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Abstract

Purpose: We hypothesize treatment with nivolumab and stereotactic radiosurgery (SRS) will be feasible and well tolerated, and may
improve intracranial tumor control rates compared with SRS alone.

Methods and Materials: The study was designed as a prospective, single-arm, nonrandomized, open-label, phase 1b trial of nivolumab
and SRS among patients with metastatic breast cancer brain metastases. Key eligibility criteria included patients with breast cancer
brain metastases of all subtypes, age >18, Eastern Cooperative Oncology Group Performance Status <2 with <10 brain metastases.
Treatment was initiated with a dose of nivolumab (480 mg intravenously) that was repeated every 4 weeks. The initial dose of
nivolumab was followed 1 week later by SRS. This study is closed to accrual and is registered with ClinicalTrials.gov, NCT03807765.
Results: Between February 2019 and July 2020, a total of 12 patients were treated to 17 lesions. No dose limiting toxicities were noted
in our patient population. The most common neurologic adverse events included grade 1 to 2 headaches and dizziness occurring in 5
(42%) of patients. Median intracranial control was 6.2 months (95% confidence interval, 3-14 months) with 6- and 12-month control
rates of 55% and 22%, respectively. A total of 4 patients had systemic progression during the study. Median time to systemic
progression free survival has not been reached with 6- and-12 month rates of 63% and 51%, respectively.
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Conclusions: Nivolumab and SRS is a safe and feasible treatment option in breast cancer brain metastases. Preliminary data reveals

activity in certain breast cancer patients to study therapy.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Patients with breast cancer brain metastases have a
high unmet clinical need. Although a multitude of treat-
ment options are available for the management of sys-
temic disease, once metastases travel to the brain,
patients lack treatment options aside from traditional
local approaches. Standard-of-care treatments for these
patients include local treatments, such as surgical resec-
tion, stereotactic radiosurgery (SRS), or whole brain radi-
ation therapy (WBRT)." In recent years, various systemic
agents have been shown to have a role in the management
of breast cancer brain metastases of various subtypes
including tucatinib, lapatinib, and abemaciclib among
others.”* Anti-programmed cell death protein-1 and pro-
grammed cell death ligand-1 (anti-PD-1/PD-L1) therapy
has shown promise in the management of various sub-
types of advanced metastatic breast cancer and in the
neoadjuvant setting when combined with conventional
chemotherapy.’”’

The use of pembrolizumab has demonstrated objective
intracranial responses in one-third of patients with non-
small cell lung cancer (NSCLC) brain metastases and a
quarter of patients with melanoma brain metastases.® In
CheckMate 204, the combination of nivolumab and ipili-
mumab alone in patients with melanoma brain metastases
produced an overall response rate of 56%.” Given the
encouraging data in NSCLC and melanoma brain metas-
tases as well as data revealing systemic control in the
management of breast cancer, particularly the triple-neg-
ative subtype,”'’ there is strong clinical rationale for
investigating the utility of immune checkpoint inhibitors
in the management of breast cancer brain metastases.

Combining radiation therapy with immune checkpoint
inhibitors may hold promise."'' Preclinical data suggests
the combination may upregulate PD-L1 expression and
enhance immunogenicity.'” High dose-per-fraction radia-
tion as is the case with SRS may also be an optimal regi-
men to stimulate the immune system based on preclinical
evidence using fractionated high doses combined with
antibodies against CTLA-4."* In addition, there is evi-
dence to suggest when sequenced appropriately radiation
therapy may open the blood-brain barrier allowing for
better penetration of systemic agents.'"'” The local con-
trol provided by SRS also has clear benefits.

Given the previously demonstrated role of immuno-
therapy in the management of brain metastases as well as
the potential synergy and well-defined role of local ther-
apy in the management of brain metastases, we

conducted a phase 1b study to evaluate safety and prelim-
inary activity of nivolumab and SRS in the management
of breast cancer brain metastases.

Methods and Materials

Study design and participants

The study was designed as a prospective, single-arm,
nonrandomized, open-label, phase 1b trial of nivolumab
and SRS among patients with metastatic breast cancer
brain metastases. The study was performed at Moffitt Can-
cer Center. Key eligibility criteria included patients with
breast cancer brain metastases of all subtypes, age >18,
Eastern Cooperative Oncology Group <2 with <10 brain
metastases, maximum diameter of the largest intact brain
metastases <4 cm. Patients on a stable dose of steroids
(dexamethasone <8 mg/daily) could enroll. Patients
needed to be eligible to receive stereotactic radiation to
the intact brain metastases or postoperative cavity. Patients
were required to have adequate organ function including
absolute neutrophil count >1000/mm®, hemoglobin
>8 g/dL, platelets >50,000/mm>, serum total bilirubin
<1.5 times upper limits of normal (ULN) except patients
with Gilbert syndrome, who were excluded if total biliru-
bin was 3 times ULN, aspartate aminotransferase and ala-
nine aminotransferase <2.5 times ULN or <5 times ULN
if liver metastases are present, amylase and lipase <1.5
ULN unless there are signs of pancreatitis. Any number
of previous systemic therapies was allowed. A 2-week
wash-out period for investigational systemic treatments
was required before starting study treatment.

Exclusion criteria included receipt of prior WBRT,
presence of leptomeningeal disease (LMD), prior treat-
ment with anti-PD-1, anti-PD-L1, anti-PD-L2, anti-
CD137, or anti-CTLA-4 therapy as well as interstitial
lung disease that was symptomatic or may interfere with
the detection or management of suspected drug-related
pulmonary toxicity. The study was approved by our cen-
tral institutional review board.

Procedures

Nivolumab (480 mg intravenously) was given every 4
weeks, starting 1 week before SRS. SRS was given at
sites of brain metastases or postoperative cavities.
Patients were allowed to continue prior endocrine and
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HER2-targeted therapies per treating physicians’ discre-
tion if brain metastases progression was noted on these
agents for continued systemic disease control.

Treatment continued until disease progression, toxic-
ity that precluded continuing study drug, withdrawal
from study, or death. Patients were allowed to continue
study therapy despite radiologic progression if they were
deriving clinical benefit according to investigator assess-
ment or if progressive lesions (brain or systemic) could
be controlled with local therapy or receipt of an addi-
tional systemic agent for systemic progression after the
first intracranial response assessment at 2 months.

A brain magnetic resonance imaging (MRI) and com-
puted tomography (CT) thorax, abdomen, and pelvis was
obtained every 8 weeks for the first year followed by
every 12 weeks thereafter to assess intracranial and sys-
temic responses, respectively. Brain metastases response
was assessed via Response Assessment in Neuro-Oncol-
ogy (RANO) and extracranial disease was assessed via
immune-related Response Evaluation Criteria in Solid
Tumors criteria.'®'” Common Terminology Criteria for
Adverse Events version 5.0 was used to grade adverse
events. Laboratory monitoring including a complete
blood count and serum chemistries were performed
before receipt of every dose of nivolumab; thyroid func-
tion studies were performed every 8 weeks.

Dose-limiting toxicities (DLTs) were defined as neu-
rologic toxicities attributable to SRS by the treating radi-
ation oncologist, neuro-oncologist, or breast oncologist
in the first 8 weeks of treatment including symptomatic
radionecrosis, defined by surgical pathology or multidis-
ciplinary evaluation, grade >3 headaches, grade >3
memory impairment, and new onset grade >3 seizures.
DLTs and AEs continued to be assessed throughout the
treatment and follow-up period. Patients were assessed at
the time of SRS, before each nivolumab infusion at 4-
week intervals, and postimaging at 8-week intervals.

Stereotactic radiation technique

Patient immobilization was achieved by using a head
mask fixation system (Brainlab, Feldkirchen, Germany).
Brain metastases were evaluated using MRI- (Siemens
Sonata, Siemens Medical Systems, Erlangen, Germany)
with 1-mm slices for treatment planning purposes. The
MRI image was coregistered and fused with CT simula-
tion imaging (General Electric Medical System, Milwau-
kee, WI). Treatments were delivered using multiple
dynamic conformal arcs or intensity modulated radiation
therapy. Doses were prescribed to assure coverage of at
least 95% of the planning target volume (PTV) with the
dose prescribed.

Patients received single session SRS to intact brain
metastases and postoperative cavities. For intact brain
metastases, this was 15 Gy to lesions between 31 to

40 mm, 18 Gy to 21 to 30 mm, and 24 Gy to lesions mea-
suring <20 mm.'® If predefined stopping boundaries
were met, the radiation dose would be modified to dose
level 1 and would proceed with 25 Gy in 5 fractions.'” A
1-mm expansion was made from the gross tumor volume
to the PTV. For postoperative lesions, the clinical target
volume was defined as the edge of the resection cavity
including areas of contrast enhancement and the overly-
ing dura. A clinical target volume to PTV expansion of
2 mm was used for postoperative cavities. Doses pre-
scribed to resection cavities were based on the size of the
surgical cavity volume <4.2 mL 20 Gy, 4.2 to 7.9 mL
18 Gy, 8 to 14.3 mL 17 Gy, 14.4 to 19.9 mL 15 Gy, 20 to
29.9 mL 14 Gy, >30 mL up to 5 cm 12 Gy.”’ Modifica-
tions to the above dosing criteria for intact and postopera-
tive brain metastases were allowed by the treating
radiation oncologist if lesions were located within an elo-
quent area of the brain. Single fraction dosing constraints
included the optic pathway 0.2 cm® <8 Gy, Dmax 10 Gy;
cochlea Dmax 9 Gy; brain stem 0.5 cm® <10 Gy, Dmax
15 Gy; and spinal cord and medulla 0.35 cm® < 10 Gy,
Dmax 14 Gy.

Statistical analysis

The study followed a standard 3 + 3 design with a pre-
defined dose expansion to 12 patients. Local brain metas-
tasis failure was defined by RANO Brain Metastases
criteria in which there was a >20% increase that remained
consistent or demonstrated continued progression on sub-
sequent imaging, while local brain metastasis control
(LC) included all treated lesions not meeting these crite-
ria.'® Distant brain metastasis failure was defined as new
brain metastases or leptomeningeal enhancement outside
the previously irradiated field. Distant intracranial control
(DIC) was defined as freedom from development of new
brain metastases outside of the irradiated field and free-
dom from development of LMD. Intracranial control was
defined as freedom from local and distant failure. Sys-
temic progression free survival (PFS) was defined by
extracranial progression by immune-related Response
Evaluation Criteria in Solid Tumors Criteria'” or death.
DIC, LC, and systemic PFS were calculated from the start
date of trial therapy and assessed to the end of trial ther-
apy. Overall survival (OS) was calculated from the start
of trial therapy to last available survival follow-up or
death. The rate of LC and DIC of brain lesions at 6 and
12 months was calculated along with median and 95%
confidence intervals (CI) using the Kaplan-Meier curve
method. Events were summarized descriptively using fre-
quencies and percentages. Demographics and baseline lab-
oratory results were summarized using descriptive
statistics for all participants. This report was conducted
once all twelve patients had enrolled and the first intracra-
nial response assessment at 2 months was completed.



4 K.A. Ahmed et al

Advances in Radiation Oncology: November—December 2021

Results

Patient and treatment characteristics

Between February 2019 and July 2020, a total of 14
patients consented after the screening of 22 patients
according to the trial profile in Figure 1. One patient
progressed before receiving nivolumab and SRS in the
liver such that they no longer met eligibility in liver
function tests. An additional patient was found to have
LMD on repeat brain MRI for SRS treatment planning
after receiving the first dose of nivolumab and was no
longer protocol eligible. Data from the study was
assessed in November 2020. Patient and treatment
characteristics are detailed in Table 1. A total of 12
patients were enrolled and treated to 17 lesions. The
median age of patients was 58 (range, 26-67). The
majority of patients were triple negative (n = 6; 50%)
followed by HR+/HER2— (n = 4; 33%), and HR
—/HER2+ (n = 2; 17%). The majority of patients had a
singular lesion treated (n = 8; 67%). A total of 6
patients (50%) underwent prior CNS directed local
therapy. Two patients who were HR—/HER2+ contin-
ued trastuzumab with study therapy. Three patients
who were HR+/HER2— continued hormone therapy
while one patient continued hormone therapy with abe-
maciclib for continued systemic control.

Of the 17 lesions treated on the study, the majority
were treated with single fraction radiosurgery (n = 15;
88%) to a median dose of 21 Gy (range, 16-24 Gy) while
2 lesions were treated to a dose of 30 Gy in 5 fractions
given size, location adjacent to eloquent areas, and
receipt of previous radiation therapy. Doses and volumes
of treated lesions are detailed in Table E1. Four postoper-
ative cavities were treated. A total of 5 patients were on
short courses of steroids while receiving radiation treat-
ment and completed tapers approximately 2 weeks after
radiation completion.

Table 1 Patient and treatment characteristics

Variable N %

No. of patients 12

No. of lesions irradiated 17

Age, median (range) 58 (26-67)

ECOG performance status

0 8 67

1 4 33

Receptors

HR+/HER2— 4 33

HR—/HER2+ 2 17

TN 6 50

No. of previous systemic therapy regimens

1 8 67

2 2 17

>4 2 17

Previous CNS therapy

None 6 50

Surgical resection + stereotactic 1 8
Radiation therapy

Stereotactic radiation therapy 2 17

Surgery 3 25

No. of lesions irradiated

1 8 67

2 3 25

3 1 8

Abbreviations: CNS = central nervous system; HR = hormone
receptor; TN = triple negative.

Toxicity

Overall, nivolumab and stereotactic radiation was well
tolerated with no DLTs noted in our patient population
(Table 2). One patient experienced grade 4 encephalopa-
thy and grade 3 seizures, which were unrelated to study
treatment and due to disease progression. Another patient
experienced grade 3 syncope thought to be unrelated to
study treatment. One patient experienced grade 3 cerebral

22 patients screened

8 excluded
4 did not meet inclusion criteria
4 patient preference

14 signed consent

2 unevaluable
1 patient progressed prior to treatment start
1 patient progressed prior to RT

12 patients evaluable

Fig. 1 Trial profile.
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Table 2  Adverse events in all treated patients
Grade 1-2 Grade 3 Grade 4 Grade 5

Neurologic adverse events, regardless of attribution

Stroke 1 (8%)

Muscle weakness right-sided 1 (8%)

Memory impairment 1 (8%)

Headache 5 (42%)

Dizziness 5 (42%)

Seizure 1 (8%) 1 (8%)

Peripheral sensory neuropathy 2 (17%)

Nystagmus 1 (8%)

Dysgeusia 1 (8%)

Syncope 1 (8%)

Cerebral edema 1 (8%)

Encephalopathy 1 (8%) 1 (8%)
Nonneurologic adverse events, treatment related

Hypotension 1 (8%)

Decreased lymphocyte count 9 (75%) 1 (8%)

Weight loss 1 (8%)

Thromboembolic event 1 (8%)

Pneumonitis 1 (8%)

Adrenal insufficiency 2 (17%)

Alanine aminotransferase increased 2 (17%)

Anemia 5 (42%)

Aspartate aminotransferase increased 2 (17%)

Blood lactate dehydrogenase increased 2 (17%)

Diarrhea 3 (25%)

Dyspnea 2 (17%)

Fatigue 5 (42%)

Hyperglycemia 2 (17%)

Hypothyroidism 6 (50%)

Elevated chloride 2 (17%)

Nausea 10 (83%)

Neutrophil count decreased 3 (25%)

Platelet count decreased 2 (17%)

Adverse events are included if they are grade 3 to 5 severity or occurred in at least 10% of patients and were considered at least possibly related to
study therapy. Neurologic events are included regardless of attribution to study therapy.

edema leading to word finding difficulties, lethargy, and
decreased oral intake thought to be possibly related to
study treatment during week 9 of treatment which
resolved 2 days later with oral steroids. No other patient
required an increase in steroids after start of study ther-
apy. Five (42%) patients experienced grade 1 to 2 head-
aches and dizziness thought to be related to study
therapy, disease, or both. No grade 3 or 4 nonneurologic
side effects thought to be at least partially attributable to
study therapy were noted. The most common nonneuro-
logic adverse effects at least possibly attributable to study
therapy included grade 1 to 2 nausea (n = 10; 83%),
hypothyroidism (n = 6; 50%), fatigue (n = 5; 42%), and
anemia (n = 5; 42%). No cases of radionecrosis have
been noted. There have been no treatment-related deaths.

Intracranial and systemic response

Median follow-up from start of protocol therapy at
time of analysis is 9.6 months (range, 2.8-18.7 months).

Two (12%) of 17 treated lesions have been noted to
undergo local failure both of which were confirmed by
surgical resection. Median LC has not been reached
(95% CI, 6.2; not reached). Six- and 12-month rates of
LC were 100% and 89%, respectively. Median DIC on
study therapy is 9.3 months (95% CI, 3-14 months) with
6- and 12-month control rates of 55% and 28%, respec-
tively. A total of 8 patients had distant intracranial fail-
ure, of which 5 patients were amenable to additional SRS
and 2 received WBRT one for dural based failure and
one for LMD. Median intracranial control was 6.2
months (95% CI, 3.0-14 months) with 6- and 12-month
control rates of 55% and 22%, respectively (Fig. 1). Best
RANO intracranial responses on study therapy were cate-
gorized as CR in 6 patients (50%), PR in 5 patients
(42%), and PD in 1 patient (8%); intracranial response
(92%).

A total of 4 patients had systemic disease progression
during the study. Median time to systemic PFS has not
been reached (95% CI, 1.6; not reached) with 6- and 12-
month rates of 63% and 51%, respectively (Fig. E2). At
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time of systemic progression, one triple negative patient
started taxol, one HR+/HER2— patient stated abemaci-
clib, and another HR+/HER2— patient started eribulin
while continuing nivolumab for continued intracranial
control. One patient had passed away at the time of this
analysis. Median OS has not been reached (95% CI, 6.8;
not reached) with a 12-month OS rate 89%. Individual
patient responses are detailed in Figure 2.

Discussion

In this analysis of a prospective phase 1b study of ste-
reotactic radiation and nivolumab in the management of
breast cancer brain metastases, we note several findings.
First, study therapy was well tolerated with no cases of
radionecrosis noted to date. Second, several patients were
noted to have continued intracranial responses at the time
of this analysis with the majority amenable to additional
local therapy at the time of intracranial failure. Several
patients remain on study therapy with responses continu-
ing to be assessed.

Trials have demonstrated significant response in the
treatment of brain metastasis with immune checkpoint
inhibition in the setting of melanoma and NSCLC brain
metastases.”” CheckMate 204 revealed an intracranial
efficacy of 57% with receipt of nivolumab and ipilimu-
mab in the management of melanoma brain metastases.’
Goldberg et al reported an approximate 30% response
rate with pembrolizumab in NSCLC brain metastases
with PD-L1 expression of >1%." Stereotactic radiation is
standard of care in the management of localized brain
metastases.”’ In addition, there has been significant inter-
est in combining radiation therapy with immune check-
point inhibition due to an immune priming effect noted in
preclinical studies from radiation therapy upregulating
PD-L1'*'"® and enhanced tumor reduction with data sug-
gesting clinical improvement including in the setting of
brain metastases.”>>° Given this data, as well as the
evolving role of immunotherapy in the management of
breast cancer,””'" the present study was undertaken in
patients with breast cancer brain metastases.

Radionecrosis can be one of the most problematic side
effects after receipt of stereotactic radiation. There have
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been a number of mechanisms proposed for radiation
necrosis including vascular injury and hypoxia, injury to
oligodendrocytes, and chronic inflammation in response
to these injuries.”’ Evaluating pathology in the Radiation
Therapy Oncology Group 9005 study revealed radiation
necrosis to occur at rates of 8% and 11% at 12 and 24
months, respectively, after single fraction radiosurgery.'®
T-cell activation with checkpoint inhibitors might be
expected to increase the risk of radiation injury.”® The
administration of immune checkpoint inhibitors with ste-
reotactic radiation in brain metastases of melanoma,
NSCLC, and renal cell carcinoma origin has been
reported to potentially increase the risk of radionecro-
sis.”” These risks might be higher with ipilimumab as the
study from Martin et al revealed an increased risk of
symptomatic radiation necrosis in melanoma brain
metastases treated with ipilimumab but not a statistically
significant increase with anti-PD-1 inhibition.”” A small
phase 1 study of whole brain radiation therapy or SRS
with ipilimumab as well as retrospective reports of
immune checkpoint inhibitors with stereotactic radiation
have reported adequate safety profiles without an
increased risk of radionecrosis.”****"-*!

In our study, we have noted no cases of radionecrosis
to date. This is the first prospective evidence that stereo-
tactic radiation combined with anti-PD-1 therapy does
not increase the risk of radionecrosis. Radiation necrosis
occasionally requires surgical intervention for symptom
control or histologic confirmation to distinguish necrosis
from tumor regrowth.32 In our study, both lesions with
MRI features consistent with tumor regrowth underwent
surgical resection with pathology confirming tumor pro-
gression and not radionecrosis. This further confirms
our safety findings. At this time, there are ongoing pro-
spective trials examining atezolizumab and stereotactic
radiation in triple negative breast brain metastases
(NCTO03483012), pembrolizumab and SRS for brain
metastases in multiple histologies (NCT02886585), and
pembrolizumab with SRS (NCT03449238) in breast
brain metastases. As we await the results of these studies
to confirm our findings in breast cancer brain metastases
management, our data does show safety and feasibility of
this concurrent treatment approach.

Several HER2 tyrosine kinase inhibitors have shown
efficacy in the management of HER2+ brain
metastases.” > In the recently reported HER2CLIMB
study, the intracranial response rate was 47.3% in the
tucatinib arm versus 20% in the control arm, among 75
patients with active brain metastases.” However, systemic
treatment options remain limited for patients with triple
negative brain metastases and HR+/HER2— brain metas-
tases. The majority of patients (50%) in this trial were tri-
ple negative followed by HR+/HER2— (33%). Median
DIC on study therapy is 9.3 months with the majority of
patients amenable to additional local therapy at the time
of intracranial failure. Given the lack of systemic

intracranial treatment options and the defined role of
immune checkpoint inhibitors for systemic management
in triple negative patients,” the current regimen may be
particularly beneficial for these patients.

Although the study has strengths with regards to its
prospective nature and protocol defined therapy, there are
several limitations. These include its small sample size of
various breast subtypes conducted at a single center, het-
erogeneity in patients, receipt of prior intracranial radia-
tion therapy, and its follow-up of 9.6 months.

Conclusions

In summary, although limited follow-up in our small
cohort, the data reveals the combination of stereotactic
radiation with nivolumab to be safe and well tolerated in
breast cancer brain metastases. No cases of radionecrosis
have been noted to date. Further evaluation in phase 2
studies is warranted.

Supplementary materials

Supplementary material associated with this article
can be found in the online version at doi:10.1016/j.
adro.2021.100798.
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