Dyeretal. 147 (100) SRS NR 7.3 [31]

Local control (%) Median overall Ref.
survival (months)

At 6 months;
Fstatistically significant difference.

fx: Fractions; NR: Not reported; SRS: Stereotactic radiosurgery; WBRT. Whole brain radiotherapy.
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in both studies did not translate into significant
OS improvement. However, the extent of extrac-
ranial disease and RPA class were prognostic of
survival outcomes in these patients. Although
patients with single BM were excluded from the
earlier trial, the subset of patients with solitary
BM treated with WBRT and SRS in the RTOG
trial had a median survival of 6.5 months, com-
pared with 4.9 months in the WBRT-alone
group (p = 0.0393).

SRS as a single treatment modality has been
shown by multiple studies to improve LC of
radioresistant BMs compared with WBRT
alone [41-45]. Mori and collaborators examined
outcomes of 60 melanoma patients with BMs,
nine of which were treated with SRS alone [42].
The rate of LC of 72 evaluable tumors was 90%
in this analysis. In another retrospective analy-
sis of 35 melanoma patients with a total of 70
BMs treated with SRS alone, Grob ez /. demon-
strated comparable LC rates of evaluable lesions
through 12 months of follow-up as was reported
by Mori et al. (41]. Selek et al. performed a similar
analysis of 103 melanoma patients with 153 BMs
treated at MD Anderson Cancer Center [44]. Of
these patients, 61 received SRS alone. In this
investigation, LC following SRS was depend-
ent on lesion size, with 75% LC rate in tumors
measuring 2 cc or less versus 42% in larger
lesions. Survival was greatest for patients with
single lesion in both Mori and Grob’s analyses,
but number of metastases was not found to be
prognostic for survival in the MD Anderson
study. Despite these findings of improved LC
of melanoma BMs with SRS, other studies that
include similarly treated patients with various
radiation-resistant histology primary tumors
demonstrated that patients with melanoma had
a higher incidence of neurologic death [29.45].

In the largest retrospective analyses of SRS
for melanoma BMs, Mathieu ez al. reported
on outcomes of 244 patients with 754 brain
lesions treated with radiosurgery [46]. As was
observed in the other studies, LC of BMs fol-
lowing SRS was high, exceeding 86% for all
lesions. Both tumor volume and prior hemor-
rhage were associated with worse LC, on mul-
tivariate analysis. The median OS in this series
was 5.3 months, and survival was found to be
significantly improved in those patients with
controlled extracranial disease, KPS > 90% and
solitary BMs. Approximately half (n = 110) of
the subjects in this study received WBRT prior
to SRS. The median survival in this subgroup
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was only 4.7 months, compared with 5.7 months
for patients with no prior WBRT (p = 0.01 on
log-rank test). While this finding might be
interpreted as patients receiving the combined
WBRT and SRS have worse outcome, it more
likely reflects, in part, the delayed delivery of
SRS in these patients, since median survival
of patients receiving WBRT and SRS was
8.6 months versus 7.2 months with SRS alone,
when calculated from the date that BMs were
initially detected. Table 3 summarizes the key
findings of studies investigating the utility of
SRS in the management of melanoms BMs.

Compared with WBRT, SRS has been found
to have less treatment-associated toxicity and
morbidity, most notably with respect to preser-
vation of neurocognitive function. A landmark
Phase I1T trial designed to evaluate neurocogni-
tive function at 4 months following treatment of
patients with 1-3 BMs with WBRT plus SRS or
SRS alone by Chang et al. was closed early due
to a doubling of decline in memory and learning
functions being identified in the group receiv-
ing WBRT as part of their therapy compared
with the SRS only group (52 vs 24%) (47]. OS
was higher in the patients receiving SRS alone,
despite improved LC in those receiving the com-
bined WBRT and SRS treatment, recognizing
that the study was not powered for these sec-
ondary end points. Similar to the RTOG 9508
study, the percentage of patients with melanoma
in the study by Chang et al. was only 3—-4%.
A more recent prospective pilot study compar-
ing neurocognitive outcomes of 20 patients
receiving WBRT versus seven receiving SRS
alone conducted by Onodera and colleagues
revealed both immediate and delayed memory
to be significantly reduced at 4 months in the
former group [48]. Memory function in the
WBRT-treated patients improved to baseline
at 8 months, but declined again in those sub-
jects followed for 12 months. In the SRS-treated
subjects, there was no change in the measured
neurocognitive functions over this period of
time. None of these patients were specifically
identified as having melanoma, although 11%
were categorized as having tumor histology other
than lung or breast cancer.

Randomized controlled clinical trials investi-
gating SRS alone versus WBRT have limited the
number of BMs per patient to four or less [25,47],
since the number of BMs has commonly been
considered a surrogate for disease failure else-
where in the brain. Recent analyses, however,
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Table 3. Summary of key stereotactic radiosurgery studies.

Study No. of patients SRS treatment (n) Mean marginal Local Median overall survival (months) Ref.
(% melanoma) dose (range), Gy control (%)
Grob et al. 35(100) GK NR (14-40) 98.2F 1BM: 22.0 [41]
1 BM + extracranial disease: 7.5
Multiple BMs: 4.0

Mori et al. 60 (100) GK salvage (12) 16.4 (10-20) 90 7.0 [42]
WBRT + GK (36)
GKalone (12)

Herfarth et al. 64 (100) Linac 18 (10-24) 20 (15-22) 81* 10.6 [43]
Linac salvage (30)

Selek etal. 103 (100) WBRT + Linac (12) 18 (10-24) 49* 25.2%% [44]
Linac alone (61)

Changetal. 189 (54) Linac 18 (10-24) 47¢ 6.7 [45]
WBRT + GK (110)

Mathieu et al. 244 (100) GK alone (115) 174 (10-22) 86.2 5.3 [46]
Postop (53)
Prior SRS (2)

'At 3 months;

At 1 year.

BM: Brain metastasis; GK: Gamma knife; Linac: Linear accelerator; NR: Not reported; postop: Postoperative; SRS: Stereotactic radiosurgery.

support the concept that the total volume of in patients with active BMs due to concern over
intracranial disease is more predictive of outcome  worsening cerebral edema (ss]. Until recently,
than the total number of lesions [44-45.49-51]. A the mainstay of systemic therapy for melanoma
recent case-matched analysis of 360 patients patients with BMs has been temozolomide or
treated with SRS alone for 2—-9 BMs versus the fotemustine.
same number of similarly treated patients with
at least ten BMs by Yamamoto e a/. revealed Chemotherapy
comparable median and neurologic death-free  Temozolomide
survival in both groups [s2]. Importantly, there Temozolomide is a congener of DTIC with
were also no significant differences in neurologic  100% oral bioavailability and similar clini-
deterioration or treatment-related complications  cal activity [s¢]. Unlike DTIC, temozolomide
between these groups. The proportion of patients  achieves clinically sufficient cerebrospinal fluid
in the Yamamoto study with melanoma was not  concentration; therefore, it is commonly used as
reported, although 6% of subjects had primary  an alternative to DTIC in patients with active
tumor sites other than lung, breast, alimentary  BMs [57].
canal or kidney. General acceptance of these A large multicenter Phase II trial evaluated
findings will likely lead to a paradigm shiftin the temozolomide 150200 mg/m? daily for 5 days
treatment of melanoma patients with multiple every 28 days in 151 patients with metastatic
BMs away from traditional WBRT and toward melanoma with active BMs [s8]. Temozolomide
ablative SRS. In support of this approach, addi- demonstrated an intracranial tumor response
tion of WBRT after SRS has not been shown to  and disease stabilization rates of 7 and 29%,
improve OS in several studies [13.2431,53]. respectively. The survival impact of temozolo-
mide was marginal, with a median progression-
* Systemic therapy free survival (PES) of approximately 1 month
Prior to 2011, dacarbazine (DTIC) and IL-2  and median OS of 3.2 months [s8]. A protracted
were the only two systemic therapeutic agents dosing regimen of temozolomide, 75 mg/m?
approved by the US FDA for the treatment of  daily for 6 weeks followed by 2 weeks of rest,
advanced melanoma. Unfortunately, these phar-  in combination with thalidomide, a compound
macologic options had minimal utility in the with antiangiogenic and immunomodula-
management of patients with BMs. Dacarbazine  tory activities, was also explored in melanoma
achieves negligible cerebrospinal fluid concen-  patients with CNS involvement [59]. Despite the
tration (54); thus, it is ineffective against CNS  initial encouraging results, a confirmatory mul-
metastases. High-dose IL-2 is typically avoided  ticenter, Phase IT study conducted by the Cancer
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and Leukemia Group B to evaluate the com-
bined extended-dose temozolomide and thalido-
mide in melanoma patients with BMs was termi-
nated prematurely for concerns over safety and
efficacy [60]. No objective response was noted
in the initial 16 patients, but life-threatening
thromboembolic events were observed in 31%
of patients.

Based on the positive result of concurrent
temozolomide and WBRT in patients with
primary brain tumors, Margolin et al. evalu-
ated the use of temozolomide with WBRT in
patients with melanoma BMs [34]. A total of 31
patients were treated with WBRT at 30 Gy in
ten fractions, and protracted-dose temozolo-
mide at 75 mg/m? daily for 6 weeks followed
by 4 weeks off. Three patients achieved a CNS
objective response (9.7%; 95% CI: 2.0-25%).
The median PFS and OS were 2 and 6 months,
respectively. Concurrent temozolomide and
WBRT offered negligible advantage in terms of
intracranial antitumor activity in patients with
melanoma BMs.

Fotemustine

Fotemustine is a nitrosourea licensed in Europe
for the treatment of disseminated malignant
melanoma. Able to diffuse across the BBB,
fotemustine has been extensively evaluated in
patients with advanced melanoma and BMs,
with intracranial responses rates of 25-28% in
Phase II trials [61-63].

However, CNS activity of this agent was low
when compared with dacarbazine in a Phase
IIT study of 229 patients with disseminated
melanoma, with or without BMs [64]. Objective
responses in the brain were 5.9 and 0% in the
fotemustine- and dacarbazine-treated groups,
respectively. Combining fotemustine with
WBRT did little to improve its efficacy. In a ran-
domized Phase III trial evaluating fotemustine
plus WBRT versus fotemustine monotherapy in
69 patients with stage IV melanoma and BMs,
there were no statistically significant differences
in intracranial responses (10.0 vs 7.4%), intra-
cranial disease control (47 vs 30%) or OS (105
vs 86 days) between the two treatment arms [3s].

Thus, although considered the most promis-
ing systemic treatment options for melanoma
BMs, temozolomide and fotemustine, with or
without WBRT, had minimal impact on the
prognosis in patients with advanced melanoma
involving the CNS. Please refer to Table 4 for
summary of key chemotherapy studies.
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Immunotherapy

Recent understanding of the molecular basis of
melanoma and the intricate regulatory mecha-
nisms of tumor immunity has added six novel
agents, ipilimumab, vemurafenib, dabrafenib,
trametinib, pembrolizumab and nivolumab,
for the treatment of advanced melanoma. With
new evidence refuting the absolute impenetra-
ble and immuno-privileged nature of the CNS
environment at the sites of metastatic lesions,
these therapeutic advances have revolutionized
the systemic treatment strategy for melanoma
BMs [70-72].

Ipilimumab
Cytotoxic T-lymphocyte antigen 4 (CTLA-4) is
an inhibitory immune checkpoint receptor that
plays a critical role in regulating the adaptive
immune response by interrupting the costim-
ulatory signal essential for T-cell activation.
Ipilimumab is a fully human IgGl monoclo-
nal antibody that blocks CTLA-4. By negating
the inhibitory action of CTLA-4, ipilimumab
augments T-cell responses to tumor antigens,
resulting in immune-mediated antitumor
activity. Since its approval by regulatory agen-
cies worldwide, ipilimumab, administered at
3 mg/kg every 3 weeks for a total of four doses,
has become a standard treatment option for
patients with extracranial advanced melanoma.
Intracranial antitumor activity of ipilimumab,
at 10 mg/kg for four doses followed by a main-
tenance phase, has been demonstrated in a
multicenter Phase II study by Margolin ez al.
(Table 4) [65]. Patients were enrolled in two
cohorts: neurologically asymptomatic patients
who did not require corticosteroids were
assigned to cohort A, whereas those with neu-
rological symptoms and on a stable dose of cor-
ticosteroids went to cohort B. The antitumor
activity of ipilimumab was similar in the brain
and at extracranial sites. Out of 51 patients in
cohort A, eight achieved partial response (PR)
and four had stable disease (SD) in the brain.
The median OS for cohort A was 7.0 months
(95% CI: 4.1-10.8 months), with a 2-year OS
rate of 26% (95% CI: 14-39%). The results
were less favorable in cohort B (n = 21), with
one complete response and one SD in the brain.
The median OS for cohort B was 3.7 months
(95% CI: 1.6-7.3 months), with an OS rate of
10% (95% CI: 0-22%) at 2 years. From a safety
standpoint, the immune-related adverse events
associated with ipilimumab were similar to prior
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Table 4. Summary of key systemic therapy studies.

Study No. of patients Treatment Intracranial response (%) Median progression-  Median overall Ref.
free survival (months) survival (months)
Agarwalaetal. 151 Temozolomide Chemo-naive: 7 1.2 3.5 [58]
Prior chemo: 1 1.0 2.2
Jacquillatetal. 39 Fotemustine 28.2 NR 26 weeks [61]
Avril et al. 229 (43 with BMs) Fotemustine 5.9 NR NR [64]
Dacarbazine 0
Margolinetal. 72 Ipilimumab No steroid: 167 1.5 7 [65]
With steroid: 5 1.2 37
Queirolo et al. 146 Ipilimumab NR 2.8 43 [66]°
Dummeretal. 24 Vemurafenib 16 39 53 [67]
Kefford et al. 146 Vemurafenib No prior local therapy: 21 3.74 7.06 [68]
Prior local therapy: NR 3.94 9.53
Longetal. 172 Dabrafenib No prior local therapy: 39.2" 16.1 weeks' 33.1 weeks' [69]
Prior local therapy: 30.8" 16.6 weeks" 31.4 weeks'
*Randomized.
AL 12 weeks.
SRetrospective.
“V600E-positive.
BM: Brain metastases; NR: Not reported.
experience. The most common CNS-related tox-  corticosteroid at baseline, two achieved PR and
icities were grade 1 or 2 headache, dizziness and ~ four had SD, for a global disease control rate of
confusion. Three cases of brain edema and one  15%. In patients not taking steroid at baseline,
case of intracranial hemorrhage were reported  the global response rate and disease control rate
and considered disease related. were 12 and 29%, respectively. With a median
This encouraging result has led to the follow-up of 20 months, the median PFS and OS
NIBIT-M1 trial, in which ipilimumab, at were 3.1 and 4.3 months, respectively, for the
10 mg/kg for four doses with a maintenance entire study population. The OS rate at 1 year
phase, was combined with fotemustine to treat  was 20%. In multivariate analysis, steroid use,
20 patients with asymptomatic BMs [73]. The age <60 years and poor Eastern Cooperative
majority of those patients had 2-3 intracranial  Oncology Group performance status were sig-
lesions; a third of them had received prior local nificantly associated with decreased survival.
therapy including SRS or WBRT. At follow- Ten (6.9%) patients experienced CNS adverse
up scans, BMs were reduced or stable in six events, such as headache, seizure and hemor-
patients and no longer visible in five others. rhage, of which 1% may be ipilimumab related.
The median PFS and OS were 4.5 (95% CI: Thus, ipilimumab appears safe and effective
3.4-7.1) and 13.4 months (95% CI: 10.0—not in patients with advanced melanoma and BMs
evaluable), respectively. Approximately half of who do not require corticosteroids for CNS-
the study population remained alive at 1 year. related symptoms. Although the fraction of
The most common toxicities of the combination  patients benefiting from ipilimumab is small,
were immune-related adverse events and mye-  the ability of this agent to exert durable intrac-
losuppression. Five patients experienced CNS-  ranial disease control is intriguing. Considerable
related events, that is, headache, seizure and  research efforts are ongoing to develop ipili-
hemorrhage, which were attributed to disease mumab in combination with other modali-
progression in the brain. ties, such as radiotherapy (NCT01703507) (74],
The currently approved dosing schedule of chemotherapy (NCT02460068) [75], BRAF
ipilimumab, 3 mg/kg for four doses, also dem-  inhibitors or other immunomodulatory agents
onstrates intracranial activity, as shown in 146 (NCT02320058) [76], in the management of
patients with asymptomatic BMs identified from  melanoma patients with BMs.
the Italian cohort of the ipilimumab expanded
access program (Table4) (66]. The immune-related ~ Anti-PD-1 monoclonal antibodies
response criteria were used to evaluate global dis-  PD-1 receptor, expressed on activated T and
ease response. Among 26 patients who were on B cells, NK cells and monocytes, is another
future science group www.futuremedicine.com 233
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important negative regulator of the immune sys-
tem. Engagement of PD-1 to its primary ligand,
PD-1 ligand 1 (PD-LI or B7-H1), inhibits T-cell
effector function, ultimately inducing T-cell
exhaustion and deletion [66,77]. Upregulation
of PD-L1 expression has been demonstrated in
the tumor microenvironment of many human
cancers, including melanoma. Monoclonal anti-
bodies targeting the PD-1: PD-L1 pathway are
actively investigated as immunotherapeutic strat-
egies for various malignancies [77.78]. Nivolumab
(BMS 936558, MDX-1106) and pembrolizumab
(MK-3475), the two anti-PD-1 monoclonal anti-
bodies, have demonstrated robust and durable
clinical response in patients with advanced mela-
noma [79.80]. In 2014, both agents were licensed
in the USA as second- or third-line therapy for
patients with advanced disease refractory to
ipilimumab and BRAF inhibitors.

The intracranial activity of nivolumab was
suggested by a case report by Lipson and col-
leagues [81). A 76-year old patient with dissemi-
nated renal cell carcinoma refractory to multiple
lines of therapy was enrolled in a first-in-human,
Phase I dose-escalation study of nivolumab.
His disease achieved a PR after three doses of
nivolumab 10 mg/kg. Restaging scans obtained
6 months later revealed a new 1.4-cm hemor-
rhagic brain lesion with peritumoral edema in
the right frontal lobe consistent with intracra-
nial metastasis. Pathologic evaluation of the
resected lesion demonstrated a lymphocytic infil-
trate and no evidence of viable tumor, suggest-
ing of complete pathological response. Studies
to assess the safety and efficacy of nivolumab
or pembrolizumab in patients with metastatic
melanoma and untreated BMs are being planned

(NCT02085070 and NCT02320058) [76.82].

Dual checkpoint blockade

Since CTLA-4 and PD-1 are nonoverlapping
regulators of the activation and effector phases
of T-cell immunity, concurrent administra-
tion of ipilimumab and nivolumab has been
explored in patients with advanced melanoma
in a Phase I study, demonstrating remarkable
clinical activity [83]. A multicenter Phase II trial
to evaluate this combination in patients with
untreated melanoma BMs is being planned

(NCT02320058) [76].
Targeted therapy

BRAF and MEK are components of the
MAPK pathway, which regulate cell growth,
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differentiation and survival. Approximately
50% of melanomas carry activating mutations
in the BRAF gene, among which BRAFY*"E and
BRAFY®"X are the two most prevalent mutant
genotypes [84,85]. BRAFY*® and BRAFVYC0oK
kinases are constitutively active, leading to con-
tinual MAPK signaling and uncontrolled tumor
growth.

Vemurafenib and dabrafenib are small mol-
ecule kinase inhibitors of mutant BRAFY¢0;
while trametinib is an inhibitor of MEK, the
protein immediately downstream of BRAF in
the MAPK pathway. By blocking the mutation-
driven constitutive MAPK pathway activa-
tion, these agents have significantly improved
antitumor response and survival for patients
with BRAFV*-mutant advanced melanoma in
randomized Phase III studies, leading to the
approval of vemurafenib in 2011, and of dab-
rafenib and trametinib in 2013 in the USA.

Vemurafenib

The intracranial activity of vemurafenib
was suggested by a pilot study conducted by
Dummer et al. (Table 4) [¢7]. In this study, 24
patients with active BMs received vemurafenib
at 960 mg orally twice daily. At baseline, all
patients were taking corticosteroid and had
failed at least one prior therapeutic modality
for BMs. Fifty percent of the patients had four
or more brain lesions, and two-third exhibited
CNS-related symptoms.

The primary end point was to evaluate the
safety profile of vemurafenib in patients with
active BMs. Secondary end points included
intracranial and global overall response rates,
PES and OS. Confirmed intracranial PR was
16% (95% CI: 3.4-39.6%). Intracranial disease
stabilization was observed in 68% of patients
(95% CI: 43.4-87.4%). The global overall
response rate was 42% (95% CI: 22.1-64.3%).
Median PFS and OS were 3.9 months (95% CI:
3.0-5.5) and 5.3 months (95% CI: 3.9-6.6),
respectively. Patients’ symptomatology improved
with vemurafenib, as demonstrated by a reduc-
tion in pain score and corticosteroid requirement
and improvement in performance status com-
pared with baseline. The most common CNS-
related adverse events were grade 1 or 2 seizures
(25%) and headache (13%).

The preliminary results of a Phase II study
evaluating vemurafenib in 146 patients with
BRAF-mutated advanced melanoma and
active BMs were presented at the Society for
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Melanoma Research meeting in November
2013 [68]. Ninety patients with untreated BMs
were assigned to cohort 1, whereas 56 others
with previously treated BMs were in cohort 2.
The median number of BMs was 3.0 (range:
1-30) at enrollment. The investigator-assessed
intracranial best overall response rate was 21%
in cohort 1. The primary end point, best over-
all response rate in the brain in cohort 1 as
evaluated by central review committee, was
not yet available. The median PES and OS
were 3.7 (range: 0.03-12.94) and 7.06 (range:
0.03-12.94) months in cohort 1, respectively
(Table 4).

Dabrafenib

BREAK-MB is a large Phase II study evaluating
the safety and efficacy of dabrafenib at 150 mg
orally twice daily in 172 patients with BRAF
V600E- or V600K-mutated advanced melanoma
and at least one asymptomatic BM measuring
5—40 mm in diameter (Table 4) [¢9]. Patients who
had not received local therapy for BMs were
assigned to cohort A. Cohort B enrolled patients
with progressive intracranial disease despite prior
local therapy. Half of the patients had two to
four brain lesions, and 81% of these patients had
V600E mutation.

The primary end point of the study was the
intracranial response in patients with V60OE-
mutated melanoma. Secondary end points
included intracranial response in patients with
V600K mutation, overall response, duration of
intracranial and overall response, PFS and OS.
In patients with V60OE mutation, intracranial
response rates were 39.2% in cohort A and
30.8% in cohort B, and median durations of
intracranial tumor regression lasted 20.1 and
28.1 weeks in cohort A and B, respectively. In
those with V600K-mutated tumor, response
rates in the brain were 6.7% in cohort A and
22.2% in cohort B, and median durations of
response in the brain were 12.4 weeks in cohort
A and 16.6 weeks in cohort B. Overall response
rates, based on tumor response when both
intra- and extracranial disease was assessed,
were 37.8% (95% CI: 26.8-49.9) and 30.8%
(95%CI: 19.9-43.5) in patients with V60OE-
mutated melanoma in cohort A and cohort B,
respectively. Overall response rates were lower
in those with V600K-mutated melanoma, 0%
(95% CI: 0-21.8) in cohort A and 27.8% (95%
CI: 9.7-53.5) in cohort B. The median OS was
31.4-33.1 weeks for those with V60OE-positive

future science group
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tumor. The median OS was shorter for those
with V600K-positive melanoma, ranging
16.3-21.9 weeks. The safety profile of dab-
rafenib in this study was similar to previous
experience in patients without BMs. Intracranial
hemorrhages occurred in ten patients, and one
was treatment related.

Dual MAPK blockade

Despite the striking clinical benefit in patients
with BRAF-mutated advanced melanoma, dura-
tion of response to MAPK pathway-targeted
therapy is relatively short, implicating rapid
emergence of drug resistance. Since MAPK
reactivation is a common theme of tumor resist-
ance mechanisms (386,87, dual MAPK pathway
blockade with combined BRAF and MEK
inhibitors has been shown to be advantageous
in deterring resistance and limiting the develop-
ment of squamoproliferative skin lesions medi-
ated by BRAF inhibitor-induced paradoxical
MAPK pathway activation in BRAF wild-type
cells [88,89].

Targeted therapy for melanoma BMs has
also shifted toward dual MAPK blockade.
COMBI-MB, an open-label, Phase II study
evaluating dabrafenib-trametinib combination
in patients with BRAFV600-mutant melanoma
and active BMs, has started enrolling patients

(NCT02039947).

Conclusion

In the past decade, more effective pharmaco-
therapies are leading to better systemic disease
control in patients with advanced melanoma.
Unfortunately, disease relapses in the brain
remain a major obstacle to cure. The challenges
for the oncology community are formidable,
and great need exists to understand the mecha-
nisms of BMs at the molecular level to develop
innovative therapeutic strategies.

Advances in imaging, surgical and radiation
techniques have improved the safety and effec-
tiveness of local therapies, prolonging survival
while preserving neurocognitive function for
patients with melanoma BMs. Furthermore,
median OS achieved with targeted and immu-
nologic agents in patients with intracranial
disease appeared favorable when compared
with historical controls. This finding suggests
that such novel pharmacotherapies produce
meaningful intracranial response, expanding
the systemic treatment options for patients
with melanoma BMs. The clinical benefit of
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these pharmacotherapies becomes particularly
important when intracranial disease burden
precludes options of surgery or radiosurgery.
Considerable effort in multidisciplinary
approach is ongoing to improve outcomes
for melanoma patients with BMs, a major
challenge in the management of advanced
melanoma.

Future perspective

Built upon the advances over the last decade,
multidisciplinary efforts persevere to improve
survival outcome and quality of life for patients
with melanoma BMs. Real-time intraoperative
imaging techniques able to identify cancer cells
from normal brain tissues will ensure safer
and more complete tumor resection. Similarly,
innovative technologies are being evaluated
to maximize radiotherapy dose at tumor site
while minimizing exposure to other areas of the
brain, especially the portion governing neuro-
cognitive function. New evidence refuting the

absolute impenetrable and immuno-privileged
nature of the CNS environment lay platform for
prospective clinical evaluation of novel immu-
notherapeutic and targeted agents in patients
with active BMs. Meanwhile, scientific research
continues tackling the biology of brain-tropic
melanoma cells and their complex interac-
tions with the cerebral microenvironment to
guide drug development for the prevention and
treatment of melanoma BMs.
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