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Abstract
Background: Pertuzumab has been approved for application in China by the National Medical Products Administration, and both
national and international guidelines make recommendations for the use of neoadjuvant treatment with trastuzumab or
trastuzumab + pertuzumab plus chemotherapy regimens for patients with indications. The goal of this study was to investigate the
short-term clinical efficacy of the neoadjuvant therapies trastuzumab and trastuzumab+pertuzumab for patients with early human
epidermal growth factor receptor 2 (HER2)-positive breast cancer in China.
Methods: A real-world study was conducted using the clinicopathological data of patients with early HER2-positive breast cancer
who were admitted to the member hospitals of the Chinese Society of Breast Surgery, Chinese Surgical Society of Chinese Medical
Association between March 2019 and December 2020. This study analyzed the efficacy and tolerance of trastuzumab
+chemotherapy and trastuzumab+pertuzumab+chemotherapy in patients with early HER2-positive breast cancer. The Response
Evaluation Criteria in Solid Tumors 1.1 was adopted to evaluate clinical efficacy. The pathological efficacy was evaluated using the
MillerPayne grade. The Common Terminology Criteria for Adverse Events (version 5.0) was adopted to evaluate adverse events
(AEs). The propensity scores were subjected to propensity score matching using the R language (1:1 matching with a maximum
allowable difference of 0.05 between the two groups). Efficacy was compared using the chi-square test, and correlation analysis
was performed using linear regression.
Results:A total of 1032 patients with earlyHER2-positive breast cancer met the enrollment criteria andwere included in this study.
Among these patients, 472 received neoadjuvant trastuzumab+chemotherapy (the trastuzumab group), and 560 received
neoadjuvant trastuzumab+pertuzumab+chemotherapy (the trastuzumab+pertuzumab group). The overall pathologic complete
response (pCR) rate was 47.2% (487/1032), while the pCR rates of the trastuzumab and trastuzumab+pertuzumab groups were
34.5% (163/472) and 57.9% (324/560), respectively, and the difference was significant (P< 0.001). The incidence of grade 4 AEs
was 24/321 (7.5%) in the trastuzumab+pertuzumab group, and there were no cases in which the left ventricular ejection fraction
decreased by more than 10%.
Conclusions: Patients in the trastuzumab+pertuzumab group had a higher pCR rate than those in the trastuzumab group, and the
toxic side effects were tolerable.
Keywords: Breast neoplasms; Molecular targeted therapy; Multicenter study; Neoadjuvant therapy; Human epidermal growth
factor receptor 2 (HER2); Trastuzumab; Pertuzumab
Introduction

A few clinical studies and meta-analyses have confirmed
that a pathologic complete response (pCR) rate of 30% to
60% can be achieved in patients with early human
epidermal growth factor receptor 2 (HER2)-positive
breast cancer who have received neoadjuvant therapies,
including trastuzumab + chemotherapy and trastuzumab
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+ pertuzumab + chemotherapy.[1-3] And such neoadjuvant
therapies are also beneficial to overall survival (OS) and
disease-free survival (DFS).[3,4] In China’s perspective,
National Medical Products Administration (NMPA)
approved the use of pertuzumab as neoadjuvant therapy
for early HER2-positive breast cancer as early as March
2019. In 2021, the Breast Cancer Diagnosis and
Treatment Guidelines of the Chinese Society of Clinical
Oncology (CSCO) recommended, with a high level of
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supporting evidence, that early HER2-positive breast
cancer with indications should receive neoadjuvant
therapies, including trastuzumab + chemotherapy and
trastuzumab + pertuzumab + chemotherapy. However, to
date, there have been few reports on the clinical efficacy of
these neoadjuvant therapies in HER2-positive breast
cancer in different regions of China. The Chinese Society
of Breast Surgery (CSBrS), therefore, conducted a
multicenter study (CSBrS-015) of the clinicopathological
data of patients with early HER2-positive breast cancer
who received neoadjuvant trastuzumab + chemotherapy
or trastuzumab + pertuzumab + chemotherapy at 30
hospitals between March 2019 and December 2020 and
analyzed the short-term efficacy and toxic side effects of
these neoadjuvant therapies. The purpose of the study was
to promote the standardization of the use of neoadjuvant
therapy for early HER2-positive breast cancer in China.
Methods

Ethical approval

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the local
ethics committee of Peking University First Hospital (No.
2021-152). This clinical study was a retrospective study,
collected only the patients’ clinical data, and did not
interfere with the patients’ treatment plans. Therefore, this
study did not pose physical risks to the patients. In
addition, patient information was protected from being
leaked. The application for exemption of informed
consent was submitted, and the exemption was approved.
Subjects

In March 2019, the NMPA approved the use of
pertuzumab as neoadjuvant therapy for early HER2-
positive breast cancer. Therefore, the subjects selected for
this study were patients diagnosed with early HER2-
positive invasive breast cancer who received neoadjuvant
trastuzumab + chemotherapy or trastuzumab + pertuzu-
mab + chemotherapy at member hospitals of the CSBrS
between March 1, 2019 and December 31, 2020.
Participating units

The CSBrS includes 40 Grade A tertiary hospitals, all of
which have independent breast surgery wards. A total of
30 member hospitals participated in this study and
provided valid cases.
Inclusion criteria

The inclusioncriteriawereas follows:AdiagnosisofHER2-
positive female breast cancer by core needle biopsy;
indications for neoadjuvant therapy[5,6]; neoadjuvant
therapy with trastuzumab + chemotherapy or trastuzumab
+ pertuzumab + chemotherapy according to the National
Comprehensive Cancer Network (NCCN) Breast Cancer
Clinical Practice Guidelines or the CSCO Breast Cancer
Diagnosis and Treatment Guidelines; at least of four cycles
of the neoadjuvant therapy and the scheduled surgical
treatment; and complete clinicopathological data. Among
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the patients included in this study, those who received
neoadjuvant trastuzumab + chemotherapy comprised the
trastuzumab group, while those who received neoadjuvant
trastuzumab + pertuzumab + chemotherapy comprised the
trastuzumab + pertuzumab group.
Exclusion criteria

The exclusion criteria were as follows: distant metastasis;
incomplete clinicopathological data; fewer than four
cycles of neoadjuvant therapy; or incomplete surgical
treatment.
Determination of HER2 positivity

Immunohistochemistry (IHC) results were interpreted
according to the 2018 American Society of Clinical
Oncology/American Society of Pathology HER2 guide-
lines.[7] The evaluation criteria for HER2 staining results
were as follows: 0/1+ (negative): no stained cells, or the
tumor cells displayed blurred/weak and incomplete cell
membrane staining; 2+ (uncertain): >10% of the tumor
cells displayed weak/moderate but intact cell membrane
staining; 3+ (positive): >10% of the tumor cells showed
strong and intact cell membrane staining. For patients
with uncertain IHC results (2+), fluorescence in situ
hybridization was further performed, and the evaluation
criteria were as follows: HER2 positive: HER2/Chromo-
some 17 centromere (CEP17) ratio ≥2 and average HER2
copy number ≥4.0 signals/cell, or average HER2 copy
number ≥6.0 signals/cell; HER2 negative: HER2/CEP17
ratio ≥2 and average HER2 copy number <4.0 signals/
cell, or HER2/CEP17 ratio <2.0 and average HER2 copy
number <6.0 signals/cell.
Neoadjuvant therapies

The NCCN Breast Cancer Clinical Practice Guidelines
and the CSCO Breast Cancer Diagnosis and Treatment
Guidelines[5,6] recommend the following neoadjuvant
therapies of trastuzumab and chemotherapy [Table 1]:
The TCbH regimen (taxanes + carboplatin + trastuzu-
mab), TH regimen (taxanes + trastuzumab), AC-TH
regimen (anthracyclines + cyclophosphamide, sequential
taxanes + trastuzumab), and TC + H regimen (taxanes +
cyclophosphamide + trastuzumab). Neoadjuvant thera-
pies combining trastuzumab + pertuzumab with chemo-
therapy include the TCbHP regimen (taxanes +
carboplatin + trastuzumab + pertuzumab), THP regimen
(taxanes + trastuzumab + pertuzumab), and AC-THP
regimen (anthracyclines + cyclophosphamide, taxanes +
trastuzumab + pertuzumab).

Before each cycle of the neoadjuvant therapy, the patients
underwent routine peripheral blood tests and biochemical
examinations to confirm that there were no contra-
indications to chemotherapy. After chemotherapy, the
patients were given granulocyte colony-stimulating factor
if needed. The left ventricular ejection fraction (LVEF) of
the patients was evaluated by echocardiography before
and every 3 months after the therapy. The patients
received at least four cycles of therapy with the targeted
drugs in addition to surgery.
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Table 1: The regimens for the 1032 patients with early HER2-positive breast cancer.

Evaluation of pathological efficacy

Groups Number of patients treated (%) Number of patients who achieved pCR pCR rate (%)

Trastuzumab group
TH 22 (2.1) 6 27.3
TCbH 273 (26.5) 96 35.2
AC/EC-TH 161 (15.6) 58 36.0
TC (CTX) H 16 (1.6) 3 18.8

Trastuzumab + pertuzumab group
THP 77 (7.5) 47 61.0
TCbHP 319 (30.9) 183 57.4
AC/EC-THP 164 (15.9) 94 57.3

HER2: Human epidermal growth factor receptor 2; pCR: Pathologic complete response. TH regimen: taxanes + trastuzumab; TCbH regimen:
taxanes + carboplatin + trastuzumab; THP regimen: taxanes + trastuzumab + pertuzumab; TCbHP regimen: taxanes + carboplatin + trastuzumab
+ pertuzumab; AC/EC-TH: pirarubicin/epirubicin followed by taxanes + trastuzumab; TC(CTX)H: taxanes + cyclophosphamide + trastuzumab;
AC/EC-THP: pirarubicin/epirubicin followed by taxanes + trastuzumab + pertuzumab.
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Evaluation of efficacy

The Response Evaluation Criteria in Solid Tumors 1.1 was
adopted to evaluate clinical efficacy.[8] The breast lesions
were evaluated before the neoadjuvant therapy and after
every two cycles of the therapy using dynamic contrast-
enhancedmagnetic resonance imagingorbreastultrasound.
The pathological efficacy was evaluated using the Miller–
Payne grade,[9] and core needle biopsy specimens collected
before the neoadjuvant therapy were compared with
histopathological specimens collected after the surgery.
pCR was defined as the absence of invasive cancer in the
breast and axillary lymph nodes (ypTis/0ypN0).

Surgery

Surgery was performed within 4 weeks after the last
chemotherapy session. cN0 patients who had a negative
sentinel lymph node biopsy before the neoadjuvant therapy
did not undergo axillary lymph node dissection. After
receiving neoadjuvant therapy, pN1 patients underwent
level II axillary lymph node dissection. The typical surgical
methods include breast-conserving surgery, simple mastec-
tomy, and modified radical mastectomy (Auchincloss).
Breast reconstruction surgerywill be performed on patients
who are willing to preserve the shape of the breast but do
not have the conditions for breast conserving.

Safety evaluation

The Common Terminology Criteria for Adverse Events
(version 5.0) were adopted to evaluate adverse events
(AEs). Evaluation of the respiratory, circulatory, digestive,
blood, skin, and urinary system was performed. The
following classification of AEs was used: Grade 1 AEs are
minor AEs that are asymptomatic or mild, have only
clinical or diagnostic findings, and require no treatment.
Grade 2 AEs are moderate AEs that limit the performance
of age-appropriate instrumental activities of daily living
and require minor, local, or non-invasive treatment.
Grade 3 AEs are severe or medically significant but not
immediately life-threatening, could lead to hospitalization
or prolongation of hospitalization, are disabling, and could
2313
limit self-care activities of daily living. Grade 4 AEs are life-
threatening and require urgent treatment. Grade 5 AEs are
AE-related deaths. The clinicians collected the relevant AEs
after each cycle of therapy through telephone calls, social
media software, and questionnaires. The types and severity
of the patients’ AEs were evaluated and recorded.
Statistical analysis

Data analysis was performed using SPSS 26.0 statistical
software (IBM, Armonk, NY, USA) and the R language
(RStudio, Boston, MA, USA). Measurement data are
described as the minimum, maximum, median, and
quartiles, while count and grade data are described as case
numbers and percentages. The propensity scores were
subjected to propensity score matching (PSM) using the R
language (1:1 matching with a maximum allowable
difference of 0.05 between the two groups). Efficacy was
comparedusing theChi-square test, andcorrelationanalysis
was performed using linear regression. A P value <0.05
indicated that the difference was statistically significant.
Results

General information

From 1 March 2019 to 31 December 2020, 30 member
hospitals of the CSBrS participated in this study, of which
a total of 27,455 patients were diagnosed with early
invasive breast cancer. Among those patients, 6135 had
HER2-positive breast cancer, accounting for 22.3% of the
patients with invasive breast cancer during the same
period. A total of 1838 patients received trastuzumab +
chemotherapy or trastuzumab + pertuzumab + chemo-
therapy neoadjuvant therapies, accounting for 30.0% of
the patients with early HER2-positive breast cancer. And
each hospital has a different ratio, which varies from a
range of 1.9% to 67.6% [Figure 1]. Excluding unqualified
cases, a total of 1032 patients who met the inclusion
criteria were included in this study [Table 2, Figure 2]. The
median age of the patients was 50 years (range: 21–77
years; interquartile range: 43–56 years).
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Figure 1: The percentages of patients with early HER2-positive breast cancer who received the neoadjuvant therapy at 30 hospitals in China. HER2: Human epidermal growth factor
receptor 2.

Table 2: Clinicopathological data of patients with early HER2-positive breast cancer before and after PSM.

Before matching (N= 1032) After matching (N= 798)

Items
Trastuzumab group

(n= 472)
Trastuzumab + pertuzumab

group (n= 560)
P

values
Trastuzumab group

(n= 399)
Trastuzumab + pertuzumab

group (n= 399)
P

values

Age <0.001 1.000
<35 years 31 (3.0%) 78 (7.6%) 30 (3.8%) 31 (3.9%)
≥35 years 441 (42.7%) 482 (46.7%) 369 (46.2%) 368 (46.1%)

T stage <0.050 0.436
T1 61 (5.9%) 49 (4.7%) 47 (5.9%) 37 (4.6%)
T2 330 (32.0%) 393 (38.1%) 297 (37.2%) 298 (37.3%)
T3 64 (6.2%) 79 (7.7%) 42 (6.2%) 44 (5.5%)
T4 17 (1.6%) 39 (3.8%) 13 (1.6%) 20 (2.5%)

N stage <0.001 0.671
N0 189 (18.3%) 132 (12.8%) 128 (16.0%) 128 (16.0%)
N1 + N1mi 222 (21.5%) 269 (26.1%) 210 (26.3%) 220 (27.6%)
N2 43 (4.2%) 85 (8.2%) 43 (5.4%) 33 (4.1%)
N3 18 (1.7%) 74 (7.2%) 18 (2.3%) 18 (2.3%)

Clinical stage <0.001 1.000
Stage I 16 (1.6%) 5 (0.5%) 5 (0.6%) 5 (0.6%)
Stage II 357 (34.6%) 340 (32.9%) 304 (38.1%) 304 (38.1%)
Stage III 99 (9.6%) 215 (20.8%) 90 (11.3%) 90 (11.3%)

Hormone
receptor status

0.204 1.000

HR+ 284 (27.5%) 315 (30.5%) 227 (28.4%) 228 (28.6%)
HR� 188 (18.2%) 245 (23.7%) 172 (21.6%) 171 (21.4%)

Data were presented as n (%). HER2: Human epidermal growth factor receptor 2; PSM: Propensity score matching; HR: Hormone receptor.
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Comparison of clinical data
A total of 1032 patients who met the inclusion criteria
were included in this study. Among these patients, 472
(45.7%) were included in the trastuzumab group, and 560
(54.3%) were included in the trastuzumab + pertuzumab
group [Table 1]. In the initial data, there were statistical
differences between the two groups in age, T stage, N
stage, and clinical stage; however, there was no statistical
difference in hormone receptor status. The 30 participat-
ing hospitals are distributed across 18 provinces,
municipalities, and autonomous regions in China; there
was no statistical correlation between the percentage of
2314
patients who underwent trastuzumab + pertuzumab +
chemotherapy neoadjuvant therapy and the regional
economic development level (per capita gross domestic
product [GDP]) (P= 0.8, B= 3.9E-7, t= 0.3).
Pathological efficacy of the neoadjuvant therapies

Evaluation of pathological efficacy and analysis of
correlation factors were performed. The overall pCR rate
was 47.2% (487/1032), and the pCR rates of the
trastuzumab group and the trastuzumab + pertuzumab
group were 34.5% (163/472) and 57.9% (324/560),
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Figure 2: Flow chart of inclusion of the study subjects. PSM: Propensity score matching. HER2: Human epidermal growth factor receptor 2.

Table 3: Comparison of pathological efficacy between the two groups after PSM (n).

Categories pCR non-pCR Total Pearson Chi-square P value

Trastuzumab group 140 259 399 20.6 <0.001
Trastuzumab + pertuzumab group 227 172 399
Total 367 431 798

pCR: Pathologic complete response; PSM: Propensity score matching.
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respectively. After confounding factors (age, T stage, N
stage, clinical stage, and hormone receptor status) were
eliminated and PSMwas conducted, a total of 798 patients
were included in the statistical analysis, and each group
included 399 patients. There was a statistical difference in
the pCR rate between the two groups (P< 0.001,
x2= 20.6) [Table 3].
Safety evaluation of of trastuzumab + pertuzumab +
chemotherapy

Among the 560 patients who completed the neoadjuvant
therapy of trastuzumab + pertuzumab + chemotherapy,
321 had complete records of AEs. Specifically, 24 patients
(7.5%) had Grade 4 AEs, and the others had AEs of Grade
3 or lower that did not delay the therapy. The top three
AEs were reduced granulocyte count (31.2%), hair loss
2315
(25.9%), and nausea and vomiting (22.1%) [Table 4]. No
large decrease in LVEF (ie, >10%) or other serious
cardiovascular AEs were observed in any of the patients at
the enrollment or during follow-up.

Discussion

The incidence of breast cancer in China is increasing year
by year,[10] while 15% to 20% out of total breast cancer
cases are HER2 positive.[11] At present, trastuzumab and
pertuzumab are both approved by the NMPA for
marketing in China and are covered by social medical
insurance, providing diversified treatment options for
patients with HER2-positive breast cancer. In recent
years, the recommendations from the NCCN Breast
Cancer Clinical Practice Guidelines on neoadjuvant
therapy for early HER2-positive breast cancer have been
continuously updated. The medical practice in China is
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Table 4: The main AEs of patients with early HER2-positive breast cancer before and after PSM (N= 321).

AE Grade 1 Grade 2 Grade 3 Grade 4 Total Percentage (%)

Reduced granulocyte count 31 30 23 16 100 31.2
Hair loss 4 6 73 0 83 25.9
Nausea and vomiting 28 31 10 2 71 22.1
Diarrhea 26 28 8 3 65 20.2
Numbness in hands and feet 24 14 0 0 38 11.8
Fatigue 28 3 0 0 31 9.7
Muscle pain/bone pain 18 9 1 0 28 8.7
Mucosal/skin changes 16 6 5 1 28 8.7
Liver damage 7 9 3 0 19 5.9
Constipation 9 1 3 0 13 4.0
Anemia 5 5 0 1 11 3.4
Reduced platelet count 0 7 1 1 9 2.8

Values were shown as n or percentage. AE: Adverse events.
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consistently aligned, as CSCO Breast Cancer Diagnosis
and Treatment Guidelines from 2021 recommended, with
a high level of supporting evidence, that patients with early
HER2-positive breast cancer should receive neoadjuvant
trastuzumab + chemotherapy or trastuzumab + pertuzu-
mab + chemotherapy.[5,6] On this basis, the conducted
multicenter study (CSBrS-015) in China by CSBrS
demonstrates both real-world treatment practice status
and result, which ismeant to eventually widely confirm the
regional treatment effect and accelerate the standardiza-
tion of the use of neoadjuvant therapies for early HER2-
positive breast cancer in China.

The CSBrS-015 study included a total of 27,455 patients
with new-onset early invasive breast cancer at 30 member
hospitals of the CSBrS betweenMarch 2019 andDecember
2020. Among these patients, 6135 had HER2-positive
breast cancer, accounting for 22.3% of the breast cancer
patients admitted during the same period; this number is
consistent with the percentage of HER2-positive breast
cancer cases reported in the literature.[11]

In recent years, international and Chinese clinical practice
guidelines have explicitly stated that early HER2-positive
breast cancer (≥T2 or ≥N1) is an indication for
neoadjuvant therapy.[5,6] A survey conducted in the
United Kingdom showed that approximately 40% of
patients with early HER2-positive breast cancer received
neoadjuvant therapy,[12] compared with the 26.9%
reported in a study conducted in the United States.[13]

In the present study, 1838 (30.0%) out of 6135 patients
with early HER2-positive breast cancer received various
neoadjuvant therapy regimens. However, the proportion
of patients receiving neoadjuvant therapy varied from
1.9% to 67.6% among different hospitals, showing a
distributional difference. This phenomenon indicates that
the clinical implementation of neoadjuvant therapy for
early HER2-positive breast cancer needs to be further
standardized in China.

TheNeoSphere studypublished in2012 established the role
of the dual-targeted therapy of trastuzumab + pertuzumab
in neoadjuvant therapy.[1] The PEONY study, a phase III
clinical trial based on an Asian population, preliminarily
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demonstrated that dual-targeted therapy, as a form of
neoadjuvant therapy, can significantly increase the pCR
rate.[14]A large-scalemeta-analysisalsoproposedthatdual-
targeted therapy combined with neoadjuvant chemothera-
py significantly increased the pCR rate.[15] This study
showed that age, N stage, and clinical stage (tumor-node-
metastasis [TNM]) had an impact on clinicians’ choice of
trastuzumab + chemotherapy vs. trastuzumab + pertuzu-
mab + chemotherapy as neoadjuvant therapy. Clinicians
were more inclined to choose neoadjuvant therapy with
trastuzumab + pertuzumab for patients who were younger
than 35 years old and had N stage or clinically advanced
cancers.

Selecting an effective neoadjuvant therapy specifically for
early HER2-positive breast cancer can achieve a high pCR
rate, and patients who achieve pCR can have a longer DFS
and OS than patients who have not achieved pCR.[3,4]

Studies have shown that early HER2-positive breast
cancer patients who receive trastuzumab + pertuzumab +
chemotherapy have a pCR rate of 55% to 66.2%.[2,15]

In this study, neoadjuvant therapy with trastuzumab +
chemotherapy yielded a pCR rate of 34.5%, compared to
the pCR rate of 57.9% of neoadjuvant therapy of
trastuzumab + pertuzumab + chemotherapy. The pCR
rate of the dual-targeted therapy was significantly higher
than that of the single-targeted therapy. After PSM, there
was a statistical difference in the pCR rate between the two
groups (P< 0.001, x2= 20.6), which is consistent with the
literature reports.[14,15] In our study, a total of 1032
patients received different neoadjuvant therapies. Specifi-
cally, 560 patients, 54.3% of the total 1032 received
neoadjuvant therapy with trastuzumab + pertuzumab +
chemotherapy, which yielded a high pCR rate. However,
45.7% of the patients received neoadjuvant therapy with
trastuzumab + chemotherapy, which yielded an unsatis-
factory pCR rate. We believe that the outcome confirms
that in the Chinese population, the pCR rate of the
standard dual-target treatment regimen is better than that
of the single-target regimen, which is consistent with the
general practice and cognition of the international clinical
community. Scientifically and objectively determining the
indications for neoadjuvant therapy and standardizing
the implementation of neoadjuvant therapy provide an
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important basis for improving the clinical diagnosis and
treatment of early HER2-positive breast cancer. A few
clinical trials have confirmed the clinical value of dual-
targeted therapy (trastuzumab + pertuzumab) combined
with chemotherapy. This study also demonstrated that, at
the current stage, neoadjuvant therapy with trastuzumab
+ pertuzumab + chemotherapy can significantly improve
the pCR rate. In addition, although the patients who
received the dual-targeted neoadjuvant therapy were at
more advanced clinical stages, a higher pCR rate was
achieved nevertheless. These results also indicate the
clinical value of dual-targeted neoadjuvant therapy. As a
real-world study, this study found no correlation between
the proportion of patients who received dual-targeted
neoadjuvant therapy and the regional per capita GDP.
Pertuzumab only recently became available on the market
in China. In some regions of China, pertuzumab has not
been added to the medical insurance formulary and is not
available at hospital pharmacies; therefore, some patients
still choose trastuzumab and chemotherapy as neo-
adjuvant therapy due to cost. In the meanwhile, clinicians
needs to pay constant attention to updating the treatment
concept as well.

Studies have shown that the common AEs of neoadjuvant
trastuzumab + pertuzumab + chemotherapy include hair
loss, reduced granulocyte count, diarrhea, nausea and
vomiting, anemia, and elevated transaminase level.[1,14] In
this study, the top three AEs were reduced granulocyte
count (31.2%), hair loss (25.9%), and nausea and
vomiting (22.1%). More than 30% of the patients
developed granulocyte deficiency, and 5.4% developed
Grade 4 myelosuppression. Granulocyte deficiency with
fever can increase themortality of patients and prolong the
length of hospital stay; in addition, it is themain reason for
the reduction or delay of chemotherapy.[16] In this study, a
total of 321 patients who received neoadjuvant trastuzu-
mab + pertuzumab + chemotherapy had complete safety
data during treatment. Of these patients, 24 (7.5%) had
Grade 4 AEs, including 18 with Grade 4 myelosuppres-
sion. These findings are similar to other reports. All other
AEs were Grade 3 and below, and none of them caused
serious harm to the patients or delayed the therapy. The
establishment of good clinical pharmacist supervision and
follow-up system for high-risk patients, the strengthening
of primary prevention, and the rational use of drugs such
as recombinant human granulocyte colony-stimulating
factor and pegylated recombinant human granulocyte
colony-stimulating factor are the keys to effectively
reducing the incidence of common hematological toxic
events (such as granulocyte deficiency) and improving
patient compliance and treatment continuity.

The overall safety of the dual-targeted neoadjuvant
therapy considered in this study was consistent with that
reported in the literature,[1,14] and the toxic side effects of
the neoadjuvant therapy were controllable. One study
proposed that the high incidence of diarrhea associated
with dual-targeted neoadjuvant therapy might be related
to pertuzumab.[15] In this study, the patients who received
the dual-targeted neoadjuvant therapy had a high
incidence of nausea, vomiting, and diarrhea. However,
>80% of the AEs were Grade 1–2 and did not delay
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treatment. The cardiac safety of targeted drug therapies
has received ongoing attention, and regular cardiac
ultrasound monitoring is necessary during treatment.
No serious cardiovascular AEs, such as a decrease of
>10% in the LVEF, were observed in this study. The
neoadjuvant therapy displayed good cardiac safety, which
is consistent with reports.[1,14]

This study was a multicenter real-world study. Although
the pCR rate reached 57.9% in the patients who received
neoadjuvant therapy with trastuzumab + paltuzumab +
chemotherapy, 42.1% of the patients did not obtain pCR.
We believe that the follow-up treatment of non-pCR
patients should be individualized, with full consideration
of the residual tumor load after neoadjuvant therapy. At
the same time, due to the short time to market of the new
targeted drug and the lack of relevant long-term
prognostic results, we need to supplement relevant
follow-up information in new multi-center studies.

In conclusion, patients who received neoadjuvant therapy
with trastuzumab + pertuzumab + chemotherapy had a
pCR rate superior to that of patients who received
neoadjuvant therapy with trastuzumab + chemotherapy,
and the toxic side effects were tolerable. This multi-center
real-world study of the Chinese population confirmed that
in the Chinese population, the pCR rate of the standard
dual-target treatment regimen is better than that of the
single-target regimen to further promote the populariza-
tion of standardization throughout the country.
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