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Abstract: It is estimated that approximately one-third of patients with triple-negative breast
cancer (TNBC) will develop brain metastases. The prognosis for patients with breast cancer
brain metastasis has improved in the recent past, especially for hormone receptor and human
epidermal growth factor receptor 2 (HER) positive subtypes. However, the overall survival
rate for patients with triple-negative subtype remains poor. The development of newer
treatment options, including antibody-drug conjugates such as Sacituzumab govitecan, is
particularly encouraging. This article reviews the clinical outcomes, challenges, and current
approach to the treatment of brain metastasis in TNBC. We have also briefly discussed newer
treatment options and ongoing clinical trials. The development of brain metastasis signifi-
cantly decreases the quality of life of patients with TNBC, and newer treatment strategies
and therapeutics are the need of the hour for this disease subgroup.
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Introduction

Incidence of Female Breast Cancer

Breast cancer is the most common cancer in the United States (US), with estimated
284,200 new cases expected in 2021, accounting for 14.8% of newly diagnosed
cancer cases in the US There will be 43,600 deaths attributable to breast cancer,
accounting for 7.2% of all cancer-related deaths.' Triple-Negative Breast Cancer
(TNBC) accounts for about 15% to 20% of breast cancers diagnosed worldwide.
They are most commonly seen in younger women and older African American
women.” > When diagnosed, they are more likely to have lymph node involvement
and are aggressive tumors with a higher relapse rate and a poor prognosis. A study
by Lin et al reported the greatest risk of death in the first 2 years after initial
diagnosis.® The overall 5-year survival rate of TNBC is around 74.5-77%."'°

CNS (Central Nervous System) Metastasis

Comparison of the Subgroups
Metastatic dissemination differs among the various subtypes of breast cancer,
a higher incidence of brain metastasis is seen in TNBC and Human Epidermal
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Growth Factor Receptor 2 (HER 2)-positive breast cancer,
whereas metastasis to the lungs and bones is more com-
mon in Luminal subtypes.'"'?

The incidence of brain metastasis (BM) in TNBC is
approximately 25-46%, a similar incidence was found in
Metastatic Her2 positive breast cancer (11-48%), a lower
incidence of BM was noted in Luminal A (8-15%) and
B (11%)."%7'® Thus, the risk of developing brain metastasis
is 2-5 times higher in Her2 positive and TNBC
cancers.'"'® With the advancement in breast cancer treat-
ments in metastatic space, the number of patients devel-
oping brain metastasis appears to be increasing. A recent
meta-analysis showed that approximately one-third of
those with TNBC will
metastasis.'® A systematic review by Koniali et al identi-

eventually develop brain

fied younger age, hormonal and Her-2 receptor status,
higher tumor stage and size, higher histological grade,
high Ki67 labeling index as independent risk factors for
Breast Cancer Brain Metastasis (BCBM).%° Symptoms are
variable and can be nausea, headaches, personality
changes, seizures, paralysis, and cognitive impairment.*!

Prognosis of TNBC with BM

It is important to be able to predict the patient’s prognosis
to customize treatment options as several factors can
impact the response. The Karnofsky Performance Status
(KPS) scale has been identified as a reliable prognostic
tool with longer survival noted in patients with a KPS >
70.2272* One such tool is the Diagnosis-Specific Graded
Prognostic Assessment (DS-GPA) tool that has been used
to predict median survival in patients with brain metas-
tases from various primary sites such as lung, breast,
melanoma, gastrointestinal, and renal cell carcinoma.”
The prognostic criteria can be different for each tumor
subtype.

Modified breast graded prognostic assessment is used
as a prognostic index tailored for patients with BM from
breast cancer. It comprises KPS scale, breast cancer sub-
type, age of the patient (<50 years or >50 years), and the
number of brain metastases (1 to 3 or >3). By integrating
four independent patient variables, it has been shown to
predict the prognosis of BM related to breast cancer. It,
therefore, allows for identifying patients that can withstand
treatment.”® Brain metastasis significantly impacts the
quality of life and can have a mortality rate as high as
80% within 1 year.>”*® Treatment options for small soli-
tary BM are curative with surgical resection and/or radio-
therapy. However, treatment for large or multiple BM is

palliative.'®> The prognosis of patients with BM from
breast cancer has improved over the past 20 years.”
However, the current overall survival rate in TNBC
remains low at 4.4—4.9 months, whereas the overall survi-
val in patients with Luminal and Her2 positive breast

7.1-18.9 months 13.1-16.5 months,
13,30-32

cancer, and

respectively.

CNS Screening for the Detection of

Brain Metastasis (BM)
NCCN  (National
Network) guidelines do not recommend screening for

Current Comprehensive  Cancer
brain metastasis due to a lack of clinical benefit. Dana-
Farber Cancer Institute trial (NCT04030507) will look
into this question and has divided that patient into four
cohorts, out of which one cohort is TNBC, who will be
undergoing screening by Magnetic Resonance Imaging
(MRI).** Another trial includes TNBC and HER?2 positive
patients in which MRI screening will be done in three
instances - initial diagnosis and change of treatment after
the first line and second line.** Finally, we present
a SYMPToM trial with 50 women with TNBC or HER-2
positive breast cancer randomized to either clinical sur-
veillance or MRI screening every 4 months.*> All of these
trials will help us in answering the question of routine
CNS screening for advanced TNBC patients and potential
benefits for initiating early local treatment and reduction
of WBRT.>*’

Treatment of Triple-Negative CNS

Metastasis
The treatment of brain metastases can be categorized as
loco-regional treatments and systemic therapies.

Loco-Regional Treatment

When systemic treatment options are available to the
patient, loco-regional treatments provide survival benefit
and improvement in quality of life.*** Loco-regional
treatments can be broadly categorized into surgical and
radiation therapies.

Surgical Resection

Surgical treatment can be a particularly beneficial treat-
ment option if the systemic disease is well controlled and
the brain lesions are symptomatic and <3. Surgical resec-
tion can relieve intracranial hypertension, improve symp-
toms, and provide tissue to perform histological and
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molecular analysis. However, surgical options may be
limited by the location of the lesion.*” Surgery alone
may be inadequate for local control and is usually fol-
lowed by radiotherapy.*

A randomized control trial by Patchell et al assigned 48
patients with single brain lesion from different primaries to
surgical removal followed by whole-brain radiation ther-
apy (WBRT) or needle biopsy and WBRT. The study
reported an overall length of survival to be 40 weeks in
the surgical plus WBRT group compared to 15 weeks in
the biopsy plus radiation group. The recurrence rate was
also lower in the surgical group as compared to the radia-
tion group (20% vs 52%). The study also reported a more
extended period of functionality in the surgical plus
WBRT group (38 weeks) as compared to the biopsy plus
radiation group (8 weeks).*'

A similar study by Vecht et al assigned 63 patients with
single brain metastasis from various systemic cancers to
surgery plus WBRT and WBRT alone and found an overall
survival of 12 months vs 7 months in the surgery plus
WBRT and WBRT alone groups, respectively.*” Other
non-randomized studies have confirmed the benefit of
adding surgery to radiation in a patient with solitary

metastasis in patients with stable extracranial disease.**°

Stereotactic Radiosurgery (SRS) and
Whole-Brain Radiation Therapy (VWBRT)

Stereotactic radiosurgery (SRS) or whole-brain radiation
therapy (WBRT) can be used in addition or as an alter-
native to surgery. SRS is a minimally invasive ablative
treatment option and is preferred over surgery for patients
with small asymptomatic lesions that do not require sur-
gery or lesions that are not surgically accessible.*®

A retrospective study looked at 122 patients who
underwent SRS for management of BM in different sub-
types of breast cancer. The median number of lesions at
the start of the treatment was 3. 21% of the patient were
TNBC, 31% were ER+HER2—- 23% were ER+HER2+,
and 18% were ER—HER2+, and the median overall survi-
val was found to be 7, 16, 26, and 23 months, respectively.
Patients with TNBC had the shortest time to retreatment
and the poorest survival. This shows that the benefit of
SRS may not provide adequate control of BM, showing
the need for developing more effective treatments.*’

Another recent retrospective study from Johns Hopkins
looked at the question of WBRT benefits in TNBC with
BM specifically. Out of 85 patients who met the inclusion

criteria, 25% had TNBC. 95% of patients received SRS,
and 48% received WBRT. A Cox proportional hazard
model showed that WBRT has no survival benefit in
patients with TNBC (HR (Hormone Receptor) 1.48; 95%
CI (Configuration Item) 0.47-4.67; p = 0.50). Another
important finding from the study was that the average
number of new brain metastasis from the time of initial
brain imaging to radiation was 0.76 in non-TNBC patients
when compared with 2.6 in TNBC patients, showing the
extremely aggressive nature of TNBC.”® These findings
agree with earlier studies, which showed a lack of survival
benefit.’! Furthermore, WBRT is associated with toxici-
ties, including a negative effect on health-related quality of
life*” and neurocognition (learning and memory).**

The NCCTG NO0574 trial looked at the benefit of add-
ing WBRT to SRS on cognition of patients with 1-3 brain
metastases and found that there were higher rates of cog-
nitive deterioration after WBRT even though there was
better intracranial control.*’ The rationale for using SRS
alone without WBRT is further supported by the fact that
studies have not shown survival benefit in this setting.

Another Phase 3 clinical trial, NCCTG N107C/CEC.3,
compared post-operative SRS with WBRT in patients after
surgical resection of single brain metastases of less than
5 cm from all non-CNS brain metastasis. The study
reported longer cognitive deterioration-free survival in
patients receiving SRS compared to WBRT (3.7 months
vs 3 months) and found no statistically significant differ-
ence in the overall survival between the groups.

Although advances in the field allow the use of SRS in
up to 10 lesions in the brain,”'>> WBRT is still considered
a standard in patients with more than 4 lesions. Thus,
formulating strategies to avoid cognitive toxicity is
a priority, especially in this population.>®

Hippocampal avoidance seems to be an effective strat-
egy in addressing the issue of cognitive toxicity in WBRT.
Phase III Trial NRG Oncology CC001 randomized patients
to HA-WBRT plus memantine or WBRT plus memantine
and found that for HA-WBRT cohort had better outcomes in
terms of cognitive function and patient-reported symptoms
with no difference in intracranial progression-free survival
(PFS) or 0S.>* (HIPPORAD) — a Phase II prospective
randomized multicenter trial is currently evaluating patients
with at least four brain metastases of solid tumors (at least
one, but not exceeding 10 metastases >5 mm) and compared
the effect on neurocognition. Patients are randomized to two
arms- HA (hippocampus avoidance)-WBRT+SIB (simulta-
neous integrated boost), and WBRT+SIB.>> A Phase 3
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clinical trial is currently underway comparing SRS to HA-
WBRT plus memantine in patients with 5 or more brain
metastases (with the largest metastasis measuring < 2.5cm)
in patients with a non-hematopoietic malignancy.”® The
study is due to be completed by June 2023.

Thus, SRS is preferred over WBRT for patients after
surgery or for other non-resected brain metastases if the
tumor volume is low (typically less than 4). It provides
superior local control and lesser cognitive decline.**>” For
large volume tumors, WBRT with hippocampal sparing
offers a better prognosis.>*

Systemic Therapy
The development of drug therapies has also been hindered
by the immediate referral of radiation therapy upon diag-
nosis, and hence the disease is more refractory when
attempting systemic therapy.*®

Patients with well-controlled extracranial can develop
brain metastasis, and the lack of response of brain metas-
tases to systemic therapy may be due to genetic divergence
between primary and metastatic lesions.>®

Systemic therapy is used for extensive intracranial dis-
ease and is based on the choice of agents against the
primary tumor.*® Based on retrospective analysis, it is
noted that the survival of patients with BM has improved
due to advances in systemic therapies and better control of
extracranial and intracranial disease for most subtypes of
breast cancer except for TNBC.>*®® The current systemic
chemotherapy for TNBC with BM is limited to etoposide,
cisplatin, and /or high dose methotrexate with an uncertain
treatment efficacy.®* °®

The Overall Risk Reduction (ORR) for cisplatin and
etoposide combination in the brain is around 38%,%
whereas for temozolomide and cisplatin was around 40%
in patients with solid tumors.”?

Chemotherapy
Single-agent use of capecitabine in CNS metastases from
BC (Breast Cancer) was looked at retrospectively from
MSKCC (Memorial Sloan Kettering Cancer Center). Out
of seven patients, four had brain metastases alone, with the
rest having leptomeningeal disease with or without brain
metastasis. Three patients showed complete response, and
three showed stable disease.”> Most of the data for cape-
citabine is from case reports.”” Capecitabine in combina-
tion with temozolomide had a response rate of 18%."°
The Response rates were noted to be 52% for patients
receiving Cytoxan (cyclophosphamide) (C), 5-fluorouracil

(F) and prednisone (P), 43% for methotrexate (M) and
vincristine (V) and prednisone combination therapy, and
54% for the CFP-MV combination therapy and 16% for
patients receiving Cytoxan and Adriamycin (CA)
therapy.”'

Eribulin is a microtubule inhibitor, and its anti-
replicating properties were studied in-vitro in the breast.
A prospective phase II single-arm study looked at 12-week
CNS PFS in patients with MBC (Metastatic Breast
Cancer) and CNS metastasis. Out of the nine patients
enrolled (1 TNBC), four patients achieved stable disease,
and one patient had a partial response.”* There are also
case reports showing the benefit of combining WBRT and
Eribulin, and it is speculated that WBRT facilitates and
enhances the passage of Eribulin across the blood—brain
barrier by inhibiting the activity of P-glycoprotein, an
efflux drug transporter protein found in the endothelial
cells of the blood—brain barrier.”>"’

Combination chemotherapy with cisplatin plus gemci-
tabine was evaluated in 18 patients with brain metastasis
from all breast cancer subtypes by Erten et al. The regimen
was given as a first-line agent in 15 patients, second-line in
two patients, and third line in one patient. The study
reported an overall response rate of 66.6% in BM from
TNBC and a median PFS of 7.4 months (95% CI, 2.4-12.3
months) in patients with BM from TNBC and a median
PFS of 9.2 months (5.2-13.2 months, 95% CI) in patients
with BM from TNBC who received the regimen as first-

line therapy.””

Poly-ADP-Ribose-Polymerase
(PARP) Inhibitors

PARP inhibitors re-sensitize cancer cells to DNA (deox-

yribonucleic acid) Damage and repair rely on
BRCA-pathway-dependent homologous recombination
mechanisms, and approximately 20% of the patients
with TNBC have BRCA1/2 mutations.”®*®° A Post hoc
analysis of the OlympiAD study showed that 18/205
patients randomized to the Olaparib arm and 8/97 in
the physician choice treatment arm had brain metastasis.
Although the study was not powered to detect differ-
ences in treatment effect, the benefit for Olaparib
appeared to be continued to all the subgroups, including
CNS metastasis (ORR 64.7 vs 20%) when compared
with the standard arm.®*' In the EMBRACA trial for
Talazoparib, although CNS metastases were eligible,

they had to have completed definitive local treatment
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and have stable lesions on repeat brain imaging.®
Currently, both Olaparib and Talazoparib are approved
by FDA (Food and Drug Administration) in germline
BRCA-mutated, HER2-negative locally advanced or
metastatic breast cancer.®*® A Multicenter Phase II
trial of irinotecan-iniparib evaluated patients with pro-
gressive BM in TNBC patients and found a 30% intra-
cranial clinical benefit rate and overall survival and PFS
of 2.1 months and 8 months, respectively.®

Veliparib is another PARP inhibitor that is brain perme-
able and was evaluated in phase II clinical trial comparing
cisplatin with or without Veliparib in patients with recur-
rent or metastatic TNBC with or without brain metastasis.
For patients with germline BRCA (BReast CAncer) muta-
tions, the PFS and overall survival were not significantly
improved; however, the patients who were BRCA-like in
biomarker analysis showed improvement from 4.2 months
to 5.9 months and overall survival improved from 12 to 14
months.*® We are awaiting a detailed study of patients with
brain metastasis.”®

Immunothrerapy

There has been rapid advancement in the use of Immune
Checkpoint Inhibitors (ICIs) in breast cancer, especially
TNBC. IMPASSION-130 trial showed a benefit of
Atezolizumab (in combination with nab-paclitaxel) for
the treatment of TNBC. However, in subgroup analysis,
there was no PFS benefit for BM patients. This could be
from the fact that the population with BM was small in the
study (6.3% of the population had BM).”’

Another immunotherapy trial, the KEYNOTE-355
trial, showed that pembrolizumab plus chemotherapy
improved PFS in PDL1 (Programmed death-ligand 1)
positive (CPS>10) advanced or TNBC.
However, it is to be noted that the trial did not exclude

metastatic

patients with BM if they were treated and stable (active
central nervous system metastases or carcinomatous
meningitis were excluded).3% of patients in both the treat-
ment and control arm had stable BM.*

Some other phase 3 immunotherapy trials, such as
IMPASSION 131 (NCT03125902) and KEYNOTE-119,
have excluded active BM.5'2

Antibody-Drug Conjugate (ADC)

Sacituzumab Govitecan (SG) is a novel antibody—drug
conjugate that has an anti-trop-2 monoclonal antibody
conjugated to SN-38. Phase III ASCENT trial had
shown improvements in PFS and overall survival in

patients who had received at least two chemotherapy
regimens for advanced disease.®> A subgroup analysis
of patients with stable BM from the phase III ASCENT
study showed that SG was numerically better than
treatment of physician’s choice (TPC) for tumor
response and PFS but not overall survival. A single-
center non-randomized Phase 0 study is currently
underway where SG is given preoperatively followed
by craniotomy with surgery or biopsy of brain tumors
(GBM (Glioblastoma Multiforme) and metastatic brain
tumors from Breast) (NCT03995706). This study was
preceded by a window of opportunity trial examining
the intratumoral concentrations of Sacituzumab
Govitecan (SG), SN-38, SN-38G. The results from the
trial showed SG achieves therapeutically relevant con-
centrations of SN-38 at 150-fold mean IC50s for
BCBM.”* This also led to a SWOG study that has
started enrolling patients with a primary objective of
evaluating the intracranial objective response rate in
patients with brain metastasis from HER2-negative
Other ADC:s,
Trastuzumab Deruxtecan-nxki, need further studies to

breast cancer.’’ such as Fam-

evaluate efficacy in this treatment space.

Anti-Angiogenic Agents

To date, prospective studies have not revealed the impact
of incorporating angiogenic inhibitor therapy on the over-
all survival of women with TNBC.** Studies on
Bevacizumab have shown an improvement in progression-
free survival but have not demonstrated an impact on the
overall survival of the patients.**®' A Phase 2 trial of
carboplatin and Bevacizumab had shown a CNS ORR of
63%, although out of the total of 38 patients, only 9 were
HER2 negative.”® Similarly, Lu et al had shown in
a single-arm phase 2 study, the effectiveness of bevacizu-
mab preconditioning followed by etoposide and cisplatin
in BMBC in patients progressing from whole-brain radio-
therapy. In this case, only 6 out of 35 BMBC patients were
TNBC.”

ANG1005 (paclitaxel trevatide) is a novel taxane deri-
vative designed to cross the BBB and the BTB to enter the
malignant cell through a lipoprotein receptor-related pro-
tein 1 transport system.>” A phase II trial with all subtypes
of breast cancer patients with leptomeningeal disease and/
or recurrent brain metastases revealed 77% intracranial
benefit. The BM-TNBC subgroup had a clinical benefit
ratio of 46%.%’
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Oligometastatic Brain Metastasis

This is a very distinct group of TNBC for whom, after
treatment with local therapy, we do not have much data
to guide the treatment. Some approaches used are to
observe, and some advocate for treatment with agents
that blood—brain
randomized study from Korea had 112 breast cancer

penetrate the barrier. A non-
patients with brain metastasis (19% were isolated brain
lesions). Out of this, 55% received systemic chemother-
apy after some sort of local treatment (13% percent did
not receive the local treatment) and showed benefit.”* It
is important to note that majority of them had extracra-

nial disease.

Challenges for Effective Treatments
of BCBM

The challenge in using systemic treatments of TNBC for
BM is due to the blood-brain barrier (BBB), preventing
drugs and toxins from reaching the brain.”>®” The blood-
brain barrier has multiple drug uptake and efflux mechan-
isms along with transporter proteins such as
P-glycoprotein (ABCBI1/MDR1) and ABCG2, which
impacts the pharmacokinetics of systemic therapies by
passive diffusion, active transport, and endocytosis.*®
The passage of a drug through the BBB depends on the
qualities such as polarity, charge, lipophilicity, molecular
size, and hydrogen bonding.** Animal knock-out models
have also shown active efflux of anti-cancer drugs such as
paclitaxel, doxorubicin lapatinib, and other tyrosine kinase
inhibitors by the multidrug transporters ABCB1 and
ABCB2.* ! A study by Pardrigde et al reported the
drug molecule needs to be lipid-soluble and under 400—
500 Da size to cross the BBB.”

The BBB at the tumor site has been speculated to have
altered permeability at the tumor site, and this tumor-
capillary bed has been described as the blood tumor barrier
(BTB).”” BTB is surrounded by a neuroinflammatory
response, which impairs the transporter channel expression
and function.”>* These changes significantly impact the
drug bioavailability and efficacy in the brain.”

BM from TNBC occurs earlier and is often associated
with an aggressive extracranial disease, leading to worse
outcomes as compared to other types of breast cancer.
Though attempts are made to identify biomarkers for
CNS metastases of TNBC, there still remains a deficit in

these patients.'*°

Ongoing Clinical Trials and Future

Prospects

Table 1 summarizes the various clinical trials currently
underway, including details about treatment type, treat-
ment targets, phase of clinical trial and treatment and
control arms (if applicable), clinical trial.gov ID.

Other Future Prospective
Future developments in breast cancer will likely be based
individualized

on multi-professional  collaborations,

patient-centered approach, and treatments targeting the
initial tumors in the breast to prevent metastasis.'®'
Several advances are in early phases of development,
serving as new avenues in cancer care; however, their
application in the management of TNBC is yet to be
determined. Circulating tumor DNA (ctDNA) is secreted
by tumor cells into the blood.'”* Detection of ctDNA in
plasma is currently being considered as a potent alternative
to solid tumor biopsies.'®> There are also several studies
underway utilizing ctDNA as a tool for diagnosis, predic-
tion, and prognosis of several malignancies.'® Studies
have linked inferior distant disease-free survival to
patients who had detectable ctDNA after neoadjuvant che-
motherapy and were predictive of breast cancer recur-
rence. Further studies are required to adopt this into the
mainstream practice, but the data so far has been
promising.' %1%

Multi-omics is the integration of Genomics (mapping
of human genes and their interactions), transcriptomics
(study of an organism’s RNA transcripts), proteomics
(study of proteins) and metabolomics (the study of pro-
ducts of cell metabolism), epigenomics (study of changes
in DNA and histone proteins), microbiomes (study of
microbiota within the human tissues), system-biological
approach, and multivariable algorithms for diagnosis,
prognosis, and therapeutic purposes.'®” The multi-omic
approach integrated with machine learning has been stu-
died as a tool to identify molecular signatures specific to
premenopausal breast cancer women and was capable of
stratifying patients into high and low breast cancer risk
groups. Such an approach is important to predict, prevent,
and personalize medicine to the individual.'”®® The
Multiomics approach can hence help discover unique
molecular signatures of the TNBC subtype and develop
targeted prevention and treatment tailored to the patient in

the near future.'”
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Table | Current Clinical Trials Involving Patients with Triple-Negative Breast Cancer with Brain Metastasis

Treatment/ Phase/Arms/ Intervention Control Arm/ Clinical Comments
Target Centers Other Arms Trials.Gov ID
Radiation therapy Phase IlI, Prophylactic cranial irradiation Observation NCT02448576
Randomized, Multi-
arm Multicenter
Radiation therapy Phase |, Single-arm, Stereotactic Body Radiation Therapy None NCT03151447
Single-center +JS001
Chemotherapy Phase I, Prospective, | Cisplatin+ Placebo Cisplatin NCT02595905
Multi-arm, +Veliparib
Multicenter; Multi-
cohort
Topoisomerase Phase |, single-arm, MM-398 (Nanoliposomal Irinotecan) None NCTO01770353 | Includes brain metastasis from Colorectal cancer, TNBC, ER/PR
I inhibitors Multiphase, Multi- positive breast cancer, non-small cell lung cancer, pancreatic cancer,
center; multi-cohort ovarian cancer, gastric cancer, gastroesophageal junction
adenocarcinoma, head, and neck cancers.
PDLI Phase I/Phase I, Bintrafusp Alfat+ Pimasertib None NCTO04789668 | Includes brain metastasis from Melanoma, hematopoietic and lymphoid
prospective, Single- cell neoplasm, HR+ breast adenocarcinoma
Arm, Single Center
PDLI Phase I, Prospective, Nivolumab+Ipilimumab None NCT04434560
Single arm, Single
Center
PD-LI Phase II, Single arm, Atezolizumab + Stereotactic radiation | None NCTO03483012
Single center
Multivalent Phase I/Phase I, Galinpepimut-S+Pembrolizumab (4 None NCTO03761914
heteroclitic peptide prospective, Single- arms evaluating brain metastases from
immunotherapeutic Arm, Single Center different cancers)
vaccine
Dendritic Cell Phase lla, Single-arm, Anti-HER2/HER3 Dendritic cell None NCT04348747
Vaccine/Anti-HER 2/ | Single-center vaccine + Celecoxib+ Pembrolizumab
Anti-HER 3 + Recombinant Interferon Alfa-2b

(Continued)
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Table | (Continued).

Treatment/ Phase/Arms/ Intervention Control Arm/ Clinical Comments
Target Centers Other Arms Trials.Gov ID
Humanized 1gG4 Phase Il, Prospective, | SHR-1316+Bevacizumab+cisplatin/ Pyrotinib NCT04303988

monoclonal antibody

Single-arm, Single-

carboplatin

+Temzolomide in

center, Multi cohort HR+/HER2+
patients
Antibody-drug Phase I, Prospective, | Sacituzumab Govitecan None NCT04647916
conjugate Single-arm, Single-
center, Single cohort.
Antibody-drug Early Phase-|, Single- Sacituzumab Govitecan None NCT03995706 | Includes breast cancer patients with known or suspected parenchymal
conjugate arm, Single-center, metastases and patients with recurrent glioblastoma that has
multi-cohort progressed after radiation and temozolomide.
Antibody-drug Phase llI, Sacituzumab Govitecan Eribulin + NCT02574455

conjugate

Randomized, Multi-

arm Multicenter

Capecitabine +
Gemcitabine+

Vinorelbine

¥1:720T Adeaay] pue s1a8ue| :4adueD) IsEAIg

Notes: JS00! (anti-PD-LI antibody), SHR-1316 (anti-PD-LI antibody).

Abbreviations: PDL-1, Programmed death-ligand |; Anti-HER 2, Anti-human epidermal growth factor receptor 2; Anti-HER 3, Anti-human epidermal growth factor receptor 3; IgG4, Immunoglobulin G4; E.R., Estrogen Receptor; PR,
Progesterone Receptor; HR+, Hormone Receptor positive.
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Conclusion

Metastatic breast cancer is the second most common cancer
after metastatic lung cancer to be associated with brain metas-
tases in the US."° In recent years, there has been a significant
advancement in treatment and surveillance options for various
cancers leading to longer overall survival. The incidence of
brain metastases appears to be increasing, with one meta-
analysis suggesting that approximately one-third of patients
with human epidermal growth factor receptor 2 (HER2)-
positive, one-third of those with triple-negative, and 15% of
those with hormone receptor-positive, HER2-negative meta-
static breast cancer will develop brain metastases.'” Brain
metastasis from triple-negative breast cancer has been largely
unexplored as patients have been actively excluded from most
clinical trials in the past. There are also currently no defined
guidelines for surveillance of brain metastases, and the
demands in this area remain unmet. The prognosis of BM
from TNBC is lower as compared to metastasis from other
subtypes of breast cancer. A multi-disciplinary team approach
with a combination of various therapies is needed to achieve
better results. The advances and innovations using multi-
omics-based machine learning and ctDNA can help detect
and develop therapies targeted at TNBC BM. Brain metastasis
is still a challenging and uncharted territory. There is still
a need for extensive research and encouragement to include
more patients with brain metastases in clinical trials.
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