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Background: Pyrotinib is a new small-molecule tyrosine kinase inhibitor (TKI). However, the efficacy of
pyrotinib in neoadjuvant therapy for HER2-positive breast cancer is unknown. This paper is a population-
based cohort study, and the purpose is to evaluate the efficacy and safety of pyrotinib plus trastuzumab in a
neoadjuvant setting for HER2-positive early or locally advanced breast cancers, and to compare it with that
of pertuzumab plus trastuzumab.

Methods: This cohort study included 166 patients with HER2-positive breast cancer who received
neoadjuvant therapy and underwent surgery. Case groups: Group I: 63 patients received pyrotinib +
trastuzumab; Group IL: 50 patients received pertuzumab + trastuzumab. The control group consisted of
53 patients treated with trastuzumab alone in combination with neoadjuvant chemotherapy. Univariate
logistic regression analysis was applied. Enumeration data were processed by Fisher’s exact test.

Results: The total pathological complete response (tpCR) rate of Group I was 63.49% (40/63); the breast
pathological complete response (bpCR) rate was 76.19% (48/63); and the objective response rate (ORR) was
100% (63/63). Compared with the tpCR rate of 54.00% (27/50), bpCR rate of 58.00% (29/50), and ORR
100% (50/50) of Group II, there was no statistical difference. Regarding adverse events (AEs), diarrhea (n=56,
88.89%) was the most frequent in the group I, including 7 participants who developed grade 3 diarrhea
(11.11%), followed by leukopenia (n=48, 76.19%). In the meantime, there was only 1 patient experienced
grade IV thrombocytopenia. Hormone receptor (HR)-negative patients were more likely to reach tpCR as
compared to HR-positive patients (61.54% wvs. 37.50%, P=0.002, 95% CI: 1.423 to 4.997), and the tpCR
rate of tumor, node, metastasis (TINM) stage III 37.04% (20/54) was significantly lower than that of stage
II 54.46% (61/112), which was statistically significant (P=0.048, 95% CI: 1.064 to 4.041). No recurrence or
metastasis was found during short-term follow-up.

Conclusions: Pyrotinib plus trastuzumab combined with neoadjuvant chemotherapy showed good short-
term efficacy in HER2-positive breast cancer, and the AEs developed were all manageable. More sample data

is required to further support the comparison with pertuzumab plus trastuzumab.
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Introduction

Breast cancer is the most prevailing malignancy in females.
In recent years, the morbidity of breast cancer has increased
annually, it now ranks the top in total female tumors,
and correlates with the highest mortality (1). Among the
4 molecular subtypes of breast cancer, overexpression
of human epidermal factor receptor 2 (HER2) and/or
amplification of the HER2 gene occur in approximately
15-20% of breast cancers (2,3). Each subtype is specific
in biological behaviors and treatment strategies. For the
HER2-positive breast cancers, therapy targeting HER2 has
become the most important and indispensable treatment (4).
Owing to the development of trastuzumab, significant
improvements have been obtained in the treatment of
HER2-positive breast cancers as regards to its strong
invasiveness, high recurrence risk, and poor prognosis, thus
trastuzumab has become the first-line agent for such cancer
types (5,6). Meanwhile, Neoadjuvant therapy (NT) plays a
significant role in the treatment of HER2-positive breast
cancers. Previous studies have shown that pCR obtained
by neoadjuvant therapy can predict long-term survival,
especially in the HER2-positive subgroup (7). A 5-year
follow-up of NeoSphere confirmed that patients who
achieved total pCR had longer disease-free survival (DFS)
than those who did not (8). Results of a study on patients
with HER2-positive breast cancer presented at the 2018
SAN Antonio Breast Cancer Conference (SABCS) showed
that: After neoadjuvant therapy, the 5-year DFS and overall
survival (OS) of pCR patients were 92.3% and 98.1%,
respectively. The three-year follow-up of TRYPHAENA
also confirmed the correlation between DFS and pCR (9).
Thus, it has become a recognized alternative primary
endpoint for long-term survival in the N'T environment.
However, drug resistance inevitably occurs in some
patients, and even recurrence, metastases, or death may
occur multiple years after the whole treatment completion
(10,11). Thus, it is important to search for more effective
treatment strategies with less adverse events. In recent
years, multiple novel drugs targeting HER2 have emerged,
including macromolecule monoclonal antibodies such as
pertuzumab, small-molecule tyrosine kinase inhibitors
(TKIs) such as lapatinib and pyrotinib, and trastuzumab-
maytansine (I-DM1), which brings more treatment
choices for people with HER2-positive breast cancers.
Pyrotinib is a novel small-molecule TKI that can be given
orally, and it is well tolerated and exhibits anti-tumor
activity in HER2-positive advanced and metastatic breast
cancers (12,13). However, evidence supporting the efficacy
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and safety of the new drug in neoadjuvant setting are
lacking. Our study is an early observational study on the
use of pyrotinib in neoadjuvant therapy for HER2-positive
breast cancer, providing more data for the comparison of
neoadjuvant double-target drugs for HER2-positive breast
cancer, and providing guidance for the realization of more
effective neoadjuvant therapy. Specifically, the efficacy and
safety of pyrotinib in neoadjuvant setting was evaluated.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-794).

Methods
Objectives

Our primary objectives were to (I) to evaluate the efficacy
and safety of pyrotinib plus trastuzumab in neoadjuvant
setting for HER2-positive early or locally advanced breast
cancers, and to make a comparison with pertuzumab plus
trastuzumab. In this study, there were no adverse events
such as recurrence, metastasis, or death during short-term
follow-up (the median follow-up time was 8.5 months)
of breast cancer patients treated with pyrotinib and
completed surgery. Meanwhile, further long-term follow-
up is needed to assess its long-term efficacy and safety. This
step is ongoing. Therefore, the primary endpoint was total
pathologicalal complete response (tpCR) and secondary
endpoint was breast pathological complete response (bpCR)
and objective response rate (ORR); (II) to observe whether
the efficacy of pyrotinib plus trastuzumab combined with
different neoadjuvant chemotherapy was different; (III)
predictors of tpCR for HER2-positive breast cancer were
analyzed based on baseline characteristics.

Study design

This study was approved by the Ethics Committee of
the First Affiliated Hospital of Zhengzhou University
(No. L2019-Y312). Our data was retrospectively and
prospectively maintained.

Setting

The analysis in this study was performed on patients with
positive HER-2 breast cancer who received neoadjuvant
targeted therapy and completed surgery in the Department
of Breast Surgery, The First Affiliated Hospital of
Zhengzhou University from March 2019 to June 2021.
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Participants

Of the 192 patients initially collected, 166 cases were
included in the final analysis. Patients who met the
following criteria were included: (I) Chinese females
aged >18 years, with stage I-III HER2-positive invasive
breast cancers confirmed by clinical pathology and
histologic diagnosis (3+ in immunohistochemistry, or 2+
in immunohistochemistry but HER2 gene amplification in
fluorescence in situ hybridization); (II) exclusion of distant
metastases by adjuvant examinations prior to neoadjuvant
chemotherapy (NAC), such as systemic bone scans, positron
emission tomography-computed tomography (PET-CT),
chest and/or abdominal CT; (III) Eastern Cooperative
Oncology Group (ECOG) performance status score 0-2,
normal organ function and normal treatment; (IV) presence
of at least 1 measurable lesion according to response
evaluation criteria in solid tumor (RECIST) version 1.1.

In order to achieve a more generally representative
cohort, we established the following exclusion criteria:
(I) pregnancy, lactation, or unwillingness to take effective
contraceptive measures; (II) comorbidity of severe diseases
of the circulatory, respiratory, digestive, or endocrine
system, associated with an expected survival time of the
above diseases less than 2 years; (III) other factors affecting
drug absorption and metabolism (such as difficulty in
swallowing, intestinal obstruction, influence on drug
administration, and a history of drug absorption disorder or
allergies); (IV) inflammatory breast cancer (IBC), bilateral
breast cancer, and distant metastasis; (V) the use of HER2
blockade drugs in neoadjuvant therapy for less than 4 cycles.
The study conformed to the provisions of the Declaration
of Helsinki (as revised in 2013) and informed consent was
taken from all individual participants.

Efficacy evaluation

The RECIST version 1.1 was referred to in the assessment
of clinical efficacy. Complete response (CR): all target
lesions disappeared; partial response (PR): the sum of the
maximum diameter of target lesions decreased by >30%;
progressive disease (PD): the sum of the maximum diameter
of target lesions increased by at least 20%, or a new lesion
occurred; stable disease (SD): changes of the sum of the
maximum diameter of target lesions were between PR and
PD; objective response rate (ORR): ORR = (CR + PR)/
total lesions x100%. Pathological efficacy was evaluated
in samples before NAC versus after surgery, according
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to the Miller-Payne histological classification, as follows:
Gl—ineffectiveness: no noticeable changes in cancer cell
morphology or number; G2—mild effectiveness: presence
of degeneration and necrosis of cancer cells (<1/3), or the
density of residual living cells was more than 2/3 of that
before treatment; G3—moderate effectiveness: presence
of necrosis and lysis of cancer cells (1/3-2/3), or the
density of residual living cells was 1/3-2/3 of that before
treatment; G4—high efficacy: presence of necrosis and
lysis of cancer cells (>2/3), or the density of residual living
cells was less than 1/3 of that before treatment; G5—
pathological complete response (pCR): presence of necrosis
or disappearance of all cancer cells, and tumors were
replaced by granulation or fibrous tissue. Total pCR (tpCR,
ypT0/isypNO) was defined by the absence of invasive
lesions in the breast tissue and axillary lymph nodes, and
possible presence of carcinoma in situ components. No
pCR was defined by the presence of visible invasive cancer
components in the breast tissue or axillary lymph nodes in
the majority of surgical resections. Pathological complete
response of the breast tumor (bpCR) was defined by the
absence of invasive carcinoma in the primary breast tumor.
Effective pathological efficacy was indicated by G3 + G4
+ GS5. The primary endpoint was tpCR and the secondary
endpoint was bpCR and ORR. In addition, AEs during
the NAC were evaluated using the National Cancer
Institute Common Terminology Criteria for Adverse
Event (NCI-CTCAE) version 5.0 (https://ctep.cancer.gov/
protocoldevelopment/electronic_applications/docs/ctcae_
v5_quick_reference_5x7.pdf). The main data were from
laboratory results, and a few subjective indicators were
collected from outpatient review and telephone follow-up.

Imaging examinations such as magnetic resonance
imaging (MRI) were applied to monitor target lesions
every 2 cycles before neoadjuvant therapy and after
administration. Pathological efficacy was based on routine
pathology and immunohistochemical (IHC) results
of preoperative and postoperative samples from the
department of pathology. All medical imaging diagnostic
reports and histopathological results were doubly confirmed
by 2 senior investigators.

Bias

In order to reduce the selection bias caused by the use cycle
of anti-HER? targeted agents during NAC, we excluded
cases that had undergone less than 4 cycles. Regarding
AEs, in addition to laboratory indicators, AEs also included
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a small number of indicators determined by patients’
subjective feelings, so recall bias was present to a certain
extent.

Study size

The sample size of the case group was determined by the
number of patients with early or locally advanced HER-2
positive breast cancer who received neoadjuvant pyrotinib
or pertuzumab plus trastuzumab combined chemotherapy
in the First Affiliated Hospital of Zhengzhou University
during the study period. Simple random sampling was used
to select the control group from the cases using trastuzumab
single target combined with NAC, and the ratio of the
control group to each case group was close to 1:1.

Study group

Patients’ baseline characteristics of primary tumor size
were grouped according to tumor, node, metastasis (TNM)
staging as promulgated by the American Joint Committee
on Cancer (AJCC) at <2 cm, 2-5 cm, and >5 cm. According
to the consensus of St. Gallen International Breast Cancer
Conference, Ki-67<14% was considered as low expression
and >14% as high expression.

The main variables in this study were categorical
variables, which were grouped according to different
neoadjuvant therapy regimens. We designed 3 targeted
regimens in this neoadjuvant program. Regimen I (dual-
target): pyrotinib (400 mg/d, oral) + trastuzumab (I.V.,
initial dose 8 mg/kg followed by 6 mg/kg). Regimen
IT (dual-target): pertuzumab (I.V., initial dose 840 mg
followed by 420 mg) + trastuzumab. Regimen III (single-
target): trastuzumab (initial dose 8 mg/kg followed by
6 mg/kg). Details for specific NAC regimen, administration
dosage, and mode are displayed in Figure I. Prior to the
beginning of each treatment cycle, patients were required
to undergo blood routine and biochemistry tests to confirm
no contraindications to chemotherapy. Granulocyte colony-
stimulating factors (G-CSF) were used as appropriate after
chemotherapy. Surgery was arranged 14-21 days after the
final chemotherapy, followed by 1-year complete targeted
therapy.

Statistical analysis

All statistical analyses were completed on IBM SPSS 26.0
(IBM Corp., Chicago, IL, USA) and Excel (Windows Excel
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2019, Microsoft, Redmond, WA, USA). Univariate logistic
regression analysis was applied. A P value of <0.05 was
considered statistically significant.

The chi-square test was used for comparison of
disordered multi-classification data, and Kruskal-Wallis
test was used for comparison of ordered multi-classification
data. Baseline characteristics were included in univariate
logistic regression analysis one by one, with the acquisition
of tpCR as the dependent variable. The chi-square test was
used to compare tpCR differences between the case group
and the control group, and then the groups were included
in univariate logistic regression analysis with tpCR as the
dependent variable. Ennumeration data were processed by
Fisher’s exact test.

Our missing data took the listwise deletion. There were
3 cases excluded from the 192 initially collected cases due to
missing data.

We mainly used the chi-square test and univariate
logistic regression analysis to compare efficacy differences
of pyrotinib plus trastuzumab combined with NAC versus
trastuzumab plus NAC alone, and analyzed factors that may
affect tpCR patients with HER2-positive breast cancer.

Results
Participants

Based on the inclusion criteria, data were collected from
192 breast cancer patients who were admitted to the
Department of Breast Surgery of the First Affiliated
Hospital of Zhengzhou University from March 2019
to June 2021; among whom, 26 cases were excluded
according to the exclusion criteria. According to inclusion
and exclusion criteria, data of 166 patients were included
in the final analysis (Figure 1). In the cohort, pyrotinib +
trastuzumab was scheduled in 63 participants (37.95%,
Group I), pertuzumab + trastuzumab in 50 participants
(30.12%, Group II), and single trastuzumab in 53
participants (31.93%, Group III). Participant baseline
characteristics are summarized in 7able 1. The participants
were all females who had a median age of 50 years (range,
26-71 years) and ECOG performance status of 0-2.

Efficacy of pyrotinib plus trastuzumab combined with
chemotherapy

A total of 77 participants were treated with pyrotinib plus
trastuzumab neoadjuvant therapy between March 2019
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Patients were excluded according to
exclusion criteria (N=26):
Distant metastases has occurred (n=9)

Bilateral breast cancer (n=4)
Incomplete clinical data (n=3)
<3 cycles of targeted drugs in NT (n=10)

3393

Collect cases
N=192

A

Number of included analysis
cases (n=166)
Different groups according to

NT regimen
\ A \
Regimen [: Regimen I Regimen llI:
Pyrotinib + Trastuzumab Pertuzumab + Trastuzumab Trastuzumab
(N=63) (N=50) (N=53)

Combined with different NAC Combined with different NAC Combined with different NAC
la:A/EC—T (n=30) lla:A/EC-T (n=22) a:A/EC—T (n=47)
Ib:TCb (n=20) 1Ib:TCb (n=18) llIb:TCb (n=4)

Ic:T (n=13) llc:T (n=10) llle:T (n=2)

A

Surgery was arranged
14-21 days after NT

'

The data analysis Primary endpoint:
tpCR
Secondary endpoint: bpCR ORR
Adverse events assessment

Figure 1 Flow diagram. a: 4-cycle doxorubicin 60 mg/m’ (IV.)/epirubicin 100 mg/m’ (I.V.) + cyclophosphamide 600 mg/m’ (I.V.), followed

by 4-cycle docetaxel 100 mg/m” (L.V.)/paclitaxel 80 mg/m’ (I.V.), 21 days for 1 cycle. b: 6-cycle docetaxel 75 mg/m* (I.V.) + carboplatin

AUCSG, 21 days for 1 cycle. c: 4-cycle docetaxel 75 mg/m’ (I.V.), 21 days for each cycle. P, pyrotinib; A, doxorubicin; E, epirubicin; C,

cyclophosphamide; T, paclitaxel/docetaxel; H, trastuzumab; Cb, carboplatin; N'T, neoadjuvant therapy; NAC, neoadjuvant chemotherapy;

tpCR, total pathological complete response; bpCR, pathologic complete response of the breast tumor; ORR, objective response rate.

and June 2021. Among them, 10 patients were excluded
on account of having received less than 4 cycles of
pyrotinib, 3 patients were excluded because they had distant
metastasis before treatment, and 1 had bilateral breast
cancer. Eventually 63 patients in group I were included in
the final analysis. There were no adverse events such as
recurrence, metastasis, or death during short-term follow-
up (the median follow-up time was 8.5 months) in group
I. Of these 63 participants, 40 (63.49%) achieved tpCR,
48 (76.19%) achieved bpCR, and ORR reached 100%
(Figure 2). In group I, the tpCR rate of group Ib combined
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with docetaxel/carboplatin (T'Cb) chemotherapy regimen
was 75.00% (15/20), which was higher than that of group
Ia (56.67%, 17/30) and group Ic (61.54%, 8/13) (Figure 3,
Tuble 2).

TpCR predictive factors analysis of HER2-positive breast
cancer

It was revealed that HR-negative patients were more likely
to reach tpCR as compared to HR-positive patients (61.54%
vs. 37.50%, P=0.002), and the tpCR rate of TNM stage III
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Table 1 Baseline characteristics

Patients, n (%)

Characteristic Total, n (%)
Group | (n=63) Group Il (n=50) Group Il (n=53)

Age (years), median (range) 50 (26-71) 48 (26-71) 47 (29-68) 52 (33-65)

<60 146 (87.95) 57 (90.48) 44 (88.00) 45 (84.91)

>60 20 (12.05) 6 (9.52) 6 (12.00) 8 (15.09)
Menopause status

Yes 48 (28.92) 16(25.40) 11 (22.00) 21 (39.62)

No 118 (71.08) 47 (74.60) 39 (78.00) 32 (60.38)
ECOG performance status

0 141 (84.94) 55 (87.30) 41 (82.00) 45 (84.91)

1 22 (13.25) 7(11.11) 8 (16.00) 7(13.21)

2 3(1.81) 1(1.59) 1(2.00) 1(1.89)
Primary tumor size

T 4(2.41) 2(3.17) 1(2.00) 2(3.77)

T2 103 (62.05) 33 (52.38) 30 (60.00) 40 (75.47)

T3 59 (35.54) 28 (44.44) 19 (38.00) 11 (20.75)
Primary lymph node status

NO 42 (25.30) 17 (26.98) 13 (26.00) 13 (24.53)

N1 95 (57.23) 33 (52.38) 30 (60.00) 31 (58.49)

N2 20 (12.05) 11 (17.46) 4 (8.00) 5(9.43)

N3 9 (5.42) 2(3.17) 3 (6.00) 4 (7.55)
TNM stage

I 112 (67.47) 38 (60.32) 35 (70.00) 39 (73.58)

1l 54 (32.53) 25 (39.68) 15 (30.00) 14 (26.42)
Histologic classification

Il 118 (71.08) 49 (77.78) 32 (64.00) 37 (69.81)

11l 48 (28.92) 14 (22.22) 18 (36.00) 16 (30.19)
Thrombus in the vasculature

Yes 30 (18.07) 8 (12.70) 9 (18.00) 13 (24.53)

No 136 (81.92) 55 (87.30) 41 (82.00) 40 (75.47)
Hormone receptor

HR+* 88 (53.01) 28 (44.44) 30 (60.00) 30 (56.60)

HR-" 78 (46.99) 35 (55.56) 20 (40.00) 23 (43.40)
Ki-67° levels

<14% 27 (16.27) 10 (15.87) 9 (18.00) 8 (15.09)

>14% 139 (83.73) 36 (84.13) 41 (82.00) 45 (84.91)
Combination chemotherapy

A/EC-T 99 (59.64) 30 (47.62) 22 (44.00) 47 (88.68)

TCb 42 (25.30) 20 (31.75) 18 (36.00) 4 (7.55)

T 25 (15.06) 13 (20.63) 10 (20.00) 2(3.77)

® HR+ is ER or PR positive; °, HR- is ER and PR negative (less than 1% of the nuclei of tumor cells are stained; °, Ki-67 positive site
was the nucleus, and 1,000 cells were counted under high magnification to calculate the proportion of positive cells. ECOG, Eastern
Cooperative Oncology Group; TNM, tumor, node, metastasis; HR+, estrogen receptor and/or progesterone receptor-positive; HR-,
estrogen receptor and progesterone receptor-negative; P, pyrotinib; A, doxorubicin; E, epirubicin; C, cyclophosphamide; T, paclitaxel/
docetaxel; H, trastuzumab; Cb, carboplatin; ER, estrogen receptor; PR, progesterone receptor.
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80.00% 100.00% 120.00%

M [: pyrotinib + trastuzumab

Figure 2 Comparison of clinical efficacy indexes in different groups. tpCR, total pathologic complete response; bpCR, pathologic complete

response of the breast tumor; ORR, objective remission rate.

80.00

70.00 1

56.67%

la: pyrotinib + A/E — TH

60.00

50.00

40.001

tpCR rate, %

30.00 1

20.00 1

10.001

0.00-

Ib: pyrotinib + TCbH

75%

61.54%

Ic: pyrotinib + TH

Figure 3 tpCR rate of pyrotinib combined with different NAC regimens. tpCR, total pathologic complete response; A, doxorubicin; E,

epirubicin; C, cyclophosphamide; T, paclitaxel/docetaxel; H, trastuzumab; Cb, carboplatin.

(37.04%, 20/54) was significantly lower than that of stage
IT (54.46%, 61/112), which was statistically significant
(P=0.048) (Table 3). No associations of tpCR with age,
menopause status, histological classification, and Ki-67 level
were observed.

Comparisons among 3 neoadjuvant vegimens

There were 81 participants (48.80%) in total who reached
tpCR, and the overall ORR was up to 96.99%. Specifically,
40 patients (40/63, 63.49%) reached tpCR in group I,
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27 patients (27/50, 54.00%) in group II and 14 patients
(14/53, 26.42%) in group III (Table 2, Figure 2). Further
pair-wise comparisons were implemented to discuss the
statistical significance of the difference in tpCR across
the 3 groups (Table 4). Statistical significance was noted
in regards tpCR in group I versus group III (P<0.001;
95% CI: 2.182 to 10.755) and in Group II versus group
IIT (P=0.004; 95% CI: 1.432 to 7.469). The difference
in tpCR in group I versus group II was not statistically
significant. Subgroups were designed to identify the effect
of diverse regimens on tpCR (Figure 3), and no significant
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Table 2 Efficacy of diverse neoadjuvant therapies

Li et al. NAC with pyrotinib in HER2-positive breast cancer

Groups tpCR, n (%) ORR, n (%) CR, n (%) PR, n (%) SD, n (%)
Total 81 (48.80) 161 (96.99) 54 (35.54) 107 (64.46) 5 (3.01)
Group | 40 (63.49) 63 (100.00) 29 (46.03) 34 (53.97) 0 (0.00)
la 17 (56.67) 30 (100.00) 11 (36.67) 19 (63.33) 0 (0.00)
Ib 15 (75.00) 20 (100.00) 12 (60.00) 8 (40.00) 0 (0.00)
Ic 8 (61.54) 13 (100.00) 6 (46.15) 7 (53.85) 0 (0.00)
Group Il 27 (54.00) 50 (100.00) 15 (30.00) 35 (70.00) 0 (0.00)
lla 9 (40.91) 22 (100.00) 1 (4.55) 21 (95.45) 0 (0.00)
b 12 (66.67) 18 (100.00) 10 (55.56) 8 (44.44) 0 (0.00)
lic 6 (60.00) 10 (100.00) 4 (40.00) 6 (60.00) 0 (0.00)
Group Ill 14 (26.42) 48 (90.57) 10 (18.87) 38 (71.70) 5 (9.43)
llla 13 (27.66) 43 (91.49) 9 (19.15) 34 (72.34) 4 (8.51)
lilb 1 (25.00) 3 (75.00) 1 (25.00) 2 (50.00) 1 (25.00)
lic 0 (0.00) 2 (100.00) 0 (0.00) 2 (100.00) 0 (0.00)

Neoadjuvant treatment regimen: I, pyrotinib + trastuzumab; Il, patuzumab + trastuzumab; lll, trastuzumab; a, A/EC-T; b, TCb; c, T. tpCR,
total pathologic complete response; ORR, objective remission rate. CR, complete response; PR, partial response; SD, stable disease.

differences were detected.

Efficacy of dual anti-HER?2 agents combined with different

neoadjuvant chemotherapy regimens

The tpCR rate of group Ib combined with TCb was
75.00% (15/20), which was higher than the 56.67% (17/30)
of group Ia and 61.54% (8/13) of group Ic. The tpCR rate
of group IIb was 66.67% (12/18), which was higher than the
40.91% (9/22) in group Ila and 60.00% (6/10) in group Ilc
(Tible 2).

Safety

This study mainly observed the AEs of pyrotinib in
neoadjuvant therapy. Selection bias might have existed
due to the retrospective nature of the study and some
AEs by self-assessment in the follow-up by telephone
interviews. We found that diarrhea (56/63, 88.89%) was
the most frequent AE in group I with pyrotinib, including
grade 3 diarrhea in 6 patients (7/63, 11.11%), followed by
leukopenia (48/63, 76.19%) (Table 5). Besides, the incidence
of diarrhea in group I was the highest among the 3 groups
(88.89% wvs. 54.00% wvs. 22.64%). Diarrhea could be
managed by montmorillonite powder or loperamide, and all
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AEs were tolerated.

Discussion

Chemotherapy combined with targeted therapy has
become the standard of neoadjuvant therapy for HER2-
positive breast cancer. Four cycles doxorubicin (A) plus
cyclophosphamide (C) followed by four cycles paclitaxel (T)
and trastuzumab (H), known as AC-TH, was first brought
forward in NAC and developed from an AC-T scheme (14).
Epirubicin (E) was subsequently introduced as an
anthracycline to ameliorate the cardiotoxicity of A during
chemotherapy. Referred to as EC-TH. Regimens were
selected for patient characteristics. Reasons for selection
of 6 cycles T plus carboplatin (Cb) and H, the necessity of
anthracycline avoidance due to cardiac issues, and lower-risk
patients who met qualifications for NAC but had smaller
tumors or fewer nodes involved. In addition, the targeted
drugs anti-HER2 consist of large-molecule monoclonal
antibodies and small-molecule TKIs. Currently, frequently
used novel monoclonal antibody drugs include pertuzumab,
and small-molecule TKIs such as lapatinib and pyrotinib.
The various combinations of these drugs provide more
choices for HER2 positive breast cancer patients. Pyrotinib
is a novel TKI and was officially approved for HER2-
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Table 3 tpCR predictive factors analysis of HER2-positive breast cancer

Univariate logistic regression analysis

Characteristics TPCR, n (%) b P value
OR 95% ClI
Age (years) 3.215 0.073
<60 75 (51.37) 0.406 0.148-1.114
>60 6 (30.00) 1.056
Menopause status 0.237 0.626
Yes 22 (45.83) 0.846 0.432-1.658
No 59 (50.00) 1
Primary tumor size 5.942 0.051
T1 4 (100.00) - -
T2 48 (46.60) 0.903 0.476-1.713
T3 29 (49.15) 1
Primary lymph node status 7.954 0.047
NO 27 (64.29) 1
N1 45 (47.37) 0.500 0.236-1.057
N2 6 (30.00) 0.238 0.076-0.749
N3 3(33.33) 0.278 0.061-1.274
TNM stage 6.053 0.048
I 61(54.46) 2.074 1.064-4.041
1] 20(37.04) 1
Histologic classification 0.021 0.885
I 58 (49.15) 1.051 0.537-2.056
M 23 (47.92) 1
Thrombus in the vasculature 4.344 0.037
Yes 11(36.67) 1
No 70 (51.47) 1.832 0.811-4.139
Hormone receptor 9.563 0.002
HR+* 33 (37.50) 2.667 1.423-4.997
HR-" 48 (61.54) 1
Ki-67° levels 0.244 0.621
<14% 12 (44.44) 0.812 0.354-1.859
>14% 69 (49.64) 1

2 HR+ is ER or PR (progesterone receptor) positive; °, HR- is ER and PR were negative (less than 1% of the nuclei of tumor cells are
stained); °, Ki-67 positive site was the nucleus, and 1,000 cells were counted under high magnification to calculate the proportion of
positive cells. ECOG, Eastern Cooperative Oncology Group; HR+, estrogen receptor and/or progesterone receptor-positive; HR—, estrogen
receptor and progesterone receptor-negative; OR, odds ratio; Cl, confidence interval; ER, estrogen receptor; PR, progesterone receptor;
tpCR, total pathologic complete response.
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Table 4 Between-group difference in tpCR

tpCR
Group® Chi-squared test Logistic regression analysis
o Pvalue Group OR 95% ClI
11 15.904  <0.001 | 4.845 2.182-10.755
1/ 8.171 0.004 I 3.270  1.432-7.469
/1 1.041 0.308 n 1

2 Group I: pyrotinib + trastuzumab, Group Il: patuzumab
+ trastuzumab, Group llI: trastuzumab. OR, odds ratio; Cl,
confidence interval; tpCR, total pathologic complete response

positive advanced breast cancers as a second-line treatment
by the Food and Drug Administration (FDA) in August
2018 (15). Although there is evidence showing the favorable
anti-tumor effect and good tolerance of pyrotinib in
HER2-positive recurrent or metastatic breast cancers when
combined with capecitabine (16,17), its efficacy and safety
in neoadjuvant setting of this particular cancer type remain
to be explored. Research has shown that patients with
HER2-positive advanced breast cancers could attain pCR
after neoadjuvant therapy, and they could gain more benefit
in event-free survival (EFS) and OS (18). Inspired by this,
this study focused on tpCR as the main outcome.

We found that in neoadjuvant therapy for HER2-
positive early or locally advanced breast cancers, pyrotinib
plus trastuzumab contributed to 63.49% tpCR, which was
significantly higher than the 26.42% by single trastuzumab.
Besides, the bpCR rate of the combination of pyrotinib plus
trastuzumab was as high as 76.19%, and the ORR could
reach 100% after NAC completion. Subsequently, when
exploring whether there was a significant difference in the
efficacy of 3 different chemotherapy regimes combined
with pyrotinib for neoadjuvant therapy, it was found that 15
out of 20 participants in group Ib who received pyrotinib
combined with TCbH attained tpCR (75.00%), which was
higher than the 56.67% of group Ia and 61.54% of group
Ic. This was significantly different from the 73.7% (14/19)
tpCR rate obtained in a phase II clinical trial of neoadjuvant
pyrotinib plus EC sequential TH (19). The reason for this
difference is that pyrotinib was used for 8 cycles in the
above clinical trials; while in our study, pyrotinib was mostly
used for 4-6 cycles. The pCR rate of 51.6% was reported
in another phase II clinical trial of neoadjuvant pyrotinib
plus trastuzumab in combination with docetaxel and
carboplatin (20), compared to 73.33% in this study using
the same regimen. Therefore, it may be related to the cycle
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of use of dual-target drugs in neoadjuvant therapy, in the
meantime, sample size could also be a factor. More samples
need to be collected in order to verify this viewpoint. Thus,
it is not yet clear which chemotherapy regimen is more
effective in combination with the 2-target combination of
pyrotinib and trastuzumab.

Trastuzumab is a landmark monoclonal antibody drug
for HER2-positive breast cancers, but it cannot be denied
that nearly 25-30% of patients still experience recurrence
or metastasis (21,22). Besides, mechanisms behind the drug
resistance are multiple and complex, which have not yet
been clarified (23,24). Pertuzumab is a macromolecular
monoclonal antibody drug, as is trastuzumab. Both drugs
exhibit an anti-tumor effect in HER2-positive breast
cancers, while the former is via binding to the extracellular
subdomains I/II/IIT of HER2 to suppress the production of
HER2 homodimer and HER2/HER3 heterodimers (25),
and the latter is via binding to the extracellular subdomain
IV of HER2 (26). Single use of the 2 drugs may exert
nonsignificant anti-tumor effects, which will be enhanced
upon coordination. In a phase II NeoSphere study (27),
dual-target chemotherapy contributed to a higher tpCR
than single-target chemotherapy, where the use of
pertuzumab plus trastuzumab and docetaxel reached a
pCR rate of 45.8% in HER2+ early beast cancers, from
29% by the use of trastuzumab alone. Additionally, in a
phase III PEONY study in an Asian cohort (28), patients
with HER2-positive early or advanced breast cancers
gained more benefits when pertuzumab and trastuzumab
were combined in neoadjuvant setting (39.3% vs. 29.8%).
Currently, pertuzumab plus trastuzumab combined with
taxus drugs is used as the first-line treatment for HER2+
advanced breast cancers. A series of large-scale research
reported that tpCR was 39.3-63.6% when pertuzumab
+ trastuzumab was used in neoadjuvant therapy. In this
study, pertuzumab+trastuzumab reached a tpCR of 54%,
which was within the abovementioned range. In subgroups,
66.67% of participants (12/18) in subgroup IIb with
pertuzumab + trastuzumab combined with TCb achieved
tpCR. Different from macromolecules, TKIs suppress
the activity of intercellular tyrosine kinase domains after
crossing the cell membrane (16). Pyrotinib as one of the
TKIs which irreversibly binds to the intercellular tyrosine
kinase domains of HER1 (EGFR), HER2, and HER4, in
turn inhibiting the proliferative activity of breast cancer
cells (29). Lapatinib is another TKI that can permanently
bind to adenosine triphosphate (ATP) with conjugated
double bonds, which is irreversible and contributes to a
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Table 5 Adverse events during neoadjuvant therapy

AEs Group |, n (%) Group Il, n (%) Group lIl, n (%)
Diarrhea
Any grade® 56 (88.89) 27 (54.00) 12 (22.64)
>3 7(11.11) 1(2.00) 0 (0.00)
Leukopenia
Any grade® 48 (76.19) 39 (78.00) 40 (75.47)
>3 2 (3.17) 2 (4.00) 3 (5.66)

Neutropenia
Any grade® 24 (38.10) 16 (32.00) 15 (28.30)
>3 1(1.59) 0 (0.00) 0 (0.00)
Hemoglobin decreased
Any grade® 28 (44.44) 20 (40.00) 20 (37.74)
>3 3 (4.76) 1(2.00) 1(1.89)
Thrombocytopenia
Any grade® 12 (19.05) 11 (22.00) 11 (20.75)
>3 1(1.59) 0 (0.00) 0 (0.00)
Nausea/vomiting
Any grade® 29 (46.03) 28 (56.00) 30 (56.60)
>3 0 (0.00) 0 (0.00) 0 (0.00)

Transaminase increased

Any grade® 19 (30.12) 18 (36.00) 17 (32.08)

>3 1(1.59) 1(2.00) 0 (0.00)
Cough

Any grade® 6(9.52) 7 (14.00) 6(11.32)

>3 0 (0.00) 0 (0.00) 0 (0.00)

K+ decreased
Any grade® 12 (19.05) 8 (16.00) 6 (11.32)
>3 0 (0.00) 0 (0.00) 0 (0.00)
Hand-foot syndrome
Any grade® 8 (12.70) 9 (18.00) 8 (15.09)
>3 1(1.59) 2 (4.00) 1(1.89)
Peripheral neuritis
Any grade® 5(7.94) 6 (12.00) 4 (7.55)
>3 1(1.59) 0 (0.00) 0 (0.00)

?, most common adverse events (any grade) detected in more than 5% of patients. Percentage are calculated over total patients who
received each combination. One patient experienced grade IV thrombocytopenia. AEs, adverse events.
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higher bioavailability and stronger efficacy. In a phase III
NeoALTTO study (30), the combination of trastuzumab
and lapatinib reached a higher pCR rate as compared
to trastuzumab and lapatinib single agents (51.3% vs.
29.5% vs. 24.7%), while there was a significant increase
in the incidence of > grade 3 diarrhea and the increase of
transaminase. In another phase II randomized controlled
trial (31) involving trastuzumab, lapatinib, and paclitaxel
in neoadjuvant setting, there was no difference in the pCR
between the lapatinib group and the sham group. However,
there have been few studies on the efficacy of pyrotinib
in neoadjuvant therapy, so this study provides good data
support for the application of pyrotinib in neoadjuvant
therapy. In addition, it was further analyzed whether there
was a significant difference in the efficacy of pyrotinib plus
trastuzumab and pertuzumab plus trastuzumab combined
with NAC in the treatment of HER2-positive breast
cancer. It was found that the tpCR rate (63.49%) of the
combination of pyrotinib plus trastuzumab, a micromolecule
TKI and a macromolecular monoclonal antibody drug,
was higher than that of the combination of trastuzumab
and pertuzumab, 2 macromolecular monoclonal antibody
drugs (54.00%); however, the difference was not statistically
significant (P=0.308). Therefore, it cannot be determined
which combination of TKIs plus macromolecular
monoclonal antibody drugs and 2 monoclonal antibody
drugs is superior in the neoadjuvant therapy of breast cancer
patients with positive HER2.

In addition, our data revealed that HR-negative patients
were more likely to reach tpCR as compared to HR-
positive patients (61.54% vs. 37.50%, P=0.002). Shen
et al.’s (32) in vitro test showed that ER-negative tumor cell
lines and tumors were more sensitive to chemotherapy,
and their sensitivity to chemotherapy also increased with
the enhancement of their amplification ability. The author
believed that this phenomenon might be related to the
poor differentiation and strong proliferation ability of ER-
negative tumor cells. The other hypothesis is that HER2-
positive, HR-negative tumors are highly dependent on
the HER2 gene, so treatment against HER2 has shown
a favorable response. Studies have shown that with the
increase of the use of NAC and targeted drugs, the
expression status and level of HR and HER2 may change,
reported discordances in HR status range from 2.5% to
37% (33,34). Our study found that The HR expression
level was altered in 12.65% (21/166) patients with HER2-
positive breast cancer who received the targeted drug in
combination with NAC. The HR modified its expression
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from positive to negative in 1 patient and from negative to
positive in 5 cases. HER2 status did not show a remarkable
change before or after NAC. Since this is a relatively new
treatment modality and the number of studies is low, more
studies are needed to confirm these results. No unanimous
conclusion has been reached on such changes at present.

The question remains as to whether our observations
suggest that pyrotinib is as viable as pertuzumab in
neoadjuvant therapy for HER2-positive breast cancer.
Our data were from a single-center study, and most of the
patients came from central China; despite this, the main
exposure categories of patients were well represented.
Therefore, this study provides real-world data to support
the use of pyrotinib plus trastuzumab in combination with
NAC in patients with early or locally advanced HER2-
positive breast cancer.

In conclusion, the pCR rate of pyrotinib plus trastuzumab
combined with NAC in the treatment of early or advanced
HER2-positive breast cancer is high, showing a good anti-
tumor activity, and the adverse events are controllable and
well tolerated by most patients. What we could learn from
this is that our study further strengthens the evidence of
the efficacy of pyrotinib combined with trastuzumab and
other chemotherapy agents in patients with HER2-positive
breast cancer in the neoadjuvant setting. However, the main
limitation of this study lies in the small sample size. The
optimal combination of dual target drugs and pyrotinib
combined with NAC regimen for better efficacy and the
optimal cycle of pyrotinib use in the neoadjuvant therapy
of HER2-positive breast cancer are still problems requiring
urgent resolution.
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