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MBM while highlighting emerging treatment options. Surgery may
be considered for patients with symptomatic MBM, whereas SRS is
considered standard for patients with 1 to 4 brain lesions. Combi-
nation immunotherapy has led to durable intracranial responses
and improved long-term outcomes for patients with asymptomatic
MBM. The data available to date have shown that patients with
MBM can have a durable response and overall response that are
similar to those of patients without brain metastases, and additional
trials are ongoing. Mounting evidence suggests that patients with
MBM should be considered for inclusion in clinical trials, which
range from early-phase trials to phase 3 studies, to accelerate

much-needed drug development in this population.

Introduction

Melanoma is an aggressive skin cancer that will account for an
estimated 99,780 new diagnoses in 2022 in the United States; the
age-standardized incidence rate recently reached 22.7 per 100,000.
Melanoma has one of the highest tendencies to metastasize to the
brain among primary solid malignancies in adults, and is the third
most common origin of brain metastases after breast and lung can-
cer.”® Estimates suggest that more than one-third of patients with
stage IV melanoma have brain metastases at the time of diagnosis,
and up to 75% of patients with advanced melanoma have brain
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morbidity and disease-related mortality. The historical
prognosis for patients with MBM was generally dismal,
with a median overall survival (OS) that rarely exceeded
6 months.*’

Until recently, the management of MBM has pri-
marily relied on local therapy, namely surgery and/or
radiation therapy. A deeper understanding of the biology
of melanoma and its interactions with the immune sys-
tem over the past decade has significantly revolutionized
the therapeutic options for patients with metastatic dis-
ease. In addition, with the advent of immunotherapy in
melanoma and improved local therapy options such as
stereotactic radiosurgery (SRS), we have seen a significant
improvement in outcome in patients with MBM, with
the median OS exceeding 2 years.®” In this review, we
provide an overview of management options for patients
with MBM and highlight the new treatment options on
the horizon.

Surgery

Surgical resection is considered as a primary approach to
MBM in 2 circumstances when the tumor is surgically
accessible: if the condition involves a solitary brain lesion
or if the lesions are symptomatic owing to vasogenic
edema and/or mass effect.® In addition to providing
disease control, surgical resection of MBM enables oncol-
ogists to obtain a tissue sample for diagnostic and molec-
ular testing. Obtaining this tissue sample is particularly
important in patients whose first presentation includes
brain metastases, either in the absence of a tissue diagno-
sis or in the absence of extracranial disease. Also, reports
have indicated a potential change in the molecular profile
from the primary site to the metastatic disease in the
brain following a branched evolution model that could
affect the choice of molecularly targeted therapy.’ Fife and
colleagues analyzed data from 1137 patients with MBM
in Australia and reported that surgical resection was asso-
ciated with significantly improved survival (P<.0001)."
Wasif and colleagues studied the survival benefit of metas-
tectomy in 4229 patients with MBM. Metastectomy was
associated with an improved OS, with a 5-year OS of 16%
among those who underwent the procedure compared
with 7% for those who did not undergo the procedure
(P<.001)." Alvarez-Breckenridge and colleagues showed
that upfront surgical resection of MBM can be associated
with a therapeutic advantage when performed before
initiation of immunotherapy. Surgical resection followed
by immunotherapy was associated with a median OS of
22.7 months, as compared with 10.8 and 9.4 months for
patients who were treated with immunotherapy alone and
immunotherapy followed by surgery, respectively.?
Although these series data have shown a survival

benefit for surgical resection in patients with MBM, there
remains a scarcity of prospective data. Also, there are no
evidence-based guidelines regarding the number of brain
lesions that can be safely resected, but rather consensus
recommendations that integrate the patient’s safety and
clinical scenarios. Gazzeri and colleagues analyzed 57
patients who underwent surgical resection of brain metas-
tases, 35 of whom had multiple brain lesions. The authors
reported that surgical management for multiple metastatic
brain lesions was associated with an improved quality of
life and longer OS." In general, patients are considered
suitable for metastectomy if they have a Karnofsky per-
formance status of 970 or greater, controlled extracranial
disease status, surgically accessible brain lesions, and up to
3 to 4 brain lesions.>!>!
Decision-making  regarding surgical resection
requires careful patient selection in order to maximize
the potential benefit. The decision is usually driven by
metastases-associated symptoms, along with the size,
location, and characteristics of the metastases. Although
resection of multiple lesions has been demonstrated to
be technically feasible, it does require vastly experienced
neurosurgeons and multiple craniotomies. It is therefore
most common for surgery to be reserved for single, rela-
tively large lesions that are causing debilitating symptoms
or are rapidly progressive. Surgery is deferred in favor of
radiation or systemic therapy in certain circumstances. An
important consideration is that these circumstances may
also render patients ineligible for enrollment in clinical
trials, an exclusion that can confound the interpretation
of results. As we detail later in this review, clinical trials
of systemic therapy generally have not included patients
with symptomatic brain metastases, and local therapies
with surgery or radiation are typically prioritized for this
population. In addition, patients with MBM are consid-
ered a challenging population with unique characteristics
(eg, comorbidities, risk of thromboembolic events) that
should be taken into consideration when making such

decisions.!>1°

Surgical resection also may delay the initia-
tion of systemic therapy and/or radiation therapy in order

to maintain proper wound healing following surgery.
Whole-Brain Radiation Therapy

Whole-brain radiation therapy (WBRT) is a traditional
approach to MBM that has limited efficacy and is nor-
mally reserved for patients with numerous symptomatic
brain metastases or symptomatic leptomeningeal carcino-
matosis. Although WBRT theoretically can address both
macroscopic and microscopic disease in the brain, the
median OS associated with this approach remains poor,
and neurotoxicity remains a concern.>® To date, there
are no randomized controlled trials that compare WBRT
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with other modalities. Results from the QUARTZ study
by Mulvenna and colleagues showed that WBRT did not
provide additional clinically significant benefit to patients
with non—small cell lung cancer with brain metastases.”
As such, the expected benefit of WBRT in MBM likely
would not be high, especially given that melanoma cells
are particularly resistant to radiotherapy owing to their
DNA repair ability.* In fact, in patients who receive
WBRT, the reported median OS was only 2 to 5 months
and the 1-year OS was less than 12%.%"""" The limited
reported benefit of WBRT indicates that patient selection
is important when considering this option. WBRT may
be considered in patients with more than 4 metastatic
brain lesions and in those for whom SRS may be difficult,
as discussed in the following section. In addition, WBRT
may be considered in patients who have leptomeningeal
disease or are at high risk for it.?

The most commonly used WBRT regimens are 30
Gy given in 10 fractions or 20 Gy given in 5 fractions in
a daily dosing schedule.? Toxicity from WBRT includes
cognitive dysfunction associated with impaired memory
and reduced performance status.** Interventions that
can minimize neurotoxicity include conformal avoidance
intensity-modulated radiation therapy that spares the
hippocampus and the use of the N-methyl-D-aspartate
(NMDA) receptor antagonist memantine hydrochlo-
ride, which binds to NMDA receptors in the cortex and
hippocampus.**"** The RTOG 0614 trial demonstrated
less cognitive impairment among patients who received
memantine hydrochloride during and after WBRT, com-
pared with patients who received WBRT alone.?’ RTOG
0933 was a phase 2, multi-institutional single-arm trial
that compared hippocampus conformal avoidance WBRT
for brain metastases vs historical controls of patients
treated with WBRT without hippocampus avoidance.
Hippocampus avoidance was associated with better
preservation of cognitive function and quality of life.?*?’
Moreover, preclinical studies have shown an association
between modest radiation therapy doses and a decrease in
neurogenesis at the level of the hippocampus subgranular
zone, which is responsible for new memory formation.*

Stereotactic Radiosurgery

The development of precision radiation oncology and
high-resolution MRI over the past 2 decades has made it
possible to treat 1 or more metastatic brain lesions with
a concentrated high dose of radiation while avoiding
surrounding normal brain tissue.>* This development
is of particular significance because melanoma tends to
be radioresistant.>?> SRS is currently recommended over
WBRT for MBM with up to 4 brain lesions. Ongoing
clinical trials are studying the efficacy of SRS for patients
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with at least 5 MBM brain lesions.?*?® Local control
rates in patients with MBM who receive SRS have been
reported to reach 90%, with a 1l-year survival rate of
25%.%3° Although no large randomized trials have com-
pared SRS with surgical resection, a few small randomized
trials and retrospective studies have suggested that the
efficacy of SRS is equal to that of surgical resection.?*
Despite its excellent local control in MBM, the
majority of data could not show benefit in OS after
SRS.%3% Moreover, data from retrospective analyses and
a few randomized trials did not show a survival benefit
from combining SRS with WBRT.*% The Alliance
trial randomly assigned 213 patients with 1 to 3 brain
metastases to receive SRS alone (n=111) or SRS plus
WBRT (n=102). Brown and colleagues demonstrated
a lower cognitive decline in the SRS group than in the
SRS/WBRT group (63.5% vs 25%, respectively) in this
trial, along with a better quality of life in the SRS group.*
As such, SRS plus regular surveillance by imaging is used
rather than SRS/WBRT for patients with MBM with
brain lesions that are no larger than 3 c¢m in size and are

limited in number.>??

Targeted Therapy

Although targeted therapy has significantly improved
the management of metastatic melanoma, patients with
MBM generally have been excluded from the majority
of clinical trials that served as the basis for approval
of targeted therapeutic drugs. Subsequent single-arm
phase 2 studies did investigate the intracranial activity
of BRAF-targeted therapy.”’ The BREAK-MB trial was
a multicenter, open-label phase 2 trial that enrolled 172
patients, from 24 centers in 6 countries, with BRAF
V600-mutated MBM to study the efficacy and safety
of dabrafenib (Tafinlar, Novartis). Patients were divided
into 2 cohorts: cohort A (n=89) included patients who
did not receive prior local therapy to brain metastases and
cohort B (n=83) included patients whose brain metastases
progressed after prior local therapy to the brain. The intra-
cranial response rate was 39.2% in cohort A and 30.8% in
cohort B. In patients who harbored a BRAF V600K muta-
tion, the intracranial response rate was 6.7% in cohort
A and 22.2% in cohort B. This study demonstrated the
efficacy and acceptable safety profile of dabrafenib in
patients with BRAF-mutated MBM regardless of whether
they had not received prior treatment to the brain or had
been treated for brain metastases and experienced pro-
gression.*

Another study by McArthur and colleagues inves-
tigated the safety and efficacy of vemurafenib (Zelboraf,
Genentech/Daiichi Sankyo) in patients with BRAF
V600-mutated MBM.* This phase 2 study enrolled 146
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patients who were divided into 2 cohorts, similar to the
BREAK-MB study: cohort 1 (n=90) included patients
who did not receive prior local therapy to brain metastases
and cohort 2 (n=56) included patients whose brain metas-
tases progressed after prior local therapy to the brain. The
intracranial response rate was 18% in both cohorts, and
the intracranial disease control rate was similar, at 61%
in cohort 1 and 59% in cohort 2. The median progres-
sion-free survival (PFS) was similar in both cohorts, at 3.7
months and 4 months, respectively. The median OS was
similar in both cohorts, at 8.9 months and 9.6 months,
respectively. This study further supported the efficacy of
BRAF inhibitors in BRAF-mutated MBM.

In addition to prospective trials on BRAF inhibitors,
other trials combined BRAF inhibitors with MEK inhib-
itors in BRAF-mutated MBM. Davies and colleagues
conducted an open-label phase 2 trial of a combination
of dabrafenib and trametinib (Mekinist, Novartis) called
the COMBI-MB trial.** This study enrolled 125 patients
with BRAFV600-mutated MBM, who were divided into
4 groups. Cohort A included 76 patients who harbored
a BRAF V600E mutation and had asymptomatic brain
metastases with an Eastern Cooperative Oncology Group
(ECOQG) performance status of 0 or 1 and cohort B
included 16 patients who had similar features as cohort A
but had received prior local therapy to the brain. Cohort
C included 16 patients who harbored a BRAF V600D/
K/R mutation and asymptomatic brain metastases with
or without prior brain therapy and an ECOG status of 0
or 1, and cohort D included 17 patients who harbored a
BRAFV600D/K/R mutation and had symptomatic brain
metastases with or without prior brain therapy and an
ECOG status of 0, 1, or 2. Patients with leptomeningeal
disease and brain lesions larger than 4 cm in diameter were
excluded. The intracranial response rate was 58%, 56%,
44%, and 59% for cohorts A, B, C, and D, respectively.’
This trial, therefore, demonstrated improved intracranial
response in BRAF V600-mutated MBM with a combi-
nation of dabrafenib and trametinib.** However, despite
the favorable intracranial response rates reported in the
COMBI-MB trial, the study showed a modest median
duration of control of brain metastases of 6.5 months.%

Retrospective data on single-agent BRAF inhibitors,
namely dabrafenib and vemurafenib, showed an intracra-
nial response ranging from 42% to 50% and an intracra-
nial disease control rate of up to 83%. The median PFS
and OS were up to 5.5 months and 9.5 months, respec-
tively."*> Combining BRAF inhibitors with MEK inhib-
itors, such as dabrafenib plus trametinib, vemurafenib
plus cobimetinib (Cotellic, Genentech), or encorafenib
(Braftovi, Pfizer) plus binimetinib (Mektovi, Pfizer), was
associated with an intracranial response rate of up to 43%,
an intracranial disease control rate of up to 79%, a median

PES of 5.8 months, and a median OS of 11.2 months.“4
A case series by Holbrook and colleagues included 24
patients with metastatic BRAF-mutated MBM who were
treated with encorafenib and binimetinib in 3 centers in
the United States.*® This combination therapy was associ-
ated with an intracranial response rate of 24%, a median
duration of response of 22 weeks, and a clinical benefit
rate of 57%. It is worth noting that 88% of the patients
had been treated previously with BRAF/MEK inhibitors,
which suggests the possibility of re-challenging metastatic
BRAF-mutated MBM with these agents. 4

The possibility of re-challenging with BRAF/MEK
inhibitors was further supported by data from a system-
atic review by Vinal and colleagues that showed an objec-
tive response rate (ORR) of up to 43% and a disease con-
trol rate reaching 72%.%° Three-quarters of the patients
in this study who had a partial response had a history
of brain metastases, but the review does not indicate
the intracranial response rate of patients with MBM. A
retrospective study by Valpione and colleagues analyzed
116 patients with metastatic melanoma who received
prior BRAF inhibition and who were re-challenged with
BRAF/MEK inhibitors. Brain metastases were present in
44% of patients at the time of re-challenge. The median
OS was 9.8 months and the median PFS was 5 months.’!
These data do not specifically indicate the intracranial
response rate for patients with MBM. Results from
Holbrook and colleagues, combined with the favorable
retrospective data on patients who were re-challenged
with BRAF/MEK inhibition, suggest this as a possible
treatment approach even in patients who have received
prior targeted therapy.’*!

There remains a scarcity of data on patients whose
disease progresses extracranially during treatment with
BRAF/MEK inhibitors. Cagney and colleagues reported a
cases series of patients who had rapid progression of brain
metastases after discontinuation of dabrafenib/trametinib
owing to extracranial disease progression or toxicity. As
such, close surveillance shortly following cessation of
BRAF/MEK inhibitors is recommended to detect possi-
ble brain disease progression early on.>

Immunotherapy

The initial role of immunotherapy in MBM dates back to
2 case reports published in 2008 and 2010 that showed
response of MBM to the anti—cytotoxic T-lymphocyte—
associated antigen 4 (anti-CTLA-4) agent ipilimumab
(Yervoy, Bristol Myers Squibb).”>** These case reports
were followed by a series of clinical trials that investi-
gated the role of immunotherapy in MBM. A phase 2
study by Margolin and colleagues in 2012 included 72
patients divided into 2 cohorts: patients with no neu-
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rologic symptoms and not receiving corticosteroids and
patients with neurologic symptoms and on a stable dose
of corticosteroids. Both cohorts received ipilimumab,
which showed an ORR, PES, and OS that were similar
to those of patients without brain metastases. The benefit
was particularly pronounced for patients who did not
have neurologic symptoms and whose brain tumors were
small.>> The study showed a worse outcome in patients
who required corticosteroids, which the investigators
attributed to the different prognoses of the included
patients within each cohort and to the possible negative
effect of corticosteroids on immunotherapy.?*>>

In an attempt to enhance the efficacy of ipilimumab
in MBM, the Italian phase 2 NIBIT-M1 trial combined
ipilimumab with fotemustine, a nitrosourea alkylating
agent, based on the hypothesis that chemotherapy-in-
duced release of tumor antigens can enhance the efficacy
of immunotherapy. The study included patients with
metastatic melanoma with and without brain metastasis.
With a median follow-up of 40 months, the 20 patients
with brain metastases had 2- and 3-year brain PES rates
of 35% and 25%, respectively. The median OS and
3-year survival rates for patients with MBM were 12.7
months and 27.8%, respectively. These findings provided
evidence for the first time that long-term survival rates
and ORRs can also be attainable in a good percentage of
patients with MBM.¢ Based on the promising data from
NIBIT-M1, the NIBIT-M2 trial was initiated to further
explore the role of ipilimumab in MBM. NIBIT-M2
followed a similar design to NIBIT-M1, but added a
third arm that received ipilimumab in combination with
the anti-programmed death 1 (anti-PD-1) monoclonal
antibody nivolumab (Opdivo, Bristol Myers Squibb). The
combination of ipilimumab and nivolumab produced a
statistically significant improvement in OS in patients
with MBM when compared with the ipilimumab and
fotemustine combination, with a median OS of 29.2
months and 8.2 months, respectively (P=.009).” Kluger
and colleagues enrolled 23 patients with asymptomatic
MBM not requiring corticosteroids and reported durable
response and acceptable toxicity with pembrolizumab
(Keytruda, Merck), another anti-PD-1 monoclonal anti-
body, in this patient population. The intracranial response
rate was 22%, and 48% of patients remained alive at 24
months.”®

The efficacy reported in single-agent immunotherapy
studies for ipilimumab, nivolumab, and pembrolizumab,
on one hand, and the benefit of ipilimumab combinations,
on the other, led to other trials that investigated the efficacy
of combination immunotherapy in MBM.>*¢! In fact, the
most promising immunotherapy regimen for MBM to
date is the combination of ipilimumab and nivolumab.

The CheckMate 204 trial by Tawbi and colleagues
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was an open-label phase 2 study that included 101 patients
with untreated asymptomatic MBM (cohort A) and 18
patients with untreated symptomatic MBM (cohort B).
Patients were given a combination of ipilimumab and
nivolumab. Recently published results from the final
3-year follow-up showed investigator-assessed intracranial
clinical benefit in 58 (57.4%) of 101 patients in cohort
A and in 3 (16.7%) of 18 patients in cohort B. An inves-
tigator-assessed objective response was observed in 54
(53.5%) patients in cohort A and 3 (16.7%) patients in
cohort B. The 36-month intracranial PES rate was 54.1%
and 18.9% for cohorts A and B, respectively, and the
36-month OS rate was 71.9% and 36.6%, respectively.
The most common treatment-related adverse events were
increased alanine aminotransferase and aspartate ami-
notransferase. No grade 3 adverse events were observed
in more than 1 patient each in cohort B and no grade 4
adverse events occurred. The durable 3-year intracranial
response, PFS, and OS for asymptomatic MBM patients
further supported the first-line use of the ipilimumab and
nivolumab combination. The median intracranial PFS and
OS for the symptomatic MBM cohort, however, suggest
limited activity in MBM patients who have neurologic
symptoms and/or require corticosteroids, and support the
need for alternative regimens for these patients.®®

The Australian ABC trial, an open-label phase 2 trial,
enrolled 3 cohorts of patients with MBM. Patients with
asymptomatic MBM who did not receive prior local brain
therapy were randomly assigned to either cohort A, in
which they received both nivolumab and ipilimumab fol-
lowed by nivolumab, or cohort B, in which they received
nivolumab. Patients who had brain metastases that failed
local therapy, neurologic symptoms, and/or leptomenin-
geal disease were included in the nonrandomized cohort
C and received nivolumab. The 5-year intracranial PFS
rate was 46% for the combination group compared with
only 15% and 6% for cohorts B and C, respectively.
The study design allowed treatment with prior targeted
therapy, and patients who were naive to BRAF and MEK
inhibitors had a better response rate.”

Combination Immunotherapy and Targeted
Therapy

Combination therapy is usually the favored approach
to drug-resistant malignancies. As such, combining
checkpoint inhibitors with BRAF inhibitors aimed at
improving the antitumor response merits evaluation.®
Oncogenic BRAF can induce an immune inhibitory
phenotype that promotes the escape of melanoma cells
from the immune system. For example, the BRAF V600
mutation promotes the production of immuno-inhibitory
factors such as interleukin 6 (IL-6), IL-10, and vascular

Clinical Advances in Hematology & Oncology Volume 20, Issue 10 October 2022 623



KREIDIEH AND TAWBI

endothelial growth factor; decreases the expression of
major histocompatibility complex (MHC) class I mole-
cules; and decreases the CD4/CD8 T-cell ratio and the
number of natural killer cells.®*** BRAF inhibitors, on the
other hand, can promote the expression of PD-1 in mel-
anoma cells, and the addition of MEK inhibitors did not
compromise T-lymphocyte recruitment.®* Using SM1,
a mouse model of BRAF V600-mutated melanoma, the
addition of the MEK inhibitor trametinib enhanced the
antitumor activity of immunotherapy when combined
with the BRAF inhibitor dabrafenib, as evidenced by
increased melanosomal antigens and MHC expression
and global immune-related gene upregulation.® This in
vitro data, combined with the aim of achieving a more
rapid response with BRAF/MEK inhibitors and a more
durable response with immunotherapy, led to trials that
evaluated the combination of a BRAF/MEK inhibitor
with immunotherapy in MBM.

Initial data showed hepatotoxicity from the combi-
nation of vemurafenib and ipilimumab. A phase 1 study
by Ribas and colleagues evaluated the safety of this com-
bination. Patients who had MBM that harbored a BRAF
V600 mutation and who did not receive prior therapy
with a BRAF/MEK inhibitor nor with anti-CTLA-4
monoclonal antibodies were eligible. The first cohort
included 6 patients who received both medications at
full dose: 1 month of vemurafenib at 960 mg orally twice
daily, followed by 4 doses of ipilimumab at 3 mg/kg
every 3 weeks and concurrent vemurafenib. The second
cohort included 6 patients who were given a lower dose
of vemurafenib (720 mg orally twice daily) followed by
full-dose ipilimumab. Four patients from the first cohort
had grade 3 elevations in aminotransferase levels at 2 to 5
weeks from the first ipilimumab dose, and 4 patients from
the second cohort also developed grade 2 to 3 elevations
within 3 weeks of the first ipilimumab dose. Following
this reported hepatotoxicity, the study was closed to fur-
ther accrual of patients.”

The first published phase 3 trial that evaluated the
first-line combination of BRAF/MEK inhibitors and
immune checkpoint inhibitors in metastatic BRAF-mu-
tated melanoma was IMspire150. Patients with untreated
or actively progressing brain metastases were excluded,
and patients with previously treated brain metastases were
included (n=13). Patients were randomly assigned to the
vemurafenib/cobimetinib plus atezolizumab (Tecentriq,
Genentech) group or the vemurafenib/cobimetinib plus
placebo group. The atezolizumab group had a similar ORR
compared with the placebo group (66.3% vs 65%, respec-
tively). However, the atezolizumab group had a significant
improvement in PFS compared with the placebo group
(15.1 months vs 10.6 months, respectively). No data have
been published regarding the intracranial response of the

subgroup of patients who had brain metastases.®

A phase 2 trial called TRICOTEL is investigating
the safety and efficacy of atezolizumab, cobimetinib,
and vemurafenib in patients with BRAF-mutated mela-
noma and brain metastases (NCT03625141). The study
includes 2 cohorts: cohort 1 consists of patients who are
BRAF-wild type and cohort 2 consists of patients who
are BRAF-mutated. Both cohorts consist of patients with
central nervous system lesions of at least 5 mm, and
concomitant use of corticosteroids or anticonvulsants is
allowed. Cohort 1 is receiving atezolizumab and cobi-
metinib, whereas cohort 2 is receiving atezolizumab and
cobimetinib in addition to vemurafenib. The primary
endpoint of the study is the ORR, and 80 patients have
been recruited.”*® Following the primary analysis of the
IMspirel70 study, which showed no benefit for atezoli-
zumab and cobimetinib compared with pembrolizumab
in BRAF-wild type melanoma, cohort 1 was closed with
15 patients recruited at that time.”® The IMspirel70
study was an open-label phase 3 study that randomly
assigned 446 patients to 1 of 2 groups: cobimetinib plus
atezolizumab (n=222) or pembrolizumab alone (n=224).%
Primary results from the TRICOTEL study were pre-
sented at the 2022 annual meeting of the American Soci-
ety of Clinical Oncology (ASCO). Investigator-assessed
intracranial outcomes for cohort 1 showed an ORR of
27% and a median PFS of 2.2 months. Cohort 2, which
included 65 patients, had an ORR of 42% and a median
intracranial PFS of 5.8 months. Interestingly, symptom-
atic patients from cohort 2 had a significant intracranial
ORR of 58% as evaluated by the investigators. Of 11
patients receiving corticosteroids, 6 patients discontinued
or tapered this treatment during cycle 1. This study sup-
ports the triplet combination of atezolizumab, cobime-
tinib, and vemurafenib for patients with BRAF-mutated
MBM as a possible standard-of-care option. Because
this recommendation is based on a single arm of a study
with a relatively modest number of patients in the face of
ongoing trials of other options, however, it remains pre-
mature. Of particular interest are the intracranial results
for symptomatic patients, who represent an area of unmet
need, and the possibility of reducing corticosteroid use
with cobimetinib and vemurafenib, thus increasing the
benefit from the subsequent addition of atezolizumab.”*!
Ongoing trials are also studying the combination of tar-
geted therapy and immunotherapy. The TRIDeNT trial,
for example, is studying the combination of nivolumab,
dabrafenib, and trametinib in 26 patients with BRAF-mu-
tated metastatic melanoma, including those with MBM.”?

In line with combination therapy options, a
meta-analysis of randomized phase 2 and 3 trials by
Ferrucci and colleagues evaluated triplet combinations of
immunotherapy and targeted therapy for BRAF-mutated

624 Clinical Advances in Hematology & Oncology Volume 20, Issue 10 October 2022



metastatic melanoma. The authors presented their results
at the 2022 annual meeting of ASCO, with data from 3
independent trials included. There was a significant 23%
decrease in the risk of progression and a 21% decrease
in the risk of death, yet there was no difference in the
ORR observed between the arms. In addition, there
was an increase in the frequency of grade 3 or higher
adverse events, with more events occurring with triplet
therapy as compared with targeted therapy alone. This
meta-analysis further emphasized that there remains a
need for biomarker-driven studies that can identify the
patient population who can benefit the most from triplet
therapy.”?

On the other hand, the phase 3 DREAMseq trial
compared the efficacy and toxicity of the sequence of
nivolumab/ipilimumab followed by dabrafenib/trame-
tinib with the converse sequence in treatment-naive
BRAF-mutated metastatic melanoma. According to
results presented at the 2022 annual meeting of ASCO,
the 3-year OS was superior in the treatment sequence
beginning with immunotherapy vs the arm starting with
dabrafenib/trametinib, at 66.2% vs 42.8%, respectively.
The median PES for the arm beginning with immuno-
therapy was not reached, whereas that of the latter arm
was 12.7 months. It is worth noting that patients with
brain metastases consisted of 62% and 58% of each arm,
respectively, and that crossover was frequently not feasible,
in many cases owing to ineligibility caused by progression
of central nervous system metastases. In fact, the presence
of brain metastases—which respond markedly to immu-
notherapy—may be largely responsible for the observed
difference between the 2 arms, with the greater benefit
seen in patients who received immunotherapy first.”*

Stereotactic Radiosurgery With Targeted
Therapy/Immunotherapy

Combining the ablative pro-apoptotic effect of SRS
with the immunomodulatory effect of immunotherapy
may lead to improved local control in MBM. Several
retrospective studies and data from a few prospective
studies have explored the efficacy of this combination and
showed excellent intracranial response rates.” A study by
Knisely and colleagues prospectively collected data from
77 patients with MBM who received ipilimumab with
SRS. The addition of ipilimumab to SRS was associated
with an improved median OS from 4.9 months to 21.3
months.”*

Data also have shown improved brain tumor local
control and OS with the use of SRS and BRAF/MEK
inhibitors, therefore suggesting the possibility of increased
intracranial delivery of these drugs owing to SRS. An anal-
ysis by Ahmed and colleagues of 96 patients with MBM
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who received SRS within 3 months of systemic therapy—
namely anti-PD-1 agents, anti-CTLA-4 agents, and
BRAF/MEK inhibitors—showed a significantly improved
OS when compared with conventional chemotherapy.”
Attention should be paid, however, to the risk for radiation
necrosis with concurrent use of BRAF/MEK inhibitors
and SRS. Although a scarcity of data exists regarding the
timing of withholding BRAF/MEK inhibitors and SRS,
oncologists generally withhold therapy for 3 to 5 days
around the time of SRS treatment.”>”°

Interestingly, radiation-induced apoptosis of tumor
cells is associated with an antitumor immune response
that can result in regression of tumors distant from those
that received radiation therapy, which is referred to as
the abscopal effect. The abscopal effect has been reported
in several studies of the combination of anti-CTLA-4
inhibitors and radiation therapy.” The optimal sequence
of systemic therapy and SRS still needs to be further
investigated by prospective studies.?”®

Conclusions

In conclusion, as the incidence of metastatic melanoma
continues to rise, identifying the optimal therapeutic
options for MBM becomes increasingly important. Brain
metastases are associated with significant disease-related
morbidity and mortality. Management of this devas-
tating disease has been revolutionized during the past
decade, particularly with the advent of targeted therapy
and immunotherapy, along with improved local thera-
peutic options such as SRS. It is important to emphasize
the role of patient-centered individualized care when
managing those with MBM. This can be implemented
through a multidisciplinary approach that involves the
medical oncologist, radiation oncologist, neurosurgeon,
and neuroradiologist.?

Surgery should be considered for patients with symp-
tomatic and large MBM, whereas SRS is considered for
patients with 1 to 4 brain lesions. SRS can be used as an
alternative to surgery for lesions that are no larger than
3 c¢m in diameter and deep, and therefore not amenable
to surgery. In patients with MBM who have symptoms
caused by a pressure effect exerted by large brain metas-
tases, upfront surgical resection followed by SRS to the
surgical bed is warranted.>'*'** Combination immuno-
therapy has led to durable intracranial response, PFS, and
OS for patients with asymptomatic MBM.

The impressive intracranial activity of targeted ther-
apy and immunotherapy in patients with MBM warrants
consideration for upfront systemic therapy. Although the
optimal sequence of therapeutic modalities remains an
area of active investigation, these data strongly suggest that
treatment decisions should be made in a multidisciplinary
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setting, and that the decision of which modality to deploy
first should be personalized to the patient’s presentation,
extent of disease, and prior therapies in order to optimize
clinical outcome.

Novel combinations of treatments are being explored.
Although we are still awaiting results from ongoing trials,
the data available to date have shown that patients with
MBM can have a response and OS that are similar to
those with no brain metastases. Investigators and phar-
maceutical companies should be encouraged to include
patients with MBM in all phases of clinical research,
from phase 1 to phase 3 trials, in order to accelerate drug
development for this population, which is in dire need of
improved therapies.
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