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Abstract: Breast cancer is heterogeneous at the molecular level, and receptor discordance has frequently
been observed in breast cancer patients during treatment. Patients with human epidermal growth factor
receptor 2 (HER2) discordance are reported to have poor survival, but guidelines for the treatment of these
patients are still being explored. In this case report, we will share our experience in treating a hormone
receptor-positive breast cancer patient with HER2 discordance. This patient was first diagnosed as Luminal
B-like HER2+, and had previously undergone several lines of anti-HER?2 therapy with limited effectiveness.
Pathological reassessment of the patient’s later metastasis showed Luminal B-like HER2-. Next-generation
sequencing (NGS) testing was performed on the patient’s surgical samples, and she was prescribed a therapy
consisting of palbociclib and exemestane in December, 2018. This patient was subsequently followed up
and her progression-free survival (PFS) has reached 16 months. This passage highlights the importance of
pathological reassessment and standard treatments. In the absence of any clinical data on the usage of cyclin-
dependent kinase inhibitors (CDKIs) in patients with HER2 discordance, we predict the potential role of

palbociclib in the treatment hormone receptor-positive breast cancer patients with HER2 discordance.
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Introduction

Breast cancer is the most common malignancy among
women globally. According to the expression status of
receptors including hormone receptors and human epidermal
growth factor receptor 2 (HER2), as well as the proliferation
marker Ki67, breast cancer can be classified into five
molecular subtypes: Luminal A-like, Luminal B-like HER2-,
Luminal B-like HER2+, HER2-enriched (non-luminal), and
triple-negative breast cancer (1). Continuous exploration of
breast cancer has facilitated the discovery of specific targeted
drugs or therapies for the different subtypes of breast
cancer, which have led to improvements in prognosis and
the effectiveness of treatment. Nevertheless, the majority
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of patients still experience disease progression eventually.
For patients with advanced refractory breast cancer, it
is imperative that second-time biopsy is performed (2);
however, discordance at the molecular level, such as the
loss of estrogen receptor status or change of HER2? status,
is often observed, which brings challenges for clinical
treatment (3). In particular, the impact of HER2 discordance
on the treatment and prognosis of breast cancer patients has
attracted considerable interest. Some retrospective studies
have shown that HER2 discordance is involved with disease
progression, drug resistance, and poor prognosis (3,4).
However, since no clinical trials have provided any specific
data on patients with HER?2 discordance (4), the guidelines
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for treatment and recommended therapies are still under
exploration.

In this case report, we will share our experience of
treating an advanced refractory breast cancer patient with
HER?2 discordance. This patient was first diagnosed as
Luminal B-like HER2+, and her metastatic site was found
to be Luminal B-like HER2—. The patient was prescribed
palbociclib and exemestane, and as of April, 2020, her
progression-free survival (PFS) had reached 14 months.
There is currently a lack of clinical data on the efficacy of
cyclin-dependent kinase inhibitors (CDKIs) in hormone
receptor-positive breast cancer with HER2 discordance,
but we believe this report will provide a basis for further
research. We present the following case in accordance with
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/tber-20-3).

Case presentation

In December 2018, a 40-year-old woman came to our
hospital for further treatment for her advanced refractory
breast cancer. The patient was first diagnosed with breast
cancer in May, 2015, after which she received right breast
radical mastectomy plus right axillary sentinel lymph node
dissection on June 1, 2015. Pathological examination of
the surgical sample identified the component as invasive
ductal carcinoma with partial ductal carcinoma in situ.
The Scarff-Bloom-Richardson grade was II. The tumor
measured 2.5 cm x 2 cm x 1.5 c¢m, and 7 metastases were
found in 9 lymph nodes (pT2N2MO0). The molecular breast
cancer subtype was identified as Luminal B-like HER2+
by immunohistochemistry: estrogen receptor (ER) 50%+,
progesterone receptor (PR) 5%+, HER2: 2+, FISH: +,
Ki67:30%.

Consequently, the patient received 4 cycles of epirubicin
and cyclophosphamide (EC x 4-TH x 4: epirubicin 90 mg/m’
plus cyclophosphamide 600 mg/m?), administered
intravenously from June, 2015. This was followed by 4
cycles of docetaxel and trastuzumab (docetaxel 90 mg/m’
plus trastuzumab 8 mg/kg for the first dose, then 6 mg/kg
after that), administered intravenously. Following the
completion of docetaxel treatment in December, 2015,
trastuzumab (6 mg/kg, administered intravenously
in day 1 of each 21-day cycle) was administered until
September, 2016, concluding 1 year of treatments.
Adjuvant radiotherapy (unknown) was performed after the
chemotherapy, and starting in January, 2016, the patient
received endocrine therapy (daily letrozole, 2.5 mg/day).
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However, in December 2016, a new lump was found on
the patient’s right chest wall. Computed tomography (CT)
detected regional costal pleural thickening on the right
side of the sternum (Figure 1A4). Cutaneous metastasis
was confirmed by fine needle aspiration (FNA), but the
immunohistochemistry failed due to inadequate sample
cells. The patient was diagnosed as primary trastuzumab
resistant and primary endocrine therapy resistant. As
a result, lapatinib (1,250 mg, administered orally once
daily) plus Capecitabine (1,000 mg/m’, administered
orally twice daily on days 1-14 of each 21-day cycle) was
given as the first-line therapy. This therapy showed great
effectiveness, and the patient’s condition was evaluated
as partial response according to the Respond Evaluation
Criteria in Solid Tumors (RECIST) 1.1 system (Figure 1B).
In February, 2018, the lump was observed to have grown in
size (Figure 1C), and so lapatinib (1,250 mg, administered
orally once daily) plus paclitaxel (120 mg/m’, administered
intravenously on days 1 and 15 of each 21-day cycle) was
given for 6 cycles as a substitute. In July, 2018, lapatinib
(1,250 mg, administered orally once daily) plus fulvestrant
(500 mg, administered intramuscularly on day 1 of each
28-day cycle, with an additional 500 mg dose on day 15 of
cycle 1) was initiated as maintenance treatment.

However, in September, 2018, another new lump was
discovered on the patient’s right chest wall (Figure 1D).
Double-targeted anti-HER?2 therapy (trastuzumab 8 mg/kg
for the first dose, followed by 6 mg/kg, administered
intravenously on day 1 of each 21-day cycle; lapatinib 1,250 mg,
administered orally once daily; capecitabine 1,000 mg/m?,
administered orally twice daily on days 1-14 of each 21-day
cycle) was employed; however, after 2 months, the size of
the first lump had increased again, and the treatment was
deemed to have failed (Figure 2A). Therefore, a cutaneous
biopsy was performed, and immunohistochemistry showed
the molecular subtype to be Luminal B-like HER2- (ER
75%+, PR -, HER2: 2+, FISH: -). A next-generation
sequencing (NGS) test performed on the patient’s surgical
samples revealed ERBB2 amplification, ERBB3 alteration on
13551, PIK3CA alteration, MDM?2 amplification, EPHB4
amplification, and TP53 alteration on R196 (Table 1).
Considering the patient’s complicated condition and the
HER?2 discordance, we decided on a therapy consisting
of palbociclib and exemestane (palbociclib 125 mg,
administered orally once daily on days 1-21 of each 28-day
cycle; and exemestane 25 mg, administered orally once
daily). The patient has been receiving this therapy since
December, 2018, and was evaluated as having stable disease
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Figure 1 Computed tomography (CT) scan of previous metastases. (A) A metastatic site on the right chest wall was detected (red arrow)

in December 2016; (B) the size of the metastasis was found to decrease after treatment with lapatinib plus capecitabine (red arrow). The

effectiveness was evaluated as partial response according to the RECIST 1.1 system; (C) the metastatic site on the right chest wall was

observed to have increased in size again in February, 2018 (red arrow); (D) a new metastatic site on the right chest wall was discovered in

September, 2018 (red arrow), marking the failure of the second-line therapy.

according to the RECIST 1.1 system (Figure 2B). Several
adverse effects were noted including neutropenia (grade II),
and hypercholesterolemia, increased alanine transaminase
(ALT), aspartate transaminase (AST), and alkaline
phosphatase (ALP) (all grade I). Grade I1I increased gamma-
glutamyltransferase (GGT) was also observed. All of these
adverse effects were evaluated according to the Common
Terminology Criteria for Adverse Events (CTCAE) Version
5.0, and relevant responses and periodic reviews were taken
to tackle them. The patient was followed up, and as of
April, 2020, her progression-free survival (PFS) had reached
16 months (Figure 3). The patient has given her consent for
the case report to be published.

Discussion

Breast cancer is heterogeneous at the molecular level. It can
be classified into various subtypes, the molecular features
of which, including the activation of hormone receptors,
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receptor discordance, and gene mutations, can often be
observed (1). Here, we will analyze the inherent molecular
heterogeneity of the patient in our report and the impact of
HER? discordance on treatment outcomes. This case report
underscores the importance of pathological reassessment
and standard treatments, as well as the potential role of
palbociclib in treating hormone receptor-positive, HER2-
negative breast cancer with HER?2 discordance.

This patient with primary Luminal B-like HER2+
breast cancer (pT2N2MO) received standard postoperative
adjuvant chemotherapy, endocrine therapy, and radiotherapy
according to Chinese Society of Clinical Oncology (CSCO)
Guidelines on Breast Cancer. Three months after the end
of adjuvant trastuzumab therapy, while patient was still
receiving endocrine therapy, the disease was discovered to
have progressed. Consequently, the patient was diagnosed
as primary trastuzumab resistant and primary endocrine
therapy resistant. Considering the meaningful role of NGS
in precise medicine, we also performed an NGS test on
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Figure 2 Computed tomography (CT) scan of the metastatic site
before and after palbociclib and exemestane. (A) In December
2018, the metastasis on the right chest wall was found to have
progressed, as the prescription of double-targeted anti-HER2
therapy (trastuzumab plus lapatinib plus capecitabine) had failed.
(B) The thoracic CT scan (November, 2019) after receiving
palbociclib and exemestane. The effectiveness of this therapy was
evaluated as stable disease according to the RECIST 1.1 system,

with no significant differences in the metastasis observed.

Table 1 The genomic findings of this patient’s surgical samples

Gene Mutations
ERBB2 Amplification-equivocal
ERBB3 T355I

PIK3CA K111_1112>N
MDM2 Amplification
EPHB4 Amplification
TP53 R196

ERBB2, Erb-B2 receptor tyrosine kinase 2; ERBB3, Erb-B2
receptor tyrosine kinase 3; PIK3CA, phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit alpha; MDM2, MDM2
proto-oncogene; EPHB4, EPH receptor B4; TP53, tumor protein
P53.
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her surgical samples and detected ERBB2 amplification,
ERBB3 alteration on 13551, PIK3CA alteration, MDM?2
amplification, EPHB4 amplification, and 7P53 alteration on
R196. Then, we analyzed the relationships between these
mutations and trastuzumab resistance.

The mechanisms underlying trastuzumab resistance
include impaired HER?2 binding, activation of parallel or
downstream pathways, enhancement of lipid metabolism,
ER signaling, cell cycle regulation, and escape from
antibody-dependent cellular cytoxicity (ADCC) (5).
ERBB?2 amplification, which is detected in 13% of breast
cancer patients (6), promotes cancer cell proliferation and
predicts sensitivity to HER2-targeted therapy (7). ERBB3
mutations have been found in up to 3% of breast invasive
carcinomas (8). Overexpression of ERBB3 promotes
HER2-HER3 heterodimer formation and results in
resistance to trastuzumab (9). PIK3CA mutation, which
has been reported in 25-40% of breast cancer cases (6), is
associated with PI3K/Akt/mTOR pathway activation (5).
Both PIK3CA mutations and loss of phosphatase and
tensin homolog (PTEN) have been reported to decrease
the efficacy of trastuzumab in the treatment of metastatic
breast cancers (10). Trastuzumab inhibits cancer cell
proliferation mainly by blocking the PI3K pathway (11), and
this alteration helps cancer cells to bypass the inhibition and
promotes their growth, differentiation, and survival (12).
MDM?2 amplification, which is found in 3-7% breast
carcinomas (6), decreases the status of Sirtuin 6, a tumor
suppressor, and knockdown of MDM? resensitizes resistant
breast cancer cells to trastuzumab (13). A recent study also
showed that the inhibition of EPHB4 could enhance the
sensitivity of breast cancer cells to anti-HER?2 therapies
like trastuzumab and lapatinib (14). TP53, one of the most
common gene mutations in breast cancer, is a known tumor
suppressor (15). Therapies targeting its mutations are still
under research. Therefore, mutations of ERBB3, PIK3CA,
MDM?2, and EPHB4 were mainly responsible for this
patient’s trastuzumab resistance; however, the underlying
mechanism needs further exploration. According to CSCO
Guidelines on Breast Cancer, this patient was then treated
with lapatinib plus capecitabine.

After the failure of the first-line therapy in February,
2018, the anti-HER? therapy that followed achieved limited
effectiveness; therefore, we decided to perform a biopsy for
the second time to confirm the pathology of the metastasis.
The molecular subtype was identified as Luminal B-like
HER2-. The failure of anti-HER?2 therapy was mostly
attributable to the patient’s loss of HER2 status (5), so we
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Figure 3 The patient’s treatment timeline. EC, epirubicin and cyclophosphamide; TH, docetaxel and trastuzumab; LX, lapatinib and

capecitabine; LT; lapatinib and paclitaxel; L, lapatinib; Ful, fulvestrant; HLX, trastuzumab and lapatinib and capecitabine; Pal, palbociclib;

Exe, exemestane; PD, progressive disease; SD, stable disease.

explored the HER?2 disordance in breast cancer.

HER2 discordance has been reported between the primary
tumor and the metastatic site as well as between the primary
tumor and the remaining tumor after the neoadjuvant
chemotherapy (16). The mechanisms of HER2 discordance
are still unclear, and there are several possible explanations
including the reliability of immunohistochemistry testing
technology, tumor heterogeneity, and biologic evolution (4).
In a retrospective study of 205 breast cancer patients with
HER?2 overexpression, reassessment of the metastatic site
showed that 42% (n=86) of cases had changed from HER?2
positive to negative (16). The study also found that HER2-
targeted therapy was associated with HER2 discordance (16);
however, another retrospective study of 182 patients
reported that the HER2 discordance rate was related to
whether patients received chemotherapy or trastuzumab (17).
A review of 41 studies (1,828 paired samples) also revealed
that the median discordance rate of HER2/neu between
the primary and metastatic sites is 10% (range 0-44%, IQR
4-17%) (4). Moreover, whether or not a difference exists
between the treatiment outcomes of patients with discordant
HER?2 and concordant HER? is controversial. Some studies
have reported that the overall survival (OS) of patients with
HER? discordance is shorter than that of patients with
concordant HER?2 (17,18), but some other researchers have
maintained that no such association exists (16,19). Dieci
et al. reported post-recurrence survival (PRS) to be worse in
patients with the loss of expression in HER2 and hormone
receptors (18); however, Ibrahim ez /. argued that PRS
was only associated with ER loss in metastatic sites (20).
Furthermore, since no studies have compared the outcomes
of patients with discordance of HER2 or other receptors
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whose treatments were based on the receptor expression
of the primary site versus that of the metastatic site, the
selection of treatments for receptor discordance is still being
explored (4). HER2 discordance is not uncommon during
the treatment of breast cancer patients and may influence
treatment outcomes. Therefore, it is necessary to reassess
the metastatic site in later line therapies.

Since the pathological reassessment of our patient
proved that the breast cancer subtype had changed from
Luminal B-like HER2+ to Luminal B-like HER2-, we
followed the treatment guidelines for hormone receptor-
positive breast cancers. Considering the disease progression
had been slow and there had been no visceral crisis, the
endocrine therapy was prioritized. Therefore, we employed
a therapy consisting of palbociclib and exemestane. Cyclin-
dependent kinase 4/6 inhibitors (CDKIs), combined with
endocrine therapy, have been approved by the US Food
and Drug Administration (FDA) for both first-line and
second-line treatment of hormone receptor-positive,
HER2-negative, advanced or metastatic breast cancer.
According to the PALOMA-2 study, as the first-line therapy
of ER-positive, HER2-negative advanced breast cancer,
palbociclib-letrozole resulted in a significantly longer
PFS than letrozole-placebo (24.8 vs. 14.5 months) (21).
PALOMA-3 also reported that palbociclib plus fulvestrant
could significantly improve the PFS of ER-positive, HER2-
negative metastatic breast cancer patients as a second-line
therapy, irrespective of resistance to endocrine therapy,
PIK3CA mutations, and hormone-receptor expression
status (22). Furthermore, CDKIs also have an emerging
role in HER?2 positive breast cancers. Since the enhanced
activation of the cyclin D1-CDK4/6 axis is involved with
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resistance to anti-HER2 therapy (5), dual therapy including
CDKIs and trastuzumab or other HER2-targeted drugs
has a promising role in HER2-positive breast cancers
and is under investigation in several clinical trials, such as
PATINA and monarcHER (23). PATRICIA [ClinicalTrials.
gov identifier: NCT02448420] has been examining the
effectiveness of trastuzumab and pablociclib = letrozole
in postmenopausal women with advanced HER2+ breast
cancer who have previously received chemotherapy and
trastuzumab, and the preliminary data has shown this
dual therapy to have great clinical benefits. Recently,
another study also reported that dual HER2 blockade
could induce a change from a HER2-enriched subtype to
a low-proliferative Luminal A subtype, especially when the
hormone receptor was positive, and that the sensitivity to
CDKIs was enhanced (24).

To date, there has been no clinical data on the use of
CDKIs in patients with HER2 discordance. Considering
the significant effectiveness of CDKIs in hormone receptor-
positive breast cancers, and the enhanced sensitivity of
cancer cells with HER2 discordance to CDKIs (24), we
hypothized that CDKIs would benefit hormone receptor-
positive breast cancer patients with HER2 discordance. As
of April, 2020, this therapy had shown great effectiveness in
our patient, whose PFS had reached 16 months.

The limitation of this report is that we still need an NGS
test on the recurrent lump; this may help us understand
the underlying relationship between CDKIs and HER?2
discordance. More data about the clinical benefits of CDKIs
in patients with HER?2 discordance are also needed.

Conclusions

This case report focused on the role of CDKIs in treating
hormone receptor-positive, HER2-negative breast cancer
patients with HER2 discordance. HER2 discordance
between the primary tumor and the metastatic site, as well
as between the primary tumor and the remaining tumor, is
often observed after neoadjuvant chemotherapy (16). The
mechanism underlying this remains unclear, nor have a
recommended therapy or guidelines been established for
these patients. This case emphasizes the importance of the
standard treatment and precise treatment, and enhances
our awareness of pathological reassessment of metastases.
Moreover, it also provides a novel regimen for HER2
discordance and deepens our insight into the role of CDKIs
in breast cancer endocrine therapy. The relationship
between CDKIs and HER2 discordance needs to be studied
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further, and we believe this case report will provide support
for future research.
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