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Efficacy and safety of neoadjuvant pertuzumab plus trastuzumab
in combination with chemotherapy regimen in Chinese patients
with HER2-positive early breast cancer: a real-world retrospective
multi-center cohort study
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Background: Pertuzumab plus trastuzumab combined with chemotherapy has become a standard
neoadjuvant therapy option for patients with high-risk human epidermal growth factor receptor 2 (HER2)-
positive breast cancer (BC). There is still not enough evidence for the efficacy and safety of neoadjuvant
pertuzumab and trastuzumab plus chemotherapy in HER2-positive BC patients in China, both in clinical
trials and real-world settings. This study aimed to assess the efficacy and safety of neoadjuvant pertuzumab
plus trastuzumab in combination with chemotherapy in Chinese patients with HER2-positive BC in real-
world clinical application.

Methods: We retrospectively collected the data from the electronic medical records of HER2-positive
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patients treated with neoadjuvant trastuzumab and pertuzumab plus chemotherapy from December 2018
to May 2021 at 21 hospitals located in Hunan Province, China, including age, American Joint Committee
on Cancer (AJCC) stage, clinical tumor size, clinical lymph node status, pathological characteristics (before
neoadjuvant systemic therapy), treatment approach, adverse events to neoadjuvant therapy, and achievement
of pathological complete response (pCR). The primary endpoint was the total rate of pCR, and the
secondary endpoints were the rate of pCR of each subgroup and the safety of dual anti-HER2 therapy.
Results: A total of 188 patients met the inclusion criteria and were included in the analysis. Of the 188
patients, 119 (63.3%) were diagnosed at stage II and 64 (34.0%) at stage III; 163 (86.7%) were cT2-3; 149
patients (79.3%) were > c¢N1; 84 patients (44.7%) were hormone receptor (HR)-positive. pCR was observed
in 88 of 188 patients (46.8%). The pCR rate of HR-negative patients (54.8%) was higher (P=0.014) than that
of HR-positive patients (36.9%). Patients with Ki-67 <15% achieved a higher (P=0.033) pCR rate (68.2%)
than those with Ki-67 >15% (44.0%). Anemia was the most common adverse event (63.4%), and the most
common grade 3—4 adverse event was nausea and vomiting (8.5%).

Conclusions: Our study confirmed the benefit of neoadjuvant pertuzumab plus trastuzumab in combination

with chemotherapy on pCR with a tolerable safety profile in routine clinical practice in Chinese patients with

HER2-positive BC. HR-negativity and Ki-67 <15% were associated with pCR in these patients.
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Introduction

Breast cancer (BC) is the most common malignancy in
women worldwide. It has a high degree of heterogeneity

Highlight box

Key findings

® This study confirms the benefit of neoadjuvant pertuzumab and
trastuzumab plus chemotherapy on pCR with a tolerable safety
profile in routine clinical practice in Chinese patients with HER2-
positive breast cancer (BC). HR-negativity and Ki-67 <15% were
associated with pCR in these patients.

What is known and what is new?

® Previous studies confirmed the efficacy and safety of neoadjuvant
trastuzumab and pertuzumab plus chemotherapy for human
epidermal growth factor receptor 2 (HER2)-positive BC, but there
is still not enough evidence for this in Chinese patients;

® Our study presented the largest cohort real-world data on
evaluating the efficacy and safety of neoadjuvant pertuzumab and
trastuzumab plus chemotherapy in Chinese patients with HER2-
positive early or LABC.

What is the implication, and what should change now?

* Neoadjuvant pertuzumab and trastuzumab plus chemotherapy
is recommended for HER2-positive patients in China who need
neoadjuvant therapy.
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and a significant impact on women’s lives and health.
Overexpression of human epidermal growth factor receptor
2 (HER2) or amplification of the erbB2 gene is present in
approximately 15-25% of BCs (1,2), and is associated with
a poor prognosis (3). Anti-HER? therapy with trastuzumab
has been shown to improve overall and disease-specific
survival for these patients (4-6). Pertuzumab, a second-
generation anti-HER2 drug, both induces antibody-
mediated cytotoxicity by its binding to HER2 and also
interferes with signaling by preventing its binding to partner
receptors (7). The use of pertuzumab in combination with
trastuzumab as dual anti-HER?2 therapy in patients with
HER2-positive BC has been associated with improved
overall and progression-free survival, as well as increased
rates of pathologic complete response (pCR), defined as the
eradication of invasive disease on pathology assessment of
surgical specimens after completion of neoadjuvant therapy
(8-10).

The use of neoadjuvant therapy offers potential
benefits both to patients with HER2-positive early breast
cancer (EBC) and locally advanced breast cancer (LABC).
Neoadjuvant therapy may lead to downstaging of the tumor,
which may affect candidacy for breast-conserving surgery
(BCS) (11-13). Neoadjuvant therapy also allows for early
evaluation of tumor response, which may guide further
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systemic treatment plans (14).

Patients who achieve pCR after neoadjuvant therapy
have a significantly improved event-free and overall
survival (15,16). Thus, pCR is not only an important
factor in determining the adjuvant therapy strategy but
also has implications for survival. In the early 21st century,
it was found that the addition of trastuzumab to standard
neoadjuvant chemotherapy significantly improved the pCR
rate of HER2-positive BC patients (17-19). The NeoSphere
trial demonstrated that combining trastuzumab and
pertuzumab with neoadjuvant chemotherapy could achieve
a higher pCR rate (42%) than trastuzumab alone with
neoadjuvant chemotherapy (23%) (10). The TRYPHAENA
trial and BERENICE trial showed that dual HER2 blockade
with trastuzumab and pertuzumab plus neoadjuvant
chemotherapy achieved rates of pCR of 57-66% (20,21).
Therefore, pertuzumab plus trastuzumab combined with
chemotherapy has become a standard neoadjuvant therapy
option for patients with HER2-positive BC.

The proportion of Asian patients in previous studies
which confirmed the efficacy and safety of dual HER2
blockade with trastuzumab and pertuzumab plus
neoadjuvant chemotherapy was <25% (10,20). The PEONY
trial adds to the totality of the data showing the benefit and
safety of neoadjuvant pertuzumab and trastuzumab with
chemotherapy in HER2-positive BC of Asian patients (22),
however, pertuzumab was not approved in China until
December 2018 and was not officially clinical used until
March 2019. So, there is still not enough evidence for
the efficacy and safety of neoadjuvant pertuzumab and
trastuzumab plus chemotherapy in HER2-positive BC
patients in China, both in clinical trials and real-world
settings. This retrospective, observational study aimed to
assess the efficacy and safety of neoadjuvant pertuzumab plus
trastuzumab in combination with chemotherapy regimens
in Chinese patients with early-stage HER2-positive BC.
We present the following article in accordance with the
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-6054/rc).

Methods
Patients and data collection

This is a retrospective, observational, multi-center study
conducted at certified BC centers in 21 hospitals located
in Hunan, China. The data were collected retrospectively
by staff trained in relevant data collection, including
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age, American Joint Committee on Cancer (AJCC)
stage (according to AJCC staging version 8), clinical
tumor size, clinical lymph node status, pathological
characteristics (before neoadjuvant systemic therapy),
treatment approach, adverse events (AEs) to neoadjuvant
therapy, and achievement of pCR. Data were collected
from the electronic medical records, and they recorded
the information gathered on data forms. All forms were
collected and delivered to the central investigator for
quality control and re-screening to exclude cases that did
not meet the inclusion criteria. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by Clinical Research
Ethics Board of Xiangya Second Hospital, Central South
University (No. LYF2021182). In addition, all the relevant
ethics committees approved the study. Written informed
consent was provided by each participant for the use of their
data.

Inclusion criteria included patients with early or locally
advanced HER2-positive BC without distant metastases
who underwent at least 4 cycles of neoadjuvant dual
anti-HER?2 therapy with trastuzumab and pertuzumab,
completed their first cycle of neoadjuvant therapy prior
to December 31, 2020, underwent surgery after their
neoadjuvant therapy, had complete preoperative and
postoperative pathological and clinical data, and a baseline
left ventricular ejection fraction (LVEF) of at least 50% as
measured by echocardiography. There were no exclusion
criteria. Variables were categorized as follows: neoadjuvant
chemotherapy regimen (with or without anthracyclines,
with or without albumin-bound paclitaxel), neoadjuvant
therapy cycles (<6 cycles, 6 cycles, or >6 cycles), clinical
lymph node status (with or without metastasis assessed
at baseline), clinical tumor size (<2 c¢m, 2.1-5 cm, >5 cm
at baseline), hormone receptor (HR) status (positive or
negative at baseline). The treatment plan and dosing
strategies for chemotherapy drugs of neoadjuvant therapy
was determined by the attending physician based on each
patient's condition and disease according to the national
guideline. The trastuzumab loading dose was 8 mg/kg
followed by 6 mg/kg intravenously, once every 3 weeks.
The pertuzumab loading dose was 840 mg followed by
420 mg intravenously, once every 3 weeks.

Pathological analysis

The status of estrogen receptor (ER), progesterone receptor
(PR), HER2, and grading were directly documented from

Ann Transl Med 2022;10(24):1387 | https://dx.doi.org/10.21037/atm-22-6054


https://atm.amegroups.com/article/view/10.21037/atm-22-6054/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-6054/rc

Page 4 of 11

the pathology reports. There was no central review of
biomarkers. We defined ER and PR status as positive if >1%
of the nuclei were stained. The HER2 status was considered
positive based on an immunohistochemical (IHC) score of
3+ or 2+ with positive fluorescence in situ hybridization/
competitive in situ hybridization (FISH/CISH) findings.
pCR was defined as complete disappearance of residual
invasive tumor by microscopic examination of the breast
and axillary lymph nodes (ypT0/Tis and ypNO).

Study endpoints

The primary endpoint was the total rate of pCR. The
Miller-Payne grading system or the residual cancer burden
(RCB) were routinely used to assess pathological responses
in clinical practice (23). Grade 5 of the Miller-Payne
criteria or a score of 0 on the RCB index were designated
as pCR. The secondary endpoints were the rate of pCR of
each subgroup and the safety of dual anti-HER2 therapy.
AEs were categorized according to the National Cancer

Institute Common Terminology Criteria for Adverse Events
(CTCAE; version 5.0).

Statistical analysis

Quantitative variables were described in terms of central
tendency and dispersion (median and quartile difference)
and qualitative variables were reported in terms of counts
and percentages. The missing data were directly eliminated
and not included in statistical analysis. Continuous variables
were compared using the Mann-Whitney U test, whereas
categorical variables were compared using the chi-squared
or Fisher’s exact test. Multivariate logistic regression
analysis was used to evaluate the influence of parameters
on pCR. Due to the small number of parameters included
in this study and sufficient sample size, all variables in the
univariate analysis were included in the multiple logistic
regression analysis as independent variables, and then the
odds ratio (OR) value and 95% confidence intervals (Cls)
of each variable were calculated. All statistical analyses
were carried out using the software SPSS 18.0 IBM Corp.,
Chicago, IL, USA) and two-tailed P values <0.05 were
considered statistically significant.

Results

A total of 188 patients met the inclusion criteria and were
included in the analysis from December 2018 to May 2021
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(Table 1). Median age at diagnosis was 48.5 [interquartile
range (IQR), 27-74] years. Of the 188 patients, 119 (63.3%)
were diagnosed at stage 1I, 64 (34.0%) at stage III and 5
(2.7%) at stage I; 163 (86.7%) were cT2-3; 39 patients
(20.7%) were c¢NO, and 149 patients (79.3%) were > c¢NI1.
A total of 84 (44.7%) of these patients were HR positive
(defined as ER or PR positive). For HER?2 receptor status,
150 (79.8%) of patients had an IHC score of 3+ and the
remaining 38 (20.2%) had an IHC score of 2+.

The neoadjuvant therapy regimens were carboplatin plus
taxane in combination with pertuzumab and trastuzumab
(TCbHP) every 3 weeks (76 patients, 40.4%), taxane in
combination with trastuzumab and pertuzumab (THP)
every 3 weeks (38 patients, 20.2%), a sequence of 3—4
cycles of anthracycline plus cyclophosphamide every
3 weeks followed by 3-4 cycles of taxane plus pertuzumab
and trastuzumab (AC-THP) every 3 weeks (56 patients,
29.8%), and other neoadjuvant chemotherapy regimens plus
dual HER2-targeted therapy (18 patients, 9.6%) (1able I).
Among all cases, 69 patients (36.7%) received anthracycline-
based neoadjuvant chemotherapy regimen, and the other
119 patients (63.3%) received non-anthracycline regimen;
36 patients (19.1%) received albumin-bound paclitaxel as a
taxane, whereas 152 patients (80.9%) received a conventional
taxane regimen. The neoadjuvant treatment cycles were
defined as <6 (25 patients, 13.3%), equal to 6 (98 patients,
52.1%), and greater than 6 (65 patients, 34.6%), whereas the
neoadjuvant targeted therapy cycles were categorized as <6
(83 patients, 44.1%) and >6 (105 patents, 55.9%).

All cases underwent curative surgery 2—4 weeks after the
last cycle of neoadjuvant therapy. When the lymph node
status was > cN1, ultrasound-guided core needle biopsy
or fine needle aspiration was performed at the time of BC
diagnosis. Of the 149 patients who received lymph node
biopsy, 127 (85.2%) had histopathological confirmation of
axillary lymph node metastasis. For curative surgery, 183
patients (97.3%) received a mastectomy, and only 5 patients
(2.7%) underwent BCS (7able 2). During the time, the
standard method of axillary surgery was axillary lymph node
dissection (ALND), and only 6 patients underwent sentinel
lymph node biopsy Among the cohort, 3 (1.6%) patients
underwent immediate reconstruction with breast implants
(2 patients, 1.1%) or autologous flap (1 patient, 0.5%) after
mastectomy.

After curative surgery, pCR was achieved in 88 of
188 patients (46.8%) (Table I). Univariate analysis found
that the pCR rate was significantly associated with HR
status (P=0.014) and Ki-67 levels (P=0.033). The pCR
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Table 1 Baseline characteristics (n=188) and univariate analysis of factors associated with pCR

Parameters Total, n (%) pCR, n (%) Univariate P value
Age (years), mean [range] 48.5 [27-74]
<40 34 (18.1) 12 (35.3) 0.279
40-59 138 (73.4) 67 (48.6)
>60 16 (8.5) 9 (56.3)
AJCC stage 0.352
I 5(2.7) 4 (80.0)
lla 42 (22.3) 20 (47.6)
llb 77 (41.0) 38 (49.4)
1] 64 (34.0) 26 (40.6)
Clinical tumor size 0.642
cT1 25 (13.3) 11 (44.0)
cT2 113 (60.1) 56 (49.6)
cT3 50 (26.6) 21 (42.0)
Clinical lymph node status 0.177
cNOo 39 (20.7) 22 (56.4)
> cN1 149 (79.3) 66 (44.3)
HR status 0.014
Negative 104 (55.3) 57 (54.8)
Positive 84 (44.7) 31 (36.9)
HER2 receptor status 0.938
2+ 38 (20.2) 18 (47.4)
3+ 150 (79.8) 70 (46.7)
Ki-67 levels 0.033
<15% 22 (11.7) 15 (68.2)
>15% 166 (88.3) 73 (44.0)
Neoadjuvant chemotherapy 0.317
Anthracycline 69 (36.7) 29 (42.0)
Non-anthracycline 119 (63.3) 59 (49.6)
Neoadjuvant chemotherapy 0.821
TCbHP 76 (40.4) 36 (47.4)
THP 38 (20.2) 20 (52.6)
AC-THP 56 (29.8) 24 (42.9)
Others 18 (9.6) 8 (44.4)

Table 1 (continued)
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Parameters Total, n (%) pPCR, n (%) Univariate P value
Neoadjuvant cycles 0.472
<6 25(13.3) 11 (44.0)
6 98 (52.1) 50 (51.0)
>6 65 (34.6) 27 (41.5)
Targeted therapy cycles 0.965
<6 83 (44.1) 39 (47.0)
>6 105 (55.9) 49 (46.7)
Taxanes 0.056
Albumin-bound paclitaxel 36 (19.1) 22 (61.1)
Conventional taxanes 152 (80.9) 66 (43.4)

pCR, pathological complete response; AJCC, American Joint Committee on Cancer; HR, hormone receptor; HER2, human epidermal
growth factor receptor 2; TCbHP, carboplatin plus taxane in combination with pertuzumab and trastuzumab; THP, taxane in combination
with trastuzumab and pertuzumab; AC-THP, a sequence of anthracycline plus cyclophosphamide followed by taxane plus pertuzumab

and trastuzumab.

Table 2 The surgical treatments of the patients

Surgery Patients, n (%)

Axillary lymph node biopsy on diagnosis
Yes 149 (79.3)
No 39 (20.7)

Breast surgery

Mastectomy 183 (97.3)

Breast-conserving 5(2.7)
Axillary lymph node surgery

Axillary lymph node dissection 182 (96.8)

Sentinel lymph node biopsy 6(3.2)
Breast reconstruction

Yes 3(1.6)

No 185 (98.4)

rate of HR-negative patients (54.8%) was higher than
that of HR-positive patients (36.9%). Patients with Ki-
67 <15% achieved a higher pCR rate (68.2%) than those
with Ki-67 >15% (44.0%). There were no statistically
significant differences in pCR between patients undergoing
neoadjuvant chemotherapy with (42.0%) or without (49.6%)
anthracycline (P=0.317), or those with (61.1%) or without
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(43.4%) albumin paclitaxel (P=0.056). pCR of patients
treated with TcbHP, THP, AC-THP, and other regimens
were 47.4%, 52.6%, 42.9%, and 44.4%, respectively, with
no statistical significance among them (P=0.821). The pCR
rate was higher among patients treated with 6 neoadjuvant
treatment cycles (51.0%) compared with patients with >6
cycles (41.5%) and <6 cycles (44.0%), but the difference
was not significant (P=0.472). pCR was not significantly
associated with the clinical tumor size (P=0.642), AJCC
stage (P=0.352), clinical lymph node status (P=0.177), or
ITHC HER?2 receptor status (P=0.938). In multivariate
analysis of the associations between baseline characteristics
and pCR (7able 3), HR status was an independent predictor
of pCR (OR: 0.444, 95% CI: 0.235-0.839; P=0.012) as
well as the Ki-67 level (OR: 0.349, 95% CI: 0.130-0.933;
P=0.036).

A total of 153 of 188 (81.4%) patients had available data
on toxicities including 65 patients with TCbHP regimen, 35
with THP regimen, 37 with AC-THP regimen, and 16 with
other regimens. The common AEs included anemia, nausea
and vomiting, hair loss, fatigue, neutropenia, transaminitis,
diarrhea, thrombocytopenia, change in cardiac function,
rash, febrile neutropenia, and drug allergy, among which
anemia was the most common AE (Table 4). Most of these
toxicities were grade 1-2. The most common grade 3—4 AE
was nausea and vomiting (13, 8.5%) followed by anemia
(11, 7.2%). Although the pegylated recombinant human
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Table 4 Adverse events reported during the treatment

Parameters OR 95% Cl P value
AJCC stage 0.690 0.316-1.505 0.351
Clinical tumor size 1.291 0.593-2.812 0.520

Clinical lymph node status  0.981 0.298-3.233 0.975

Targeted therapy cycles 0.911 0.237-3.507 0.893

Neoadjuvant cycles 0.575 0.246-1.343 0.201

Anthracycline or 0.593 0.133-2.642 0.493

non-anthracycline

HR status 0.444  0.235-0.839 0.012
Taxanes 2.099  0.951-4.632 0.066
Ki-67 0.349  0.130-0.933 0.036

pCR, pathological complete response; OR, odds ratio; ClI,
confidence interval; AJCC, American Joint Committee on
Cancer; HR, hormone receptor.

Toxicity Incidence of any  Incidence of
grade, n (%)  grade 3-4, n (%)
Anemia 97 (63.4) 11 (7.2)
Nausea and vomiting 78 (51.0) 13 (8.5)
Hair loss 68 (44.4) 0(0.0)
Fatigue 67 (43.8) 0 (0.0)
Neutropenia 61 (39.9) 9 (5.9)
Elevated transaminase 47 (30.7) 6 (3.9)
Diarrhea 34 (22.2) 1(0.7)
Thrombocytopenia 34 (22.2) 3 (2.0)
Decrease in cardiac function 12 (7.8) 0(0.0)
Rash 10 (6.5) 0 (0.0
Febrile neutropenia 5(3.3) 0(0.0)

Table 5 Adverse events related to anthracycline/taxane-based, single-agent taxane-based, and platinum-based chemotherapy in combination with

pertuzumab and trastuzumab

TCbHP (n=65), n (%)

THP (n=35), n (%) AC-THP (n=37), n (%)

Toxicities
Any grade Grade 3-4 Any grade Grade 3-4 Any grade Grade 3-4

Neutropenia 23 (35.4) 2 (3.1) 13 (37.1) 3(8.6) 16 (43.2) 3(8.1)
Anemia 50 (76.9) 7 (10.8) 15 (42.9) 1(2.9) 19 (51.4) 2 (5.4)
Thrombocytopenia 25 (38.5) 3(4.6) 2(5.7) 0 (0.0) 3(8.1) 0(0.0)
Elevated transaminase 18 (27.7) 3@.2 10 (28.6) 3(8.6) 16 (43.2) 0(0.0)
Nausea and vomiting 36 (55.4) 8(12.3) 17 (48.6) 2(.7) 19 (51.4) 1(2.7)
Diarrhea 14 (21.5) 0(0.0) 7 (20.0) 0(0.0) 11 (29.7) 1(2.7)
Febrile neutropenia 4(6.2) 0 (0.0) 1.9 0 (0.0) 0(0.0) 0(0.0)
Decrease in cardiac function 4(6.2) 0 (0.0) 2 (5.7) 0 (0.0) 5(13.5) 0(0.0)
Fatigue 27 (41.5) 0(0.0) 15 (42.9) 0(0.0) 21 (56.8) 0(0.0)
Hair loss 28 (43.1) 0(0.0) 12 (34.3) 0(0.0) 18 (48.6) 0(0.0)
Rash 7 (10.8) 0(0.0) 2(5.7) 0(0.0) 1(2.7) 0(0.0)

TCbHP, carboplatin plus taxane in combination with pertuzumab and trastuzumab; THP, taxane in combination with trastuzumab and
pertuzumab; AC-THP, a sequence of anthracycline plus cyclophosphamide followed by taxane plus pertuzumab and trastuzumab.

granulocyte colony-stimulating factor was widely used
during the neoadjuvant therapy, neutropenia was observed
in 61 patients (39.9%), including grade 3-4 neutropenia in 9
patients (5.9%) and febrile neutropenia in 5 patients (3.3%).
A decrease in cardiac function was observed in 12 patients
(7.8%). However, no case was associated with a greater than
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10% decline in LVEF from baseline. No AE resulting in
death was reported.

Among patients who received TcbHP, nausea and
vomiting were the most common grade 3—4 AEs (8, 12.3%)
followed by anemia (7, 10.8%) (Table 5). As the most
common grade 3—4 toxicities in patients treated with THP,
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grade 3—4 neutropenia and transaminitis both occurred in
3 patients (8.6%). The most common grade 3—4 AE among
patients who received AC-THP was neutropenia (3, 8.1%)
followed by anemia (2, 5.4%). Grade 3—4 thrombocytopenia
occurred in 3 TebHP-treated patients (4.6%), which was
not observed in patients who received THP or AC-THP.

Discussion

Only limited data have been available regarding the pCR
rate obtained after neoadjuvant treatment with dual HER?2
blockade in combination with chemotherapy in Chinese
HER2-positive early-stage BC patients (24). Previous
studies have found biological differences in the treatment
sensitivity of BC patients in terms of race and ethnic origin
(25-27), so we aimed to evaluate the efficacy and safety of
neoadjuvant pertuzumab plus trastuzumab in combination
with chemotherapy in Chinese patients with HER2-positive
early or locally advanced BC. The pCR rate of our real-
world study was 46.8% which is similar to that reported in
previous clinical trials (39.3-68%) evaluating neoadjuvant
pertuzumab plus trastuzumab dual anti-HER2 therapy in
early or locally advanced HER2-positive BC (10,20,22,28).
The pCR rate in this context was also concordant with
other real-world studies of neoadjuvant treatment with
double HER?2 blockade in routine clinical regimens of
HER2-positive early or LABC which confirmed the notable
pCR benefit of neoadjuvant pertuzumab plus trastuzumab
in previous randomized clinical trials (29-32).

In our study, univariate and multivariate analyses
revealed that both HR-negative status and Ki-67 <15%
were independent predictors of pCR in the HER2-positive
population treated with neoadjuvant pertuzumab plus
trastuzumab. The pCR rate of HR-negative patients was
significantly higher than that of HR-positive patients,
which has been found in previous randomized clinical
trials such as NeoSphere and TRYPHAENA (10,20,21)
and was confirmed in other real-world studies (33-35).
The difference in pCR between the HR-negative and HR-
positive groups could be explained by the cross-talking
between ER and HER2 signaling pathways (36). We
also found that Ki-67 <15% was associated with a higher
pCR rate (68.2%) than Ki-67 >15% (44.0%). However,
in a Hungarian real-world study, Boér et a/. reported
that among the HER2-positive patients treated with
neoadjuvant pertuzumab plus trastuzumab, the group with
the expression of Ki-67 >60% achieved a statistically higher
pCR rate than those with Ki-67 <60% (31). This difference
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may be secondary to underpowering of both studies, with
the Hungarian study only including 82 patients. A larger
population will be needed to explore the relationship
between the Ki-67 level and pCR rate in this context in the
future.

There was no significant difference in the pCR rates
among different neoadjuvant chemotherapy regimens such
as with or without anthracycline treatment in the presence
of dual anti-HER2 therapy, similar to previous clinical trials
(20,28). The pCR rates were also not statistically correlated
with neoadjuvant treatment cycles or neoadjuvant targeted
therapy cycles in our study.

Untch et al. reported that the pCR rate was significantly
higher in the albumin-bound paclitaxel group than in the
solvent-based paclitaxel group for the neoadjuvant primary
BC patients in a phase 3 randomized trial (37). Recently, a
meta-analysis including 5 studies and 2,335 patients found
that neoadjuvant therapy with albumin-bound paclitaxel
was associated with a statistically higher pCR rate compared
with conventional taxanes (38). In our study, the pCR rate
of the albumin-bound paclitaxel group (61.1%) was higher
than that of the conventional taxane group (43.3%) for
HER2-positive early or LABC patients with neoadjuvant
chemotherapy plus dual anti-HER2 therapy, though this
was not statistically significant (P=0.056). The discrepancy
between our result and previous studies might be due to a
small sample size of the albumin-bound paclitaxel subgroup.

Neoadjuvant therapy enables some patients to become
eligible for BCS. Boér ez al. found the rate of BCS increased
from 3.6% to 33% after neoadjuvant chemotherapy
combined with trastuzumab and pertuzumab among
patients with stage II and III HER2-positive BC (31).
An Indian study reported a breast conservation rate as
high as 51.1% for the patients treated with neoadjuvant
pertuzumab plus trastuzumab in combination with
chemotherapy though this was a small study involving
45 patients, and it included patients with oligometastatic
disease (33). Gonzilez-Santiago et 4/. noted 58.7% of
patients undergoing BCS after neoadjuvant treatment
with dual HER2 blockade for HER2-positive BC (34).
The breast conservation rate in our study was 2.7%,
even after neoadjuvant trastuzumab and pertuzumab plus
chemotherapy, which was much lower than that of previous
studies. This result might be due to multiple economic and
social factors. First, to ensure adequate tumor resection with
BCS, it is best to locate the tumor area with marker clips
before neoadjuvant therapy. But during the study period,
the marker clips were not available in Hunan province, so
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most patients chose mastectomy. Second, standard of care
involves the administration of radiation therapy for patients
undergoing BCS. Therefore, some patients eligible for BCS
may have preferred mastectomy in consideration of the cost
of radiotherapy.

In terms of AEs, our study found neoadjuvant
trastuzumab and pertuzumab combined with different
chemotherapy regimens were generally well tolerated with
no patient having to stop therapy due to AEs. Compared
with TRYPHAENA trial and NeoSphere trial (10,20),
there were no other new or unexpected safety signals. In
our study, anemia was the most common AE yet most cases
were mild to moderate and manageable, consistent with a
Korean real-world study (32). The most common grade
3—4 AE was nausea and vomiting in our study, whereas,
in other previous clinical trials, neutropenia and febrile
neutropenia were the most frequently reported grade >3
toxicities (10,20). This could be due to the use of pegylated
recombinant human granulocyte colony-stimulating
factor in our study. Diarrhea was also reported as the most
common AE in some other previous studies (10,20,34),
yet the incidence of diarrhea in this study was only 22.2%.
Although a mild mean declination in cardiac function
was observed in 7.8% of patients in our study, no patients
experienced serious cardiac dysfunction, this is consistent
with the PEONY trial and NeoSphere trial. Our study
confirmed the cardiac safety of neoadjuvant dual HER2
blockade plus chemotherapy in real-world BC patients.

Our study presented the largest cohort real-world
data on evaluating the efficacy and safety of neoadjuvant
pertuzumab plus trastuzumab in combination with
chemotherapy in Chinese patients with HER2-positive
early or LABC. We presented valuable clinical data about
neoadjuvant dual HER2 blockade in Chinese patients.
There are several limitations to this study. First, the study
was a retrospective study with limited statistical power and
partial toxicity data. Second, while the total sample size was
sufficient for drawing conclusions about the population
as a whole, some subgroups contained small numbers of
patients. Finally, the follow up duration was inadequate to
evaluate long-term outcome, specifically event-free and
overall survival, and safety.

Conclusions

In summary, our study confirmed the benefit of neoadjuvant
pertuzumab plus trastuzumab in combination with
chemotherapy on pCR with a tolerable safety profile in
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routine clinical practice in Chinese patients with HER2-
positive BC. These data are consistent with those previously
reported in well-controlled randomized trials. We also
demonstrated that HR-negativity and Ki-67 <15% were
positively associated with pCR in HER2-positive BC in this
patient population treated with neoadjuvant dual HER?2
blockade and chemotherapy.
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