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Abstract

Over the last years, the incidence of brain metastases in HER2 breast cancer patients has increased. Surgery and
radiotherapy are the current standard local therapies. Nevertheless, it is unclear which and when systemic treatment
should be applied in addition to local treatment. This work aims to present an updated review of current systemic
treatment options for patients with HER2+ metastatic breast cancer with brain metastases and to present a case study of
clinical cases that occurred in a Portuguese population.

The methodology of this work included a literature search in PubMed for the impact of HER2-targeting agents, such as
pertuzumab, trastuzumab emtansine (T-DM 1), lapatinib, neratinib, trastuzumab deruxtecan, and tucatinib in the treatment
of patients with HER2+ breast cancer with brain metastases. Then, a cohort of Portuguese patients with HER2+ breast
cancer (n=44) was analyzed. In this exploratory study, considering a follow-up of 23.9 months, three patients (6.8%)
developed brain metastases despite having shown a complete pathological response. The role of systemic treatment for
patients with HER2 breast cancer with brain metastases has rapidly evolved following recent successes in phase II and
III clinical trials. The biggest challenge is how to integrate systemic and local treatment in the management of these
patients.
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Resumo

Nos ultimos anos, a incidéncia de metastases cerebrais em doentes com cancro da mama HER2 tem aumentado. A
cirurgia e a radioterapia continuam a ser os tratamentos preferenciais. No entanto, ndo ¢ claro que tratamento sistémico,
para além do tratamento local, deve ser aplicado e quando. Este trabalho visa apresentar uma revisao das atuais opgoes de
tratamento sistémico nos doentes com cancro da mama metastatico HER2+ com metastases cerebrais e apresentar casos
clinicos ocorridos numa amostra da populagdo portuguesa.

A metodologia deste trabalho incluiu uma pesquisa bibliografica no PubMed sobre o impacto de agentes anti-HER2,
tais como pertuzumab, trastuzumab-emtansina (T-DM1), lapatinib, neratinib, trastuzumab-deruxtecan, e tucatinib no
tratamento de doentes com cancro da mama HER2+ com metastases cerebrais. Seguidamente, foi também analisada
uma coorte de doentes portugueses com cancro da mama HER2+ (n=44). Neste estudo exploratorio, considerando um
seguimento médio de 23,9 meses, trés pacientes (6,8%) desenvolveram metastases cerebrais, apesar de terem apresentado
resposta patologica completa. O papel do tratamento sistémico em doentes com cancro da mama HER2 com metastases
cerebrais evoluiu rapidamente, apos os recentes sucessos em ensaios clinicos de fase II e III. O maior desafio ¢ o de
integrar o tratamento sistémico e local na gestdo destes doentes.
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Introduction

Up to 15% of all patients with metastatic breast cancer
(BC) will develop brain metastases during the course
of their disease. The molecular subtypes with a higher
risk of developing brain metastases are triple-negative
breast cancer and HER2+ tumors (1). The incidence
of brain metastases has been rising over the last years,
commonly attributed to the excellent systemic control
that increases the overall survival (OS) of BC patients.
According to several studies, the presence of brain
metastases in HER2+ BC occurs in about 10-14%
after diagnosis of early-stage disease and 28-41% in
metastatic settings (1, 2).

In terms of survival, a retrospective study carried out
at Institut Jules Bordet, Belgium, with 483 patients,
72 of which had brain metastasis, revealed an overall
survival (OS) of 20.8 months, compared with 46.7
months of OS in the group of patients with metastatic
disease without disease in the brain (1). Over the years,
therapeutic developments, namely anti-HER?2 therapies,
have changed the paradigm associated with this tumor
subtype and its OS. With these developments, there was
an increase in OS from 2-16 months to 14-24 months

3).

For treating brain metastasis, surgical intervention is
preferable whenever possible, namely in single lesions
with small size and easy surgical access (3), although
radiotherapy is also an option. In randomized trials
that included patients with lung and breast cancer, the
median survival in patients treated with whole-brain
radiotherapy (WBRT) ranges from four to six months,
at the cost of some relevant toxicity, namely cognitive
impairment (4-6). The development of stereotactic
techniques has also significantly improved the quality of
life of these patients, associated with less neurological
toxicity (1-3). With the advent of multiple therapies,
the paradigm has changed. New systemic approaches
have been shown to increase patient survival and the
maintenance of functionality in daily activities (1,3).

This article aims to review the different systemic
therapies currently available for the treatment of HER2+
BC patients with brain metastases (BM). Moreover,
a cohort of Portuguese patients with HER2+ breast
cancer was analyzed and a case study of the patients
that developed BM is presented.
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Introducao

Até 15% de todas as doentes com cancro da mama
(CM) metastasico, desenvolverdo metastases cerebrais
durante o curso da doenga. Os subtipos moleculares
com maior risco de desenvolver metastases cerebrais
sdo o CM triplo-negativo e os tumores HER2+ (1). A
incidéncia de metastases cerebrais tem vindo a crescer
nos ultimos anos, em parte devido ao excelente controlo
sistémico que aumenta a sobrevivéncia global (SG)
deste doentes. De acordo com varios estudos, o cancro
de mama HER2+ representa 20 a 25% de todos os
subtipos sendo que a presenga de metastases cerebrais
ocorre em cerca de 10-14% apos o diagndstico em
estadio precoce, ¢ 28-41% em contexto metastatico

(1,2).

Em termos de sobrevivéncia, um estudo retrospetivo
realizado no Institut Jules Bordet, na Bélgica, com
483 pacientes, 72 dos quais com metastases cerebrais,
mostrou uma SG de 20,8 meses, em comparagdo
com 46,7 meses no grupo de pacientes com doenca
metastatica sem doencga a nivel cerebral (1). Ao longo
dos anos, o desenvolvimento de novas terapéuticas,
nomeadamente moléculas anti-HER2, alteraram o
paradigma associado a este subtipo e a sua SG. Com
estes avancos, houve um aumento da SG de 2-16 meses
para 14-24 meses (3).

Para o tratamento das metastases cerebrais, sempre
que possivel, ¢ preferivel a intervencdo cirurgica,
nomeadamente em lesdes Uinicas com tamanho reduzido
e facil acesso cirtirgico (3), embora a radioterapia
seja também uma op¢do. Em ensaios randomizados
que incluiram doentes com cancro do pulmio e da
mama, a sobrevivéncia média em doentes tratadas
com radioterapia holocraneana variou entre quatro e
seis meses, ao custo de toxicidade importante como
a deteriora¢do cognitiva (4,5,6). O desenvolvimento
de técnicas estereotaxicas também melhorou
significativamente a qualidade de vida destas pacientes,
associada a uma menor toxicidade neurolégica (1,2,3)
Com o aparecimento de multiplas terapias, o paradigma
mudou e novas abordagens sistémicas mostraram
aumentar a sobrevivéncia das pacientes e preservar a
qualidade de vida (1,3).

Este artigo visa rever as diferentes opgoes terapéuticas
para o tratamento de doentes com CM HER2+ com
metastases cerebrais. Além disso, é analisada uma
coorte de doentes portuguesas com cancro de mama
HER2+, e apresentado um estudo clinico com as
doentes que desenvolveram metastases cerebrais.



Materials and Methods

Literature review

A literature search in the PubMed database, using
the keywords “HER2 breast cancer” and “brain
metastases” was conducted. Articles published in
English between January 2006 and June 2020 were
selected. In this narrative review, original articles were
selected based on their clinical and scientific relevance.
The objective was to describe the impact of the HER2-
targeting agents pertuzumab, trastuzumab emtansine
(T-DM1), lapatinib, neratinib, trastuzumab deruxtecan
and, tucatinib on the treatment of patients with HER2+
breast cancer and BM.

Observational study

Patients with HER2+ BC who were diagnosed and
treated at Centro Hospital Universitario do Algarve and
Centro Hospitalar Barreiro-Montijo between January
2018 and December 2019, were included in this study.
Additional inclusion criteria were patients with HER2+
breast carcinoma, submitted to neoadjuvant therapy
with double anti-HER2 block with trastuzumab and
pertuzumab, followed by surgery. We excluded patients
with stage IV disease at diagnosis and patients who
progressed during neoadjuvant therapy.

The following parameters were analyzed by reviewing
the electronic medical records of the patients and
according to oncology and pathology services protocols:
initial stage, lymph nodes status, expression of hormone
receptors, Ki-67, type of surgery, type of adjuvant
therapy, distant recurrence, and pathological response.
The cases where brain metastases were detected
during this preliminary follow-up were characterized.
Descriptive statistics were used whenever appropriate.

Results and Discussion

According to our literature research, the following
HER2-targeting agents may be used in the treatment
of patients with HER2+ breast cancer and brain
metastases: pertuzumab, trastuzumab emtansine (T-
DM1), lapatinib, neratinib, trastuzumab deruxtecan
and, tucatinib. In the following sub-sections, the clinical
use of these drugs for this purpose is reviewed.

HER2 breast cancer brain metastases
Cancro de mama HER2 com metastases cerebrais

Material e Métodos

Revisdo de literatura

Foi realizada uma pesquisa bibliografica na base de
dados PubMed usando as palavras-chave “HER2 breast
cancer” e “brain metastases”. Foram seleccionados
artigos publicados em inglés entre Janeiro 2006 e Junho
2020. Nesta revisdo narrativa, foram selecionados
artigos originais com base na sua relevancia clinica
e cientifica. O objetivo foi descrever o impacto dos
varios agentes anti HER2, pertuzumab, trastuzumab-
emtansina (T-DM1), lapatinib, neratinib, trastuzumab
deruxtecan e tucatinib, no tratamento de doentes com
cancro da mama HER2+ e metastases cerebrais.

Estudo observacional

Analisamos doentes com CM HER2+, diagnosticadas e
tratadas no Centro Hospitalar Universitario do Algarve
e Centro Hospitalar Barreiro-Montijo, entre Janeiro
2018 e Dezembro 2019. Foram incluidas doentes com
CM HER2+, submetidas a tratamento neoadjuvante
com duplo bloqueio anti-HER2 com trastuzumab e
pertuzumab, seguida de cirurgia. Foram excluidas
doentes com CM HER2+ estadio IV ao diagnostico ou
que progrediram durante o tratamento neoadjuvante.

Foram analisados os seguintes parametros, através
da consulta aos processos clinicos electronicos e de
acordo com os protocolos dos servigos de oncologia
e anatomia patologica: estadio inicial, expressdo dos
recetores hormonais, Ki-67, tipo de cirurgia, tratamento
adjuvante, recidiva a distancia e resposta patologica.
Foram caracterizados os casos em que foram detetadas
metastases cerebrais durante o seguimento.

Resultados e Discussao

De acordo com a nossa pesquisa na literatura, os
seguintes agentes anti-HER2 podem ser usados no
tratamento de doentes com CM HER2+ e metastases
cerebrais: pertuzumab, trastuzumab emtansina (T-
DM1), lapatinib, neratinib, trastuzumab deruxtecan e
tucatinib. Nas subsegoes a seguir, ¢ revista a evidéncia
cientifica sobre a utilizagdo destes farmacos neste
contexto.
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Monoclonal antibodies

Pertuzumab

Pertuzumab is a monoclonal antibody that prevents
heterodimerization of the HER2 receptor with other
receptors in the EGFR family (8). The study that led
to its approval in first-line treatment for patients with
metastatic HER2+ BC (CLEOPATRA) excluded
patients with brain metastases. However, in the follow-
up of these patients, it was found that therapy with
trastuzumab, pertuzumab, and docetaxel did not reduce
the incidence of brain metastasis but delayed its onset
(11.9 months in the placebo group versus (vs.) 15
months in the pertuzumab-treated group, HR = 0.58,
95% CI 0.39-0.85, p =0.0049) (7). Final results of the
CLEOPATRA study showed 8-year overall survival
rates of 37% (95% CI 31-42) in the pertuzumab group
and 23% (95% CI 19-28) in the placebo group (8).

In a real-life study, known as RePER, on the use of
double anti-HER2 blockade first-line treatment, 21 of
the 264 patients presented brain metastases at baseline.
The rate of 2-year OS was 77.7% in those patients and
83.9% in patients without brain metastases (9).

Antibody-drug conjugates
Trastuzumab-emtansine

Trastuzumab-emtansine (T-DM1) is a conjugated
monoclonal antibody bound with tubulin inhibitor
maytansine (10). The EMILIA trial evaluated the
efficacy of T-DM1 vs. lapatinib and capecitabine. This
study included 95 patients with brain metastasis. In this
subset of patients, T-DM1 has shown an increase in
OS (hazard ratio 0.38, p = 0.008, mean 26.8 vs. 12.9
months) (10). However, this data should be interpreted
with caution since no increase in progression-free
survival (PFS) was observed and, therefore, this
difference in OS may be related to subsequent therapies
and extracranial disease control (10).

In the KAMILLA study, the largest observational study
of T-DM-treated patients to date, patients with brain
metastasis (n = 398) showed similar results to those
without metastasis to this organ (PFS of about 7 months
and OS of 27 months) (11). It is necessary to consider
that this study excluded patients with neurological
symptoms caused by brain metastases or with brain-
limited metastasis. Special consideration needs to be
given to the risk for radionecrosis associated with this
agent (12).
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Anticorpos monoclonais

Pertuzumab

Pertuzumab é um anticorpo monoclonal que impede
a heterodimerizacdo do recetor HER2 com outros
recetores da familia EGFR (8). O estudo que levou a
sua aprovacdao no tratamento em primeira linha nos
doentes com CM HER2+ metastatico (CLEOPATRA)
excluiu doentes com metastases cerebrais. No entanto,
no seguimento destas pacientes, verificou-se que o
tratamento com trastuzumab, pertuzumab e docetaxel
ndo reduziu a incidéncia de metastases cerebrais, mas
atrasou o seu aparecimento (11,9 meses no brago placebo
versus 15 meses no brago tratado com pertuzumab, RP
=0,58,95% IC 0,39-0,85, p =0,0049) (7). Os resultados
finais do estudo CLEOPATRA mostraram taxas de SG
aos 8 anos de 37% (95% IC 31-42) no grupo pertuzumab
e de 23% (95% IC 19-28) no grupo placebo (8).

No RePER, um estudo de vida real sobre o uso do
duplo bloqueio anti-HER2 em primeira linha, 21 das
264 pacientes apresentavam metastases cerebrais ao
diagnostico. A taxa de SG aos 2 anos foi de 77,7%
nestas pacientes ¢ 83,9% em pacientes sem metastases

cerebrais (9).

Anticorpos monoclonais conjugados

Trastuzumab-emtansina

Trastuzumab-emtansina (T-DM1) ¢é um anticorpo
monoclonal conjugado com um inibidor da tubulina
(10). O estudo EMILIA avaliou a eficacia do T-DM1
vs. lapatinib e capecitabina. Este estudo incluiu 95
pacientes com metastases cerebrais. Neste subgrupo de
pacientes, o0 T-DM1 mostrou aumentar a SG (RR 0,38,
p = 0,008, média 26,8 vs. 12,9 meses) (10). No entanto,
estes dados devem ser interpretados com cautela, uma
vez que ndo se verificou aumento na sobrevivéncia
livre de progressao (SLP) e, portanto, a diferenga na SG
pode estar relacionada com terapéuticas subsequentes e
controlo da doencga extracraniana.

No estudo KAMILLA, o maior estudo observacional
de pacientes tratadas com T-DM1 até ao momento,
doentes com metastases cerebrais (n = 398) mostraram
resultados semelhantes aqueles sem metastase neste
orgdo (SLP de cerca de 7 meses e SG de 27 meses)
(11). E necessario ter em conta que este estudo
excluiu doentes com sintomas neurolégicos. Deve ser
especialmente considerado o risco de radionecrose
associado a este agente (12).



Trastuzumab deruxtecan

Trastuzumab deruxtecan is an antibody-drug conjugate
composed of an anti-HER2 antibody, a cleavable
tetrapeptide-based linker, and a cytotoxic topoisomerase
I inhibitor (13).

The phase 11 DESTINY-Breast01 study (13) examined
the efficacy of trastuzumab deruxtecan in patients
with previously treated HER2+ BC who had received
previous treatment with T-DM1. Data showed that
in 184 patients who had undergone a median of six
previous lines of treatment, the confirmed objective
response rate (ORR) with trastuzumab deruxtecan was
60.3% and the median duration of response (DOR) was
14.8 months. The median PFS was 16.4 months (95%
CI, 12.7 to not reached) among all patients and 18.1
months (95% CI, 6.7 to 18.1) among the 24 enrolled
patients with treated and asymptomatic brain disease.
Estimated OS at 6 months was 93.9% (95% CI, 89.3
to 96.6) and 86.2% (95% CI, 79.8 to 90.7) at 12
months; median OS was not reached at the time of the
publication. The most frequent grade 3 or 4 side effects
were neutropenia (20.7%), anaemia (8.7%), and nausea
(7.6%). Adverse events that led to discontinuation
included pneumonitis (in 11 patients) and interstitial
lung disease (in 5 patients) (13).

Small molecule tyrosine kinase inhibitors
Lapatinib

Lapatinib is a reversible tyrosine kinase inhibitor of
the EGFR (HER1) and HER2 receptors (14). In the
LANDSCAPE clinical trial, Bachelot et al. investigated
the role of the combination of lapatinib with capecitabine
in 45 patients without previous WBRT treatment. The
results showed a partial response to the lesions in 65.9%
of cases and achieved an improvement of neurological
symptoms in 58% of cases. The average time until
progression to the brain was 5.5 months (14).

Lapatinib was also tested in combination with
trastuzumab. Lin et al. (15) reported an objective brain
response rate of 79% and a median OS of 19 months
in a prospective study with 28 patients. Furthermore,
Bartsch et al. (16) showed a significant prolongation of
OS in the group treated with lapatinib and trastuzumab
(p =0.002) in a retrospective study (25 patients).

The role of lapatinib to prevent brain metastases was
tested in the CEREBEL trial, where patients were
randomly assigned to receive lapatinib-capecitabine or
trastuzumab-capecitabine (17). Brain metastases as the
first site of relapse occurred in 3% (8 of 251 patients)

HER2 breast cancer brain metastases
Cancro de mama HER2 com metastases cerebrais

Trastuzumab deruxtecan

Trastuzumab deruxtecan ¢ um anticorpo monoclonal
conjugado, constituido por um anticorpo anti-HER2,
um ligando clivavel tetrapeptidico e um citotoxico
inibidor da topoisomerase I (13).

O estudo de fase II DESTINY-BreastO1 (13) examinou
a eficacia do trastuzumab deruxtecan em doentes com
CM HER2 + previamente tratadas com T-DMI1. Os
dados mostraram que em 184 pacientes submetidas
a uma média de seis linhas de tratamento, a taxa de
resposta objetiva (TRO) foi de 60,3%, e a duracdo
meédia da resposta foi de 14,8 meses. A SLP média
foi de 16,4 meses (IC de 95%, 12,7 a ndo alcancado)
entre todos doentes e 18,1 meses (IC de 95%, 6,7 a
18,1) entre as 24 doentes com metastases cerebrais
jé& previamente tratadas e assintomaticas. A SG aos 6
meses foi de 93,9% (IC de 95%, 89,3 a 96,6) e 86,2%
(IC de 95%, 79,8 a 90,7) aos 12 meses; A SG média
ndo foi alcangada até ao momento da publicagdo. Os
efeitos secundarios grau 3 ou 4 mais frequentes foram
neutropenia (20,7%), anemia (8,7%) e nausea (7,6%).
Os efeitos adversos que levaram a descontinuagdo
incluiram pneumonite (em 11 pacientes) e doenca
pulmonar intersticial (em 5 pacientes) (13).

Pequenas moléculas inibidoras da tirosina cinase
Lapatinib

Lapatinib ¢ um inibidor reversivel da tirosina cinase
dos recetores EGFR (HER1) e HER2.14 No ensaio
clinico LANDSCAPE, Bachelot et al. investigaram o
papel da combinacdo de lapatinib com capecitabina em
45 pacientes sem tratamento prévio com radioterapia
holocraneana. Os resultados mostraram resposta parcial
em 65,9% dos casos e em 58% houve melhoria dos
sintomas neurologicos. O tempo médio até a progressao
anivel do cérebro foi de 5,5 meses (14).

Lapatinib também foi testado em combinagdo com
trastuzumab. Lin et al. (15) relataram uma taxa de
resposta objetiva a nivel cerebral de 79% e uma média
do SG de 19 meses num estudo prospetivo com 28
pacientes. Além disso, Bartsch et al. (16) mostraram
um prolongamento significativo da SG no grupo tratado
com lapatinib e trastuzumab (p = 0,002) num estudo
retrospetivo (25 doentes).

O papel do lapatinib para prevenir metastases a nivel
cerebral foi testado no estudo CEREBEL, no qual as
pacientes foram aleatoriamente tratadas com lapatinib-
capecitabina ou trastuzumab-capecitabina  (17).
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of the patients treated with lapatinib and 5% (12 of 250
patients) in the trastuzumab group (95% CI, -2% to 5%;
p=0.360). The trial was inconclusive for the primary
endpoint.

Neratinib

Neratinib is an HER2 receptor tyrosine kinase inhibitor.
It irreversibly inhibits the EGFR receptor (HER1),
HER?2 and HER4 and demonstrated activity in the brain
in two clinical trials (18,19).

In the TBCRC 022 study, a phase 2 trial, 49 HER2+
BC patients with brain metastases were treated with
neratinib and capecitabine. Twelve of the patients had
previously been treated with lapatinib (18). The ORR
was 33% and 49% in lapatinib-treated and lapatinib-
naive patients, respectively. PFS in pre-treated and
lapatinib-naive patients was 3.1 and 5.5 months,
respectively, and OS was 15.1 and 13.3 months (18).

The NEfERT-T phase 3 trial (20) randomized 479
women to receive neratinib or trastuzumab combined
with paclitaxel as first-line therapy for recurrent or
metastatic HER2 disease (3). There was no significant
difference in PFS, however, the neratinib group did have
a lower incidence of brain recurrence (RR 0.48, 95%
CI, 0.29-0.79; p = 0.002), as well as a longer time to
recurrence at this level (HR 0.45, 95% CI, 0.26-0.78; p
=0.004). Grade 3 diarrhea was also a very common and
relevant toxicity effect in the neratinib group (30.4%
vs. 3.8%).

In the NALA study, (19) a phase III clinical trial, 621
patients (including 101 patients with asymptomatic
or stable brain metastases) were randomized into two
groups. One group was treated with neratinib and
capecitabine and the other group with lapatinib and
capecitabine. The risk of progression or death was
reduced by 24% with neratinib and capecitabine (HR
= 0.76; 95% CI 0.63-0.93; p = 0.006). The PFS at 6
and 12 months was 47.2% vs 37.8% and 28.8% vs
14.8% for the neratinib + capecitabine and lapatinib
+ capecitabine groups, respectively. OS was also
superior in the neratinib + capecitabine group, although
not statistically significant (HR = 0.88; 95% CI 0.72—
1.07; p = 0.2086). The incidence of intervention on
symptomatic brain metastases was lower in the neratinib
group (23%) compared to the lapatinib group (29%) (p
=0.043). Again, diarrhea was the most frequent toxicity
effect related to neratinib in all clinical trials, being
grade 3 in about 30% of the patients.
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Metastases cerebrais como primeiro local de recidiva
ocorreram em 3% (8 de 251) das doentes tratadas
com lapatinib e 5% (12 de 250 doentes) no braco de
trastuzumab (IC de 95%, -2% a 5%; p = 0,360). O
ensaio foi inconclusivo para o objetivo principal.

Neratinib

Neratinib ¢ um inibidor da tirosina cinase do recetor
HER2, que inibe irreversivelmente o recetor EGFR
(HERT1), HER2 e HER4 e demonstrou atividade ao

nivel cerebral em dois ensaios clinicos (18,19)

No estudo TBCRC 022, um ensaio de fase II, 49
doentes com CM com metastases cerebrais foram
tratadas com neratinib e capecitabina, 12 das quais
haviam sido tratadas anteriormente com lapatinib (18).
A TRO foi de 33% e 49% em doentes tratadas com
lapatinib ¢ em doentes ndo tratadas com lapatinib,
respetivamente. A SLP em pacientes pré-tratadas e nao
previamente tratadas com lapatinib foi de 3,1 e 5,5
meses, respetivamente, ¢ a SG foi de 15,1 e 13,3 meses

(18).

O estudo NEfERT-T de fase 3 (19) incluiu 479 mulheres
e comparou neratinib ou trastuzumab em combinagdo
com paclitaxel como terapéutica de primeira linha.
Nao houve diferenca estatisticamente significativa na
SLP. No entanto, o grupo tratado neratinib teve uma
incidéncia mais baixa de metastases no cérebro (RR
0,48, IC de 95%, 0,29-0,79; p = 0,002), bem como um
tempo mais prolongado até recidiva a nivel cerebral (RR
0,45, IC de 95%, 0,26-0,78; p = 0,004). A diarreia grau
3 foi também um efeito de toxicidade muito comum e
relevante no grupo do neratinib (30,4% vs. 3,8%).

No estudo NALA, (20) um ensaio clinico de fase
III, 621 pacientes (incluindo 101 doentes com
metastases cerebrais assintomaticas ou estaveis) foram
aleatoriamente distribuidas em dois bragos. Um grupo
foi tratado com neratinib e capecitabina e o outro grupo
com lapatinib e capecitabina. O risco de progressao ou
morte foi reduzido em 24% com neratinib e capecitabina
(RR =0,76; IC 95% 0,63-0,93; p = 0,006). A SLP aos
6 ¢ 12 meses foi de 47,2% vs 37,8% e 28,8% vs 14,8%
para os grupos neratinib + capecitabina e lapatinib
+ capecitabina, respetivamente. A SG também foi
superior no grupo neratinib + capecitabina, embora nao
estatisticamente significativa (RR = 0,88; 1C 95% 0,72-
1,07; p=0,2086). A incidéncia de intervencao cirargica
em metastases cerebrais sintomdticas foi menor no
brago tratado com neratinib (23%) em comparagdo com
o brago do lapatinib (29%) (p = 0,043). A diarreia foi o
efeito de toxicidade mais frequente relacionado com o



Tucatinib

Tucatinib is a tyrosine kinase inhibitor with a high
affinity for the kinase domain of the HER2 receptor and
with minimal inhibition of the EGFR receptor, which
improves the toxicity profile (21).

In the HER2CLIMB trial, 410 patients with progressing
metastatic HER2+ BC after treatment with trastuzumab,
pertuzumab, and TDM-1 were randomized to receive
treatment with trastuzumab and capecitabine with or
without tucatinib (21). About 48% of patients had brain
metastases that did not require local approach therapies.
PFS was superior with tucatinib vs. placebo (7.8 vs. 5.6
months; hazard ratio, 0.54), as well as OS (21.9 vs. 17.4
months; HR, 0.66) and ORR (41% vs 23%). Among
the patients with brain metastases, the estimated PFS
at 1 year was 24.9% (95% CI, 16.5 to 34.3) in the
tucatinib-combination group and 0% in the placebo
combination group. The median duration of PFS was
7.6 months (95% CI, 6.2 to 9.5) and 5.4 months (95%
CI, 4.1 to 5.7), respectively. In the tucatinib group,
the most frequent adverse events included diarrhea,
palmar—plantar erythrodysesthesia syndrome, fatigue,
and nausea.

In a phase 1b trial (22) the combination of tucatinib and
T-DM1 showed an objective response rate of 36% in 14
patients with brain metastases (2 patients had a complete
response, 3 had a partial response, 7 had stable disease,
and 2 were non-evaluable). This combination is under
evaluation, in a phase 3 trial (NCT03975647).

Observational study

Our sample included 44 Portuguese patients with
HER+ breast carcinoma, submitted to neoadjuvant
therapy with double anti-HER?2 block with trastuzumab
and pertuzumab, followed by surgery. The average age
of the patients was 55 years. After neoadjuvant therapy,
18 patients underwent mastectomy and 26 underwent
conservative surgery. The rate of complete pathological
response in all patients was 61.4%. The characterization
of the patients according to their pathologic response is
shown in Table 1. In patients who expressed hormone
receptors (n=34), the response rate was 58.8%, while in
HER2-enriched patients (n=10) it was 70%. Regarding
the influence of the tumor size, the complete response
rate was 80% in patients with T1 or T2 tumors and
45.8% in patients with T3 or T4. The rate of complete
pathological response was 71.4% in patients without
nodal involvement and 56.7% in patients with affected
nodes.
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neratinib em todos os ensaios clinicos, sendo de grau 3
em cerca de 30% das doentes.

Tucatinib

Tucatinib ¢ um inibidor da tirosina cinase com alta
afinidade para o dominio cinase do recetor HER2 e
com inibi¢do minima do recetor EGFR, o que melhora
o perfil de toxicidade (21).

No ensaio HER2CLIMB, 410 doentes em progressao
apOs tratamento com trastuzumab, pertuzumab e
TDM-1 foram selecionadas para receber tratamento
com trastuzumab e capecitabina com ou sem tucatinib
(21). Cerca de 48% das doentes tinham doenga a nivel
cerebral sem necessidade de terapéutica local. A SLP
foi superior com tucatinib vs. placebo (7,8 vs. 5,6
meses; taxa de risco, 0,54), bem como SG (21,9 vs.
17,4 meses; RR, 0,66) ¢ TRO (41% vs. 23%). Entre
as doentes com metastases cerebrais, a SLP ao fim de
1 ano foi de 24,9% (IC de 95%, 16,5 a 34,3) no grupo
tratado com tucatinib e 0% no grupo placebo. A duragao
média da SLP foi de 7,6 meses (IC de 95%, 6,2 a 9,5)
e 5,4 meses (IC de 95%, 4,1 a 5,7), respetivamente. No
grupo do tucatinib, os efeitos adversos mais frequentes
foram diarreia, sindrome da eritrodisestesia palmo-
plantar, fadiga e nauseas.

Num estudo de fase 1b (22), a combinagao de tucatinib
e T-DM1 mostrou uma TRO de 36% em 14 pacientes
com metastases cerebrais (2 pacientes tiveram resposta
completa, 3 resposta parcial, 7 tinham doenga estavel
e 2 nao avaliaveis). Esta combinagdo encontra-se a ser
avaliada num estudo de fase 3 (NCT03975647).

Estudo observacional

A nossa amostra incluiu 44 doentes portuguesas com
CM HER2+, submetidas a terapéutica neoadjuvante
com duplo bloqueio anti-HER2 com trastuzumab e
pertuzumab, seguida de cirurgia. A idade média dos
doentes foi de 55 anos. Apos terapéutica neoadjuvante,
18 doentes foram submetidas a mastectomia e 26 a
cirurgia conservadora. A taxa de resposta patologica
completa em todas as doentes foi de 61,4%. A
caracterizacdo dos doentes de acordo com a resposta
patologica ¢ apresentada na Tabela 1. Nos doentes que
expressaram recetores hormonais (n = 34), a taxa de
resposta patologica completa foi de 58,8%, enquanto
que nos doentes com recetores hormonais negativos
(n = 10), a taxa de resposta foi de 70%. Em relacao
a influéncia do tamanho do tumor, a taxa de resposta
completa foi de 80% nas doentes com tumores T1 ou
T2 e de 45,8% nas pacientes com T3 ou T4. A taxa de
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Table 1 - Characterization of the BC patients analyzed in this study. pCR — pathologic complete response; cT —
tumor classification by clinical stage; cN — lymph nodes affected by clinical stage

Tabela 1 - Caracterizagdo dos doentes analisados neste estudo. RPC - resposta patoldgica completa; cT -
classificagdo do tumor por estadio clinico; cN — ganglios afetados por estadio clinico

No. of patients / No. de pacientes

Non-pCR / Sem
Characteristic / Caracteristica pCR/RPC RPC
27 17
T1-2 16 4
cT
T3-4 11 13
NO 10 4
cN

N+ 17 13
Positive / Positivo 20 14

Hormonal receptors /
Recetores hormonais Negative / Negativo 7 3
>20 18 12

Ki-67
<20 9 5
Mastectomy / Mastectomia 7 11
Surgery / Cirurgia Conservative surgery /
. . 20 6
Cirurgia conservadora
Trastuzumab 26 15
Adjuvant HER?2 treatment / Trastuzumab and (e) 1 0
Tratamento adjuvante HER2 Pertuzumab

T-DMI1 0 2
Distant recurrence / 3 0

Recidiva a distancia

Case study of HER2+ BC patients with brain metastases

Of the 44 patients treated with neoadjuvant trastuzumab
and pertuzumab with a mean follow-up of 23.9 months,
three had a relapse, all at the brain level as the first site of
metastasis. Interestingly, these three patients had shown
a complete pathological response. The characterization
of these patients is shown in Table 2. In Patient 1,
relapse occurred 17.87 months after breast surgery.
The brain lesion was resected, but, unfortunately, brain
progression occurred one month after surgery. She
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resposta patologica completa foi de 71,4% em pacientes
sem envolvimento ganglionar e 56,7% em pacientes
com ganglios afectados.

Casos clinicos dos doentes com CM HER2+ com
metastases cerebrais

Das 44 doentes tratadas com trastuzumab neoadjuvante
e pertuzumab com seguimento médio de 23,9 meses,
3 apresentaram recidiva, todas a nivel cerebral.
Curiosamente, estas trés doentes tinham obtido resposta
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Table 2 - Characterization of the BC patients with brain relapse in this study. T: trastuzumab; P: pertuzumab;

L: lapatinib; C: capecitabine

Tabela 2 - Caracterizagao dos doentes com CM que apresentaram recidiva cerebral neste estudo. T: trastuzumab;

P: pertuzumab; L: lapatinib; C: capecitabine

Patient 1 / Doente 1

Patient 2 / Doente 2 Patient 3 / Doente 3

Stage at diagnosis / Estadio inicial cT3N3 c¢T2N1 cT4N1
Hormone receptor status / . . . . . .
Expressio de receptores hormonais Negative / Negativo Negative / Negativo Negative / Negativo
Time between breast surgery and brain relapse /
Tempo entre a cirurgia da mama e a recidiva 17.87 months / meses 7.16 months / meses 6 days / dias
cerebral
Surgery for brain metastases / Yes / Sim No / Nio No / No
Cirurgia nas metastases cerebrais
Ist line treatment /
1% linha de tratamento Docetaxel+T+P T-DM1 T-DM1
2nd line treatment /
- + +
2" linha de tratamento Lrc L+C
3rd line treatment / . .
- + -
3*linha de tratamento T+Vinorelbine
4rd line treatment / I
_ + _
4* linha de tratamento T+Gemeitabine
Overa.ll furylval (months) / 46.03 36.73 30.33
Sobrevivéncia global (meses)

received WBRT and then started systemic treatment.
In Patients 2 and 3, brain relapse occurred soon after
breast surgery. The three patients received WBRT
and then started systemic treatment. To date, Patient
1 is under first-line treatment with trastuzumab and
pertuzumab with stable disease and with no extra-brain
disease. Patients 2 and 3 have died.

Only a few reports have examined risk factors for the
development of brain metastases as the first site of
metastatic disease in HER2+ breast cancer patients
who received neoadjuvant treatment. In a cohort of 130
patients treated with neoadjuvant chemotherapy with
trastuzumab and pertuzumab, the rate of BM as the first
presentation of distant disease was 3.8% (3/77) and 3.7%

patoloégica completa. A caracterizacdo dessas
pacientes ¢ apresentada na Tabela 2. Na doente 1,
a recidiva ocorreu 17,87 meses apds a cirurgia do
tumor primario. A metastase cerebral foi excisada,
mas, infelizmente, apresentou recaida 1 més apos a
cirurgia. Foi tratada posteriormente com radioterapia
holocraneana e iniciou tratamento sistémico. Nas
doentes 2 e 3, a recidiva cerebral ocorreu logo apds
a cirurgia de mama. As trés doentes receberam
radioterapia holocraneana e depois iniciaram
tratamento sistémico. Até ao momento, a doente 1
esta sob tratamento de 1? linha com trastuzumab e
pertuzumab, com doenca estavel e sem doencga extra-
cerebral. As pacientes 2 e 3 faleceram.

Apenas alguns estudos verificaram quais os factores
de risco para o desenvolvimento de metastases no
cérebro em doentes com CM HER2+ como primeiro
localderecidivaapdsterapéuticaneoadjuvante. Numa
coorte de 130 pacientes tratadas com quimioterapia
neoadjuvante com trastuzumab e pertuzumab, a
taxa de metastases cerebrais como primeiro local de
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(2/53) in patients with pCR and non-pCR, respectively
(23). However, the median time to development of BM
was longer in patients with pCR (35 vs 11.7 months).
In our cohort, brain relapse occurred in 1.1% (3/27) of
patients with pCR. These three patients presented large
tumors with nodal involvement, which is a risk factor
for brain relapse (1). Overall survival of these patients
was in accordance with previous studies (3).

In the Katherine study, the incidence of BM at the
follow-up of 3 years was 5.9% in patients with residual
disease who received TDM1 and 4.3% in patients who
received trastuzumab (24). Our very small number of
patients treated with adjuvant T-DM1 does not allow us
to make conclusions about the effect of this treatment,
but at the time of assessment, no patients had relapsed.

Also, the short period between surgery and brain
recurrence in 2 out of 3 patients raises questions about
the possibility of preexisting metastases at the time
of surgery and whether there is a rationale for brain
metastases screening in these patients. At this point, no
recommendations can be made about this issue. Some
current clinical trials are studying the role of brain
MRIs in screening for brain metastases before the onset
of symptoms and whether this will affect the overall
prognosis and quality of life of patients (NCT03617341,
NCT03881605, NCT04030507).

Conclusions

With the development of new molecules with activity
in the brain, the biggest challenge is how to integrate
surgery and radiotherapy in clinical treatment. As
patient survival increases, the consequences of long-
term treatments will be observed, namely the cognitive
deterioration resulting from radiotherapy. Multiple
prognostic models exist to help oncologists make
decisions about patients who develop brain metastasis.
One of the most used prognostic models is the Modified
Breast Graded Prognostic Assessment (GPA), which
confirmed that tumor receptor status, age, performance
status, and number of BMs can predict OS (25).

Surgery will always play an important role, especially
in the case of solitary brain lesions. It has the advantages
of reducing tumor burden and allowing a revaluation
of the immunochemistry markers. Discordance in
hormone receptors and HER2 status between the
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recidiva foi de 3,8% (3/77) e 3,7% (2/53) em doentes
com RPC e sem RPC, respetivamente (23). No entanto,
o tempo médio para o desenvolvimento de metastases
cerebrais foi maior em pacientes com RPC (35 vs 11,7
meses). Na nossa coorte, a recidiva cerebral ocorreu em
1,1% (3/27) das pacientes com RPC. Estas trés doentes
apresentavam grandes tumores com envolvimento
ganglionar, o que constituem factores de risco para a
recidiva cerebral (1). A SG destas pacientes esteve de
acordo com estudos anteriores (3).

No estudo Katherine, a incidéncia de metastases
cerebrais aos 3 anos de seguimento foi de 5,9% nos
doentes sem resposta patologica completa que foram
tratados com TDM1 e 4.3% nos doentes tratados com
trastuzumab (24). O reduzido ntimero de doentes
tratadas com T-DM 1 adjuvante ndo nos permite concluir
o efeito deste tratamento; contudo, no momento da
avaliagdo, nenhum doente apresentou recidiva.

Além disso, o curto periodo entre a cirurgia e a recidiva
cerebral em duas das trés doentes levanta a questdo
sobre a possibilidade de metéstases preexistentes
no momento da cirurgia e se existe um papel para o
rastreio de metastases cerebrais nestes doentes. Até
agora, nenhuma recomendagdo pode ser feita sobre
este tema. Alguns ensaios clinicos estdo a analisar o
papel da ressonancia magnética cerebral no rastreio
de metastases cerebrais antes do inicio dos sintomas,
e se isso afectard o prognostico geral e a qualidade
de vida dos doentes (NCT03617341, NCT03881605,
NCT04030507).

Conclusoes

Com o desenvolvimento de novas moléculas com
atividade no cérebro, o maior desafio esta relacionado
com a integracdo da cirurgia e da radioterapia no
tratamento das metastases cerebrais. A medida que
vamos aumentando a sobrevivéncia destas doentes
veremos as consequéncias dos tratamentos a longo
prazo, nomeadamente a deterioragdo cognitiva
resultante dos tratamentos de radioterapia. Para auxiliar
a decisdo do oncologista, existem varios modelos de
prognostico para doentes com metastases cerebrais. Um
dos modelos de prognostico mais usados é o Graded
Prognostic Assessment (GPA), o qual confirmou que o
status de recetores do tumor, a idade, o estado geral do
doente e nimero de metastases cerebrais podem prever
a SG (29).

A cirurgia tera sempre um papel importante,
especialmente no caso de lesdes cerebrais solitarias.



primary tumor and the metastatic lesion is well known.
A large range of receptor discordance with ER, PR, and
HER?2 (6-40%, 21-41%, and 1-43%, respectively) was
described in a previous review (26). Radiosurgery is
also an option for some unresectable brain metastases.

Current guidelines recommend that for patients with
stable systemic disease at the time of BM diagnosis, the
same systemic therapy should be continued, and BM
should be treated with local therapy (surgery and/or
radiotherapy). For patients with progressive systemic
disease at the time of BM diagnosis, clinicians should
use the algorithms for the treatment of HER+ metastatic
BC (27). These guidelines may change in the very near
future, and it may be wise for oncologists to change
systemic therapies when brain recurrence occurs even
with stable systemic disease. Trastuzumab deruxtecan
or tucatinib can be considered in these cases.

Asymptomatic or lightly symptomatic patients with
largely disseminated BM at diagnosis are normally
referred for treatment with WBRT as a local therapy,
however, this may not be the best choice. A change
to systemic therapy may be more sensible, even with
stable systemic disease, delaying radiotherapy until
there is disease progression or there are symptoms
related to metastasis. We will also see what role new
targeted therapies like trastuzumab, deruxtecan, and
tucatinib will play in early disease stages, when they
might prevent or delay the onset of metastasis to the
brain.

In this study, the neoadjuvant therapy with double
anti-HER2 block using trastuzumab and pertuzumab
led to higher rates of complete pathological response
in patients with lower clinical stage and without nodal
involvement. With a preliminary mean follow-up of
23.9 months, three patients (of 44 studied) had a relapse,
and the brain was the first site of metastasis in all cases.

The brain may be ceasing to be the sanctuary that we
thought it was. The appearance of new molecules with
activities in the brain in HER2+ BC inspires new hope
for the treatment of these patients. Further investigation
is also needed in order to prevent HER2+ BC brain
metastases.
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Tem a vantagem de reduzir a carga tumoral e permitir
uma reavaliacdo dos marcadores imunohistoquimicos.
A discordancia nos receptores hormonais ¢ HER2
entre o tumor primario e as lesdes metastaticas ¢ bem
conhecida. Uma revisdo mostrou uma importante
discordancia dos receptores de estrogénio, progesterona
e HER2 (6-40%, 21-41% e 1-43%, respetivamente)
(26). A radiocirurgia também € uma opgao para algumas
metastases cerebrais irresecaveis.

As diretrizes atuais recomendam que, para doentes com
doenca sistémica estdvel no momento de progressao
a nivel cerebral, se mantenha o mesmo tratamento
sistémico e se aplique tratamento local sobre as
metéstases (cirurgia e/ou radioterapia). Para doentes
com doenga sistémica em progressdo no momento
do diagndstico das metastases cerebrais, deve ser
alterada a terapéutica sistémica conforme os algoritmos
recomendados (27). Talvez isto venha a alterar-se
muito em breve, e provavelmente deveriamos mudar
o tratamento sistémico em casos de recidiva cerebral
mesmo com doenga sistémica estavel. Trastuzumab
deruxtecan ou tucatinib podem ser considerados nestes
casos.

O tratamento local das metdastases cerebrais nem
sempre sera a melhor escolha, especialmente se o
que temos a oferecer ¢ a radioterapia holocraneana.
Provavelmente fard sentido em doentes assintomaticas
ou pouco sintomaticas, com varias metastases cerebrais
ao diagnostico, que normalmente seriam tratadas
com radioterapia holocraneana, alterar o tratamento
sistémico mesmo com doenga sistémica estavel, e
reservar a radioterapia para quando houver progressao
da doenga ou sintomas relacionados com a presenga
de metastases. Veremos também que papel os novos
farmacos como o trastuzumab deruxtecan e tucatinib
terdo em estadios iniciais, onde poderdo prevenir ou
retardar o aparecimento de metastases no cérebro.

Neste estudo, a terapia neoadjuvante com duplo
bloqueio anti-HER2 com trastuzumab e pertuzumab
levou a maiores taxas de resposta patologica completa
em doentes com estadio clinico inferior e sem
envolvimento ganglionar. Com um seguimento médio
preliminar de 23,9 meses, 3 pacientes recairam, todas
a nivel cerebral como primeiro local de metastizacao.

O cérebro pode estar a deixar de ser o santuario que
pensavamos. O aparecimento de novas moléculas
com atividade no cérebro no cancro de mama HER2+
abre esperanca no tratamento destes doentes. Sao
também necessarios mais estudos de forma a prevenir
a ocorréncia de metastases cerebrais no CM HER2+.
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