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Background: Human epidermal growth factor receptor 2 (HER?2) is a member of the ErbB
family and is a key proto-oncogene in solid tumors. This pilot study investigated the safety
and efficacy of pyrotinib in HER2-positive non-breast advanced solid tumors.

Patients and Methods: Twenty-five patients with HER2-positive advanced solid tumors
excluding breast cancer were enrolled to receive pyrotinib-based therapy. The primary end
point was progression-free survival (PFS).

Results: The median PFS and overall survival (OS) were 3.5 months (95% CI: 2.2-5.0
months) and 9.6 months (95% CI: 4.4-9.9 months), respectively. Ten patients with lung
cancer and 9 patients with gastric cancer had a median PFS of 2.5 months (95% CI:
0.97-6.53 months) and 2.9 months (95% CI: 1.50-7.17 months), respectively. The median
OS was 9.9 months (95% CI: 4.4-9.9 months) in patients with lung cancer and 5.9 months
(95% CI: 4.0-9.6 months) in patients with gastric cancer. No statistical significance of
a median OS was observed, nonetheless, patients receiving > 3 lines had a numerically
lower median OS than those receiving < 3 lines of treatment (9.9 vs 5.1 months, P = 0.706).
All 23 patients were available for efficacy evaluation. The objective response rate (ORR) was
52.17% and disease control rate (DCR) was 91.3%. The ORR for lung cancer was 44.4% and
for gastric cancer was 50%. In addition, the DCR for lung cancer was 77.8% and for stomach
cancer was 100%. Moreover, patients receiving <3 lines of treatment had a numerically
higher DCR than those receiving >3 lines of treatment (94.1% vs 83.3%, P = 0.462). The
most common treatment-related adverse events (TRAEs) were diarrhea (92%), but only 5
(20%) patients reported grade 3 diarrhea which could be well controlled.

Conclusion: Pyrotinib-based therapy demonstrates promising efficacy for HER2-positive
advanced solid tumors excluding breast cancer and toxicities could be well controlled. The
study is a pilot study motivating larger studies to elucidate the safety and efficacy of
pyrotinib in non-breast solid tumors.

Keywords: pyrotinib, HER2-positive, solid tumor

Introduction

Human epidermal growth factor receptor 2 (HER?2) is a member of the ErbB family
and is a key proto-oncogene in solid tumors. HER2-positive is a key oncogenic
driver event for approximately 15-20% of breast cancers, with pathogenesis mainly
being the continuous expression of HER2 and the activation of its downstream
signaling pathway.'~ Preclinical studies have shown that the PI3K/mTOR pathway
plays a vital role in the HER2 downstream cascade. Over the past two decades,
HER2-targeted therapies have improved the outcomes in patients with early and
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advanced HER2-positive breast cancer.>> HER2-positive
has also been described in a variety of other solid
tumors including colon adenocarcinoma, squamous cell
carcinoma of lung, intrahepatic cholangiocarcinoma,
amongst others, and has been considered to be a vital
prognostic and predictive marker for tumor.®’ Although
HER2-targeting drugs (trastuzumab, pertuzumab, ado-
trastuzumab emtansine [TDM1], lapatinib) have improved
survival in patients with HER2-positive lung, stomach, and
cervical cancers, both inherent and developed resistance to
HER2-targeting drugs still limit our effective management
of this highly aggressive cancer subtype.®'* Therefore,
effective HER2-targeted therapies for these patients are
an unmet need, and efforts are being made to develop
new anti-HER?2 drugs.

Pyrotinib is a newer oral, irreversible, tyrosine kinase
inhibitor (TKI) of three members of the HER family
(HERI, HER2, and HER4)."' A previous study demon-
strated effective proliferation inhibition of HER2-positive
cells both in vivo and in vitro.""'> Tt was approved in
China for HER2-positive advanced breast cancer in
August 2018 because of the promising result of the
Phase II study.'> Recently, PHOEBE, a randomized
Phase III trial, showed that pyrotinib plus capecitabine
had significantly longer median PFS (12.5 months vs 6.8
months, P < 0.0001) and higher objective response rate
(ORR) (67.2% vs 51.5%, P = 0.0091) than lapatinib plus
capecitabine in patients with HER2-positive metastatic
breast cancer, and prolonged the median progression-free
survival (PFS) by 5.7 months.'* Multiple clinical studies
have confirmed the promising efficacy of pyrotinib in
breast cancer, so this study investigated the safety and
efficacy of pyrotinib in HER2-positive non-breast
advanced solid tumors.

Patients and Methods

Study Design, Treatment, and Assessment
This was an observational, multicenter and retrospective
study that enrolled 25 patients from 14 sites from
September 2018 to May 2019. All patients received pyr-
otinib-based therapy for a 21-day cycle until unacceptable
toxicity or disease progression. Tumor imaging assess-
ments were performed every 2 or 3 cycles according to
Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.1. Written informed consents were obtained from
all patients included in the study, and this study was
Review

approved by Suzhou Municipal Hospital

Committee. The study was conducted in accordance with
the Declaration of Helsinki.

Patient Population

Patients were eligible if they (i) had a diagnosis of
advanced HER2-positive (IHC 3+, or IHC 2+ confirmed
by FISH) solid tumor except breast cancer, (ii) were 1875
years old, (iii) had a predicted life expectancy of >3
months, (iv) had adequate kidney, hematologic, and liver
function. Tumor tissues are classified as HER2-positive if
they are scored as 3+ by an IHC method defined as uni-
form membrane staining for HER2 in 10% or more of
tumor cells (Figure 1)."

Patients were excluded if they had received surgery
within 4 weeks before enrollment, or if they had received
prior treatment with pyrotinib. Other exclusive criteria
included: a left ventricular ejection fraction of <50%;
missing information for treatment; less than one cycle of
pyrotinib-based therapy. No restriction on prior therapy
was required.

Study End Points and Assessments

The primary outcome was progression-free survival. We
calculated PFS as the time from pyrotinib initiation to
disease progression or death as a result of any cause. The
secondary outcome included overall survival (OS), objec-
tive response rate (ORR), and disease control rate (DCR).
OS was calculated from date of pyrotinib initiation to
death. ORR and DCR were evaluated according to
RECIST vl1.1. Other efficacy endpoints included toxicities
assessed in accordance with the National Cancer Institute

Figure | Representative image of HER2-positive tumor tissue by IHC staining.

submit your manuscript

13480

Dove!

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Yin et al

Common Terminology Criteria for Adverse Events (NCI
CTCAE), version 5.0.

Statistical Analyses

All descriptive statistics are presented as median
(range) or number of patients (percentage). Survival
estimates, including OS and PFS, was estimated using
the Kaplan—Meier product-limit and compared by log—
rank test. The 95% confidence interval (CI) for ORR
and DCR were calculated using the Clopper-Pearson
method. All statistical tests were considered statisti-
cally significant at P < 0.05. Statistical analyses were
performed using SPSS version 23.0.

Results
Patient Characteristics

Overall, 25 patients across 14 sites who had received
pyrotinib-based therapy between September 2018 and
May 2019 for HER2-positive advanced solid tumors
excluding breast cancer were included. All the patients
received at least one dose of pyrotinib-based therapy and
were included in the safety analysis. Among them, 23
patients were available for efficacy evaluation.

Patient characteristics are shown in Table 1. Median
age was 64 (range 37-73 years). All 25 patients had
HER2-positive solid tumor, including 10 lung cancers, 9
gastric cancers, and 6 other cancers; 72% of the patients
were male and the median number of lines of therapy was
3. Immunohistochemistry (IHC) was used for assessing
HER-2 status in 14 (56%) patients. Fluorescence in situ
hybridization (FISH) was used for 11 (44%) patients.
Overall, 25 patients had HER2-positive tumors as assessed
by IHC and FISH. Nineteen (76.%) patients were pre-
viously administered anti-HER2 drugs. Among them, 15
(60%) patients had received a single type of anti-HER?2
drug (trastuzumab); 4 (16%) patients had received trastu-
zumab and lapatinib. Twenty (80%) patients received pyr-
otinib-based therapy as a third or further line treatment.
Treatment regimens were pyrotinib plus capecitabine (11/
25), pyrotinib combined with other chemotherapy drugs
(6/25), pyrotinib monotherapy (7/25), pyrotinib combined
with trastuzumab (1/25), and pyrotinib combined with
bevacizumab (1/25). Twenty-one (84%) patients initiated
pyrotinib treatment at 400 mg, 2 (8%) patients started with
320 mg, and 2 (8%) patients had a starting dose of
160 mg.

Efficacy

The 23 patients available for efficacy evaluation included
9 with lung cancers, 8 with gastric cancers, and 6 with
other cancers. Twelve (52.17%) patients had partial
response (PR), 9 (39.13%) patients achieved stable dis-
ease (SD), and 2 (8.70%) patients had progression of
disease (PD), resulting in an ORR of 52.17% and DCR
of 91.3%. The details of each patient’s best response are
listed in Table 2. Subgroup analysis was based on types
of tumors including lung cancer and stomach cancer. The
ORR and DCR for pyrotinib-based therapy in different
kinds of tumors are shown in Table 3. The ORR for lung
cancer was 44.4% and for stomach cancer was 50%. In
addition, the DCR for lung cancer was 77.8% and for
stomach cancer was 100%. In addition, patients receiv-
ing < 3 lines of treatment had a numerically higher DCR
than those receiving > 3 lines of treatment (94.1% vs
83.3%, P = 0.462) (Table 4).

The median PFS and OS were 3.5 months (95% CI:
2.2-5.0 months) (Figure 2) and 9.6 months (95% CI:
4.4-9.9 months) (Figure 3), respectively. Ten patients with
lung cancer and 9 patients with gastric cancer had a median
PFS of 2.5 months (95% CI: 0.97-6.53 months) and 2.9
months (95% CI: 1.50-7.17 months), respectively (Figure
4). The median OS was 9.9 months (95% CI: 4.4-9.9
months) in patients with lung cancer and 5.9 months (95%
CI: 4.0-9.6 months) in patients with gastric cancer (Figure
5). No statistical significance of a median OS was observed,
nonetheless, patients receiving > 3 lines had a numerically
lower median OS than those receiving < 3 lines of treatment
(9.9 vs 5.1 months, P = 0.706) (Figure 6).

Safety

All 25 (100%) patients experienced at least one treatment-
related adverse event (TRAE), and most of these were
grade 1 or 2. No grade 4 or 5 TRAEs occurred. The
most common TRAEs were diarrhea (92%), but only 5
(20%) patientsreported grade 3 diarrhea which could be
well controlled. Other AEs included asthenia (32%), hand-
foot syndrome (24%), vomiting (8%), stomatitis (4%), and
anemia (4%), and all were grade 1 or 2. There were no
deaths related to pyrotinib (Table 5).

Discussion

For many cancers, such as lung cancer, gastric cancer, and
colorectal cancer, molecular profiling-guided therapy has
been applied in routine clinical practice.“”g However, for
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Table | Patient Characteristics

Table 2 Tumor Response

Characteristic N=25, n (%) Best Response N =23, n (%)
Median age, years (range) 64 (37-73) PR 12 (52.17)
SD 9 (39.13)
Sex
PD 2 (8.70)
Male 18 (72.00) ORR 12 (52.17)
Female 7 (28.00) DCR 21 (91.3)
ECOG performance status
oI 9 (36.00) Table 3 Tumor Response in Lung Cancer and Gastric Cancer
22 16 (64.00) Best Response Lung Cancer Gastric Cancer
Tumor Type PR, n 4 4
Lung 10 (40.00) SD, n 3 4
Gastric 9 (36.00) PD, n 2 -
Colorectal 2 (8.00) ORR, n (%) A44% >0%
Thymus 2 (8.00) DCR, n (%) 77.8% 100%
Ovarian I (4.00)
Gallbladder | (4.00) . )
way is to use “basket trials” to confirm that the presence of
HER-2 status a biomarker is more appropriate for the tumor type.”* ** The
HC 3+ 14 (56.00) uniqueness of this trial is that it can systematically use cen-
FISH+ 11 (44.00) tralized analysis to explore many treatment options from
Previous anti-HER2 antibody treatment patients at 14 clinical sites based on a master protocol. This
report involves evaluatin, otinib for the treatment of
Trastuzumab 15 (60.00) p . & .pyr )
Trastuzumab+ lapatinib 4 (16.00) HER2-positive advanced solid tumors excluding breast cancer
and is a vital complement to the existing data on pyrotinib.
Treatment stage . . .
In our study, the most intriguing result of this trial was
| 3 (12.00) an ORR of 52.17%, numerically higher than that of ado-
2 2 (8.00) trastuzumab emtansine (TDM1) reported in patients with
3 14 (56.00) . .
3 6 (24.00) tumors excluding breast and gastric/gastroesophageal
junction (GEJ) adenocarcinomas (5.6%),> and close to
Treatment regimen the ORR result of trastuzumab in patients with advanced
Pyrotinib + Capecitabine Il (44.00) solid tumor malignancies of 63%.>* Notably, PR was
Pyrotinib 7 (28.00) reported in 44.4% (4/9) lung cancers and 50% (4/8) gastric
Pyrotinib + Paclitaxel (Albumin Bound) 2 (800) cancers in our study. This warrants further study of pyr-
Pyrotinib + Irinotecan I (4.00) tinib in 1 d i 1 dedicated trial
Pyrotinib + Pemetrexed | (400) otinib in lung e'm gas I'l(? c'ancers in 'arger edicated trials.
Pyrotinib + Osimertinib I (4.00) Moreover, patients receiving < 3 lines of treatment had
Pyrotinib + Bevacizumab | (4.00) a higher DCR than those receiving > 3 lines of treatment.
Pyrotinib + Trastuzumab I (4.00) Pyrotinib is highly beneficial to third-or-lower-line
Starting dosage of Pyrotinib
. . Ning < 3 Li S
400 mg 21 (84.00) IabIeT4 Tumor Response in Patients Receiving < 3 Lines and > 3
320 mg 2 (800) Ines lreatment
160 mg 2 (8.00) Best Response <3 Lines >3 Lines
PR, n 10 2
SD, n 6 3
many kinds of malignant tumors, the incidence of targetable PD, n I |
molecular alterations is very low, which makes the develop- | ORR, n (%) 58.9% 33.3%
ment and research of tumor-targeted drugs challenging. One DCR, n (%) 94.1% 83.3%
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Figure 2 Kaplan—Meier curves of PFS for all 25 patients with HER2-positive non-breast advanced solid tumors.
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Figure 3 Kaplan-Meier curve of OS in the overall study population (n=25).

patients. In general, the ORR and DCR results indicated
a promising anti-tumor effect of pyrotinib.

In addition, despite 20 (80%) patients received pyr-
otinib-based therapy as a third or further line of

10 12 14 16 18 20
Time

11 7 6 4 2 0

treatment, our study showed an intriguing result of pyr-
otinib with a median PFS of 3.5 months and median OS
of 9.6 months. The basket trials of T-DM1 did not obtain
the results of median PFS and 0S.** Additionally,
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Figure 6 Survival analysis comparing < 3 lines and > 3 lines of pyrotinib-containing treatments.

median PFS and OS were 2.9 months and 5.9 months in
patients with gastric cancer, respectively. Eight (88.89%)
patients with gastric cancer were previously administered
an anti-HER2 drug (trastuzumab). As trastuzumab is
currently considered the standard first therapy in the
treatment of HER2-positive gastric cancer, pyrotinib is
an excellent choice for patients who progress after
receiving trastuzumab. In addition, patients with lung
cancer had a median PFS of 2.5 months and a median
OS was 9.87 months. In a phase II trial, dacomitinib
showed a median PFS of 3 months and a median OS of
9 months in patients with recurrent or de novo HER2-
mutant lung cancer.”> Our study showed clinical benefit
with pyrotinib, especially in patients who had received

Table 5 Treatment-Related Adverse Events

AE All Grade, n (%) Grade > 3, n (%)
Diarrhea 23 (92%) 5 (20%)

Asthenia 8 (32%) 0

Hand-foot syndrome 6 (24%) 0

Vomiting 2 (8%)

Stomatitis I (4%)

Anemia | (4%)

a third or further line of treatment. Moreover, patients
receiving < 3 lines had a numerically higher median OS
than those receiving > 3 lines of treatment (5.1 vs 9.9).
One of the potential reasons might be that pyrotinib is
a novel, irreversible TKI with activity against EGFR/
HERI, HER2, and HER4. In addition, pyrotinib signifi-
cantly inhibited HER2 factor-driven tumor growth and
HER2-mediated downstream and blocked
tumor cells in the G1 phase of the cell cycle in mouse

signaling,

models of breast, lung, and ovarian cancer.'® These data
showed that pyrotinib is an excellent choice for patients
with HER2-positive advanced solid tumors excluding
breast cancer.

The most common AE was diarrhea, but only 5
(20%) patients reported grade 3 diarrhea. These results
were similar to previous studies.’®?’ Patients are
instructed to start antidiarrhea treatment, treatment inter-
ruption, or dose reduction as early as possible. Early
treatment after diarrhea could well control the incidence
of diarrhea.

As this was a retrospective study, it is limited to include
potential missing data and information bias. Moreover, the
sample size of the study was small, and the results of the
study need further confirmation in larger dedicated trials.

Cancer Management and Research 2020:12
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In conclusion, pyrotinib-based therapy has promising

efficacy for HER2-positive advanced solid tumors exclud-

ing breast cancer and toxicities could be well controlled.

The study is just a pilot study motivating larger studies to

elucidate the safety and efficacy of pyrotinib in non-breast

solid tumors.
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