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Background: The effectiveness and safety of pyrotinib have been substantiated in human epidermal 
growth factor receptor 2 (HER2)-positive advanced breast cancer (BC). However, the role of pyrotinib as a 
single HER2 blockade in neoadjuvant setting among BC patients has not been studied. The objective of this 
study was to evaluate the efficacy and tolerability of pyrotinib plus taxanes as a novel neoadjuvant regimen in 
patients with HER2-positive early or locally advanced BC.
Methods: In this single-arm exploratory phase II trial, patients with treatment-naïve HER2-positive BC 
(stage IIA–IIIC) received pyrotinib 400 mg once daily and taxanes [docetaxel 75 mg/m2 or nanoparticle 
albumin-bound (nab)-paclitaxel 260 mg/m2 every 3 weeks, or paclitaxel 80 mg/m2 weekly] for a total of four 
21-day cycles before surgery. Efficacy assessment was based on pathological and clinical measurements. The 
primary endpoint of this study was the total pathological complete response (tpCR) rate. The secondary 
endpoints included breast pCR (bpCR) rate, investigator-assessed objective response rate (ORR) and adverse 
events (AEs) profiles.
Results: From 1 September 2021 to 30 December 2022, a total of 31 patients were enrolled. One patient 
was withdrawn due to unbearable skin rash after the second cycle of neoadjuvant therapy. The majority of the 
intention-to-treat (ITT) population was premenopausal (54.8%), had large tumors (90.3%) and metastatic 
nodes (58.1%) at diagnosis and hormone-receptor positive tumors (64.5%). Most participants used nab-
paclitaxel (74.2%) and received mastectomy (67.7%) after neoadjuvant treatment. The tpCR and bpCR rates 
were 48.4% [95% confidence interval (CI): 30.8–66%] and 51.6% (95% CI: 34–69.2%), respectively. Grade 
≥3 treatment-related AEs were observed in 16.1% (5/31) of the ITT population, including diarrhea (n=2, 
6.5%), hand and foot numbness (n=1, 3.2%), loss of appetite (n=1, 3.2%), and skin rash (n=1, 3.2%). AE 
related dose reduction or pyrotinib interruption was not required.
Conclusions: In female patients with HER2-positive non-metastatic BC, neoadjuvant pyrotinib 
monotherapy plus taxanes appears to show promising clinical benefit and controllable AEs [Chinese Clinical 
Trial Registry (ChiCTR2100050870)]. The long-term efficacy and safety of this regime warrant further 
verification.
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Introduction

Overexpression and/or amplification of human epidermal 
growth factor receptor 2 (HER2) is present in around 
22% of early breast cancers (BC), and is associated with 
aggressive disease and poor prognosis (1,2). According to 
the National Comprehensive Cancer Network (NCCN) (3)  
and Chinese Society of Clinical Oncology (CSCO) (4)  
guidelines, neoadjuvant therapy is recommended for 
patients with staged II–III HER2-positive (HER2+) early 
or locally advanced BC (5,6). In HER2-positive breast 
tumors, pathological complete response (pCR) achieved by 
neoadjuvant regimen has been found to be correlated with 
improved survival outcomes, suggesting that it may serve as 
an early surrogate marker of clinical benefit (7-9).

HER2-targeted therapy has dramatically improved 
outcomes in patients with HER2+ BC and therefore 
constituted a standard of care. Trastuzumab (Herceptin; 
Roche, Basel, Switzerland), a recombinant humanized 
monoclonal antibody, was the first HER2 blocker and 
remains the cornerstone of therapy for all HER2+ BCs. 
Despite the efficacy of trastuzumab, drug resistance 
and recurrence/metastasis may occur in some patients, 
enhancing the need for new regimens. Small-molecule 
tyrosine kinase inhibitors (TKIs) have been found to 
suppress the growth of HER2+ BC cells through different 

signaling pathways, therefore representing a promising 
HER2 blockade overcoming drug resistance. 

Pyrotinib is a new irreversible inhibitor of epidermal 
growth factor receptor (EGFR), HER2, and HER4. In 
the metastatic setting, a recent meta-analysis revealed that 
pyrotinib-containing regimens demonstrated considerable 
tumor response, survival outcome and manageable toxicity 
in any line of treatment for HER2+ metastatic BC (10,11). 
Recently, the final analysis of the phase II PANDORA  
trial (12) suggested that pyrotinib monotherapy plus 
docetaxel given in the first-line treatment was highly active 
with an objective response rate (ORR) of 79.7% [95% 
confidence interval (CI): 70.8–88.6%] among patients with 
HER2+ advanced BC. In a neoadjuvant setting, different 
pyrotinib-based chemotherapeutic regimes, mostly 
involving a taxane and pyrotinib plus trastuzumab, have 
been evaluated in some phase 2 studies which yielded high 
response rates (13-15). In addition, the phase 3 PHEDRA 
trial (16) demonstrated that neoadjuvant pyrotinib, 
trastuzumab, and docetaxel significantly improved the pCR 
rate compared with placebo, trastuzumab, and docetaxel, 
supporting the accelerated approval of pyrotinib for HER2+ 
BC in the neoadjuvant setting by China Food and Drug 
Administration. Nonetheless, the effect of combination 
of pyrotinib plus a taxane was assessed alongside with 
trastuzumab in the abovementioned studies. For patients 
with contraindications to trastuzumab or developing 
countries where macro-molecule monoclonal antibodies 
are inaccessible, evidence supporting the use of pyrotinib 
monotherapy plus taxanes as neoadjuvant treatment is 
lacking. This preliminary study aimed to explore the 
efficacy and safety of pyrotinib as a single HER2 blocker 
plus taxanes as preoperative systemic treatment for patients 
with early or locally advanced HER2+ BC. We present 
this article in accordance with the TREND reporting 
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-24-38/rc).

Methods

Study design

This single-arm, open-label phase 2 trial was implemented 
at The First People’s Hospital of Foshan in Guangdong, 
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China during 1 September 2021 to 30 December 2022. The 
sample size of this trial was determined by the willingness of 
patients with early or locally advanced HER2-positive BC 
at The First People’s Hospital of Foshan during the study 
period. The trial was conducted in accordance with Good 
Clinical Practice guidelines and the Declaration of Helsinki 
(as revised in 2013). The Ethics Committee at The First 
People’s Hospital of Foshan approved the protocol (approval 
number: 2021[113-1]), and all participants provided written 
informed consent. This study is registered in the Chinese 
Clinical Trial Registry under ChiCTR2100050870.

Participants

The key inclusion criteria were as follows: (I) patients’ age 
between 18 and 70 years at initial treatment; (II) patients 
with clinically staged II–III BC based on the criteria 
of the American Joint Committee on Cancer (AJCC); 
(III) HER2 immunohistochemical staining of 3+ and/or 
amplification of HER2 gene copy number by fluorescence 
in situ hybridization; (IV) Eastern Cooperative Oncology 
Group (ECOG) score of 0–1; (V) 1 or more measurable 
lesions according to the Response Evaluation Criteria in 
Solid Tumors (RECIST) version 1.1 (17); (VI) adequate 
bone marrow, hepatic, renal, and cardiac functions (left 
ventricular ejection fraction ≥55%).

The key exclusion criteria were as follows: (I) bilateral 
BC; (II) those with advanced BC (stage IV); (III) prior 
systemic therapy or radiotherapy for any malignant tumor 
(except for cured cervical carcinoma in situ and basal cell 
carcinoma); (IV) prior anticancer therapy in other clinical 
trials or pregnancy or lactation.

Interventions

Oral pyrotinib was administered at a dose of 400 mg once 
daily beginning on day 1 of taxanes and continuing through 
until day 28 from the final cycle of taxanes. A total of  
4 cycles of docetaxel (75 mg/m2, escalating, if well tolerated, 
to 100 mg/m2) or nanoparticle albumin-bound (nab)-
paclitaxel (260 mg/m2) were given intravenously every 3 weeks  
or 4 cycles of paclitaxel (80 mg/m2) given on days 1, 8, and 
15 of a 21-day cycle. The choice of taxanes was determined 
by the treating physician and the patient. In total, patients 
received 4 cycles of neoadjuvant therapy of taxanes plus 
pyrotinib before surgery. After completion of neoadjuvant 
treatment, eligible patients underwent surgery and adjuvant 

fluorouracil/epirubicin/cyclophosphamide (FEC) therapy  
(3 cycles of fluorouracil 600 mg/m2 intravenously, epirubicin 
90 mg/m2 intravenously, and cyclophosphamide 600 mg/m2  
intravenously every 3 weeks). Thereafter, adjuvant 
trastuzumab was administered every 3 weeks for 1 year. 
Radiotherapy and standard hormone treatment for patients 
with positive estrogen receptor (ER) were prescribed if 
necessary. 

Adjustment of pyrotinib dosage was adverse events 
(AEs)-oriented, which corresponded to a gradient of 400, 
320, and 240 mg. To guarantee the drug intensity of the 
treatment, the maximal cumulative interruption time of 
pyrotinib allowed in each cycle was 14 days. Since diarrhea 
was expected with pyrotinib, primary prophylaxis with 
loperamide (4 mg) was given at the beginning of the first 
dose of therapy, and supplemented with 2 mg after each 
loose stool thereafter.

Tumor response (clinical breast examination) was assessed 
at every cycle. Patients underwent physical examination and 
ultrasound every cycle for efficacy evaluation before breast 
surgery. Magnetic resonance imaging (MRI) was performed 
at baseline and before surgery. Surgical breast specimens 
were assessed for pCR by the pathological department and 
no central review were planned. 

Study endpoints and assessments 

Efficacy assessment was based on pathological and clinical 
measurements. The primary endpoint was the total pCR 
(tpCR) rate, defined as absence of microscopic invasive 
cancer cells in both the breast and axillary lymph nodes, 
whereas ductal carcinoma in situ was allowed (ypT0/Tis 
ypN0). The secondary endpoints included: the breast pCR 
(bpCR) response rate defined as absence of microscopic 
invasive cancer cells in the breast (ypT0/Tis); the Miller-
Payne (MP) system (18) was applied for analysis of 
histological response to study treatment; the investigator-
assessed ORR which referred to the proportion of patients 
with complete response (CR) or partial response (PR) 
defined by The RECIST 1.1 criteria after completion of 
the neoadjuvant therapy; survival outcomes. The safety 
profiles were reported based on AEs graded according 
to the National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.0 (https://ctep.cancer.
gov/protocolDevelopment/electronic_applications/docs/
ctcae_4_with_lay_terms.pdf). A sensitivity analysis was 
planned for efficacy in the per protocol set.

https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcae_4_with_lay_terms.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcae_4_with_lay_terms.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcae_4_with_lay_terms.pdf
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Statistical analysis

The analysis population of this study consisted of 
participants in the intention-to-treat (ITT) population 
including all patients who received at least one dose of 
the study treatment. A sensitivity analysis was planned 
for efficacy in the per protocol set. The results of this 
study were analyzed using descriptive statistical methods. 
The continuous data were presented as means ± standard 
deviation or medians [range], and the categorical data were 
presented as frequency, percentage, and 95% CIs. The 
software SPSS 22.0 (IBM Corp., Armonk, NY, USA) was 
used for statistical analyses. The two-sided P value <0.05 
was considered statistically significant.

Results

Patient characteristics

From 1 September 2021 to 30 December 2022, a total 
of 31 patients were enrolled (Figure 1); 30 patients 
completed the entire neoadjuvant therapy. After 2 cycles of 
neoadjuvant therapy, one patient withdrew from the trial 
due to intolerable skin rash, and discontinued the drugs in 
cycle 3. After surgery, the patient received a pertuzumab-
trastuzumab containing regimen. 

The baseline characteristics of the ITT population are 
shown in Table 1. The median age was 53 years (range, 38–
65 years) with predominantly premenopausal patients (n=17, 
54.8%). The proportion of patients with T2–T4 disease 

was 90.3% (28/31) and the proportion of patients with N1–
N3 disease was 58.1% (18/31). Of the 31 cases, 20 (64.5%) 
showed positive ER and/or progesterone receptor (PR).

Most participants used nab-paclitaxel (23/31, 74.2%) 
in the neoadjuvant setting and had a mastectomy (21/31, 
67.7%) after preoperative systemic treatment. No patient 
was given a weekly paclitaxel regimen.

Efficacy

The tpCR rate after 4-cycle neoadjuvant therapy was 
48.4% (95% CI: 30.8–66%) (15/31) (Table 2). Among them 
8 of 20 (40.0%; 95% CI: 18.5–61.5%) tumors had positive 
hormone receptor (HR) and 7 of 11 (63.6%; 95% CI: 
35.2–92%) tumors had negative HR (P>0.99). Postoperative 
pathological measurement showed that 51.6% (95% CI: 
34–69.2%) (16/31) achieved bpCR. There were 2 (6.5%) 
and 12 (38.7%) cases with MP G1–2 and G3–4, respectively. 
The patient who dropped out of the trial after 2 cycles of 
preoperative therapy received breast conserving surgery 
and the pathological evaluation was MP G3. Pathological 
response assessment was failed in one non-pCR case 
because the patient underwent biopsy in another hospital.

Regarding clinical response to neoadjuvant therapy based 
on MRI, 23 of 31 patients (74.2%) had complete imaging 
results at baseline and 4 cycles (Table 2). There were  
4 patients (17.4%) who presented with stable disease (SD) 
and no tumor progression occurred. 

All 31 patients (100%) experienced treatment-related 

31 patients were assessed for eligibility

31 patients received neoadjuvant Tpy 
therapy

Completed 4 cycles of neoadjuvant Tpy 
therapy

31 patients included in the efficacy and 
safety analysis

1 patient withdrew and received surgery 
due to intolerable skin rash after 2 cycles 

of neoadjuvant therapy

Completed surgery

Figure 1 Study flowchart. Tpy, taxanes plus pyrotinib.
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AEs, the majority of which were grade 1–2. A large number 
of AEs were due to the taxane. AEs with an incidence of 
≥10% are listed in Table 3. The most frequent AEs were 
diarrhea (100%), fatigue (64.5%), loss of appetite (61.3%), 
abdominal pain (54.8%), and hand and foot numbness 
(54.8%). Grade ≥3 AEs included diarrhea (n=2, 6.5%), hand 
and foot numbness (n=1, 3.2%), loss of appetite (n=1, 3.2%), 
and skin rash (n=1, 3.2%). All patients with grade 3 AEs 
recovered to grade 2 or below before the following cycle 
of therapy; no dose adjustment or treatment delayed was 
required. Only one patient experienced uncontrollable skin 
rash and left the trial after completion of the second cycle 
of neoadjuvant therapy.

Discussion

This study investigated the efficacy and safety of 
neoadjuvant pyrotinib monotherapy plus taxanes in patients 
early or locally advanced HER2+ BC. The data showed 
encouraging tpCR and bpCR rates of 48.4% (95% CI: 
30.8–66%) and 51.6% (95% CI: 34–69.2%) (16/31), 
respectively. 

The HER2-targeted drugs are composed of large-
molecule monoclonal antibodies (including trastuzumab 
and pertuzumab) and small-molecule TKIs (such as 
lapatinib, neratinib and pyrotinib). In some randomized 
controlled trials (NeoALTTO, Neosphere, PEONY, and 
PHEDRA), neoadjuvant trastuzumab monotherapy plus 
taxanes exhibited a tpCR rate of 21.5–27.6% (19-22). In the 
subgroup of patients receiving pertuzumab plus docetaxel in 
the Neosphere trial (20), the tpCR rate was 29%. 

In contrast to anti-HER2 monoclonal antibodies, 
TKIs compete with tyrosine kinase coupling with the 
HER2 intracellular kinase domain and block downstream 
signaling pathways. TKIs have the advantages of blocking 
multiple targets, oral administration, and decreased cardiac  
toxicity (23). The NeoALTTO trial (19) showed that the 
pCR rate of lapatinib monotherapy arm was 24.7% (95% 
CI: 18.1–32.3%). In the NSABP FB-7 trial, the numerical 
pCR rate in the single-targeted therapy with neratinib 
arm was 33% (24). In studies assessing lapatinib/neratinib-
containing neoadjuvant therapies, the pCR rates of the TKI 
groups were 24–53.2% (19,25,26). In these studies, the 
pCR rates were comparable between the lapatinib/neratinib 
group and the trastuzumab group. Furthermore, addition 
of a TKI into a trastuzumab-based regime in a neoadjuvant 
setting has resulted in a favorable pCR rate of 51–62% with 
tolerable toxicity (24,27,28).

Table 1 Clinical and pathological characteristics of the ITT 
patients at baseline

Characteristics ITT population (n=31)

Age (years), median [range] 53 [38–65]

Menopausal status, n (%)

Premenopausal 17 (54.8)

Postmenopausal 14 (45.2)

Clinical tumor stage, n (%)

T1 3 (9.7)

T2 20 (64.5)

T3 5 (16.1)

T4 3 (9.7)

Clinical lymph node status, n (%)

N0 10 (32.3)

N1 14 (45.2)

N2 0

N3 4 (12.9)

Nx 3 (9.7)

Clinical stage, n (%)

II 20 (64.5)

III 11 (35.5)

ECOG performance status, n (%)

0 31 (100.0)

Hormone receptor status, n (%)

ER and/or PR positive 20 (64.5)

ER and PR negative 11 (35.5)

Histological grading, n (%)

I 1 (3.2)

II 22 (71.0)

III 7 (22.6)

Unknown 1 (3.2)

Ki-67 level, n (%)

<20% 9 (29.0)

≥20% 21 (67.7)

Unknown 1 (3.2)

Neoadjuvant regimen, n (%)

Docetaxel plus pyrotinib 8 (25.8)

Nab-paclitaxel plus pyrotinib 23 (74.2)

Surgery, n (%)

Mastectomy 21 (67.7)

Breast conserving surgery 10 (32.3)

ITT, intention-to-treat; ECOG, Eastern Cooperative Oncology 
Group; ER, estrogen receptor; PR, progesterone receptor; nab-
paclitaxel, nanoparticle albumin-bound paclitaxel.
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Table 2 Pathological and clinical response in the ITT population, and by HR status at baseline

Variables
ITT (n=31) HR positive (n=20) HR negative (n=11)

n % (95% CI) n % (95% CI) n % (95% CI)

tpCR 15 48.4 (30.8–66.0) 8 40.0 (18.5–61.5) 7 63.6 (35.2–92.0)

bpCR 16 51.6 (34.0–69.2) 8 40.0 (18.5–61.5) 8 72.7 (46.4–99.0)

MP grading#

1 or 2 2 6.5 (−2.2 to 15.2) 2 10.0 (−3.1 to 23.1) 0 –

3 or 4 12 38.7 (21.6–55.8) 9 45.0 (23.2–66.8) 3 27.3 (0.97–53.6)

ORR& 19 82.6 (81.9–83.3) – – – –

CR& 5 21.7 (21.0–22.4) – – – –

PR& 14 60.9 (41.0–80.8) – – – –
#, MP grading was not given in one HR positive patient due to absence of biopsied sample for assessment; &, ORR, CR and PR rates were 
based on 23 patients who had complete MRI data for assessment. ITT, intention-to-treat; HR, hormone receptor; CI, confidence interval; 
tpCR, total pathological complete response; bpCR, breast pathological complete response; MP, Miller-Payne; ORR, objective remission 
rate; CR, complete remission; PR, partial remission; MRI, magnetic resonance imaging.

Table 3 Treatment-related adverse events occurred in patients who received neoadjuvant therapy

Adverse event
Patients (n=31), n (%)

Any grade Grade 3 Grade 4

Diarrhea 31 (100.0) 2 (6.5) 0

Neutrophil count decreased 11 (35.5) 0 0

WBC count decreased 11 (35.5) 0 0

Hand and foot numbness 17 (54.8) 1 (3.2) 0

Fatigue 20 (64.5) 0 0

Vomiting 11 (35.5) 0 0

Nausea 15 (48.4) 0 0

Oral mucositis 10 (32.3) 0 0

Loss of appetite 19 (61.3) 1 (3.2) 0

Increased transaminase 8 (25.8) 0 0

Skin rash 9 (29.0) 0 1 (3.2)

Abdominal pain 17 (54.8) 0 0

Cardia dysfunction 0 0 0

Death related to treatment 0 0 0

WBC, white blood cell.

In this present exploratory study, the tpCR and bpCR 
rates of pyrotinib plus taxanes were encouraging with 48.4% 
(95% CI: 30.8–66%) and 51.6% (95% CI: 34.0–69.2%), 
respectively. Anti-tumor activity appeared to be among 
the highest observed activity among the abovementioned 

mono-targeted anti-HER2 regimen. 
Regardless of the different clinical settings between 

the studies, the role of pyrotinib as a component of 
neoadjuvant therapy for HER2-positive BC deserves further 
research. Recently, various combinations of pyrotinib plus 
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chemotherapy for HER2+ BC in the neoadjuvant setting 
have been increasingly explored. Several phase II trials 
showed that dual-target therapy with trastuzumab and 
pyrotinib plus neoadjuvant chemotherapy (NAC) exhibited 
pCR rates between 51.6% and 73.7% (13,15,29,30). A 
real-world analysis found that the tpCR rate of pyrotinib-
containing neoadjuvant therapy was 48.5%, respectively (28).  
An observational study comparing pyrotinib or pertuzumab 
plus trastuzumab in combination with NAC revealed that 
the tpCR and bpCR rates were 64.5% vs. 54.0% and 76.2% 
vs. 58.0%, albeit insignificantly (31). Incorporating the 
results of the present prospective study, pyrotinib-based 
neoadjuvant treatment shows a promising effectiveness for 
patients with early or locally advanced HER2+ BC. 

As expected, pyrotinib-related diarrhea was the most 
frequent AE, whereas the overall safety profile in the present 
study was acceptable. The incidence of grade ≥3 diarrhea in 
this study was much lower than that of previously reported 
pyrotinib-containing neoadjuvant therapy (6.5% vs. 18.2–
64.5%) (13-15,29). The use of a single HER2-targeted 
agent and a single chemo-drug in the neoadjuvant setting 
might have contributed to the low incidence of severe 
diarrhea. Moreover, primary prophylaxis with loperamide 
may also be helpful. No evidence showed that pyrotinib 
is correlated with cardiotoxicity. Definitively, the overall 
tolerability profile of pyrotinib regimen remained favorable 
allowing further development. 

There were some limitations in this study that should 
be mentioned. Firstly, the sample size was limited and 
prolonged follow-up is required to verify the clinical 
benefit. The absence of a control group limits the level of 
evidence. Moreover, differences in defining pCR as well 
as in the chemotherapeutic regimes adopted in each trial 
may result in variations regarding pCR rates. Nevertheless, 
we aimed to provide supplementary data on pyrotinib-
containing neoadjuvant therapy in HER2+ breast cancer. 

Conclusions

In conclusion, our study suggested that the association 
pyrotinib plus taxanes is a promising neoadjuvant regimen 
in patients with early or locally advanced HER2+ BC. 
Pyrotinib should be considered in the treatment of early 
breast cancer. This combination in our study might provide 
an alternative option for patients who cannot receive large-
molecule monoclonal antibody treatment or when these 
drugs are not available. However, the reported efficacy of 
pyrotinib-based neoadjuvant therapy should trigger further 

assessments. The investigation of the optimal chemo-
partner, the activity of a doublet regimen combining 
pyrotinib and trastuzumab worth further trials. 
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