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Case Report

Metastatic brain tumors respond favorably to
pyrotinib in a HER2-positive breast cancer
following failure using trastuzumab
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Abstract: Treatment of breast cancer (BC) with overexpression of human epidermal growth factor receptor 2 (HER2)
has undergone a prosperous development with the advent of emerging small molecule tyrosine kinase inhibitors
(TKIs). However, their efficacy in brain metastases (BMs) requires further investigation in both clinical trials and
practice by specifically targeting this population. We herein reported a HER2-positive metastatic bilateral BC case
with symptomatic diffusion of parenchymal BM after first-line treatment with trastuzumab-based regimen. She
then received pyrotinib (with a disease-free survival of 5.7 months) followed by whole brain radiotherapy. Unexpect-
edly, under satisfactory control of intracranial parenchymal lesions, the patient based on clinical manifestations,
auxiliary examinations and exclusive diagnosis was diagnosed with meningeal progression, and soon died of tumor
progression. Thus, pyrotinib response differed from meningeal to parenchymal BM in BC patients, and the need of
comprehensive and systematic evaluation of TKls in some particular clinical scenarios has become a critical issue.
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Introduction

Breast cancer (BC) patients with overexpres-
sion of human epidermal growth factor recep-
tor 2 (HER2) who achieve long-term survival
benefits from anti-HER2 systemic treatments
are associated with increased incidence of
brain metastases (BMs). This has become a hot
research topic and complex treatment issue in
clinical practice. Current therapy for HER2-
positive BC patients with BM mainly involves
local brain surgery or radiotherapy, and new-
type small molecule tyrosine kinase inhibitors
(TKIs) is showing certain prospects in treat-
ment. According to phase Il clinical trials
LANDSCAPE [1] and TBCRC 022 [2], lapatinib
and neratinib have demonstrated a therapeutic
efficacy on BM to a certain extent. PHENIX trial
[3] enrolled metastatic BC (MBC) patients with
controlled BM, and achieved good results. The
study confirmed that BC patients with BM have
benefitted from pyrotinib treatment, reducing
the proportion of progressive BM, and delaying
the median time to progressive BM when com-

bined with capecitabine. All these studies have
suggested that the investigations of TKils for
treating BC patients with BM are worth further
exploration. We herein reported a patient with
HER2-positive metastatic bilateral BC during
her first diagnosis. She had numerous brain
parenchymal metastases (BPMs) following 8-
cycle trastuzumab-based treatment, received
whole-brain radiation therapy (WBRT), and
experienced unusual clinical outcome of men-
ingeal metastasis (MM) progression while had
satisfactory control of parenchymal lesions
with pyrotinib treatment.

Case presentation

A 47-year-old woman in menopause without any
family history of tumors or underlying disease
history had a thumb nail size lump in her left
breast in September 2017, but was not consid-
ered seriously. Two months later, another lump
with soybean size was touched in her right
breast, but she did not visit the hospital. In
January 2018, she had pain in left breast, and
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had progressive aggravation, and ulceration on
the skin surface accompanied with redness,
swollen and heat pain. Besides, another painful
lump was observed in the left axilla. She then
visited local hospital for treatment. The results
of physical examination showed no dimpling or
discharge in the bilateral nipples, a large-area
of yellow color scab on the surface of left breast
with no precise noticeability. Also showed
slightly red and swollen surface on the right
breast, hardened texture of the whole breast;
and a 2 cm size of axillary lymph node could be
touched, with palpable bilateral supraclavicular
lymph nodes (the largest one was about 3 cm).
The pathological biopsy results of the right
breast mass showed invasive carcinoma (Fi-
gure 1A). Immunohistochemistry (IHC) analysis
revealed ER (-), PR (-), HER2 (2+~3+), and Ki-67
(+, 20%) (Figure 1A). Fluorescence in situ
hybridization (FISH) assay confirmed gene
amplification of HER2 (Figure 1A). Imaging as-
sessment of tumor burden including chest and
abdominal computed tomography (CT) scan
indicated mediastinal lymphatic metastasis
(Figure 1B). Emission computed tomography
(ECT) of bone scanning suggested multiple
bone metastases (Figure 1C). The patient un-
derwent one course of taxotere-epirubicin-
cyclophosphamide (TEC) chemotherapy, fol-
lowed by administration of bisphosphonates to
inhibit bone metastases, and opioids to control
pain. She was then admitted to our hospital for
further medical help. The results of physical
examination showed lymph nodes in the left
axilla and bilateral supraclavicular were shrunk-
en. No obvious abnormalities were observed in
the supplementary cranial magnetic resonance
imaging (MRI) examination. Further biopsy of
left breast mass revealed an invasive carcino-
ma, with the status of ER (-), PR (-), HER2 (3+),
Ki-67 (+, 50%) by IHC analysis (Figure 1D).
Amplification of HER2 gene pertaining to left
BC tissues was shown to be positive by FISH
assay (Figure 1D). The patient was thus con-
firmed with the diagnosis of “bilateral BC and
metastases of left axillary lymph node, bilateral
supraclavicular lymph nodes, mediastinal
lymph nodes and bone (cT4AN3M1, stage IV,
HER2 gene amplification)”. According to HER2
status, the treatment was switched to docetax-
el and carboplatin in combination with trastu-
zumab (TCbH) regimen, which was maintained
for 8 cycles. During this treatment, her bilateral
breast lumps showed continuous reduction,
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skin symptoms were recovered, pain disap-
peared, and the enlarged lymph nodes in the
left axilla and bilateral supraclavicular were
completely relieved. But the reduction of medi-
astinal lymph nodes was not satisfactory, and
the overall response was evaluated as partial
response (PR) with significant improvement. In
October, 2018, she had headache and dizzi-
ness accompanied with difficulty opening her
left eye, vision impairment in the left eye, left
limb numbness, and epilepsy symptoms. Head
MRI examination found multiple abnormal sig-
nals in bilateral cerebral and cerebellar hemi-
spheres, which was considered as numerous
metastatic lesions in the brain parenchyma
(Figure 2A). Whole brain radiation therapy
(WBRT, DT 40 Gy) was subsequently perform-
ed, resulting in stable disease with minor
improvement (Figure 2A). The patient then
received systemic therapy of pyrotinib (400 mg,
po, qd) plus capecitabine (1500 mg, po, bid)
from November 2018, but showed poor toler-
ance to capecitabine, and so underwent treat-
ment with etoposide capsules (100 mg, d1-5,
g4w) as an alternative partner 1 week later.
During this therapy, parenchymal brain metas-
tases exhibited continuous shrinkage in size
and decrease in number (Figure 2A), as well as
reduction in primary breast lesions (Figure 2B),
mediastinal metastatic lymph node (Figure 2C),
and the status lasted for nearly half a year. She
had pyrotinib-related diarrhea, nausea and loss
of appetite, which could be recovered after
symptomatic treatment, and maintained a
good quality of life.

In May 2019, the patient had progressively
worsened eye pain again, reduced vision
accompanied with obvious headache, dizzi-
ness, nausea and vomiting, and frequent epi-
lepsy. Central nervous system examination
showed positive signs of slow response, askew
mouth (towards left), and reduced left limb
strength. MRI examination of the brain indicat-
ed continuous reduction of intracranial meta-
static parenchymal lesions (Figure 3A and 3B).
However, a band-like high signal in left fronto-
temporal dura (Figure 3B) and obtuse horn of
the ventricle (Figure 3C and 3D) were observed.
Moreover, a suspected high signal was shown
in the left orbital apex (Figure 3E). Ophth-
almology consultation concluded no high intra-
ocular pressure, and suggested orbit CT exami-
nation. The results did not reveal any obvious
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Figure 1. Histopathologic, molecular and imaging characterization identified the patient as HER2-positive bilateral
breast cancer with distant metastases. A. HE staining showed infiltrating ductal carcinoma (x400). Immunohisto-
chemical staining (x400) showed the tumor was negative for ER (-) and PR (-), but positive for HER2 (2+~3+) and
Ki-67 (+, 20%). FISH assay revealed HER2 gene amplification of infiltrating ductal carcinoma from right breast of the
patient. B. Tumor burden of metastatic mediastinal lymph nodes (arrow) as evidenced by chest CT scan. C. Multiple
bone metastases as evidenced by ECT bone scanning. D. HE staining showed infiltrating ductal carcinoma (x400).
Immunohistochemical staining (x400) showed the tumor was negative for ER (-), PR (-), positive for HER2 (3+), and
Ki-67 (+, 50%). FISH assay revealed HER2 gene amplification of infiltrating ductal carcinoma from left breast of
the patient. Abbreviations: CT, computed tomography; ECT, emission computed tomography; ER, estrogen receptor;
FISH, Fluorescent in situ hybridization; HE, hematoxylin & eosin; HER2, human epidermal growth factor receptor 2;
PR, progesterone receptor.

abnormalities (Figure 3F), and did not support tion strategies were used to reduce the intra-

orbital metastasis. However, hydrocephalus,
cranial hypertension and secondary epilepsy
have already shown. Sodium valproate was
given to prevent epilepsy, phenobarbital was
used to control epileptic seizures, and dehydra-
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cranial pressure. After alleviation of neurologi-
cal symptoms, lumbar puncture was performed.
Few abnormalities in cerebrospinal fluid (CSF)
including elevated opening pressure, and in-
creased total protein concentration (0.65 g/L,
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Figure 2. Imaging characterization revealed dynamic changes of the primary and metastatic lesions during the
treatment of pyrotinib. A. Cranial MRI revealed continuous shrinkage of brain metastases (arrows) after WBRT and
pyrotinib therapy. B. Breast MRI revealed reductions in primary breast lesions (arrowheads) 5 months after pyrotinib
therapy. C. Chest CT scan revealed a significant reduction in lesion of mediastinal lymph node (arrows) 5 months
after pyrotinib therapy. Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; WBRT, whole

brain radiotherapy.

normal range: 0.08-0.43 g/L) were observed
(Table 1). General laboratory assessments of
CSF excluded inflammation and other non-
tumor diseases, but no cancerous cells were
observed in cytological examination of CSF
(Figure 4). Considering the limited sensitivity in
initial CSF examination, the patient was diag-
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nosed with MM clinically after exclusive diagno-
sis of space occupying lesions of cerebral
venous sinus and other possible non-tumor dis-
eases. Intrathecal chemotherapy of cytarabine
and methotrexate per week for 2 weeks for con-
trolling the symptoms were given. Unfortunately,
the disease was still shown to be deteriorating,
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Figure 3. The patient showed tumor response discor-
dance between intracranial parenchymal and menin-
geal metastatic lesions when receiving further treat-
ment of pyrotinib. A and B. While a sustained relief of
intracranial parenchymal lesions (arrows) can be ob-
served by pyrotinib therapy for 6 months, a band-like
high signal (arrowhead) in left frontotemporal dura
was revealed by cranial MRI. C and D. Obtuse horn
of the ventricle (as indicted by arrow) was shown by
cranial MRl 6 months after pyrotinib therapy. E. A
suspected high signal (arrow) in left orbital apex was
shown by cranial MRI. F. Lateral orbital CT scan con-
firmed no metastasis of the tissue. Abbreviations:
CT, computed tomography; MRI, magnetic resonance
imaging.

and the patient died due to tumor progression
on June 3, 2019 with an overall survival (OS)
time of 20.1 months.

Discussion

The current case was preliminary diagnosed
with metastatic bilateral BC, and successively
discovered bilateral breast lumps within a short
time. Whether the latter tumor in the right
breast was primary or metastatic from contra-
lateral breast showed no influence on clinical
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Table 1. Biochemical examination of cerebro-
spinal fluid

Indicator Result Reference Interval  Units
Glucose 3.80 2.5-4.5 mmol/L
Chloride 122 120-132 mmol/L

Total protein  0.65 0.08-0.43 g/L

Figure 4. No cancerous cells were observed in initial
cytological examination of cerebrospinal fluid.

decision making. It is important to note that
delayed medical help leads to missing of early
treatment in the patient. Although active anti-
HER?2 targeted therapy was administered later
in the course of treatment, the disease still
showed continuous progression, proving the
vital importance of early diagnosis and treat-
ment, especially for highly invasive HER2-
positive BC patients. Due to limited permeabil-
ity into the blood brain barrier, the mactr-
omolecular anti-HER2 targeted drugs, such as
trastuzumab, pertuzumab and T-DM1, exhibit-
ed restricted efficacy for intracranial lesions.
However, HER2-positive BC patients have
achieved long-term survival by controlling sys-
temic lesions, especially extracranial lesions,
which thus led to the occurrence of more BM.
Risk factors regarding the occurrence of BM
from BC have included high expression of
HER2, negative hormone receptor, and multiple
regional lymph node metastases, and high
expression of HER2 is considered as the main
risk factor [4]. This patient was identified as
HER2 positive, hormone receptor negative, and
regional lymphatic metastasis at N3 level dur-
ing her visit to the hospital. Macromolecular
monoclonal antibody trastuzumab was used as
first-line drug for treatment, and so the develop-
ment of BM might therefore not be occasional.
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TKls with relatively small molecular weight are
important treatment options after failure of
trastuzumab, especially for BC patients with
BM [5]. Pyrotinib, which is developed in China,
is a new generation oral, irreversible pan-ErbB
TKI that potently inhibits EGFR/HER1, HER2
and HER4 [6]. Besides preclinical data, clinical
data have proved the superiority of pyrotinib.
Phase | studies of pyrotinib monotherapy [7] or
in combination with capecitabine [8] reported it
as a safe and highly effective drug in HER2-
positive MBC patients. In a phase Il clinical
study (NCT02422199), the combination of
pyrotinib and capecitabine was compared with
the combination of lapatinib and capecitabine
for the treatment of Chinese patients with
HER2-positive relapsed or metastatic BC who
previously received chemotherapy plus trastu-
zumab or not. The results showed that objec-
tive remission rates (ORR) of the two groups
were 78.5% and 57.1%, respectively, and pro-
gression-free survival (PFS) time of 18.1
months vs. 7.0 months [9]. No significant differ-
ence in safety was shown between the two
groups. The most common drug-related adv-
erse events of pyrotinib included gastrointesti-
nal reactions, such as diarrhea, nausea and
vomiting, and were shown to be well-tolerated
or controllable. In August 2018, pyrotinib
received its first global conditional approval in
China by its breakthrough data in phase Il trial.
It is used in combination with capecitabine for
treatment of HER2-positive MBC patients who
were previously treated with anthracycline and
taxane chemotherapy, and is applicable to
patients who previously received trastuzumab
or not. Recent results of phase Ill PHENIX study
from ASCO (2019) proved the safety and high
efficacy of pyrotinib in both full population and
the BM subgroup of BC patients [3]. During the
use of pyrotinib plus capecitabine, the patient
in this case showed poor tolerance to cape-
citabine, and thus received etoposide capsule
as an alternative. This is because the moderate
clinical effectiveness of oral etoposide has
been demonstrated in MBC with options are
limited but active treatment is still considered
appropriate by a pooled analysis [10]. From the
clinical efficacy and safety of etoposide during
the patient’s later treatment course, we con-
sider this drug a useful treatment option when
combined with pyrotinib for patients with inabil-
ity or inappropriateness to capecitabine drug
usage.
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Unexpectedly, half a year later, at the time of
excellent control of parenchymal lesions in the
brain, the patient developed devastating neuro-
logical symptoms, which were considered to be
related with the progression caused by MM.
Currently, the diagnosis of MM mainly depends
on tumor history, symptom signs, gadolinium
MRI of the brain and/or spinal cord and cyto-
logical examination of CSF [11]. Cytological
identification of malignant cells in CSF remains
the gold standard for diagnosing MM, but the
sensitivity of it remained low during initial CSF
examination and can be increased by repeated
lumbar punctures [11]. Tumor history, clinical
manifestations and imaging examination re-
sults supported the diagnosis of MM in the
present case. There is a possibility that MM
might be present during her first diagnosis of
BPM, and it occurred with discrete symptoms
at the time of presentation due to delayed diag-
nosis of MM with the currently available diag-
nostic techniques. However, the time of occur-
rence of clinical symptoms and repeated im-
aging findings in our patient supported that MM
might be a new-onset. The prognosis of BC
patients with symptomatic untreated MM
remained dismal with a median survival time of
4-8 weeks [12]. Currently, there is no consen-
sus regarding the choice of treatment for these
patients. Treatment options consist of radio-
therapy, intrathecal delivered chemotherapy
[13] or targeted therapy [14], systemic chemo-
therapy, surgical treatment and supporting
therapy. Our patient had numerous BPMs, and
received WBRT before MM progression, result-
ing in poor clinical condition with impaired toler-
ance to systemic treatment, and intrathecal
chemotherapy was thus started as per our pro-
tocol when applicable. Although the treatment
was active, the patient’s disease condition was
continuously deteriorated and died due to MM
diagnosis at 1.2 months. We hypothesized that
distinct pyrotinib responses between meninge-
al and parenchymal BMs might be related to
the unique biology of BM, BC heterogeneity,
and TKI drug response pattern, as BM from BC
with different subtypes differs in their biologi-
cal characteristics, metastatic patterns and
treatment responses [15].

Taken together, new-type TKls might cover the
shortage of traditional macromolecule-sized
anti-HER2 drugs, which is characterized by
good permeability and multi-target blockade.
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The clinical trials focusing on pyrotinib are
ongoing synchronously in China and the US,
and the drug has become a promising member
of small molecule EGFR/HER2 inhibitor family
worldwide. This study supports the effective-
ness and safety of pyrotinib use in HER2-
positive BC patients with BPM. However, its
efficacy still requires comprehensive and sys-
tematic evaluation in a larger group of BC
patients bearing BM including BPM and MM in
order to achieve a clear understanding with
regard to the drug potentiality.
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