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Abstract: The management of human epidermal growth factor receptor (HER2)-positive
breast cancer has improved over the past decade. However, despite improvements in systemic
control, a substantial proportion of patients with advanced HER2-positive breast cancer suffer
from central nervous system metastases and even intracranial progression after aggressive
local treatment. There is paucity of data and no consensus on the systemic therapies for
patients with intracranial progression. This review discusses both local and systemic
treatments for HER2-positive breast cancer with brain metastases with a special focus on

the response of central nervous system metastases. A recommended practical treatment
algorithm to guide physicians in selecting the most appropriate anti-HER2 therapy for their

patients is suggested.
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Introduction

Metastatic brain tumours are the most common
central nervous system (CNS) neoplasm in adults
and metastatic breast cancer is the second most
common cancer associated with brain involve-
ment. The incidence of brain metastases ranges
from 10% to 30% in patients with metastatic
breast cancer.l> Major risk factors for brain
metastases in patients with breast cancer include
young age (<40years old), active extra cranial dis-
ease, triple-negative and human epidermal growth
factor receptor (HER2)-positive subtypes, pres-
ence of germline BRCAI1/BRCA2 mutation,
higher presenting stage, histological grade and
Ki67 labelling index.*7 Compared to other sub-
types, HER2-positive breast cancer has a much
higher incidence of brain metastases (up to 50%
of autopsy cases) as around 10% of brain metasta-
ses are asymptomatic and are not diagnosed before
death.8° Nearly half of patients with advanced
HER2-positive breast cancer die from CNS pro-
gression.!? There are several factors attributed to
the high risk of brain metastases in HER2-positive

breast cancer, including the remarkable survival
gain after patients receiving anti-HER?2 therapies,
allowing more time for brain relapse, the limited
intracranial activity of the anti-HER2 therapies,
and the propensity of HER2-positive breast can-
cer to spread to the brain.!1:12

The current standard of care for brain metastases
includes surgical resection, whole-brain radiother-
apy (WBRT) and stereotactic radiosurgery (SRS).13-
15 For systemic treatment of brain metastases, it is
recommended to follow the advanced breast cancer
treatment algorithms in cases with extracranial pro-
gression. On the other hand, for patients developing
brain metastases with stable extracranial disease,
both  European Society of Medical Oncology
(ESMO) International Consensus Guidelines for
Advanced Breast Cancer (ABC) and the National
Comprehensive Cancer Network (NCCN) guide-
lines recommend no switching of systemic therapy
after local treatment.!%!7 Unlike other breast cancer
subtypes, which often have brain metastases devel-
oped together with extracranial disease progression,
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patients with HER2-positive breast cancer can
develop brain metastases with stable extracranial dis-
ease. A substantial proportion of patients also suffer
from intracranial progression even after aggressive
local therapies such as radiotherapy and surgical
excision, while their extracranial diseases are stable.
The reason for the intracranial progression is that
brain metastases from HER2-positive breast cancers
infiltrate brain tissue crossing the endothelial cells
without disrupting the blood-brain barrier (BBB),
subsequently leading to suboptimal doses of anti-
HER2 agents reaching the CNS.!® Nevertheless,
conflicting data also exists. For example, Dijkers
et al. demonstrated uptake of 89Zr-trastuzumab
[trastuzumab labelled with positron emission tomog-
raphy (PET) isotope zirconium-89 (89Zr) for clini-
cal HER2/mneu immunoPET scintigraphy to
determine HER2 expression and localization of
HER2-overexpressing tumour lesions] in HER2-
positive brain metastases.!®

While there is an established standard treatment
pathway for metastatic anti-HER2 breast cancer,
consensus on the systemic therapies for patients
with intracranial progression is lacking. Emerging
evidence shows that some novel anti-HER2
agents can penetrate the BBB and effectively
delay the development of brain metastases.
Nevertheless, there are still unmet needs in sys-
temic therapies for those with developed CNS
metastases. In this review, we discuss both local
and systemic treatments for HER2-positive
breast cancer with brain metastases. The thera-
peutic benefits for CNS control of these anti-
HER?2 agents are focused on. We also provided a
practical treatment algorithm to guide clinicians
on the selection of therapeutic agents for each
individual patient.

Local treatment for HER2-positive brain
metastasis

Local treatment is usually given for HER2-
positive brain metastases before systemic treat-
ment. Local treatment includes steroids, WBRT,
SRS and surgery.20-22 QOptimal management
depends on patient factors (e.g. age, performance
status and comorbidities), tumour factors (e.g.
number, size, location, extracranial control) and
availability of treatment options (e.g. neurosurgi-
cal expertise, stereotactic radiotherapy service).

For patients with single brain metastasis measur-
ing less than 3-4 cm and amenable to gross total
resection, either surgery or radiosurgery can be

considered. Surgery is preferred to radiosurgery
in case biopsies are needed and the brain metasta-
sis is causing a significant mass effect. WBRT/
SRS is usually added after surgery to improve the
intracranial control. Patchell ez al.’s study demon-
strated that postoperative WBRT lowered the
brain recurrence at both the original site (10%
versus 46%, p<<0.001) and distant sites in the
brain (14% wversus 37%, p<<0.01) compared with
surgery alone.2?3 In the European Organization for
Research and Treatment of Cancer 22952-26001
study, postoperative WBRT 30 Gy in 10 fractions
given within 6 weeks of surgery reduced the 2-year
brain relapse rate at both the initial site of surgery
(27% wersus 59%, p<<0.001) and new sites (23%
versus 42%, p=0.008).24 To limit the neurotoxic-
ity associated with WBRT, postoperative SRS to
the surgical bed is now replacing WBRT. Brown
et al. performed a randomised controlled trial
comparing SRS with WBRT for postoperative
resected brain metastases.?> WBRT was associ-
ated with more frequent decline in cognitive func-
tion than SRS (85% wversus 52%, p<<0.00031) but
no significant difference in overall survival (OS).
Similarly, in the Japan Clinical Oncology Group
JCOGO0504) study, surgery followed by SRS
alone had a significantly lower incidence of grade
2—4 neurocognitive function decline (7.7% versus
16.4%, p=0.048) compared with surgery fol-
lowed by WBRT but similar OS.2¢

For patients with multiple brain metastases (all
<4 cm and up to four brain metastases) with good
performance status, radiosurgery with or without
WBRT is recommended. In the RTOG 9508 trial
that examined WBRT + SRS compared with
WBRT alone in patients with 1-3 newly diag-
nosed brain metastases, WBRT + SRS demon-
strated better control of the treated lesions as
compared with WBRT alone (82% versus 71%,
$»=0.01).27 Aoyama’s study showed that
WBRT +SRS had a lower 12-month brain
tumour recurrence rate than the SRS alone arm
(48.6% wversus 76.4%, p<<0.001) but a higher risk
of neurocognitive decline (39% versus 26%,
$»=0.21).28 Cheng et al.’s study also showed that
more patients had a decline in learning and mem-
ory after SRS + WBRT compared with SRS alone
(52% versus 24%).2° The N0574 study re-exam-
ined this question and found consistent results of
adding WBRT to SRS leading to a higher rate of
deterioration of cognitive function (64% wversus
92% at 3 months) as well as the quality of life.3° A
meta-analysis evaluated SRS, WBRT or both for
patients with a limited number of brain
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metastases and confirmed that WBRT improved
local and distant brain control but not OS and it
increased the rates of neurocognitive and func-
tional deterioration.3! Therefore, SRS is now con-
sidered as the standard treatment for limited brain
metastases, together with regular brain imaging
for the early detection of any new brain relapse.

For patients with multiple brain metastases (more
than 4), radiosurgery or WBRT are both reason-
able options depending on the local institutional
policy and resources availability. Radiosurgery
applied to up to 5-10 brain metastases simultane-
ously has been proven safe if the total tumour vol-
ume is low.32 WBRT is usually given if there is
leptomeningeal involvement.?2! The common
doses for WBRT include 30 Gy in 10 fractions or
20 Gy in 5 fractions. Steroids are usually given to
reduce the cerebral oedema.

Options of systemic anti-HERZ agents for CNS
metastases

Different types of anti-HER2 agents were developed
in recent years, including monoclonal antibodies
(trastuzumab, pertuzumab, margetuximab), anti-
body—drug conjugates [trastuzumab emtansine
(T-DM1), trastuzumab deruxtecan (T-DXd)]
and small-molecule tyrosine kinase inhibitors
(lapatinib, neratinib, tucatinib and pyrotinib).
These agents have different molecular sizes and
ability in BBB penetration. Table 1 summarized
the characteristics of different anti-HER2 agents
and the level of evidence on the control of CNS
metastases.

Monoclonal antibodies (trastuzumab, pertuzumab,
margetuximab). Trastuzumab is a recombinant
monoclonal antibody that binds to the extracel-
lular domain IV of HER2, which results in the
downregulation of the PI3K/Akt pathway. It yields
clinical benefits through different mechanisms of
action, including antibody-dependent cell-
mediated cytotoxicity, prevention of HER2 extra-
cellular domain shedding and angiogenesis
inhibition. Trastuzumab has a large molecular
weight (148,531g/mol), limiting its ability to
cross the BBB. The cerebrospinal fluid (CSF)/
serum drug concentration ratio was studied to
predict the likelihood of drug penetration into the
CNS and likelihood of efficacy. A previous study
demonstrated that the trastuzumab level in CSF
was 300-times lower than that in serum, implying
poor penetration of trastuzumab through BBB,

thereby limiting its CNS control.*8 Nevertheless,
animal and clinical studies provided evidences
that brain radiotherapy increased the permeabil-
ity of the BBB, increasing the CSF/serum drug
concentration ratio. Stemmler er al. showed that
the CSF/serum trastuzumab level in patients with
brain metastases prior to any local therapy was
1:420, while the ratio increased to 1:79 after
radiotherapy.® Disruption of the BBB by radio-
therapy might improve the penetration of trastu-
zumab in the CNS and enhance the intracranial
control. In a retrospective study by Chargari ez al.,
concurrent WBRT with trastuzumab could suc-
cessfully control and treat the brain metastases
with an objective response rate (ORR) of 74%
and median OS of 18 months;33 however, there
has been no prospective study to confirm the
CNS control efficacy of trastuzumab.

In light of the poor BBB penetration, intrathecal
administration of trastuzumab may be an effective
treatment option for HER2-positive breast cancer
with brain metastases. A systematic review by
Zagouri et al. that involved 17 patients with HER2-
positive breast cancer with brain metastases on
intrathecal trastuzumab showed that the pooled
CSF response rate (RR) was 66.7% and the median
CNS progression-free survival (PFS) was 7.5
months.5° Intrathecal trastuzumab administration
seems to be feasible and well tolerated but pro-
spective controlled studies are highly desirable.

Pertuzumab is a humanised monoclonal antibody
that binds to the extracellular domain I of HER2.5!
Because pertuzumab and trastuzumab bind to dif-
ferent domains of HER2, they work synergistically,
inhibiting ligand-dependent HER2-HER3 dimeri-
zation and reducing signalling via intracellular
pathways. Its molecular weight is 148,000 g/mol.

In the phase III CLEOPATRA study which com-
pared pertuzumab combined with trastuzumab
and docetaxel (TTPH) with trastuzumab and
docetaxel in treatment-naive patients with
advanced HER2-positive breast cancer, doublet
anti-HER2 agents significantly improved both
PFS (18.5 versus 12.4months, p<0.001) and OS
(57.1 versus 40.8 months, p<0.001).52 In the post
hoc analysis, pertuzumab also delayed the time of
onset of CNS metastasis from 11.9months to
15.0 months.>3 Since patients with baseline brain
metastases were excluded in this study, the effi-
cacy of intracranial control of pertuzumab cannot
be evaluated.
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Esin er al. performed a retrospective study on 317
patients with HER2-positive metastatic breast
cancer using pertuzumab, trastuzumab and tax-
ane-based treatment in the first-line setting. A
total of 13 (4.1%) patients with brain metastases
on presentation attained a median PFS of
16.7 months and median OS of 26.7 months.3* In
another similar retrospective observational study
on first-line TTPH in patients with advanced
HER2-positive breast cancer, PFS was 20 months
[95% confidence interval (CI) 13-27] in the
group of patients with brain metastases at diagno-
sis (21of 264, 8%).%> Although both studies sup-
port the efficacy of TTPH in patients with brain
involvement, they did not specifically report on
the response of the CNS metastases.

Margetuximab is a novel anti-HER2 antibody
that is directed against the same epitope as trastu-
zumab, with Fc engineering that is optimized for
better antibody-dependent cellular cytotoxicity
than trastuzumab. Its molecular weight is
1,459,000g/mol. In the phase III randomised
controlled trial SOPHIA, 536 patients who were
previously treated with pertuzumab and trastu-
zumab were randomised to margetuximab or
trastuzumab with chemotherapy (capecitabine,
eribulin, navelbine or gemcitabine).3¢ The recently
published second interim OS analysis demon-
strated that margetuximab + chemotherapy sig-
nificantly prolonged the median PFS [5.8 wersus
4.9 months, hazard ratio (HR)=0.76; 95% CI:
0.59-0.98, p=0.033] but modestly in OS (median
OS: 23.7 versus 19.4months, HR 0.793; 95% CI
0.607-1.035; p=0.087) compared with trastu-
zumab + chemotherapy. For those who carried
the CD16A-158F allele (85% of the participants),
the median OS was prolonged by 4.3 months
(23.7 versus 19.4months, p=0.087). The effica-
cious data on patients with treated or stable brain
metastases have not yet been presented. We hope
the final report will provide more data on patients
with existing brain metastases.

Antibody-drug conjugates: trastuzumab emtansine
and trastuzumab deruxtecan. Trastuzumab emtan-
sine (T-DM1) is an antibody—drug conjugate com-
posed of the cytotoxic agent emtansine (DM1)
conjugated to trastuzumab ovia a stable linker,
which facilitates intracellular delivery of DMI1 to
HER2-overexpressing tumour cells, resulting in
inhibition of tubulin polymerization and cell
death. The molecular weight of T-DMI1 is
149,000 g/mol, while that of the drug linker

(DM-1) is 737.5 g/mol. Evidences of T-DM1 in
treating brain metastases are mainly from retro-
spective studies.

In the retrospective exploratory analysis of the
phase III EMILIA study, 95 patients with base-
line CNS metastases were randomised to either
T-DM1 or lapatinib-capecitabine (XL).>* The
percentages of patients with CNS progression
were similar for the two regimens, regardless of
any pre-existing baseline CNS metastases. Among
the 95 patients with baseline CNS metastases,
22.2% (10 of 45) in T-DM1 and 16.0% (10 of
45) in the XL arm had CNS progression. The
median OS in patients with CNS metastases at
baseline was longer in the T-DMI1 arm than in
the XL arm (26.8 wversus 12.9 months, HR 0.038,
p»=0.008), while PFS was similar in both arms
(5.9 versus 4.6 months, HR 0.78, 95% CI 0.44—
1.39, p=0.392). The safety profile was not sig-
nificantly different in both arms.

In a multicentre retrospective study in Italy,
which included 53 patients with HER2-positive
brain metastases treated with T-DM1, 3.8% (2
of 53) had complete response, 20.7% (11 of 53)
had partial response and 30.1% (16 of 53) had
stable disease.3” In another multicentre study in
France, which included 39 brain metastases
patients on T-DMI1 with a median follow up of
8.1months, the CNS ORR was 59% (partial
response: 44%, 17 of 39; stable disease: 15%, 6
of 39).38 Overall, 41.0% (16 of 39) had a first
site of disease progression in the CNS and the
CNS PFS was 8.6months (95% CI 5.3-
18.3months). In Bartsch ez al.’s study, which
included 10 patients with HER2-positive brain
metastases on T-DMI1, the overall CNS clinical
benefit rate (CBR) was 50% (3 patients with par-
tial response, 2 patients with stable disease).3®
Despite these encouraging results, data from the
Royal Marsden Hospital were not so promising.
Okines er al. reviewed all patients who received
T-DMI1 in the period of 2011-2016 in Royal
Marsden Hospital.#® Overall, 16 out of 55
patients had baseline CNS involvement and all
had received prior local therapy to the brain
[whole brain (9), stereotactic radiotherapy (6) or
both (1)]. None of these patients had radiologi-
cal responses in the CNS after use of T-DM1. A
total of 56.3% of the patients (9 of 16) had their
first site of progression in the brain and the CNS
PFS was 9.9 months (95% CI 3.9-12.2 months).
With these conflicting results from the
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retrospective studies, prospective studies on
T-DMI1 in controlling brain metastases are
warranted.

Trastuzumab deruxtecan (T-DXd, DS-8201) is a
novel antibody—drug conjugate composed of a
humanised monoclonal antibody specifically tar-
geting HER2, a cleavable tetrapeptide-based
linker, and a cytotoxic topoisomerase I inhibitor
(payload). Compared to T-DM1, T-DXd has a
higher drug-to-antibody ratio (approximately 8
versus 3—4) making it more potent against cancer
cells. It also has a released payload that can easily
cross the cell membrane, which potentially allows
for cytotoxic effect on neighbouring tumour cells
regardless of target expression.’> The molecular
weight of T-DXd is 156,000 g/mol, while that of
drug linker DXd is 1000 g/mol.

In the phase II DESTINY-BreastO1 study, 184
heavily pretreated patients with HER2-positive
breast cancer (median previous treatments
received: 6) received T-DXd. The efficacy of
T-DXd was impressive with RR of 60.9% and
median PFS of 16.4 months.>®* Among 24 patients
with baseline brain metastases, the ORR was 58%
and the median PFS was 18.1months (95% CI
6.4—18.1 months). The CNS ORR and CNS PFS
were not presented in the final report. An impor-
tant adverse event with T-DXd is interstitial lung
disease, with an incidence rate of 13.6% and
causing mortality in four patients. Close monitor-
ing for signs and symptoms of interstitial lung dis-
ease (including fever, cough, or dyspnoea) is
recommended. Other common grade 3 or higher
adverse events include neutropenia (20.7%),
anaemia (8.7%) and nausea (7.6%). Unlike other
HER2-targeted therapies, such as trastuzumab
and pertuzumab, which are associated with a risk
of cardiomyopathy, particularly left ventricular
dysfunction, clinically significant cardiotoxicity
was not observed in T-DXd.

Small-molecule tyrosine kinase inhibitors: lapatinib,
neratinib, tucatinib and pyrotinib. Lapatinib is a
double-acting tyrosine kinase inhibitors (TKI) that
inhibits phosphorylation and activation of the
epthelial growth factor receptor (EGFR) and
HER2 receptors. Lapatinib crosses the BBB
because of its small molecular structure (molecular
weight 581g/mol). In the pivotal phase III ran-
domised controlled trial on advanced HER2-posi-
tive breast cancer previously treated with
anthracycline, taxane and trastuzumab, lapatinib-
capecitabine combination improved the median

PFS from 4.4months to 8.4 months compared with
capecitabine alone.>” Fewer patients in the lapa-
tinib-capecitabine arm had CNS as the first site of
disease progression than those in the capecitabine-
alone arm (2.5% wversus 6.8%, p=0.10). The study
did not report the CNS ORR or CNS PFS.

A meta-analysis that included 12 studies and 799
patients with HER2-positive breast cancer with
brain metastases on lapatinib and capecitabine,
provided good evidence of the two combinations
on brain metastases control. In 9 out of 12 studies
with data of brain metastases response, the pooled
CNS ORR was 21.4% (95% CI 11.7-35.9%),
while the intracranial disease control rate (DCR)
was 65.1% (95% CI 47.1-79.7%). The pooled
median PFS and OS were 4.1 (95% CI 3.1-6.7)
and 11.2 (95% CI 8.9-14.1) months, respec-
tively.4! In the single-arm, phase II, open-label
LANDSCAPE study, which included 44 patients
with HER-2 positive brain metastases without
WBRT, a lapatinib-capecitabine combination
achieved a CNS ORR of 65.9% (partial response:
29 of 44).42 Overall, 84% (35 of 44) had a reduc-
tion in tumour volume from baseline and 20% of
the patients (9 of 44) even had >80% CNS volu-
metric reduction. The median time to documented
response was 1.8 months (range 1.1-5.8 months).
Overall, five patients (11.4%) had CNS progres-
sion and the median time of CNS progression was
5.5 months (range 4.5—6.1 months). Other smaller-
scale phase I and II studies investigating adding
lapatinib to WBRT also showed favourable results
with CNS ORR at around 70-80%.

Neratinib, is a less-selective irreversible TKI, tar-
geting EGFR, HERI1, HER2 and HERA4.
Neratinib also has a lower molecular weight
(557 g/mol). In the phase II Translational Breast
Cancer Research Consortium Study 022, ner-
atinib monotherapy for patients who had CNS
progression after one or more CNS-directed local
therapies including WBRT, SRS or surgical
resection could attain only modest CNS ORR
(n=3 of 40, 8%, 95% CI: 2-22%).58 All the three
responders had previously received lapatinib;
however, in the same study of another cohort,
neratinib-capecitabine combination improved the
CNS ORR to 49% (RANO criteria, 95% CI 32—
66%).43 The percentage with CNS response was
higher in the lapatinib-naive patients than those
exposed to lapatinib before (49% and 33%
respectively). The main concern with neratinib
was grade 3 diarrhoea with an incidence rate
around 30%.
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Studies on neratinib in regard to reducing the
incidence of brain relapse have exhibited contra-
dictory results. In the phase III NEfERT-T study
comparing neratinib-paclitaxel and trastuzumab-
paclitaxel in patients with advanced HER-2 posi-
tive breast cancer, neratinib-paclitaxel was more
effective than trastuzumab-paclitaxel in terms of
CNS recurrence (8.3% wversus 17.3%, HR 0.48,
95% CI 0.29-0.79, p=0.002) and the time to
brain metastases (not reached versus 18.3 months,
HR 0.45, 95% CI 0.26-0.78, p=0.004).5° The
superiority of neratinib in controlling brain dis-
ease was seen in both patients with or without
baseline CNS involvement. On the contrary, in
the phase III ExteNet study, of which 12 months
of adjuvant neratinib was given after chemother-
apy and trastuzumab after operation, the 5-year
cumulative incidence of CNS events was numeri-
cally less in the neratinib arm than the placebo
arm but not statistically significant (1.3% wversus
1.8%, p=0.333).%0 The total number of events
was small, possibly accounting for the insignifi-
cant difference. Moreover, the benefit of
12months’ extended adjuvant treatment with
neratinib was seen largely in the subgroup of
patients with hormone receptor-positive disease,
the majority (93%) of whom were receiving con-
comitant endocrine therapy. The improved effi-
cacy in the hormone receptor-positive disease
may be due to the dual inhibition of estrogen
receptor (ER)-HER?2 crosstalk by neratinib and
endocrine therapy and a longer duration of adju-
vant treatment in hormone receptor-positive dis-
ease. In the ExteNet study, over 40% of the
participants were hormone receptor-HER2-posi-
tive breast cancers. The effect of neratinib on
CNS recurrence may be masked by the large pro-
portion of hormone receptor-subgroup.

Tucatinib is a new oral TKI that is highly selective
of the kinase domain of HER2 with minimal inhi-
bition of EGFR, resulting in less diarrhoea and less
skin toxicities. Its molecular weight is 480.5 g/mol.
In the recently published HER2CLIMB study,
adding tucatinib on top of trastuzumab and
capecitabine improved both median PFS (7.8
versus 5.6months, HR 0.54, p<<0.001) and OS
(21.9 wersus 17.4months, HR 0.66, p=0.005)
compared with a trastuzumab-capecitabine com-
bination in heavily pretreated patients with HER-
2-positive metastatic breast cancer (who previously
received trastuzumab, pertuzumab and T-DM1).6!
Among 291 patients with brain metastases
[tucatinib: 196 (48%); placebo: 93 (46%)], triplet

therapy with tucatinib, trastuzumab and capecit-
abine demonstrated promising results both extrac-
ranially and intracranially. Adding tucatinib
improved both PFS (7.6 versus 5.4months, HR
0.48, p<0.001) and OS (18.1 wversus 12.0 months,
HR 0.58, p=0.005)), reduced risk of intracranial
progression or death by 68% (HR 0.32, 95% CI
0.22-0.48, p<<0.0001), improved median CNS
PFS (9.9 versus 4.2 months, p<<0.0001) and dou-
bled intracranial ORR (47.3% wversus 20.0%,
$»=0.03).44

There were two other phase Ib studies providing
evidence of the efficacy of tucatinib on brain
metastases control. In the phase Ib study on
tucatinib combined with T-DMI1 on patients pre-
viously treated with trastuzumab and taxane, 14
patients with measurable brain metastases were
included.> The CNS ORR was 36% (complete
response: two, partial response: three, stable dis-
ease: seven). In another phase Ib study on
tucatinib, trastuzumab and capecitabine combi-
nation in patients who had progressed after tras-
tuzumab, pertuzumab and T-DMI1, 12 patients
with measurable brain metastases were included.4°
The CNS ORR was 42% (partial response: five,
stable disease: five).

Pyrotinib is an oral, irreversible pan-ErbB recep-
tor tyrosine kinase inhibitor that targets HERI,
HER2 and HERA4.%2 Its molecular weight is
557 g/mol. In the pivotal randomised phase II
study, 128 Chinese patients with HER2-positive
relapsed or metastatic breast cancer previously
treated with taxane, anthracyclines or trastuzumab
were assigned to receive pyrotinib or lapatinib in
combination with capecitabine.®® The median
PFS was significantly prolonged with pyrotinib
than with lapatinib (18.1 versus 7.0 months, HR
0.36, p<0.001). The study did not include any
patients with baseline brain metastases and did
not report any data of brain relapses. Ying ez al.
performed a retrospective study on the real-world
data on pyrotinib-based therapy in 113 patients
with metastatic HER2-positive breast cancer.’
For patients with baseline brain metastases
(n=31), the median PFS was 6.7months and
intracranial ORR was 28%. When combined with
radiotherapy/ brain surgery, the ORR was promis-
ing (66.7%) with three patients achieved complete
response. However, without radiotherapy/surgery,
the efficacy was limited with very low ORR
(6.3%). More data with use of pyrotinib in non-
Chinese patients are warranted.
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HER2 - Positive Breast Cancer with

brain metastasis

Local

Therapy l
1t Line

Systemic | | 2rLine

Therapy
3 Line
4t Line
5t Line

Extracranial progression

Intracranial progression but extracranial in

control, local therapy given

Figure 1. Suggested treatment algorithm for patients with HER2-positive breast cancer with brain

metastases.
HER2, human epidermal growth factor receptor.

Treatment algorithm with HER2-positive breast
cancer with brain metastases

We have developed an algorithm for the treat-
ment of HER2-positive breast cancer with brain
metastases (Figure 1). Because of the increased
permeability of the drugs through the BBB after
local therapy and the uncertain CNS penetration
of the anti-HER?2 agents, local treatment with sur-
gery, SRS or WBRT before systemic treatment is
recommended. SRS is preferred over WBRT for

limited brain metastases with consideration of the
small reduction in the local and distant brain fail-
ure rate but higher risk of severe cognitive deterio-
ration in WBRT. First-line treatment with doublet
anti-HER2 agents with pertuzumab, trastuzumab
and taxane chemotherapy should be used for sys-
temic control. If there is isolated progression in the
brain metastasis without extracranial progression,
the systemic treatment can be continued after local
CNS therapy; however, when there is CNS
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progression together with extracranial progression,
the anti-HER2 agent has to be changed according
to the routine HER2 treatment pathway. For cases
with CNS progression only and already exhaustion
of local treatment, a lapatinib-capecitabine combi-
nation, which provides the best evidence of CNS
control, can be used. T-DM1 is suggested for the
next line of treatment after a lapatinib-capecitabine
combination. Otherwise, a neratinib-capecitabine
combination can be considered. Further lines of
treatment will follow the anti-HER2 pathway with
newer agents such as tucatinib, T-DXd and mar-
getuximab or enrolment in suitable clinical trials.

Ongoing trials
The advances in anti-HER2 agents have brought
new hope to patients with HER2-positive

metastatic breast cancer with improvements in
disease control and OS. Nevertheless, brain
metastases in this group remain a therapeutic
challenge. Despite the emerging evidence to
support the efficacy of systemic anti-HER2
agents for intracranial control, there is lack of
phase III completed trials dedicated to patients
with HER2+ breast cancer with brain metasta-
ses. The good news is that a variety of clinical
trials for the treatment of HER2-positive breast
cancer with brain metastases have been planned,
or are already in recruitment. Table 2 outlines
in-progress and upcoming trials (phase II or III)
targeting HER2-positive breast cancer with
brain metastases.

Table 2. Active in-progress or planned phase Il or Ill trials targeting on HER2-positive breast cancer with brain metastases.

Clinical trial Phase Intervention Treatment and comparator End points
model
NCT04034823 phase Il, not Single group  KNO35 in Combination with Trastuzumab and Objective response
yet recruiting Docetaxel in HER2-positive Breast Cancer Adverse events
NCTO03417544 phase I, active Slngle group  Atezolizumab + Pertuzumab + Trastuzumab In CNS ORR; PFS; non-CNS
not recruiting CNS Mets in BC ORR; OS; toxicity; patient-
reported outcomes
NCT03765983 phase ll, Single group  GDC-0084 in Combination with Trastuzumab for CNS ORR; adverse events;
recruiting Patients With HER2-Positive Breast CancerBrain ~ PFS; 0S
Metastases
NCT04334330 phase Il, not Single group  Palbociclib, Trastuzumab, Lapatinib and CNS ORR; 0S; adverse
yet recruiting Fulvestrant Treatment in Patients with Brain events
Metastasis from ER Positive, HER-2 Positive
Breast Cancer: A Multicentre, Prospective Study
in China
NCTO01494662 phase ll, Four cohorts  HKI-272 for HER-2 Positive Breast Cancerand CNS ORR; PFS; 0S;
recruiting Brain Metastases first site of disease
progression; toxicity
NCT04420598 phase ll, active  Four cohorts DS-8201a for treatment of aBc, Brain Mets CNS ORR; CBR; 0S;
not recruiting andHer2[+] Disease adverse events
NCT04158947 phase ll, Randomised A Study of HER-2 Positive Breast CancerPatients  Safety and tolerability of
recruiting two arms with Active Brain Metastases Treated with T-DM1 and afatinib; ORR;
Afatinib & T-DM1 versus T-DM1 Alone PFS
NCTO04303988 phase ll, active ~ Multi-cohort A Multi-cohort phase Il Study of HER2-positiveand CNS ORR; CNS-CBR; PFS;

not recruiting

Triple-negative Breast Cancer Brain Metastases.
Hormone Receptor-Positive/HER2+:
pyrotinib + temozolomide

0S; safety

(Continued)
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Table 2. (Continued)

Clinical trial

Phase

Intervention
model

Treatment and comparator

End points

NCT02536339

NCTO01622868

NCT03933982

NCT03054363

NCT03691051

NCT03501979

NCT02260531

NCT03190967

NCT02947685

NCT02675231

phase Il, active
not recruiting

phase Il, active
not recruiting

phase I,
recruiting

phase I/II,
recruiting

phase Il, active
not recruiting

phase Il
recruiting

phase Il, active
not recruiting

phase I/II,
recruiting

phase Ill,
recruiting

phase Il, active
not recruiting

Single group

Randomised

Single group

Single group

Single group

Single group

Single group

Randomised

Randomised

Randomised

A Study of Pertuzumab with High-Dose
Trastuzumab for the Treatment of Human
Epidermal Growth Factor Receptor 2 (HER2)-
Positive Metastatic Breast Cancer (MBC) With CNS
Progression Post-Radiotherapy

Whole-Brain Radiation Therapy or Stereotactic
Radiosurgery with or Without Lapatinib Ditosylate
in Treating Patients with Brain Metastasis

From HER2-Positive Breast Cancer

A Study of Pyrotinib Plus Vinorelbine in
Patients with Brain Metastases fromHER2-
positive Metastatic Breast Cancer

Tucatinib, Palbociclib and Letrozole in Metastatic
Hormone ReceptorPositiveand HER2-positive
Breast Cancer

A Study of Pyrotinib Plus Capecitabine in
Patients with Brain Metastases from HER2-
positive Metastatic Breast Cancer

Tucatinib, Trastuzumab, and Capecitabine for the
Treatment of HER2+ LMD

Cabozantinib * trastuzumab In Breast
Cancer Patients with Brain Metastases

T-DM1 and Tucatinib Compared With T-DM1
Alone in Preventing Relapses in People with High
Risk HER2-Positive Breast Cancer, the Compass
HER2 RD Trial

Randomised, Open-Label, Clinical Study of the
Targeted Therapy, Palbociclib, to Treat Metastatic
Breast Cancer

A Study of Abemaciclib (LY2835219) in Women
with Hormone Receptor-Positive, HER2+ Locally
Advanced or Metastatic Breast Cancer

CNS ORR; CNS-CBR; CNS
PFS; PFS; 05

CR of the brain
metastases; CNS ORR;

CNS ORR; Time to
progression; 0S; time to
radiotherapy

Adverse events; number of
patients with PFS;
pharmacokinetic
properties of tucatinib and
palbociclib

CNS ORR; non-CNS ORR;
CBR

0S; PFS; adverse events;
QoL assessment

CNS ORR; non-CNS ORR;
PFS, CBR

MTD of temozolomide
when used with T-DM1
Median amount of time
subject survives without
disease progression after
treatment

adverse event frequency

PFS; 0S; ORR; CBR;
safety; patient-reported
outcome

PFS; 0S; ORR; CBR;
safety; QoL

CNS, central nervous system; ER, estrogen receptor; HER2, human epidermal growth factor receptor; LMD, leptomeningeal metastases; MTD,

maximum tolerated dose; ORR, objective response rate; 0S, overall survival; PFS, progression-free survival; QoL, quality of life; T-DM1, trastuzumab

emtansine.

Conclusion

Brain metastasis in advanced HER2-positive
breast cancer is a major cause of morbidity and
mortality. Multimodality treatment with a combi-
nation of local therapy and systemic anti-HER2
agents should be given to attain the best control
of the disease. Future studies on systemic thera-
pies for HER2-positive breast cancer should no

longer exclude patients with baseline brain metas-
tases and should report on CNS metastases
parameters, including CNS ORR and DCR,
CNS PFS, median time to CNS progression, and
time to CNS recurrence. These parameters will
provide more guidance to support individualized
treatment strategies for this particular type of
patients. Furthermore, definition of CNS
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metastases response should be standardized to
have a common language when comparing differ-
ent agents across different trials.
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