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abstract

PURPOSE There are sparse data in patients with human epidermal growth factor receptor 2 (HER2)–positive
breast cancer with brain metastases from real-world settings, especially where access to newer targeted
therapies is limited.

METHODS This was a single institution, retrospective cohort study of patients with HER2-positive breast cancer
diagnosed between January 2013 and December 2017 to have brain metastases and treated with any HER2-
targeted therapy. The main objectives were to estimate progression-free survival (PFS) and overall survival (OS)
from the time of brain metastases.

RESULTS A total of 102 patients with a median age of 52 (interquartile range, 45-57) years were included, of
whom 63 (61.8%) had received one line and 14 (13.7%) had received two lines of HER2-targeted therapies
before brain metastasis, 98 (96.1%) were symptomatic at presentation, 22 (25.3%) had solitary brain lesion, 22
(25.3%) had 2-5 lesions, and 43 (49.4%) had ≥ 5 lesions. Local treatment included surgical resection in nine
(8.9%) and radiotherapy in all (100%) patients. The first HER2-targeted therapy after brain metastasis was
lapatinib in 71 (68.6%), trastuzumab in 19 (18.6%), lapatinib and trastuzumab in three (2.9%), trastuzumab
emtansine in four (3.9%), and intrathecal trastuzumab in five (4.9%) patients. At a median follow-up of
13.9 months, the median PFS and OS were 8 (95% CI, 6.2 to 9.8) months and 14 (95% CI, 10.8 to 17.2)
months, respectively, with a 2-year OS of 25% (95% CI, 16.7 to 34.4). The median PFS in patients who received
lapatinib-capecitabine regimen (n = 62) was 9.0 (95% CI, 7.3 to 10.7) months.

CONCLUSION There was a substantial clinical benefit of local and systemic therapy in patients with brain me-
tastases and HER2-positive disease in a real-world setting with limited access to newer HER2-targeted drugs.
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INTRODUCTION

The development of brain metastasis is one of the most
devastating consequences of breast cancer. Approxi-
mately 50% of patients with human epidermal growth
factor receptor 2 (HER2)–positive metastatic breast
cancer eventually develop brainmetastases.1 The higher
incidence of brain metastases in this subtype is attrib-
uted to an inherent tropism of HER2-positive cancer
cells for the central nervous system and improved
survival of patients because of various HER2-directed
therapies. The HER2 tyrosine kinase inhibitors (lapati-
nib, neratinib, and tucatinib) can cross the blood-brain
barrier (BBB) more efficiently compared with antibody-
based anti-HER2 agents and antibody-drug conjugates.
Therefore, prior use of the type of anti-HER2 therapies
can influence the incidence of brain metastasis.2

The initial treatment of brain metastasis typically in-
cludes local therapy such as surgical resection, ste-
reotactic radiosurgery (SRS), with or without whole-
brain radiation therapy (WBRT), or whole-brain
radiotherapy.3 The majority of these patients develop
intracranial progression within 6-12 months of local
therapy. Current guidelines recommend that patients
with stable systemic disease at the time of brain-only
progression should continue the same systemic
therapy until further progression. There is limited ev-
idence to guide further treatment in patients who
develop progressive brain metastasis despite local
therapy. Moreover, patients with brain metastasis have
often been excluded frommost trials evaluating HER2-
targeted therapies, thus making treatment decisions in
such patients more challenging.
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Emerging data suggest that local treatment, along with
targeted therapies, can improve outcomes in patients with
brainmetastasis. There is a paucity of data on the outcome of
HER2-positive patients with brainmetastasis, especially from
developing countries with limited access to newer HER2-
targeted drugs, which is important to establish a baseline for
future analyses. We undertook this retrospective analysis to
evaluate the treatment pattern and outcome of patients with
HER2-positive breast cancer with brain metastasis in a real-
world clinical setting in a tertiary cancer center in India.

METHODS

Study Design

This study is a retrospective analysis of a single-center
database conducted after obtaining approval from the In-
stitutional Ethics Committee. Patient consent was waived by
the Ethics Committee.

Patient Identification

The study population comprises patients with HER2-positive
breast cancer diagnosed with brain metastasis between
January 2013 and December 2017. HER2-positive status
was defined as either HER2 immunohistochemistry 3+
staining or amplification by HER2 fluorescence in situ hy-
bridization. Brain metastases were diagnosed by computed
tomography and/or magnetic resonance imaging in patients
with neurological signs and/or symptoms. Patients with
leptomeningeal carcinomatosis, defined as cerebrospinal
fluid cytology positive for malignant cells and/or relevant
imaging findings, were also included.

Procedures

Patients’ records, including electronic medical records,
were used to extract data according to a predefined case
record form. Extracted data included demographic infor-
mation, clinical examination findings including neurological

examination, Eastern Cooperative Oncology Group perfor-
mance status, stage at initial diagnosis, tumor character-
istics including estrogen and progesterone receptor status,
HER2 receptor status, treatment details in (neo)adjuvant
setting, site of first metastasis, sites of distant metastasis,
treatment received before developing brain metastasis,
local therapy (surgery, radiotherapy, or SRS) for brain
metastasis, systemic therapies received after developing
brain metastasis, radiological reports, disease status at
various time points after developing brain metastasis,
toxicities due to local therapies and/or systemic therapies,
and death.

Treatment of Brain Metastasis

Patients with brain metastasis were treated on the basis of
the number, size, and site of parenchymal lesions with at
least one of the following treatment modalities: surgical re-
section, followed by postoperative RT (focal or WBRT),
WBRT, or single-dose radiosurgery (SRS). Surgical resection
was considered for single large lesions with midline shift or
significant edema with none or stable extracranial disease
and estimated life expectancy of more than or equal to 6
months. Focal RT was considered for lesions up to 3 cm. If
the above criteria were not fulfilled, patients were treated with
WBRT after surgical resection. Systemic therapies included
lapatinib either alone or with capecitabine, trastuzumab, or
trastuzumab emtansine. Patients with the leptomeningeal
disease were treated with intrathecal trastuzumab along with
systemic HER2-targeted therapies.

Study Definitions and Statistical Analyses

The study end points were progression-free survival (PFS)
and overall survival (OS) after the development of brain
metastasis. PFS was defined as the time interval between the
date of diagnosis of brain metastasis and the date of first
documented clinical and/or radiological disease progression
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or death due to any cause, whichever was earlier. OS was
defined as the time interval between date of diagnosis of
brain metastasis and death due to any cause. Time to brain
metastasis was defined as the time interval between initial
diagnosis of breast cancer and development of brain me-
tastasis. Patients who did not experience the events for PFS
and OS on the data cutoff date on February 28, 2019, were
censored.

Patient characteristics were summarized using descriptive
statistics. Survival outcomes (PFS and OS) were estimated
by the Kaplan-Meier method. Median times were estimated
with their 95% CI. SPSS software version 22.0 was used for
statistical analyses (SPSS Inc, Chicago, IL). The study is
registered with Clinical Trials Registry—India (CTRI)
identifier: 2017/12/016439.

RESULTS

Patient Characteristics

A total of 102 patients with a median age of 52 (interquartile
range [IQR], 47-57) years were included in the study. Table 1
describes the baseline characteristics of patients at first di-
agnosis of breast cancer and at the time of brain metastasis.
An overwhelming majority (n = 98, 96.1%) of patients had
neurological symptoms at the time of diagnosis of brain
metastasis, 43 (42.1%) patients had more than five brain
lesions, and five (5%) patients had leptomeningeal disease.

Prior Treatment

Thirty-two (31.6%) patients had received prior HER2-
targeted therapy (trastuzumab) in the (neo)adjuvant set-
ting. In terms of HER2-targeted therapy in the metastatic
setting before diagnosis of brain metastases, 20 (19.6%)
patients had not received any HER2-targeted therapy, 63
(61.8%) patients had received one line, 14 (13.7%) pa-
tients had received two lines, and five (4.9%) patients had
received three lines of HER2-targeted therapy. In terms of
chemotherapy in the metastatic setting before diagnosis of
brain metastases, 2 (2%) patients had received none, 31
(30.4%) patients had received one line, 42 (41.2%) pa-
tients had received two lines, and 27 (26.4%) patients had
received three lines of chemotherapy. Two (2%) patients
with de novo brain metastatic disease were treatment naive
(chemotherapy and HER2-targeted therapy) at the time of
diagnosis of brain metastasis.

Brain metastasis developed during adjuvant therapy or
within 6 months of completion of adjuvant therapy in 18
(17.6%) patients.

Time to Brain Metastasis

The median time from initial diagnosis of breast cancer to
brain metastasis was 19 (IQR, 13-39) months in all pa-
tients, 19 (IQR, 13-40) months in patients with any prior
HER2-targeted therapy either in (neo)adjuvant or meta-
static settings (n = 82), and 18 (IQR, 13-35) months in
patients without any prior HER2-targeted therapy (n = 20).
Brain was the first site of metastasis in 24 (23.5%) patients,

of whom 16 had received prior adjuvant trastuzumab and
eight had not received it.

Treatment of Brain Metastasis

In terms of local therapy for brain metastasis, one (1%)
patient received none, 87 (85.3%) patients received WBRT
alone, three (2.9%) patients received SRS alone, five (2.9%)
received WBRT and SRS, one (1%) patient underwent
surgery alone, and seven (6.9%) patients underwent surgical
resection, followed by postoperative radiation therapy.

At the time of diagnosis of brain metastases, 43 (42.2%)
patients had documented disease progression in at least one
site other than brain. All patients (n = 102) received some
systemic therapy after completion of local therapy for brain
metastases. Sequential radiation therapy and systemic
therapy was the most common treatment pattern. Systemic
HER2-targeted therapy was either added or changed in 91
(89.2%) patients after the diagnosis of brain metastases
while prior HER2-targeted therapy was continued in six
(5.8%) patients, for a total of 97 (95%) patients who received
systemic HER2-targeted therapy immediately after the di-
agnosis of brain metastasis. The remaining five (4.9%)
patients received HER2-targeted therapy in subsequent
lines of treatment, after further disease progression. The first-
line HER2-targeted therapies in these 97 patients included
lapatinib (71 [69.6%] patients) either alone or in combi-
nation with capecitabine, trastuzumab (19 [18.6%] pa-
tients), trastuzumab-emtansine (4 [3.9%] patients), and
lapatinib with trastuzumab combination (3 [2.9%] patients).
A total of five (4.9%) patients in this cohort received intra-
thecal trastuzumab for leptomeningeal disease (Table 2).

Subsequent Treatment after the First Progression in

Brain Metastasis

The subsequent treatments in patients who progressed on
capecitabine and lapatinib combination (n = 58) were
trastuzumab in 12 (20.7%), trastuzumab emtansine in
eight (13.8%), a continuation of lapatinib with change
in chemotherapy in seven (12.1%), chemotherapy alone in
five (8.6%), and only supportive care in 26 (44.8%) pa-
tients. Thirteen (12.7%) patients received radiation to the
brain (either focal radiotherapy or whole-brain radiother-
apy) at the time of progressive disease in the brain.

Survival

At a median follow-up of 13.5 (range, 1-55) months, there
were 91 PFS events and 80 deaths on the data cutoff
date. The median PFS after brain metastasis was 8.0
(95% CI, 6.2 to 9.8) months, and the median OS was 14.0
(95% CI, 10.8 to 17.2) months, with a 2-year OS of 25%
(95% CI, 16.7 to 34.4; Fig 1). The median PFS in patients
treated with capecitabine and lapatinib combination was
9.0 (95% CI, 7.3 to 10.7) months (Fig 2), and in those
treated with trastuzumab (with or without chemotherapy)
it was 7.0 (95% CI, 2.7 to 11.3) months. The median PFS
of patients who underwent surgery was 22.0 (95% CI, 0.0
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to 54.1) months, and the median OS was 25.0 (95% CI,
22.1 to 27.9) months. The median PFS of patients with
leptomeningeal disease was 8.0 (95% CI, 1.6 to 14.4)
months, and the median OS was 19.0 (95% CI, 8.3 to
29.7) months.

Brain-Only Metastasis

The brain was the only site of metastasis in 24 (23.5%)
patients, of whom 6 (25%) could undergo surgery.
These patients achieved a median PFS of 10 (95% CI, 5.2 to
14.8)months and OS of 21.0 (95%CI, 18.1 to 23.9)months.

TABLE 1. Baseline Characteristics

Characteristic
Overall

Cohort (N = 102)

Patients Treated With
Lapatinib and Capecitabine

(n = 62)

Median age, years (range) 52 (29-70) 52 (33-67)

Comorbidities, No. (%)

Diabetes 13 (12.7) 6 (9.7)

Hypertension 15 (14.7) 10 (16.1)

Cardiac illness 2 (2) 2 (3.2)

Grade of tumor, No. (%)

II 7 (6.9) 3 (4.8)

III 78 (76.4) 48 (77.4)

Unknown 17 (16.7) 11 (17.7)

ER and/or PR positive 40 (39.2) 19 (30.6)

Stage at initial presentation, No. (%)

Localized 68 (66.7) 40 (64.5)

Metastatic 34 (33.3) 22 (35.5)

Prior (neo)adjuvant HER2-directed therapy received, No. (%) 40 (39.2) 23 (37.1)

Previous HER2-directed therapy in metastatic setting, No. (%)

None 20 (19.6) 8 (12.9)

1 line 63 (61.8) 47 (75.8)

≥2 lines 19 (18.6) 7 (11.3)

Type of HER2-directed therapy in metastatic setting, No. (%)

Trastuzumab 82 (80.4) 48 (77.4)

Lapatinib 9 (8.8) 1(1.6)

Pertuzumab 2 (2) 2 (3.2)

TDM1 1(1) —

Neurologic symptoms, No. (%)

Present 98 (96.1) 60 (96.8)

Absent 4 (3.9) 2 (3.2)

No. of brain metastasis, No. (%)

1 22 (21.6) 12 (19.3)

2-5 22 (21.6) 12 (19.3)

. 5 43 (42.1) 29 (46.8)

Missing information 15 (14.7) 09 (14.5)

Metastatic sites, No. (%)

Liver 43 (42.1) 27 (43.5)

Lung 48 (47.0) 30 (48.4)

Bones 53 (52.0) 33 (53.2)

Lymph nodes 40 (39.2) 26 (41.9)

Brain alone 24 (23.5) 12 (19.3)

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor; TDM1, trastuzumab
emtansine.
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DISCUSSION

There has been an improvement in the outcomes of pa-
tients with HER2-positive metastatic breast cancer because
of newer HER2-targeted agents, but the presence of brain
metastases continues to be associated with poor prognosis.
Our analysis of the real-world outcome in these patients
suggests a substantial clinical benefit of multimodality
treatment in some of them, with a 2-year OS of 25%.
Notably, almost 15% of patients could receive three or
more lines of HER2-targeted therapy after developing brain
metastasis.

The majority of patients (80%) in our cohort had received at
least one line of HER2-targeted therapy in a metastatic setting
before the development of brain metastasis which suggests
good compliance to standard practice guidelines. Our analysis
showed that patients who received prior HER2-targeted

therapy (predominantly trastuzumab) before diagnosis of
brain metastases had a similar time to development of brain
metastasis compared with those who did not receive any prior
HER2-targeted therapy (19 months v 18 months). Some
previous studies have suggested a longer time to development
of brain metastases in patients with prior use of HER2-
targeted therapy.4 It is likely that this result is because of
the heterogeneous timing of prior HER2-targeted therapy,
([neo]adjuvant, metastatic, or both), and the small numbers of
patients (n = 20) who did not receive any prior HER2-targeted
therapy, leading to an imprecise estimate. The lower use of
HER2-targeted therapy in our population is due to high cost of
drugs and lack of reimbursement facilities for all patients.
Most (96.1%) of our patients had symptomatic brain me-
tastasis because routine screening for brain metastasis was
not done in the absence of clinical signs and symptoms of
central nervous system involvement.5-7

TABLE 2. Treatment Received After Developing Brain Metastasis

Treatment
Overall

Cohort (N = 102)

Treated With
Capecitabine

and Lapatinib (n = 62)

Local therapy

Surgical resection 9 (8.8) 5 (8.1)

SRS 4 (4) 2 (3.2)

WBRT 93 (91.2) 58 (93.5)

SRS plus WBRT 4 (4) 2 (3.2)

Targeted therapy

Yes 97 (95) 62 (100)

No 5 (5) —

Type of anti-HER2 therapies (in first line)

Lapatinib 71 (69.6) 62 (100)

Trastuzumab 19 (18.6) —

Lapatinib plus trastuzumab 3 (2.9) —

TDM1 4 (3.9) —

Type of anti-HER2 therapies (in second line)

Lapatinib 15 (14.7) 7 (11.3)

Trastuzumab 15 (14.7) 11 (17.7)

Lapatinib plus trastuzumab 4 (3.9) 1 (1.6)

TDM1 12 (11.8) 8 (12.9)

Chemotherapy received

Anthracycline 2 (2) —

Taxanes 7 (6.9) —

Capecitabine 69 (67.6) 62 (100)

None 17 (16.7) —

No of lines of systemic therapies received (targeted and/or chemotherapy)

One line 102 (100) 62 (100)

Two lines 52 (51.0) 32 (51.6)

Three lines 17 (16.7) 11 (17.7)

Abbreviations: HER2, human epidermal growth factor receptor 2; SRS, stereotactic radiosurgery; TDM1, trastuzumab emtansine; WBRT,
whole-brain radiation therapy.
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Most patients in our cohort received local therapy (WBRT or
SRS or surgery or a combination thereof) as part of their
treatment plan for brain metastasis, in compliance with
standard guidelines. After development of brain metastasis,
most of our patients (69.6%) received lapatinib-based
therapy as the initial line of systemic therapy because of
perceived higher penetration of BBB by lapatinib.8-12 The
majority of patients (77.4%) treated with lapatinib had
previously received trastuzumab, and lapatinib was used in
combination with capecitabine in 80% of those who re-
ceived this drug.

The median PFS in patients who received lapatinib and
capecitabine after local therapy was 9 months, which is
higher than the previously publishedmedian PFS of 3.7-5.6
months.9,12-16 The improved PFS in our cohort could be due
to early initiation of systemic therapy within 1 week of
completion of radiation therapy, and in some patients,
lapatinib given concurrently with radiation therapy. There is
preclinical evidence of synergism between lapatinib and
radiotherapy, likely mediated by radiation-induced DNA

damage and modulation of molecular pathways such as
angiogenesis, cell cycle regulation, cell survival signaling,
and cancer-host immune interaction.17 Radiation-induced
hypoxia is one of the most potent stimuli for the induction of
VEGF via the phosphatidylinositol 3-kinase/Akt (protein
kinase B) signal transduction pathway or the mitogen-
activated protein kinase pathway. Lapatinib binds revers-
ibly to the cytoplasmic domains of both epidermal growth
factor receptor and HER2, which then blocks the activating
signaling cascades in the mitogen-activated protein kinase
and phosphatidylinositol 3-kinase pathways, leading to
increased apoptosis.18-24 The combination of lapatinib and
radiotherapy administered concurrently has been evalu-
ated in phase I studies and phase II RTOG 1119 study.25,26

A promising result was seen in a small cohort of 40 patients,
where patients who received SRS with lapatinib had better
PFS compared with those who did not receive lapatinib.27

Trastuzumab has poor ability to cross BBB before the
development of brain metastasis but attains a higher CSF
concentration after the disruption of BBB either due to brain

Time After Brain Metastasis (months)

60483624120

PF
S 

(p
ro

po
rti

on
)

1.0

0.8

0.6

0.4

0.2

A

Time After Brain Metastasis (months)

60483624120

11121231102 22253360102

OS
 (p

ro
po

rti
on

)

1.0

0.8

0.6

0.4

0.2

B

No. riskNo. risk

FIG 1. (A) PFS and (B) OS in study population. OS, overall survival; PFS, progression-free survival.
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metastasis itself or localized intervention.28 In our study, 19
patients were given trastuzumab-based therapy after local
therapy and achieved a PFS of 7 months and OS of
20 months, consistent with published literature.29,30 Four of
our patients received T-DM1 as first-line therapy after brain
metastasis, on the basis of retrospective analysis of phase III
EMILIA study. However, no patient showed symptoms of
brain edema as reported in retrospective studies.31,32 The
highest PFS (22 months) was seen in a subgroup of patients
who underwent surgery or SRS, followed by systemic ther-
apy. Our results suggest that patients with HER2-positive
tumors with brain metastasis have a better prognosis
compared with other subtypes of breast cancer, and a more
aggressive combined modality treatment approach could be
considered. An interesting finding in our analysis is the
considerable difference between median PFS (8 months)
and OS (14 months), which suggests that continued treat-
ment after first or subsequent progression could be thera-
peutically beneficial in patients with HER2-positive tumors
and brain metastases.

The outcome of patients with leptomeningeal disease is
dismal. Five of our patients with leptomeningeal involvement
were treated with intrathecal trastuzumab and systemic
HER2-targeted therapy with a median PFS of 8 months,
which suggests that intrathecal trastuzumab is efficacious in
this subgroup. However, because of the small number of
patients, it is difficult to draw any definite conclusion.33

Although the median OS in our patients (14 months) is
higher than historical controls without HER2-targeted
therapy, and in line with other studies using HER2-
targeted therapy, it is significantly shorter than recently
reported survival in patients with brain metastasis with the
use of newer HER2-targeted therapies.34-38 This differ-
ence could be due to the heavily pretreated patient
population in our cohort (60% patients received one line
and 20% received two or more lines of HER2-targeted
therapies before the diagnosis of brain metastasis), higher
disease burden (50% patients had . 5 lesions), and
surgical resection in only a minority of patients (8.8%)
compared with 28%-40% in other studies. It is also likely
that the use of newer HER2-targeted therapies results
in better outcomes compared with lapatinib and
trastuzumab.

Our study also indirectly suggests the effect of availability of
lower-cost biosimilar or generic versions of drugs on access.
While only 32 patients (31.6%) of our cohort had received
prior adjuvant HER2-targeted therapy, all managed to

receive HER2-targeted therapy after the development of
brain metastases. Biosimilars of trastuzumab and generic
versions of lapatinib were progressively introduced in India
by various pharmaceutical companies from 2015 onward,
which led to lower prices of these drugs. Some patients who
could not afford the innovator brand of trastuzumab in the
adjuvant setting (the only version available then) could afford
the biosimilar/generic versions of the drugs when they de-
veloped metastatic disease after a few years.

Our study has several strengths. There is a high precision
in estimates of PFS (92 events in 102 patients) and OS (80
deaths in 102 patients) because a large proportion of
patients have experienced events at the time of analysis.
The results will likely inform patient management in many
parts of the world where access to expensive HER2-
targeted therapies is limited. Our study has some limita-
tions, including its retrospective nature, inclusion of only
those patients who received HER2-targeted therapy, and
less precise ascertainment of response as part of routine
clinical practice. Specifically, an analysis of the cohort of
contemporaneous patients who did not receive any HER2-
targeted therapy would have allowed some estimate of the
benefit of these treatments in this patient population. We
have not evaluated prognostic factors in our cohort be-
cause of the heterogeneous characteristics of included
patients. The sample size is small, and the patient
characteristics (number and kinds of prior therapies) and
treatments for brain metastatic disease (both local and
systemic) are heterogeneous. Thus, the results of the
prognostic factor (univariable and multivariable) analyses
may not be accurate, given the number of covariates that
need to be controlled and limited power. Finally, quality of
life or the effect of treatment on neurocognitive function
was not assessed in our patient population. It is likely that
future studies in patients with HER2-positive disease and
central nervous system metastases will be prospective,
and such patients will be systematically included in
clinical trials, as was done in the HER2CLIMB trial, which
has led to significant improvement in outcomes.39,40

In conclusion, there is good clinical efficacy of combined
modality treatment, comprising radiotherapy, chemother-
apy, and lapatinib or trastuzumab, in patients with breast
cancer with brain metastases who have HER2-positive
tumors. There may be clinical benefit by continuing
treatment beyond the first disease progression in such
patients. Intrathecal trastuzumab is a promising treatment
in patients with leptomeningeal involvement.

AFFILIATIONS
1Department of Medical Oncology, Tata Memorial Centre, Homi Bhabha
National Institute, Mumbai, India
2Department of Radiation Oncology, TataMemorial Centre, Homi Bhabha
National Institute, Mumbai, India

3Department of Pathology, Tata Memorial Centre, Homi Bhabha National
Institute, Mumbai, India
4Department of Surgical Oncology, Tata Memorial Centre, Homi Bhabha
National Institute, Mumbai, India
5Department of Biostatistics, Tata Memorial Centre, Homi Bhabha
National Institute, Mumbai, India

JCO Global Oncology 7

HER2-Positive Breast Cancer With Brain Metastases



CORRESPONDING AUTHOR
Sudeep Gupta, MD, MBBS, DM, Department of Medical Oncology, Tata
Memorial Centre, Mumbai 400012, India; Twitter: @ACTREC_TMC;
e-mail: sudeepgupta04@yahoo.com.

PRIOR PRESENTATION
Presented in part as an abstract in ESMO Congress 2019, Barcelona,
Spain, September 29, 2019.

CLINICAL TRIAL INFORMATION
Study Registration: 2017/12/016439

AUTHOR CONTRIBUTIONS
Conception and design: Prabhat Bhargava, Ramnath Shenoy, Sushmita
Rath, Sudeep Gupta
Financial support: Prabhat Bhargava
Administrative support: Prabhat Bhargava, Rajendra Badwe, Sudeep
Gupta
Provision of study materials or patients: Prabhat Bhargava, Ramnath
Shenoy, Jyoti Bajpai, Ashwini Budrukkar, Tanuja Shet, Asawari Patil,
Sangeeta Desai, Shalaka Joshi, Palak Popat, Tabassum Wadasadawala,
Rima Pathak, Rajiv Sarin, Sudeep Gupta
Collection and assembly of data: Prabhat Bhargava, Narmadha
Rathnasamy, Ramnath Shenoy, Seema Gulia, Jaya Ghosh, Sushmita
Rath, Ashwini Budrukkar, Tanuja Shet, Asawari Patil, Sangeeta Desai,
Shalaka Joshi, Tabassum Wadasadawala, Rima Pathak, Rajiv Sarin
Data analysis and interpretation: Prabhat Bhargava, Seema Gulia, Jyoti
Bajpai, Sushmita Rath, Ashwini Budrukkar, Nita Nair, Palak Popat, Rima
Pathak, Sadhana Kannan, Rajendra Badwe, Sudeep Gupta
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF
INTEREST
The following represents disclosure information provided by authors of
this manuscript. All relationships are considered compensated unless
otherwise noted. Relationships are self-held unless noted. I = Immediate
Family Member, Inst = My Institution. Relationships may not relate to the
subject matter of this manuscript. For more information about ASCO’s
conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.
org/go/authors/author-center.
Open Payments is a public database containing information reported by
companies about payments made to US-licensed physicians (Open
Payments).

Prabhat Bhargava
Honoraria: Merck (Inst), Intas (Inst)
Consulting or Advisory Role: Lupin Pharmaceuticals (Inst), Mankind
Pharmaceuticals (Inst)
Speakers’ Bureau: Novartis (Inst), Zydus Pharmaceuticals (Inst)

Seema Gulia
Consulting or Advisory Role: Eisai (Inst), Novartis (Inst)
Research Funding: Lilly (Inst)

Jyoti Bajpai
Consulting or Advisory Role: Novartis (Inst), AstraZeneca (Inst)
Research Funding: Lilly (Inst), Novartis (Inst), Roche (Inst), Samsung
Bioepis (Inst), Sun Pharma (Inst), Paxman Scalp Coolers-Access device
(Inst)

Sudeep Gupta
Research Funding: Roche (Inst), Sanofi (Inst), Johnson & Johnson (Inst),
Amgen (Inst), Celltrion (Inst), Oncostem Diagnostics (Inst), Novartis
(Inst), AstraZeneca (Inst), Intas (Inst)

No other potential conflicts of interest were reported.

REFERENCES
1. Zimmer AS, Van Swearingen AED, Anders CK: HER2-positive breast cancer brain metastasis: A new and exciting landscape. Cancer Rep (Hoboken) 5:e1274,

2020

2. Chien AJ, Rugo HS: Emerging treatment options for the management of brain metastases in patients with HER2-positive metastatic breast cancer. Breast
Cancer Res Treat 137:1-12, 2013

3. Lin NU: Breast cancer brain metastases: New directions in systemic therapy. Ecancermedicalscience 7:307, 2013

4. Dawood S, Broglio K, Esteva FJ, et al: Defining prognosis for women with breast cancer and CNS metastases by HER2 status. Ann Oncol 19:1242-1248, 2008

5. National Comprehensive Cancer Network: NCCN Clinical Practice Guidelines in Oncology. Breast Cancer. Version 2, 2016. https://www.nccn.org/professionals/
physician_gls/pdf/breast.pdf

6. Ramakrishna N, Temin S, Chandarlapaty S, et al: Recommendations on disease management for patients with advanced human epidermal growth factor
receptor 2-positive breast cancer and brain metastases: American Society of Clinical Oncology clinical practice guideline. J Clin Oncol 32:2100-2108, 2014

7. Cardoso F, Costa A, Norton L, et al: European School of Oncology; European Society of Medical Oncology. ESO-ESMO 2nd international consensus guidelines
for advanced breast cancer (ABC2). Breast 23:489-502, 2014

8. Hurvitz SA, O’Shaughnessy J, Mason G, et al: Central nervous system metastasis in patients with HER2-positive metastatic breast cancer: Patient char-
acteristics, treatment, and survival from SystHERs. Clin Cancer Res 25:2433-2441, 2019

9. Bachelot TD, Romieu G, Campone M, et al: LANDSCAPE: An FNCLCC phase II study with lapatinib (L) and capecitabine (C) in patients with brain metastases
(BM) breast cancer (MBC) before whole-brain radiotherapy (WBR). J Clin Oncol 29, 2011 (suppl; abstr 509)

10. Polli JW, Humphreys JE, Harmon KA, et al: The role of efflux and uptake transporters in [N-{3-chloro-4-[(3-fluorobenzyl)oxy] phenyl}-6- [5-({[2-(methylsulfonyl)
ethyl] amino }methyl)-2-furyl]-4- quinazolinamine (GW572016, lapatinib) disposition and drug interactions. Drug Metab Dispos 36:695-701, 2008

11. Lin NU, Carey LA, Liu MC, et al: Phase II trial of lapatinib for brain metastases in patients with human epidermal growth factor receptor 2-positive breast cancer.
J Clin Oncol 26:1993-1999, 2008

12. Lin NU, Dieras V, Paul D, et al: Multicenter phase II study of lapatinib in patients with brain metastases from HER2-positive breast cancer. Clin Cancer Res
15:1452-1459, 2009

13. Lin NU, Eierman W, Greil R, et al: Randomized phase II study of lapatinib plus capecitabine or lapatinib plus topotecan for patients with HER2-positive breast
cancer brain metastases. J Neurooncol 105:20-613, 2011

14. Sutherland S, Ashley S, Miles D, et al: Treatment of HER2-positive metastatic breast cancer with lapatinib and capecitabine in the lapatinib expanded access
programme, including efficacy in brain metastases––the UK experience. Br J Cancer 102:995-1002, 2010

15. Boccardo F, Kaufman B, Baselga J, et al: Evaluation of lapatinib (Lap) plus capecitabine (Cap) in patients with brain metastases (BM) from HER2+ breast
cancer (BC) enrolled in the Lapatinib Expanded Access Program (LEAP) and French Authorisation Temporaire d’Utilisation (ATU). J Clin Oncol 26, 2008.(Abstr
1094)

8 © 2022 by American Society of Clinical Oncology

Bhargava et al

mailto:sudeepgupta04@yahoo.com
http://ctri.nic.in/2017/12/016439
http://www.asco.org/rwc
https://ascopubs.org/go/authors/author-center
https://ascopubs.org/go/authors/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf


16. Petrelli F, Ghidini M, Lonati V, et al: The efficacy of lapatinib and capecitabine in HER-2 positive breast cancer with brain metastases: A systematic review and
pooled analysis. Eur J Cancer 84:141-148, 2017

17. Begg AC, Stewart FA, Vens C: Strategies to improve radiotherapy with targeted drugs. Nat Rev Cancer 11:239-253, 2011

18. Mukherjee A, Dhadda AS, Shehata M, et al: Lapatinib: A tyrosine kinase inhibitor with a clinical role in breast cancer. Expert Opin Pharmacother 8:2189-2204,
2007

19. Liang K, Lu Y, Jin W, et al: Sensitization of breast cancer cells to radiation by trastuzumab. Mol Cancer Ther 2:1113-1120, 2003

20. Guo G, Wang T, Gao Q, et al: Expression of ErbB2 enhances radiation-induced NF- B activation. Oncogene 23:535-545, 2004

21. Pietras RJ, Poen JC, Gallardo D, et al: Monoclonal antibody to HER-2/neureceptor modulates repair of radiation-induced DNA damage and enhances ra-
diosensitivity of human breast cancer cells overexpressing this oncogene. Cancer Res 59:1347-1355, 1999

22. Hou J, Zhou Z, Chen X, et al: HER2 reduces breast cancer radiosensitivity by activating focal adhesion kinase in vitro and in vivo. Oncotarget 7:45186-45198,
2016

23. Zhou H, Kim YS, Peletier A, et al: Effects of the EGFR/HER2 kinase inhibitor GW572016 on EGFR- and HER2-overexpressing breast cancer cell line
proliferation, radiosensitization, and resistance. Int J Radiat Oncol Biol Phys 58:344-352, 2004

24. Sambade MJ, Kimple RJ, Camp JT, et al: Lapatinib in combination with radiation diminishes tumor regrowth in HER2+ and basal-like/EGFR+ breast tumor
xenografts. Int J Radiat Oncol Biol Phys 77:575-581, 2010

25. Lin NU, Freedman RA, Ramakrishna N, et al: A phase I study of lapatinib with whole brain radiotherapy in patients with Human Epidermal Growth Factor
Receptor 2 (HER2)-positive breast cancer brain metastases. Breast Cancer Res Treat 142:405-414, 2013

26. Kim IA, Moughan J, Sperduto PW, et al: NRG Oncology/RTOG 1119: PHASE II randomized study of whole brain radiotherapy/stereotactic radiosurgery with
concurrent lapatinib in patients with brain metastases from HER2-positive breast cancer—A collaborative study of NRG and KROG (NCT01622868). Int
J Radiat Oncol Biol Phys 108:S174-S175, 2020

27. Yomo S, Hayashi M, Cho N: Impacts of HER2-overexpression and molecular targeting therapy on the efficacy of stereotactic radiosurgery for brain metastases
from breast cancer. J Neurooncol 112:199-207, 2013

28. Stemmler HJ, Schmitt M, Willems A, et al: Ratio of trastuzumab levels in serum and cerebrospinal fluid is altered in HER2-positive breast cancer patients with
brain metastases and impairment of blood-brain barrier. Anticancer Drugs 18:23-28, 2007

29. Chargari C, Idrissi HR, Pierga JY, et al: Preliminary results of whole brain radiotherapy with concurrent trastuzumab for the treatment of brain metastases in
breast cancer patients. Int J Radiat Oncol Biol Phys 81:631-636, 2011

30. Kirsch DG, Ledezma CJ, Mathews CS, et al: Survival after brain metastases from breast cancer in the trastuzumab era. J Clin Oncol 23:2114-2117, 2005

31. Carlson JA, Nooruddin Z, Rusthoven C, et al: Trastuzumab emtansine and stereotactic radiosurgery: An unexpected increase in clinically significant brain
edema. Neuro Oncol 16:1006e9, 2014

32. Fontanella C, De Carlo E, Cinausero M, et al: Central nervous system involvement in breast cancer patients: Is the therapeutic landscape changing too slowly?
Cancer Treat Rev 46:80e8, 2016

33. Dumitrescu C, Lossignol D: Intrathecal trastuzumab treatment of the neoplastic meningitis due to breast cancer: A case report and review of the literature. Case
Rep Oncol Med 2013:154674, 2013

34. Boogerd W, Vos VW, Hart AA, et al: Brain metastases in breast cancer; natural history, prognostic factors, and outcome. J Neurooncol 15:165-174, 1993

35. Weil RJ, Palmieri DC, Bronder JL, et al: Breast cancer metastasis to the central nervous system. Am J Pathol 167:913-920, 2005

36. Brufsky AM, Mayer M, Rugo HS, et al: Central nervous system metastases in patients with HER2-positive metastatic breast cancer: Incidence, treatment, and
survival in patients from registHER. Clin Cancer Res 17:4834-4843, 2011

37. Modi S, Saura C, Yamashita T, et al: Trastuzumab deruxtecan in previously treated HER2-positive breast cancer. N Engl J Med 382:610-621, 2020

38. Jacot W, Pons E, Frenel JS, et al: Efficacy and safety of trastuzumab emtansine (T-DM1) in patients with HER2-positive breast cancer with brain metastases.
Breast Cancer Res Treat 157:307-318, 2016

39. Murthy RK, Loi S, Okines A, et al: Tucatinib, trastuzumab, and capecitabine for HER2-positive metastatic breast cancer. N Engl J Med 382:597, 2020

40. Freedman RA, Gelman RS, Wefel JS, et al: Translational Breast Cancer Research Consortium (TBCRC) 022: A phase II trial of neratinib for patients with human
epidermal growth factor receptor 2-positive breast cancer and brain metastases. J Clin Oncol 34:945-952, 2016

n n n

JCO Global Oncology 9

HER2-Positive Breast Cancer With Brain Metastases


	Clinical Profile and Outcome of Patients With Human Epidermal Growth Factor Receptor 2–Positive Breast Cancer With Brain Me ...
	INTRODUCTION
	METHODS
	Study Design
	Patient Identification
	Procedures
	Treatment of Brain Metastasis
	Study Definitions and Statistical Analyses

	RESULTS
	Patient Characteristics
	Prior Treatment
	Time to Brain Metastasis
	Treatment of Brain Metastasis
	Subsequent Treatment after the First Progression in Brain Metastasis
	Survival
	Brain-Only Metastasis

	DISCUSSION
	REFERENCES


