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Abstract

Objective Contemporary management of patients with neuro-oncologic disease requires an understanding of approvals by
the US Food and Drug Administration (FDA) related to nervous system tumors. To summarize FDA updates applicable to
neuro-oncology practitioners, we sought to review oncology product approvals and Guidances that were pertinent to the
field in the past year.

Methods Oncology product approvals between January 1, 2020, and December 31, 2020, were reviewed for clinical trial
outcomes involving tumors of the nervous system. FDA Guidances relevant to neuro-oncology were also reviewed.
Results Five oncology product approvals described outcomes for nervous system tumors in the year 2020. These included
the first regulatory approval for neurofibromatosis type 1: selumetinib for children with symptomatic, inoperable plexiform
neurofibromas. Additionally, there were 4 regulatory approvals for non-central nervous system (CNS) cancers that described
clinical outcomes for patients with brain metastases. These included the approval of tucatinib for metastatic human epidermal
growth factor receptor 2 (HER2)-positive breast cancer including patients with brain metastases, brigatinib for anaplastic
lymphoma kinase (ALK)-positive non-small cell lung cancer (NSCLC), and pralsetinib and selpercatinib for RET fusion-
positive NSCLC. Finally, two FDA Guidances for Industry, “Cancer Clinical Trial Eligibility Criteria: Brain Metastases” and
“Evaluating Cancer Drugs in Patients with Central Nervous System Metastases” were published to facilitate drug develop-
ment for and inclusion of patients with CNS metastases in clinical trials.

Conclusions Despite the challenges of the past year brought on by the COVID-19 pandemic, progress continues to be made
in neuro-oncology. These include first-of-their-kind FDA approvals and Guidances that are relevant to the management of
patients with nervous system tumors.
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Introduction

Contemporary neuro-oncology encompasses a broad range
of pathologies and requires an up-to-date understanding of
recent advances in care. These advances include US Food
and Drug Administration (FDA) regulatory approvals and
Guidance documents relevant to the field. Among oncology
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drug approvals, neuro-oncology-specific approvals typically
account for only a small fraction [1]. However, advances
related to non-central nervous system (CNS) cancers may
also apply to neuro-oncology, particularly in regards to CNS
metastases. These require a broad understanding of the can-
cer treatment landscape by neuro-oncologists, radiation
oncologists, and neurosurgeons.

Over the past year, significant progress has been made
in oncology, including efforts overseen by the FDA and its
Oncology Center of Excellence (OCE) [2]. In this report
we review approvals that are relevant to neuro-oncologists
and neurosurgeons and FDA Guidance documents relevant
to clinical investigators studying neuro-oncologic disorders.
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Marketing approvals relevant
to neuro-oncology in 2020

US FDA oncology marketing approvals between January
1, 2020, and December 31, 2020, were reviewed for neuro-
oncology relevance. Sixty-one approvals for new molecu-
lar entities and supplements were identified during this
time period [2, 3]. Oncology products whose prescription
drug labels described clinical trial data (Sect. 14) related
to tumors involving the nervous system were included. A
total of 5 approvals described nervous system efficacy data
(Table 1), including 1 indication for patients with neurofi-
bromatosis type 1 (NF1) and 4 indications for patients with
non-CNS primary cancers.

Selumetinib for NF1

On April 10, 2020, selumetinib was approved for pediatric
patients (>2 years old) with NF1-associated symptomatic,
inoperable plexiform neurofibromas. NF1 is a tumor pre-
disposition syndrome with a prevalence of approximately 1
in every 3000 individuals and results in the development of
peripheral and plexiform neurofibromas [4, 5]. Plexiform
neurofibromas are large tumors that grow from peripheral
nerves throughout the body and can be a significant cause of
morbidity depending on location. Although typically benign,
plexiform neurofibromas can transform into malignant
peripheral nerve sheath tumors (MPNSTSs). Selumetinib is an
oral inhibitor of mitogen-activated protein kinase (MAPK)
kinase (MEK) that is affected by loss of the tumor suppres-
sor Neurofibromin 1. This approval was significant in that
it marked the first FDA-approved therapy for children with
NFI.

Approval was based on a National Cancer Institute (NCI)-
sponsored study (SPRINT, NCT01362803) that evaluated
the efficacy of selumetinib (25 mg/m? orally, twice a day)
in 50 pediatric patients with NF1 [6, 7]. This multi-center,
open-label, single-arm trial included pediatric patients with
NF1 (ages 3—18 years) with a measurable plexiform neurofi-
broma. All patients had defined morbidity caused by their
target lesion and were treated until disease progression or

unacceptable toxicity. The primary endpoint was investiga-
tor-assessed overall response rate (ORR), defined as a>20%
reduction in tumor volume per Response Evaluation in
Neurofibromatosis and Schwannomatosis (REiNS) criteria
and confirmed by consecutive magnetic resonance imaging
(MRI), 3—-6 months apart [8].

Objective responses, all partial, were observed in 33
patients (ORR 66%; 95% CI 51-79%) by investigator assess-
ment. The median time to onset of response was 7.2 months
(range: 3.3 months to 1.6 years). Duration of response was
greater than 12 months in 82% of patients. Independent cen-
tralized review demonstrated responses in 22 patients (ORR
44%; 95% CI 30-59%). Outcomes from this single-arm trial
were referenced against natural history data provided by
the NCI, which confirmed that spontaneous regression of
neurofibromas in NF1 was uncommon, however a formal
statistical analysis was not performed [9]. Clinical outcome
assessments that evaluated plexiform neurofibroma-related
symptoms, functional impairment, and disfigurement were
used to support the clinical relevance of treatment with selu-
metinib [7, 9].

Safety was assessed in a larger pooled population of 74
children with NF1 who received selumetinib. The safety
profile was found to be consistent with the drug class of
MEK inhibitors [9]. The most common adverse reactions
(occurring in >40%) were: vomiting, rash, abdominal pain,
diarrhea, nausea, dry skin, fatigue, musculoskeletal pain,
pyrexia, stomatitis, headache, paronychia, and pruritis [9].

Tucatinib for HER2+ metastatic breast cancer

On April 17th, 2020 tucatinib was approved, in combi-
nation trastuzumab and capecitabine, for adult patients
with advanced unresectable or metastatic human epider-
mal growth factor receptor 2 (HER2)-positive breast can-
cer, including patients with brain metastases, who have
received one or more prior anti-HER2-based regimens
for metastatic disease. This was the first FDA approval
that specified patients with brain metastases in the indica-
tion statement, which was significant to this population
as approximately 30-50% of patients with HER2-positive
breast cancer will develop CNS metastases [10—12]. This

Table 1 Oncology product
approvals reporting neuro-

Oncology product Approval date Approval type Indication

Neuro-oncology relevance

oncology outcomes in product Selumetinib 4/10/2020

labeling between January 1, ..

2020 and December 31, 2020 Tucatinib 41772020
Selpercatinib 5/8/2020
Brigatinib 512212020
Pralsetinib 9/4/2020

Regular Neurofibromatosis Type 1 Plexiform neurofibromas
Regular HER?2 + breast cancer Brain metastases
Accelerated  RET fusion+NSCLC Brain metastases
Regular ALK +NSCLC Brain metastases
Accelerated RET fusion+NSCLC Brain metastases

HER?2 +human epidermal growth factor receptor 2-positive, RET rearranged during transfection, NSCLC
non-small cell lung cancer, ALK anaplastic lymphoma kinase
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was also the first application for a new molecular entity
to utilize Project Orbis, an international collaboration led
by the FDA Oncology Center of Excellence that allows
concurrent review among international regulatory agen-
cies (Box). For tucatinib, collaborative review included
the Australian Therapeutic Goods Administration, Health
Canada, Singapore’s Health Sciences Authority, and Swit-
zerland’s Swissmedic.

Box

Project Orbis is a US FDA Oncology Center of Excel-
lence initiative that facilitates global collaborative review
with partner regulatory health authorities internationally
[35]. Established in June 2019, this program is designed
to streamline global drug development and accelerate
access of new therapies for patients with cancer across
participating countries. Current partner organizations
include:

® Brazilian Health Regulatory Agency

e Health Canada

e Health Sciences Authority (Singapore)

e Swissmedic (Switzerland)

® Therapeutic Goods Administration (Australia)

The US FDA Oncology Center of Excellence serves
as the coordinator for application selection and collabo-
rative review. Depending on sponsor submission, not all
countries participate in every review. Finally, each par-
ticipant’s regulatory decision is independent and based on
the individual country’s laws or regulations.

Approval of tucatinib was based on results of a rand-
omized (2:1), double-blind, placebo-controlled trial (HER-
2CLIMB, NCT02614794), which included 612 patients
with HER2-positive metastatic breast cancer who had
previously received trastuzumab, pertuzumab, and ado-
trastuzumab emtansine (T-DM1) [13, 14]. Patients were
randomized to receive either tucatinib (300 mg twice
daily) plus trastuzumab and capecitabine (n=410) or pla-
cebo plus trastuzumab and capecitabine (n=202). Use of
capecitabine, with known activity for breast cancer brain
metastases, in both arms of the study, allowed for inclu-
sion of patients with active brain metastases [15]. Initially,
480 patients were randomized; subsequently a protocol
amendment increased the sample size to 600 to include
additional patients with brain metastases. The primary
endpoint was progression-free survival (PFS), however
PFS in the sub-population of patients with history or pres-
ence of brain metastases (PFS, ,;,) Was a key secondary

endpoint with alpha allocation and a pre-specified analysis
plan [16].

Forty-eight percent of patients had a history of or pre-
sent brain metastases at treatment. Brain metastases were
considered active (either untreated or treated and progres-
sive) in 28% of patients. Median PES, ;... Was 7.6 months
in the tucatinib arm (n=198; 95% CI 6.2-9.5 months)
and 5.4 months in the placebo arm (n=93; 95% CI
4.1-5.7 months), which represented a significant difference
(Hazard Radio [HR] 0.48; 95% CI 0.34-0.69; P < 0.00001).
[14, 16, 17]. Although exploratory, in the subset of patients
with active brain metastases, median PFS was also greater
in the tucatinib arm compared to the control arm (9.5 vs.
4.1 months; HR, 0.36; 95% CI 0.22-0.57; P <0.00010).
Grade 3 or worse adverse reactions that occurred in>5%
of patients on the tucatinib arm included diarrhea, palmar-
plantar erythrodysesthesia (hand-foot syndrome), and hepa-
totoxicity [14].

This study and the subsequent regulatory approval dem-
onstrate the feasibility of designing and implementing a
clinical trial to specifically evaluate a therapy in patients
with brain metastases that meets regulatory standards. This
was supported by the study’s inclusion of a broad group of
patients with brain metastases including those with active
brain metastases, use of a drug in both arms with known
CNS activity, identification of patients with brain metastases
as a key subpopulation in the pre-specified statistical analy-
sis plan, and evaluation of both CNS and systemic outcomes
together in this subpopulation (PFS, i1mets)-

Other oncology approvals with relevant
neuro-oncology efficacy results

Three additional oncology approvals included efficacy data
relevant to neuro-oncology (Table 1). All three approv-
als specified indications for non-small cell lung cancer
(NSCLC), reporting outcome data for brain metasta-
ses. Unlike the clinical trial used to support approval for
tucatinib, these studies were not designed to support an indi-
cation specifically for the sub-population of patients with
brain metastases.

On May 8, 2020 selpercatinib was granted accelerated
approval for adult patients with metastatic RET fusion-
positive NSCLC. RET fusions have been identified in 1-2%
of NSCLCs and have been suggested to be associated with
a relatively high frequency of brain metastases [18, 19].
Selpercatinib was studied in a multi-center, open-label trial
(LIBRETTO-001) that included patients with RET fusion-
positive NSCLC and thyroid cancer, as well as RET-mutant
medullary thyroid cancer [20, 21]. One hundred five patients
with metastatic NSCLC who were previously treated with
platinum chemotherapy were included. Among this cohort,
patients with previously treated or untreated brain metastases
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were included if either asymptomatic or neurologically sta-
ble for at least 2 weeks prior to the study [20]. In total, 11
patients with measurable brain metastases by RECIST cri-
teria (version 1.1) were treated; no patient received CNS
radiation therapy within 2 months of study entry. Objective
responses in intracranial lesions were observed in 10 patients
as assessed by independent centralized review, with 3 com-
plete responses and 7 partial responses; all responders had
duration of response of >6 months [21].

On September 4, 2020, pralsetinib was granted acceler-
ated approval for the treatment of adult patients with meta-
static RET fusion-positive NSCLC [22]. Pralsetinib was
studied in a multi-center, open-label trial (ARROW) that
enrolled patients with tumors harboring RET alterations,
including 87 patients with metastatic RET fusion-positive
NSCLC who were previously treated with platinum chem-
otherapy. Patients with CNS metastases were included if
they were asymptomatic and had stable or decreasing steroid
requirements within 2 weeks of enrollment. Eight patients
had measurable brain metastases at baseline and no patient
received radiation therapy to the brain within 2 months prior
to study entry. Objective responses in intracranial lesions
were observed in 4 patients as assessed by independent
centralized review, including 2 complete responses; 75% of
responders had a duration of response > 6 months.

On May 22, 2020, brigatinib was approved for adult
patients with anaplastic lymphoma kinase (ALK)-posi-
tive metastatic NSCLC, regardless of prior therapy [23].
Brigatinib was studied in a randomized, multi-center,
open-label trial (ALTA 1L) that included patients with
advanced ALK-positive NSCLC who had not previously
received another ALK-targeted therapy [24]. Patients with
CNS metastases were included if they were asymptomatic
and had stable or decreasing steroid requirements within
7 days of enrollment. Patients were randomized to receive
either brigatinib (n=137) or crizotinib (n=138) and the
presence of CNS metastases was among the stratifica-
tion factors. Eighteen patients in the brigatinib arm had
measurable CNS disease by RECIST criteria (version 1.1).
By blinded independent review, the intracranial overall
response rate was 78% (95% CI 52-94%) with complete
responses in 28%. Intracranial duration of response was
based on the time from first measured response to intrac-
ranial progression of any kind (new lesions, target lesion
growth by RECIST criteria, or unequivocal growth of a
non-target lesion) or death. Among the 14 patients with
intracranial response in the brigatinib arm, 64% had a
duration of response > 24 months by Kaplan—Meier analy-
sis [23].

Mortality rates for NSCLC continue to improve, follow-
ing the approval of several immunotherapies and targeted
therapies for this indication [25]. As brain metastases are
among the most common cause of death in NSCLC, results
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such as those listed above suggest that this improvement
in mortality may extend to patients with brain metastases
in the future [26, 27]. While these results presented above
are descriptive and considered exploratory, future analy-
ses may be strengthened by trials specifically designed to
study outcomes in patients with NSCLC brain metastases,
just as HER2CLIMB did by using the PFS ;... endpoint
for patients with breast cancer brain metastases.

US FDA guidance documents relevant
to neuro-oncology

FDA Guidance documents represent an opportunity for
the Agency to publish its interpretation of regulatory
issues and provide guidance to industry. Unlike the Code
of Federal Regulation, Guidance documents do not gener-
ate legally binding requirements. Guidance documents are
drafted by FDA staff and undergo a period in which they
are open to public comment (Level 1 Guidances) before
being finalized. In 2020, FDA released two Guidance
documents specific to neuro-oncology that are discussed
herein: Cancer Clinical Trial Eligibility: Brain Metastases
(Finalized) and Evaluating Cancer Drugs in Patients with
Central Nervous System Metastases: Guidance for Indus-
try (Draft) [28, 29].

Cancer clinical trial eligibility: brain metastases

CNS metastases are an increasingly common manifesta-
tion of certain cancers but remain a frequent exclusion
criterion for cancer clinical trials. An analysis of 297
oncology IND applications submitted in 2015 to the FDA
found that presence of known, active or symptomatic CNS
metastases were a common exclusion criteria (77.4%) [30].
Among these protocols, 140 (47.1%) allowed enrollment
of patients with treated or stable brain metastases. Simi-
larly, a review of enrollment criteria among 413 NSCLC
clinical trial registrations on ClinicalTrials.gov revealed
that 14% of trials excluded patients with any history of
CNS metastases and 19% strictly excluded patients with
leptomeningeal disease [31]. An additional 41% of studies
only allowed patients with CNS disease who had received
prior local therapy. Expanding inclusion criteria to allow
for more patients with CNS metastases could better rep-
resent the populations of patients with cancer, but must
be balanced against concerns of patient protection [32].
The American Society of Clinical Oncology (ASCO) and
Friends of Cancer Research (FOCR) working groups ini-
tially addressed these concerns in 2017 [33]. Building on
this work and as part of a series of Guidance documents on
broadening eligibility criteria for clinical trials, the FDA
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Table 2 Recommendations for clinical trial inclusion among patients with CNS metastases

CNS disease type Recommendations

Treated/stable brain metastases
exclude such patients

(1) Patients with treated/stable brain metastases should be included in trials unless there is a strong rationale to

(2) Inclusion of patients with treated/stable brain metastases should not be dependent on whether the drug’s
pharmacological properties predict penetration of the blood—brain barrier

(3) Patients should be neurologically stable prior to study entry to mitigate the uncertainty of attributing CNS
toxicity to the investigational drug or underlying disease. To achieve this, consider limiting enrollment to
patients receiving a stable or decreasing corticosteroid dose at the time of study entry

Active brain metastases

(1) Patients with active brain metastases should not be automatically excluded from trials and should be

included if the treating physician determines that immediate CNS specific treatment is unlikely to be required

and:

(a) there is a strong rationale for likelihood of CNS activity, or
(b) CNS metastases are common in the target population
(2) For drugs with known CNS toxicities, exclusion of patients with active brain metastases may be justified,

especially early in drug development

Leptomeningeal metastases

(1) Patients with LMD should not be automatically excluded from trials and should be included if:—the treat-

ing physician determines that immediate CNS specific treatment is unlikely to be required,
(a) the drug is anticipated to have CNS activity and is relevant for the primary tumor, and
(b) there is strong scientific rationale to support the likelihood of benefit, based on pre-existing data

CNS central nervous system, LMD leptomeningeal disease

Adapted from: US Food and Drug Administration (2019) Cancer Clinical Trial Eligibility Criteria: Brain Metastases Guidance for Industry [28]

published the Guidance document entitled “Cancer clini-
cal trial eligibility: Brain Metastases” in July 2020 [28].

The Guidance document recommends distinction between
patients with (1) treated/stable brain metastases, (2) active
brain metastases, and (3) leptomeningeal metastases. Recom-
mendations for clinical trial inclusion are specific to each of
these categories and are summarized in Table 2. Recommen-
dations for exclusion criteria relevant to patients with brain
metastases also described. These include considerations for
drugs with potential to increase bleeding risk or patients
with increased risk of hemorrhage, drugs with the potential
to lower seizure threshold or patients with increased seizure
risk, drugs with cytochrome P450 (CYP) interactions in
patients on CYP inducing antiepileptics, and drugs that may
be affected by concomitant corticosteroid use in patients who
are corticosteroid-dependent.

A final concern addressed by this Guidance is the reluc-
tance of providers to perform baseline CNS imaging prior to
study enrollment. Baseline screening MRI may be avoided
out of concern that asymptomatic lesions identified at
screening may trigger clinical trial exclusion [33]. Regard-
less, baseline CNS screening provides critical information
on the CNS efficacy and safety of oncology drug products.
The Guidance recommends baseline CNS imaging for (1)
patients with a history of brain metastases, (2) popula-
tions at increased risk of brain metastasis, (3) trials with
specific concerns related to the inclusion of patients with
brain metastases, and (4) if study aims to demonstrate CNS
efficacy.

Evaluating cancer drugs in patients with central
nervous system metastases: draft guidance
for industry

As clinical trial eligibility expands for patients with CNS
metastases, consistent recommendations for evaluation of
CNS efficacy in oncology products will become increasingly
necessary. To address these concerns, a Guidance document
addressing clinical trial design considerations for patients
with CNS metastases was drafted for public comment [29].
The draft Guidance document addresses clinical trial design,
in particular the challenges related to prior CNS-directed
therapies, imaging assessment of CNS metastases, study
endpoints, and leptomeningeal disease [34]. Finally, the doc-
ument addresses the concern that CNS disease should not
be evaluated in isolation and recommends systemic imag-
ing assessment be performed in tandem with CNS disease
assessment.

Conclusions

Despite the challenges related to the COVID-19 pandemic,
significant progress continues to be made in neuro-oncology,
including regulatory efforts at the FDA. Several marketing
approvals reported effects in brain metastases, which are
relevant to multi-disciplinary care by neuro-oncologists and
neurosurgeons caring for patients who meet these indica-
tions. This year also saw the first marketing approval for
an oncology drug product for NF1. Additionally, Guidance
documents regarding clinical trials including patients with
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CNS metastases were published to provide recommenda-
tions that represent the FDA’s current thinking on this sub-
ject and carry relevance for investigators studying cancers
with risk of nervous system metastasis.
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