OncoTargets and Therapy

Dove

CASE REPORT

Efficacy of Pyrotinib in a Heavily Pretreated
Patient with Lung Adenocarcinoma Harboring
HER2 Amplification and Exon 20 Insertions:

A Case Report

Jianzhen Shan'*
Jian Ruan'*
Yanbin Tan?

Li Yan®

Songan Chen?
Miaoyan Du'
Lingjie Wang'

'Department of Medical Oncology, The
First Affiliated Hospital, Zhejiang
University School of Medicine, Hangzhou,
People’s Republic of China; 2Department
of Radiology, The Second Affiliated
Hospital, Zhejiang University School of
Medicine, Hangzhou, People’s Republic of
China; 3Departmem: of Medicine, Burning
Rock Biotech, Guangzhou, People’s
Republic of China

*These authors contributed equally to
this work

Correspondence: Jianzhen Shan

The First Affiliated Hospital, Zhejiang
University School of Medicine, Hangzhou
310003, People’s Republic of China

Tel +86 571-87235409

Email Shanjz@zju.edu.cn

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Abstract: The clinical benefits of HER2 inhibitors in patients with non-small cell lung
cancer (NSCLC) have been limited. There is a paucity of effective therapies in NSCLC after
developing resistance to initial anti-HER2 therapy. Herein, we presented the clinical benefit
of pyrotinib in a 53-year-old patient with advanced lung adenocarcinoma whose circulating
tumor DNA (ctDNA) analysis of pleural effusion revealed the coexistence of HER2 exon 20
p.Y772_A775dup (mutation ratio: 38.86%) and HER2 amplification (copy number: 4.5)
following failures of multiple therapies including afatinib and ado-trastuzumab emtansine
(T-DM1). Notably, pyrotinib treatment induced rapid and marked improvement of clinical
symptoms, and partial response was observed after 8 weeks. CtDNA monitoring during the
treatment showed that the mutation ratio of HER2 decreased to 7.99%, and the amplification
disappeared. The patient achieved a progression-free survival of 7.5 months after treatment
with pyrotinib. Thus, pyrotinib may be a new treatment strategy for the subgroup of lung
adenocarcinoma patients, with coexistence of HER2 exon 20 p.Y772_A775dup and HER2
amplification even after failures of multiple anti-HER2 therapies. It also indicated the value
of capture-based next-generation sequencing to monitor and guide therapy.

Keywords: pyrotinib, HER2 mutation, HER2 amplification, non-small cell lung cancer,
next-generation sequencing

Introduction

Human epidermal growth factor receptor 2 (HER2) has been identified as a key
oncogenic driver gene in non-small cell lung cancer (NSCLC).! The incidence of
HER2 mutation and amplification in NSCLC is approximately 2-3% and 2-5%,
respectively.” As shown in previous studies, typically, these modifications are not
associated with each other and act as distinct molecular targets.™* For over
a decade, many clinical trials have investigated HER2-targeted drugs for the
treatment of NSCLC with HER2 variations. Trastuzumab and afatinib were pre-
viously recommended (category 2B) by National Comprehensive Cancer Network
Guidelines for NSCLC with HER2 mutations, however, due to the merge of ado-
trastuzumab emtansine (T-DM1), which showed superior response rates and effi-
cacy in this patient group, the recommendation was then switched to T-DMI1
(category 2A).>° In a Phase II basket trial, T-DM1 produced a 44% confirmed
partial response rate and a median progression-free survival (PFS) of 5 months in
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HER2 mutated NSCLC.” However, thus far, there is no
targeted therapy specifically approved for this patient
population. In China, pyrotinib (an oral irreversible tyro-
sine kinase inhibitor targeting HER1, HER2, and HER4
receptors) has been approved for the treatment of HER2-
positive advanced breast cancer. A preclinical study of
pyrotinib displayed excellent in vitro potency and selec-
tivity, as well as robust in vivo efficacy in HER2-
dependent mouse xenograft models. Metabolic pathway
data indicated that pyrotinib was primarily metabolized
by CYP3A4. In addition, the study also demonstrated the
desirable pharmacokinetic properties and safety profile of
this agent.® A Phase I study of pyrotinib assessed the
safety, tolerability, pharmacokinetics, antitumor activity,
and predictive biomarkers in patients with HER2-positive
metastatic breast cancer.’ Preliminary data showed its pro-
mising antitumor activity and acceptable tolerability, with
an overall objective response rate of 50.0% (18 of 36
patients) and median PFS of 35.4 weeks. The only grade
3 adverse event reported was diarrhea. Moreover, circulat-
ing tumor DNA (ctDNA) dynamics was discovered as
a novel indicator of resistance in patients with metastatic
anti-HER?2
A randomized phase II study assessed the efficacy and

breast cancer  receiving therapy.'”
tolerability of pyrotinib versus lapatinib, both in combina-
tion with capecitabine, in women with HER2-positive
metastatic breast cancer who received taxanes, anthracy-
clines, and/or trastuzumab. The results showed that pyro-
tinib plus capecitabine yielded statistically significant
better overall response rate (78.5% vs 57.1%, respectively)
and median PFS (18.1 vs 7.0 months, respectively) than
lapatinib plus capecitabine.!' In addition, pyrotinib
showed a superior antitumor effect than afatinib and
T-DMI in the patient-derived xenograft model and mice
model. In a phase II clinical trial designed to evaluate the
efficacy and safety of pyrotinib in the treatment of
advanced NSCLC with HER2 exon 20 insertions showed
promising results.'” In another published phase II study,
pyrotinib also showed a favorable objective response rate
and an acceptable safety profile in chemotherapy-treated
patients with HER2-mutant NSCLC."?

In this study, we report a case with HER2-mutant
advanced NSCLC, who had previously been treated with
multiple lines of therapy, including anti-HER2 therapies
(ie, afatinib and T-DM1), benefiting from pyrotinib as
salvage therapy with coexistence of HER2 mutation and
amplification. During the treatment, we also detected
ctDNA at various milestones by capture-based next-

generation sequencing (NGS) to monitor and guide
therapy.

Case Report

A 53-year-old male detected a space-occupying lesion in
the left lung through physical examination 1 month prior
to admission. He was admitted to our hospital on
October 18, 2015.
a nodule measuring 17 x 15 x 15 mm in the upper lobe

Imaging examinations showed
of the left lung inferior lingular segment. Moreover, the
left supraclavicular lymph node was swollen (1.1 X
0.5 mm), with no evidence of brain or bone metastasis.
The levels of tumor biomarker carcinoembryonic antigen
were 12.2 ng/mL. Computed tomography (CT)-guided
biopsy of the left lung and left supraclavicular lymph
node revealed the presence of adenocarcinoma. The patho-
logical stage of the disease was T1bN3MO (stage IIIB).
NGS analysis of blood ctDNA and tumor tissue using
a targeted panel (Burning Rock Biotech, Guangzhou,
China) revealed no known mutations. We summarized
the therapeutic regimens received and major mutations
detected in Figure 1.

In brief, our patient received multiple lines of therapy.
On November 8, 2015, the patient was administered 4
cycles of chemotherapy with pemetrexed plus carboplatin.
Then, combined with radiotherapy after the first cycle.
After that, pemetrexed maintenance treatment for a total
of 10 cycles. There was a progressive increase in blood
carcinoembryonic antigen (CEA) (42.6ng/mL), the chest
CT showed that the left lung lesion had increased in size.
Results of a positron emission tomography-computed
tomography (PET-CT) scan demonstrated mediastinal
lymph nodes, right supraclavicular lymph nodes, the
right scapula and vertebra bone metastasis. Capture-based
targeted sequencing of plasma ctDNA revealed a HER2
exon 20 p.Y772_A775dup (mutation ratio: 5.52%). The
patient was treated with afatinib (40 mg once a day) for 3
months. The levels of CEA were declined. On May 18,
2017, the PET-CT showed a slight reduction in mediastinal
lymph nodes, and it was considered to be a stable disease
(SD). However, due to 3-degree adverse events (diarrhea
and rash), the patient stopped taking afatinib, the levels of
CEA were elevated again 2 months after stopping taking
afatinib. On May 10, 2017, NGS of plasma ctDNA
revealed lower HER2 mutation abundance than before
(0.25%). On May 18, the PET-CT scan revealed multiple
lymphadenopathies in the right clavicle area and medias-
tinum, increasing in size and number compared with the
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Figure | Therapeutic course timeline followed in the patient. (A) pemetrexed + carboplatin + radiotherapy + maintenance therapy of pemetrexed; (B) afatinib +
radiotherapy; (C) pembrolizumab; (D) paclitaxel + carboplatin + bevacizumab; (E) T-DMI; (F) afatinib; (G) gemcitabine + intracavitary administration of Recombinant Human

Endostatin Injection (ENDOSTAR); (H) pyrotinib.

Abbreviations: PR, partial response; PD, progressive disease; SD, stable disease; AF, allelic frequency; CN, copy number.

previous PET-CT scan, as well as metastasis of the right
scapula and chest bone. On June 8, the patient received
radiotherapy: 4500 cGy/15 F of the right scapula, 5600
cGy/28 F of the mediastinal metastasis tumor area and
chest tumor area. After radiotherapy, a reexamination of
CT showed that mediastinal lymph nodes were smaller
than before, the peripheral blood NGS test was negative.
The Eastern Cooperative Oncology Group (ECOG) score
was 1 point. No significant progress was found in head
magnetic resonance imaging (MRI), chest and abdomen
CT. On June 19, 2018, an MRI of thoracic vertebrae
revealed thoracic appendages, thoracic vertebrac and
bone metastasis. From July 4, 2018, to August 21, 2018,
the patient was administered with pembrolizumab (key-
truda) at a dose of 200 mg once every three weeks for 3
cycles. The patient experienced progressive disease (PD)
shortly after pembrolizumab treatment, with a progressive
increase of blood CEA. Results of a PET-CT scan showed
an enlarged lesion in the left upper lobe, new metastasis in
hepatogastric space, retroperitoneal lymph nodes and ver-
tebral bone. The ECOG score was 1 point. Back pain and
other symptoms were the same as before. On October 10,
the patient was treated with chemotherapy (paclitaxel plus
carboplatin) combined with an anti-vascular drug (bevaci-

zumab) for 2 cycles. The enhanced chest CT on

November 24, 2018 (after 2 cycles) showed a larger lesion
in the left upper lobe than before with left pleural effusion.
NGS of plasma ctDNA revealed a HER2 exon 20 p.
Y772 _A775dup (0.18%). Based on the NGS results, the
patient started T-DM1 (320mg, once every four weeks) for
2cycles. The blood CEA level increased to 192 ng/mL, the
ECOG score was 2 points. The patient showed fatigue,
2-degree thrombocytopenia and elevated blood pressure
(considered as adverse reactions related to T-DM1). The
MRI scan demonstrated cervical vertebrae and thoracic
vertebrae metastases. In the six-line therapy, the patient
was administered with afatinib at a dose of 30 mg once
a day for rechallenge, which resulted in stable disease.
After the failure of afatinib rechallenge, the patient was
switched to chemotherapy with gemcitabine alone for two
cycles along with intracavitary administration of recombi-
nant human endostatin injection (ENDOSTAR) for the
treatment of pleural effusion. A PET-CT scan performed
on August 28, 2019, revealed progression of the lung,
bone, and lymph node lesions with bulk pleural effusion
(Figure 2). At the same time, the patient showed hypopro-
teinemia, cough, chest distress, and shortness of breath
after activity. NGS analysis (Burning Rock Biotech,
Guangzhou, China) of pleural effusion ctDNA showed
HER2 exon 20 p.Y772 A775dup (38.86%) and HER2
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Before pyrotinib
(baseline)

Figure 2 Image scans revealed the clinical response to the treatment of pyrotinib.

amplification (copy number: 4.5) (Figure 3). Subsequently,
he was treated with pyrotinib 400 mg once daily. The
symptoms were markedly relieved after 2 weeks and
were evaluated after 8 weeks of treatment using PET-CT.
He achieved partial response according to the Response
Evaluation Criteria in Solid Tumors 1.1 (Figure 2).
Dynamic monitoring of the pleural effusion ctDNA
(Burning Rock Biotech, Guangzhou, China) showed that
the HER2 mutation ratio had decreased significantly
(7.99%) and the amplification had disappeared (Figure
3). The levels of tumor CEA showed dynamic changes
with different treatments (Figure 4). However, PET-CT
performed on March 16, 2020, showed an increase in the
size of the left lung lesion, indicating progressive disease.
The PFS after treatment with pyrotinib was 7.5 months.

Discussion

Compared with epidermal growth factor receptor muta-
tions, HER2 alterations are rare in patients with NSCLC.
Previous reports on the clinicopathological characteristics
of HER2-mutant NSCLC have demonstrated that these
alterations are more common in females, non-smokers,
and patients with adenocarcinomas (median age: 62
years).'* Furthermore, the prognosis is poor with
a median overall survival of 1.6-1.9 years.'> The most
frequent metastatic sites are the lungs, brain, and liver,
while some patients had more than two metastatic
lesions.'® Our patient is a younger male with lymph

Two months after pyrotinib
(partial response)

node, bone, and pleural metastases, as well as slow pro-
gression of disease.

Pyrotinib is a novel irreversible tyrosine kinase inhibi-
tor with activity against HER1, HER2, and HERA4.
Preclinical studies suggested that pyrotinib can signifi-
cantly inhibit the growth of HER2 factor-driven tumor
cells both in vivo and in vitro.'” This is achieved by
blocking the cell cycle in the G1 phase through inhibition
of the HER2 downstream signaling pathway. In a phase II
study of 15 pretreated NSCLC patients with HER2 muta-
tions, the administration of pyrotinib 400 mg resulted in an
overall response rate of 53.3% and a median PFS of 6.4
months.'? Notably, there was no occurrence of grade 3 or 4
adverse events. This cohort included 10 patients with
Y772 _A775dup in exon 20 of HER2, but not coupled
with HER2 amplification. To the best of our knowledge,
this is the first report of the efficacy of pyrotinib in patients
with co-existence of HER2 mutation and amplification. In
our case, after treatment with pyrotinib 400 mg, the patient
achieved partial response accompanied by rapid relief of
clinical symptoms, and pyrotinib showed better tolerability
compared with afatinib and T-DM1. In this patient’s anti-
HER?2 therapy, afatinib has demonstrated certain clinical
effect, no matter it was used for the first time or challenged
again. However, full dose afatinib yielded 3-degree diar-
rhea and rash, causing discontinuation of afatinib.
Pembrolizumab monotherapy was ineffective in this
patient at all. It was suggested that HER2 variations simi-
lar as EGFR or ALK alterations might influence the effect
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Figure 3 Molecular analysis of the patient before and after pyrotinib treatment. (A) NGS analysis based on pleural effusion showed ERBB2 exon 20 p.Y772_A775dup before
pyrotinib treatment. (B) NGS analysis based on pleural effusion showed ERBB2 copy-number amplification is 4.5 before pyrotinib treatment. (C) NGS analysis based on
pleural effusion showed ERBB2 exon 20 p.Y772_A775dup after pyrotinib treatment. (D) NGS analysis based on pleural effusion showed no copy number gain after pyrotinib
treatment.
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Figure 4 Fluctuation of CEA level in the blood. CEA, carcinoembryonic antigen.

of PD-1/PD-L1 inhibitor monotherapy.'® Although T-DM1
was recommended at higher level by the guidelines, our
patient did not respond to it and he experienced 2-degree
thrombocytopenia and elevated blood pressure. But in the
treatment of pyrotinib, he did not require dose reduction or
treatment termination.

In the present case, the co-existence of HER2 exon 20 p.
Y772 _A775dup and HER2 amplification was firstly
detected after failure of afatinib rechallenge with no HER2
amplification detected previously. A previous report of a 36-
year-old Asian woman diagnosed with stage IV lung adeno-
carcinoma with a HER2 exon 20 insertion suggested that
HER2 copy number gain may be a potential resistance
mechanism to afatinib.'’ It was reported that HER2 muta-
tions with in-frame insertions in exon 20 and amplification
resulted in constitutive activation of the downstream signal-
ing pathways. All three anti-HER2 drugs, afatinib, T-DM1
and pyrotinib can block HER2 downstream signaling path-
ways, but among them, pyrotinib was the most potent at
inhibiting tumor growth in vitro and in vivo using clinically
relevant concentration.'> According to findings from early
phase clinical trials, pyrotinib demonstrated encouraging
antitumor activity and a manageable toxicity profile in
patients with heavily pretreated HER2-mutant NSCLC, as
well as other advanced solid tumors harboring activating
HER?2 alterations including amplification.'*'*?° These posi-
tive findings showed the potential of pyrotinib in targeting
HER?2 amplification and exon 20 insertions. Further studies
are warranted to prove the efficacy of pyrotinib in HER2-
altered NSCLC and other solid tumors. Moreover, many

other HER2-targeted agents in NSCLC are in clinical trials,
including neratinib, poziotinib, TAK788, DS-8201a and so
on. With the continuous supplement of clinical evidence,
NSCLC with HER2 alterations may soon enter the era of
targeted therapy.

Conclusion

Our case showed pyrotinib could be a potential treatment
option for the subgroup of lung adenocarcinoma patients
with coexistence of HER2 exon 20 p.Y772_A775dup and
HER2 amplification who have developed progress after
multi-line anti-HER2 therapy. It also indicated the value
of capture-based NGS to monitor and guide therapy, even
if the result of the initial test is negative.

Abbreviations

NSCLC, non-small cell lung cancer; NGS, next-generation
sequencing; PFS, progression-free survival; HER1, human
epidermal growth factor receptor 1; HER2, human epidermal
growth factor receptor 2; HER4, human epidermal growth
factor receptor 4; CT, computed tomography; PET-CT, posi-
tron emission tomography-computed tomography; T-DM1,
ado-trastuzumab emtansine; CEA, carcinoembryonic antigen.
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