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Fig. 9 Hippocampal-sparing whole brain radiation in a patient with brain metastases. The right and left hippocampi are contoured in blue and
pink, respectively. The top and bottom panel shows the planning magnetic resonance imaging and computed tomography scans, respectively.
The red, orange, yellow, and green dose-based shading depict the 33 Gy, 30 Gy, 27 Gy, and 16 Gy isodose lines, respectively.

but randomized data now support the use of SRS/SRT,
ideally within 4 weeks of surgery, in patients with a lim-
ited number of additional brain metastases.?23225249-252
However, the 1-year cavity recurrence rate in prospective/
randomized studies after surgery plus stereotactic radia-
tion remains high, ranging from 28% to 40%; in contrast,
cavity recurrence rates with adjuvant WBRT are substan-
tially lower.223225.234249 This underscores the need for sig-
nificant improvement in stereotactic approach/technique.
In this regard, cavity SRS is being compared to cavity SRT
in an ongoing randomized trial (NCT04114981). In addi-
tion, contouring guidelines may improve delineation of the
target.?%3 Of note, pachymeningeal relapse can occur in a
significant percentage of patients managed with adjuvant
SRS/SRT, with impact on patient morbidity/mortality.?26.254
Postoperative SRS/SRT is also associated with a relatively
high rate of necrosis, given the typically large associ-
ated volumes, generous expansions, and interdigitation
of the target with normal brain.?®* Consequently, mul-
tiple prospective trials are evaluating the role of preop-
erative stereotactic radiation prior to resection of a brain
metastasis (NCT03741673, NCT04422639, NCT04474925,
NCT03750227) with the objective of decreasing recurrence,
pachymeningeal seeding, and necrosis rates.

Stereotactic Radiation Therapy in Patients with
Small Cell Lung Cancer

Historically, WBRT has been the mainstay of treatment for
patients with SCLC and brain metastases given concern for

widespread micrometastic intracranial disease. Patients with
SCLC have been excluded from nearly all prospective evalu-
ations of omission of WBRT.222-225234247 However, SRS/SRT-
based outcomes in SCLC appear encouraging.?%525¢ As such,
ongoing prospective trials (NCT03391362, NCT04516070,
NRG CCO009) are evaluating the viability of stereotactic ap-
proaches among patients with SCLC and a limited burden of
intracranial disease.The treatment paradigm for brain metas-
tases in patients with SCLC will likely continue to evolve as
the results of ongoing trials become available.

Toxicities Associated with Stereotactic
Radiation Therapy

Given the limited radiation fields/volume inherently asso-
ciated with SRS/SRT, relative to WBRT, acute side effects
secondary to SRS/SRT tend to be more modest in nature.
However, the higher biologic dose of radiation utilized can
lead to posttreatment inflammatory changes among other
rare effects, as well as long-term adverse radiation effects,
including radiation necrosis.'®3?5 Generally developing
3 months to 3 years after treatment,'®32%8 radiation necrosis
(when confirmed histopathologically) involves inflammation
or injury to the brain approximating the SRS/SRT site. Given
the variation in SRS/SRT delivery patterns across institutions
and inconsistent diagnostic criteria, the reported incidence
of radiation necrosis after SRS/SRT varies considerably, ran-
ging from 5% to 35% in various retrospective series; the wide
range may reflect inconsistencies in the definition of radia-
tion necrosis and that some investigators combine radiation
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gemcitabine in patients with PD-L1 positive TNBC, may
have potential activity against brain metastases in TNBC
but supporting data are lacking.3?°

Patients with hormone receptor-positive, HER2-
negative breast cancer also have limited options for
intracranial management. Although CDK 4/6 inhibi-
tion combined with hormonal therapy represents the
first-line approach for patients with metastatic disease,
intracranial responses are guarded; a phase Il study of
abemaciclib in patients with brain metastases secondary
to hormone receptor-positive breast cancer identified
a response rate of 5% (HER2-negative patients) and
0% (HER2-positive patients), although the clinical ben-
efit rate was 11-24%.%32" In patients with PIK3CA muta-
tions, alpelisib may have intracranial efficacy based on a
smaller case series®??; consequently molecular profiling
of this population may be important.

Among patients with any subtype of breast cancer,
BRCA mutations, and brain metastases, limited reports
supporting the potential viability of PARP inhibitors have
been published but prospective studies demonstrating
significant intracranial efficacy are limited.3?® Carboplatin/
bevacizumab may have some utility in patients with
breast cancer and brain metastases, although regulatory
approval for bevacizumab in metastatic breast cancer
is lacking in the United States.®?* Other potential options
in patients with HER2-negative breast cancer include
eribulin,3?® capecitabine,??® anthracyclines, and other hor-
monal (if hormone receptor-positive) and conventional
chemotherapeutic agents, although supporting data and
efficacy remain guarded. Consequently, for patients with
HER2-negative breast cancer and brain metastases, uti-
lization of local therapies for intracranial disease control
remains an important consideration. Ultimately, in all sub-
types of breast cancer, but particularly within triple nega-
tive or hormone receptor-positive/HER2 negative subsets,
development of more promising systemic agents with po-
tential for intracranial efficacy represents a key priority.

Melanoma

Advances in systemic approaches, including immuno-
therapy and, for patients with actionable mutations (par-
ticularly BRAF), targeted therapy, have revolutionized the
management and prognosis of patients with melanoma and
brain metastases, with a significant percentage achieving
durable disease control/cure with immunotherapeutic ap-
proaches. The optimal systemic management of patients
with melanoma and brain metastases is dependent on nu-
merous considerations including age, comorbidities, per-
formance status, intracranial/extracranial disease burden,
trajectory of disease pretreatment, prior treatment, steroid
requirements, and the presence of targetable mutations
in genes such as BRAF, NRAS, and KIT, among other fac-
tors. Among the 40-50% of melanoma patients harboring
a BRAF mutation, those presenting with an intracranial
or visceral oncologic crisis secondary to bulky or rap-
idly progressive disease may benefit from upfront BRAF/
MEK inhibitors (in addition to possible local therapy) due
to the possibility of a rapid and profound initial response
to these agents.®?’ In a prospective study of dabrafenib

plus trametinib in patients with BRAF V600 mutant mela-
noma (COMBI-MB study), the intracranial response ranged
from 44% to 59% based on subset; the intracranial disease
control rate was as high as 75-88%. However, the me-
dian intracranial progression-free survival (PFS) ranged
from 4.2 to 72 months and was reduced almost by half
compared to reported PFS in patients without brain me-
tastases (11.1 months).327328 Other BRAF/MEK regimens,
including encorafenib plus binimetinib or vemurafenib
plus cobimetinib, may be viable options for patients as
well, although prospective data in this population are
lacking.’29330 Of note, for patients with melanoma, brain
metastases, and NRAS mutations, limited data support the
use of MEK inhibitors such as binimetinib in achieving a
limited and sometimes shorter term response.®3! Toxicities
of BRAF/MEK inhibition include fevers, diarrhea, asthenia,
headache, nausea, diarrhea, arthralgias, myalgias, ele-
vated liver enzymes, musculoskeletal toxicities, and der-
matologic toxicities, including rashes, cardiomyopathies,
and QTc prolongation.327332

In patients with a targetable BRAF mutation harboring
a less-pressing need to achieve rapid disease control,
immunotherapeutic approaches have appeal, given con-
cerns regarding the sustainability/durability of responses
to targeted therapy and challenges in converting BRAF/
MEK therapy to immunotherapy given the possibility of
rapidly progressive disease after cessation of BRAF/MEK
agents." Immunotherapy also represents the first-line sys-
temic treatment in patients lacking a BRAF alteration. Early
data regarding the role of immunotherapy in the manage-
ment of patients with melanoma and intracranial involve-
ment stemmed from a single-arm phase 2 trial involving
ipilimumab in which disease control was achieved in 24%
and 10% of patients who were devoid of neurologic symp-
toms/steroid requirements versus not, respectively.'’
More impressively however, relatively few patients who
were alive at 12 months died thereafter, indicating dura-
bility of response. Subsequent trials involving PD-1 inhibi-
tion as monotherapy also yielded promising results, with
intracranial response rates of approximately 20%, which
was notably lower than the extracranial response rate of
35_40%'281,333

The currently preferred immunotherapeutic regimen for
patients with melanoma and brain metastases involves
concurrent ipilimumab and nivolumab followed by main-
tenance nivolumab. Data supporting dual-agent immu-
notherapy stem from two landmark trials (Table 9): (1)
CheckMate 204, a single-arm phase Il study of combina-
tion ipilimumab/nivolumab in patients with melanoma and
active/unirradiated brain metastases who were devoid of
(Cohort A) or who harbored (Cohort B) symptoms/steroid
requirements and (2) the ABC study, a randomized study of
patients with asymptomatic/unirradiated brain metastases
secondary to melanoma assessing ipilimumab/nivolumab
(Cohort A) versus nivolumab (Cohort B), along with a single-
arm cohort (Cohort C) of patients with progressive disease
after local therapy, leptomeningeal disease, or neurologic
symptoms managed with nivolumab monotherapy.8146.:333:334
In patients on Cohort A from either CheckMate 204 or the
ABC study, the intracranial response/clinical benefit rate was
approximately 50-60%, with an encouraging duration of re-
sponse noted in addition to significant correlation between
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Table9 Prospective Trials of Dual-agent Immunotherapy in the Management of Patients with Melanoma and Active Brain Metastases

CheckMate 204 (Cohort
AV

>1 unirradiated brain me-
tastasis (0.5-3.0cm in size),
asymptomatic

High-level eligibility

Sample size 101 18
Median follow-up (months) 20.6 5.2

Years of enrollment 2015-2017 2015-2017

Treatment Ipilimumab + nivolumab
Intracranial response rate 54% 22%
Intracranial PFS, median Not reached 1.2
(months)

Extracranial response rate 49% 22%
Extracranial PFS, median Not reached 2.2
(months)

Overall survival, median Not reached 8.7

(months)

Abbreviations: PFS, Progression-Free Survival.
3<4 mg/day of dexamethasone (or equivalent).

intracranial and extracranial efficacy. As a result, ipilimumab
plus nivolumab forms the backbone of management for pa-
tients with melanoma and asymptomatic brain metastases.
Unfortunately, intracranial responses with dual-agent immu-
notherapy in patients who are either symptomatic or on sig-
nificant doses of steroids are more limited; CheckMate 204
identified an intracranial response rate of only 16.7% in such
patients (Cohort B) and, concerningly, patients were only per-
mitted to receive a maximum daily dose of dexamethasone
(or equivalent) of 4 mg, suggesting the potential for even
lower response rates in patients with greater steroid require-
ments.#8:333335 |t is important to note that immunotherapy
can carry a significant risk of side effects. In CheckMate 204,
55% of patients experienced a grade 3—4 adverse effect that
was felt to be related to study treatment.® Adverse effects of
dual-agent immunotherapy include immune-related pneu-
monitis, hepatitis, colitis, nephritis, pancreatitis, arthritis,
myositits, dermatologic changes, neurologic toxicities,
cardiac inflammation, decreased blood counts, fatigue,
and infusion reactions.® It should be noted however, that
the toxicity profile in patients with brain metastases was
identical to that in patients without brain metastases, and
there were no unique or novel side effects observed in this
population.

Whether to combine local, brain-directed therapy along
with dual-agent immunotherapy remains unresolved.
Multi-modality therapy offers potential synergy between
immunotherapeutic, surgical, and radiotherapeutic ap-
proaches.3¥7338 Radiation, for example, appears to be more
effective when concurrentimmunotherapy is administered,
although supporting evidence remains largely retrospec-
tive.3%8 In addition, neurosurgical management can quickly
decompress bulky or symptomatic brain metastases, po-
tentially rendering patients less steroid-dependent and
facilitating effective combination immunotherapy.3%°
Consequently, in patients who are symptomatic or steroid-
dependent, interdigitation of local, brain-directed therapy

CheckMate 204 (Cohort B) -

>1 unirradiated brain metastasis (0.5-3.0cm in
size), symptomatic or on steroids?

Ipilimumab + nivolumab

ABC Study (Cohort A)

Asymptomatic brain metastasis, naive
to local, brain-directed therapy

14

2014-2017

Ipilimumab + nivolumab
46%

Not reached

63%
14

Not reached

along with dual-agent immunotherapy seems reasonable.
Concerns about multi-modality therapy largely center
around toxicity, including pachymeningeal seeding in pa-
tients undergoing a craniotomy and radiation necrosis
in patients undergoing stereotactic, brain-directed radi-
ation.??6 Consequently, the role of local, brain-directed
therapy in patients with asymptomatic disease remains
unclear.’8%226 A randomized study of ipilimumab plus
nivolumab with or without brain-directed stereotactic ra-
diation among patients with melanoma and asymptomatic
brain metastases is underway (NCT03340129).

Future directions in the management of melanoma
and brain metastases include evaluating combinations
such as novel immunotherapeutic agents with or without
bevacizumab or VEGF-targeting TKIs and the develop-
ment of biomarkers to identify which patients are most
likely to respond to immunotherapy. In addition, among
patients with targetable BRAF mutations, combination
studies of BRAF-targeted and immunotherapeutic ap-
proaches are being conducted (NCT04511013); such ap-
proaches may allow patients to benefit from the typically
rapid responses to targeted therapy while also providing
the opportunity to attain long-term disease control via im-
munotherapy. Furthermore, evaluation of BRAF/MEK in-
hibitors with improved CNS penetration are now being
explored in phase | studies (NCT04543188, NCT03332589,
NCT04190628).

Advancing Clinical Trials

Compared with other oncologic entities of similar in-
cidence, such as breast, prostate, lung and colorectal
cancer, relatively few ongoing or completed brain
metastases-related prospective studies exist (Figure 1).
In addition, brain metastasis trials are often difficult to
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execute, complete, and interpret, in part due to heter-
ogeneous patient populations, selection bias, effect of
prior treatment, dropout, and difficulties with selection
of a suitable primary endpoint. With regard to patient
heterogeneity, study participants often vary with regard
to underlying cancer type (particularly for local therapy
studies), molecular alterations, underlying disease trajec-
tory, intracranial and extracranial disease burdens, prior
therapy, viable systemic options, prognosis, and func-
tional status.?23:340.341 Patient heterogeneity contributes to
effect modification and challenges in real-world applica-
tion. For trials of novel systemic therapies among patients
with brain metastases, patients with neurologic symptom-
atology or bulky intracranial disease have often been ex-
cluded, leading to estimates of response and recurrence
that may only apply to patients with stable/treated brain
metastases, asymptomatic disease, and a modest intra-
cranial disease burden.®?® For example, in CheckMate
204, the intracranial response rate to dual-agent immu-
notherapy in nonsteroid dependent patients with asymp-
tomatic brain metastases secondary to melanoma was
54%; the respective rate in an expansion cohort consisting
of symptomatic or steroid-dependent patients was only
22%.%8 In addition, prior treatment, notably radiation, can
confound interpretation of systemic response given the
potential for radiation to durably control intracranial dis-
ease, and due to complexities in ascertaining which intra-
cranial lesions have been radiated versus not. Moreover,
obtaining Food and Drug Administration (FDA) approval
for novel systemic therapies can ultimately be challenging
given the historical need to show both intracranial and
extracranial efficacy. Conversely, in local, brain-directed
therapy studies, patient dropout can be significant,?38
leading to decreased power, difficulty obtaining study as-
sessments, and a potentially compromised opportunity to
identify a statistically significant benefit related to a novel
intervention.

Regarding primary endpoint generation, the competing
risk of systemic death and salvage options available for
intracranial progression can compromise the viability of
selecting overall survival as a primary endpoint, particu-
larly for local therapy studies. Progression-free survival
may also be of limited utility; for example, in studies
examining omission of WBRT in lieu of stereotactic ap-
proaches among patients with a limited number of brain

Table 10 RANO-BM Criteria for Response Assessment

Parameter Complete Partial Response
Response
Target lesions No evidence of  >30% decrease in sum of
disease longest diameter of target
lesions

Nontarget le- No evidence of  Stable/improved

sions disease
Steroids None Stable/reduced

Clinical status Stable/improved Stable/improved

metastases, progression-free survival was nearly always
better with WBRT even though stereotactic approaches
now constitute the preferred approach.??3-225247 The use
of alternative survival-based outcome measures, such
as neurologic survival, can be difficult to apply and in-
terpret, in part due to a lack of a validated/accepted def-
inition of this endpoint. In addition, local response and
local recurrence can be challenging to delineate in the
context of immunotherapy-related pseudoprogression,3#?
bevacizumab/TKI-mediated blunting of contrast enhance-
ment,®*3 or necrosis related to stereotactic radiation,'8%262
each of which can cloud such delineations. Investigations
centered on quality of life or neurocognitive function offer
promise in characterizing key functional endpoints rel-
evant to patients with brain metastases; although such
outcomes may be especially relevant given that many pa-
tients cannot be cured and that a primary goal of treat-
ment relates to maintaining/sustaining function and
quality of life, such assessments can be especially chal-
lenging to obtain in patients who are impacted most by
neurologic symptomatology, oncologic disease, and/or
treatment leading to bias with regard to missing data. As a
result, for some studies related to brain metastases, there
may not be a “best” primary outcome measure.

Efforts to improve clinical trials relating to brain metas-
tases are underway. The Response Assessment in Neuro-
Oncology-Brain Metastasis (RANO-BM) working group has
advanced the assessment of intracranial tumor response
and delineation of study-related end points, including
among patients managed with immunotherapy and local,
brain-directed therapy (Table 10).19:344345 RANO-BM criteria
is distinguished from RECIST by establishing the brain as a
separate compartment and accounting for steroid use and
clinical deterioration®5; in addition to use within the domain
of clinical trials, RANO-BM criteria have applicability for
routine clinical care.®*” With regard to imaging, consensus
guidelines outlining standardization of imaging protocols
for patients in brain tumor-related trials have been pub-
lished.% Moreover, the Food and Drug Administration has
recently released recommendations regarding clinical trial
eligibility for patients with brain metastases, emphasizing
the importance of including patients with brain metastases
on trials where feasible, defining enrollment parameters
based on extent of CNS disease (treated/stable vs active vs
leptomeningeal disease), and proposing specific situations

Stable Disease Progressive Disease

Response between <30% decrease to >20% in sum of
<20% increase in sum of longest diam- longest diameter of
eter of target lesions target lesions

Stable/improved Unequivocal radio-

graphic progression
Stable/reduced Not applicable

Stable/improved Deterioration

Abbreviations: RANO-BM, Response Assessment in Neuro-Oncology - Brain Metastases.
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where exclusion may be justified.?*83%% |n addition, sys-
temic therapy-based trials are enrolling patients with active/
unirradiated brain metastases.8317:334:350-352 | astly, quality
measures to monitor and improve the care of patients with
brain metastases have been proposed.353

Multiple ongoing or recently completed prospective studies
are pushing the historical boundaries of brain metastasis-
related investigations. For example, increasingly, brain
metastases-related trials are being focused on select subsets
of patients, often linked by a histology or even specific mo-
lecular alterations. In this regard, NCT03994796 is a cooper-
ative group study in which patients with specific mutations
(CDK, PI3K/mTOR, NTRK/ROS1) are stratified and then re-
ceive alteration-specific targeted agents. A recently published
randomized trial of tucatinib, capecitabine, and trastuzumab
compared to capecitabine, trastuzumab, and placebo among
patients with HER2+ breast cancer demonstrated an overall
survival benefit to the tucatinib arm; this study enrolled pa-
tients with active intracranial disease, representing a shift
from many prior studies.3"” The use of neurologic death as a
primary endpoint is being explored via a tribunal approach
in NCT03391362 (a phase Il study of stereotactic radiation for
SCLC) with neurologic death defined as marked, progres-
sive radiographic progression in the brain accompanied by
corresponding neurologic symptomatology in the absence
of systemic disease progression/systemic symptoms of a
life-threatening nature; this study will determine whether a
consistent definition of neurologic death can be reproducibly
applied among independent reviewers. In addition, all MRIs
for the clinical course of a given patient are registered to min-
imize error related to patient positioning and generate greater
inference regarding necrosis versus progression-based delin-
eations (Supplemental Figure 1).

Although significant progress has been made with
regard to the design and implementation of brain
metastases-related prospective trials, numerous hurdles
persist, as noted above. However, increasing recogni-
tion of the impact of brain metastases on a patient- and
systems-level has reinvigorated efforts to advance the care
of this population in need. Minimization of patient hetero-
geneity, refinement of eligibility criteria, improvements in
primary endpoint generation, and advances in study con-
duct have potential to transform the management of pa-
tients with brain metastases.

Summary

Brain metastases have garnered increasing attention
among patients, providers, investigators, and health care
systems, resulting in significant progress in manage-
ment over recent years. Yet, significant challenges remain.
Ongoing efforts have potential to further improve out-
comes for this increasingly relevant population of patients.

Supplementary Material

Supplementary material is available at Neuro-Oncology
online.
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