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Introduction
Breast cancers with amplified or overexpression 
of human epidermal growth factor receptor 2 
(HER2, also referred to as ERBB2) account for 
approximately 15–20% of all breast cancers and 
are historically aggressive, commonly resulting in 

poor prognosis.1 The anti-HER2 therapies, 
including trastuzumab, pertuzumab, lapatinib, 
and ado-trastuzumab emtansine (T-DM1), have 
improved the prognosis of patients with HER2-
positive breast cancer.2–4 Despite the improve-
ment in survival with anti-HER2 therapies, 
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Abstract
Background: Tyrosine kinase inhibitors (TKIs) are effective for treating human epidermal 
growth factor receptor 2 (HER2)-positive metastatic breast cancer. However, therapies 
subsequent to TKI progression remain controversial, and effective treatments for TKI 
resistance are urgently needed. We evaluate the practice of exchange of TKIs, which involves 
treatment with a different TKI following prior TKI failure. Specifically, this study investigated 
the efficacy of pyrotinib-based therapy in lapatinib-resistant HER2-positive metastatic breast 
cancer (NCT04899128).
Methods: This real-world study included 76 patients diagnosed with HER2-positive metastatic 
breast cancer who received pyrotinib-based therapy after lapatinib progression at four 
Chinese institutions between August 2018 and March 2020. Progression-free survival (PFS), 
overall survival (OS), objective response rate (ORR), clinical benefit rate (CBR), and toxicity 
profiles were reported.
Results: All patients received pyrotinib-based therapy in two or later line therapy. The median 
PFS was 8.0 months (95% CI 5.1–10.9). OS has not reached. The ORR and CBR were 17.1% and 
60.5%, respectively. The median PFS was 7.1 months (95% CI 5.633–8.567) and intracranial 
ORR was 42.9% in patients who had brain metastasis (n = 14). Patients who benefited from 
lapatinib ⩾ 6.0 months prior exhibited a longer PFS (10.6 versus 6.0 months, p = 0.034, stratified 
hazard ratio (HR) 0.534, 95% CI 0.293–0.975). The most common adverse effects were diarrhea 
(n = 34, 44.7%) and hand-foot syndrome (n = 10, 13.2%).
Conclusion: Pyrotinib-based therapy has the potential to improve survival in patients with 
lapatinib-resistant HER2-positive metastatic breast cancer, including those with brain 
metastases. Pyrotinib could provide a clinically significant increase in PFS for patients who 
benefited from prior lapatinib.
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therapeutic resistance remains a challenge, high-
lighting the clinical need for alternative 
therapies.5

Tyrosine kinase inhibitors (TKIs) are considered 
advanced third line and later treatments by the 
National Comprehensive Cancer Network 
(NCCN) guidelines for their encouraging anti-
HER2 effects. Data from three large randomized 
trials showed that lapatinib, neratinib, and 
tucatinib significantly improved survival in 
patients with HER2-positive metastatic breast 
cancer. These therapies inhibit HER2 autophos-
phorylation, effectively blocking downstream 
signaling.6–8 Pyrotinib, which irreversibly inhibits 
epidermal growth factor receptor (EGFR, 
HER1), HER2, and human epidermal growth 
factor receptor 4 (HER4), was approved in China 
in 2018 for patients with advanced or metastatic 
HER2-positive breast cancer when combined 
with capecitabine. Both PHOEBE and PHENIX 
demonstrate substantial clinical benefits of pyro-
tinib combined with capecitabine in patients with 
HER2-positive relapsed or metastatic breast can-
cer after trastuzumab and taxane.9,10 However, 
the choice of treatment after TKI treatment 
remains controversial. The benefits and draw-
backs of switching to trastuzumab, TKIs, or anti-
body-drug conjugates (ADC) after therapeutic 
resistance remain elusive.

Our study aimed to evaluate the practice of 
exchange of TKIs in the context of HER2 posi-
tive breast cancer with prior TKI resistance. This 
multicenter real-world study evaluated the effi-
cacy and safety of pyrotinib subsequent to lapat-
inib resistance.

Patients and methods

Study design
This real-world study was conducted in four 
medical institutions, including the Jiangsu 
Province Hospital, Fudan University Shanghai 
Cancer Center, First Affiliated Hospital of 
Soochow University, and the Affiliated Hospital 
of Jiangnan University. The ethics committee and 
institutional review board of Jiangsu Province 
Hospital approved this study (Approval No. 
2021-SR-357). Informed consent was waived due 
to the retrospective design, according to institu-
tional requirements and national legislation. This 
study was conducted in accordance with Good 
Clinical Practice and the Declaration of Helsinki. 

The study was registered at clinicaltrials.gov 
(NCT04899128).

Patients’ eligibility
Eligibility criteria included (1) females aged 18–
70 years; (2) HER2-positive breast cancer diag-
nosed by histopathology (immunochemistry 3+, 
or immunochemistry 1/2+ together with HER2 
gene amplification by fluorescence in situ hybridi-
zation); (3) metastatic or locally recurrent breast 
cancer with at least one measurable lesion of 
metastasis according to the Response Evaluation 
Criteria in Solid Tumors guidelines version 1.1 
(RECIST 1.1); (4) patients who received lapat-
inib therapy for relapsed or metastatic disease and 
received pyrotinib therapy after lapatinib failure; 
and (5) patients with complete and accurate med-
ical data. Trastuzumab resistance was identified 
as recurrence detected during or within 12 months 
after adjuvant trastuzumab, or disease progres-
sion diagnosed during the first radiological assess-
ment (8–12 weeks) or within 3 months after 
first-line trastuzumab. Patients with recurrence 
detected 12 months after completing adjuvant 
trastuzumab, or disease progression diagnosed 
after two or more lines of trastuzumab that 
achieved response or stabilization at the first radi-
ological assessment, were classified as being 
refractory to trastuzumab.11 Patients with incom-
plete or inaccurate medical data were excluded.

Treatment administration
All patients were treated with lapatinib for metas-
tasis or local recurrence. After lapatinib progres-
sion, patients received pyrotinib; the starting 
dose, dose modification, discontinuation, and 
combination therapy were determined as per the 
physician’s opinion based on clinical guidelines, 
previous clinical trials, general health status, and 
patient willingness. The minimum time between 
lapatinib and pyrotinib treatments was not 
restricted.

Outcomes
The primary endpoint was progression-free sur-
vival (PFS), defined as the time from the date of 
drug administration to the first occurrence of any 
event, including local relapse, distant metastasis, 
or death by any cause. Secondary endpoints 
included the objective response rate (ORR), 
which was the proportion of participants whose 
best outcome was complete response (CR) or 
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partial response (PR); clinical benefit rate (CBR), 
the proportion of participants who achieved CR, 
PR, or stable disease (SD) for more than 24 weeks; 
overall survival (OS), the time from drug admin-
istration to death by any cause; and safety.

Tumor response was evaluated using computed 
tomography (CT) and magnetic resonance imag-
ing (MRI), according to the RECIST 1.1 system. 
Adverse events (AEs) were assessed according  
to the National Cancer Institute Common 
Terminology Criteria for Adverse Events 
(CTCAE, 4.03).

Statistical analyses
Quantitative data are presented as the mean, 
median, and interquartile range. Qualitative and 
ranked data are summarized by rate and propor-
tion. PFS and OS with 95% confidence intervals 
(CIs) were analyzed using the Kaplan–Meier 
method. Hazard ratios (HRs) and corresponding 
95% CIs were assessed using the Cox propor-
tional hazards regression model. Multivariate 
analyses were performed based on the results of 
univariate analyses. All tests were two-sided, and 
p-values less than 0.05 were considered signifi-
cant. SPSS 26.0, and GraphPad Prism 8.0, were 
employed in all analyses.

Results

Patients
The patient selection process is illustrated in 
Figure 1. Baseline characteristics are presented in 
Table 1. The median age of the patients was 55 
(range, 46–60) years. In total, 35 (46.1%) patients 
were hormone receptor (HR)-positive. However, 
23 (30.3%) patients were exhibited trastuzumab 
resistance, and 48 (63.2%) were refractory to 
trastuzumab. Visceral and brain metastases were 

observed in 49 (64.5%) and 14 (18.4%) patients, 
respectively.

Lapatinib was administered to 43 (56.6%) 
patients ⩾ 6 months prior and 29 (38.2%) 
patients < 6 months prior. However, 13 (17.1%), 
23 (30.3%), and 40 (52.6%) patients received 
pyrotinib-based therapies in two, three, and four 
or later lines, respectively. Combination therapy, 
including pyrotinib + capecitabine, vinorelbine, 
or trastuzumab, was administered to 69 (90.8%) 
patients, whereas 7 (9.2%) received pyrotinib 
alone.

Efficacy outcomes
The median PFS was 8.0 months (95% CI 5.1–
10.9) (Figure 2(a)). OS has not reached. The 
ORR and CBR were 17.1% and 60.5%, respec-
tively. Though, no patients achieved a CR, 13 
(17.1%) and 59 (77.6%) patients achieved a PR 
and SD, respectively (Figure 3). The survival 
data of the pyrotinib treatment combinations are 
summarized in the supplementary materials 
(Supplementary Figures S1–S5).

The median PFS in patients with brain metasta-
ses was 7.1 months (95% CI 5.6–8.6) (Figure 
2(b)). The CBR was 78.6%, and the intracranial 
ORR was 42.9%. No patients achieved CR, but 
six (42.9%) achieved a PR and eight (57.1%) 
achieved SD (Figure 4).

Univariate analysis indicated that age, HR status, 
trastuzumab resistance, metastasis type, and pyro-
tinib lines were not related to the efficacy of pyro-
tinib in lapatinib-resistant HER2-positive breast 
cancer (Table 2). However, patients who bene-
fited from lapatinib ⩾ 6 months prior had a longer 
PFS after pyrotinib treatment (10.6 versus 
6.0 months, p = 0.034) (Figure 5). The Cox multi-
variate analysis also suggested that prior lapatinib 

Figure 1. Diagram of the treatment schema.
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PFS could be an independent predictor for the 
efficacy of subsequent pyrotinib treatments (HR 
0.534, 95% CI 0.293–0.975) (Table 2).

Safety outcomes
The safety profile of pyrotinib-based therapy is 
presented in Table 3. The most common adverse 
event was diarrhea (n = 34, 44.7%). Other adverse 
events included hand-foot syndrome (n = 10, 
13.2%), nausea (n = 4, 5.2%), and neutropenia 
(n = 2, 2.6%). Diarrhea was also the most com-
mon Grade 3–4 adverse event (n = 11, 14.5%). 
Adverse events related to pyrotinib combination 
therapies are summarized in the supplementary 
materials (Supplementary Table S1). Overall, 
pyrotinib treatment after lapatinib resistance did 
not increase the risk of overlapping toxicities, 
which supports the clinical potential of TKI 
exchange.

Discussion
Recently, TKIs, including lapatinib, neratinib, 
pyrotinib, and tucatinib, have greatly improved 
the survival of patients with HER2-positive breast 
cancer. Pyrotinib, a novel TKI synthesized in 
China, has been highly effective in metastatic 
breast cancer treatments. For example, the 
PHENIX study indicated that pyrotinib improved 
the prognosis of HER2-positive metastatic breast 
cancer after prior trastuzumab and taxane treat-
ment.10 The PHOEBE study also showed that 
pyrotinib provided a better PFS and ORR in met-
astatic HER2-positive breast cancer than 
lapatinib.9

We evaluated the practice of exchange of TKIs 
and observed that pyrotinib was effective against 
lapatinib-resistant HER2-positive metastatic 
breast cancer. Patients with brain metastases also 
benefited from pyrotinib therapy after lapatinib 
failure. Patients who benefited from prior lapat-
inib treatment also had a significantly longer PFS, 
but no relationship was detected between pyro-
tinib effectiveness and age, HR status, trastu-
zumab resistance, metastasis type, or number of 
pyrotinib lines.

The use of pyrotinib in lapatinib-resistant HER2-
positive breast cancer is controversial. A recent 
real-world study demonstrated that pyrotinib 
improved the survival of lapatinib-naïve patients 
more than those who received lapatinib.12 
Similarly, lapatinib-naïve patients reportedly had 

Table 1. Baseline characteristics of patients who 
received pyrotinib after lapatinib failure.

Characteristic N (%) (n = 76)

Age

 Median (interquartile range) 55 (46–60)

HR status

 HR positive 35 (46.1)

 HR negative 33 (43.4)

 Unknown 8 (10.5)

Trastuzumab resistance

 Resistance 23(30.3)

 Refractoriness 48(63.2)

 Unknown 5(6.6)

Visceral metastases

 Yes 49 (64.5)

 No 27 (35.5)

Metastatic sites

 Lymph nodes 16 (21.1)

 Lung 35 (46.1)

 Liver 17 (22.4)

 Bone 14 (18.4)

 Brain 14 (18.4)

 Chest wall 4 (5.3)

PFS of lapatinib therapy (months)

 <6.0 29 (38.2)

 ⩾6.0 43 (56.6)

 Unknown 4 (5.3)

Lines of pyrotinib therapy

 2 13 (17.1)

 3 23 (30.3)

 ⩾4 40 (52.6)

Pyrotinib regimens

 Pyrotinib 7 (9.2)

 Pyrotinib + capecitabine 38 (50.0)

 Pyrotinib + vinorelbine 12 (15.8)

 Pyrotinib + trastuzumab 6 (7.9)

 Other 13 (17.1)

HR, hormone receptor; PFS, progression-free survival.
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Figure 2. Kaplan–Meier analysis of patients who received pyrotinib-based therapy after lapatinib resistance. 
(a) PFS of all patients who received pyrotinib-based therapy. (b) PFS of patients with brain metastases who 
received pyrotinib-based therapy.

Figure 3. Summary of pyrotinib-based therapy response in lapatinib-resistant HER2-positive metastatic 
breast cancer patients.

https://journals.sagepub.com/home/tam
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a longer PFS than lapatinib-treated patients who 
received subsequent pyrotinib + vinorelbine ther-
apy.13 However, another real-world study 

suggested that pyrotinib provided a significant 
longer PFS than T-DM1 among patients who ini-
tially responded to lapatinib.14 These results 
imply that the efficacy of exchanging TKIs might 
depend on the response to prior TKI treatment. 
Patients who gained clinical benefits from prior 
TKI treatment could be recommended for 
another TKI to circumvent the drug resistance.

Lapatinib is a small molecule inhibitor that revers-
ibly blocks EGFR (HER1) and HER2.15 Various 
mechanisms are implicated in lapatinib resist-
ance, including the activation of compensatory 
signaling pathways, mutation of HER2 or other 
key genes, changes in cell metabolism, and dys-
regulation of apoptosis or autophagy.16–18 The 
HER2 L755 S mutation reportedly induces lapa-
tinib resistance in HER2-positive breast cancer, 
but could be overcome by a neratinib, a pan-HER 
TKI that targets HER1, HER2, and HER4.19,20 
Pyrotinib, as an irreversible inhibitor of HER1, 
HER2, and HER4,21 may also overcome lapat-
inib resistance by more broadly inhibiting recep-
tor tyrosine kinases. Additional studies are 
required to further explore the mechanism by 
which pyrotinib overcomes lapatinib resistance 
and to identify key biomarkers for retreatment 

Figure 4. Anti-tumor activity of pyrotinib-based therapy in lapatinib-resistant HER2-positive metastatic breast 
cancer patients with brain metastases.

Table 2. Log-rank and Cox analysis of factors associated with pyrotinib 
PFS.

Characteristic Log-rank 
analysis

Cox multivariate 
analysis

p p HR (95% CI)

Age (< 60 versus ⩾60) 0.247  

HR status (negative versus 
positive)

0.76  

Trastuzumab resistance 
(resistance versus refractoriness)

0.585  

Metastasis type (non-visceral 
versus visceral)

0.298  

Line of pyrotinib (⩽3 versus > 3) 0.347  

Lapatinib PFS (<6 
versus ⩾6 months)

0.034 0.041 0.534 
(0.293–
0.975)

CI, confidence interval; HR, hazard ratio; PFS, progression-free survival.
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with TKIs and establish the benefits of exchange 
of TKI therapy.

In addition, we observed that pyrotinib improved 
the survival of patients with brain metastases after 
lapatinib failure. Similarly, in the PHENIX study, 
pyrotinib + capecitabine led to a longer PFS for 
patients with baseline brain metastases.10 Yan 
et al. also reported that pyrotinib improved patient 
survival in patients with radiotherapy-naïve and 
radiotherapy-treated brain metastases.22 These 
results support the promising role of pyrotinib in 
brain metastasis treatment.

Moreover, our data demonstrate that pyrotinib 
was well tolerated in patients with lapatinib-
resistant HER2-positive breast cancer. Diarrhea 
is the most common adverse event associated 
with TKI therapy,18 which was consistent with 
our findings. Therefore, the potential for overlap-
ping toxicity must be considered in the practice of 
exchange of TKIs. While our data showed a rela-
tively mild safety profile of pyrotinib, we believe 
that more studies are required to comprehensively 
evaluate the safety and quality of life with subse-
quent TKI therapy.

During the study period, neratinib, tucatinib, and 
T-DM1 were not accessible to most Chinese 
patients with breast cancer. For a long time, treat-
ment of breast cancer with trastuzumab and lapa-
tinib resistance has been a challenge for Chinese 
oncologists. Therefore, evaluating the exchange 
of TKI therapy has the potential to provide new 
rationale for and enhance the efficiency of 

anti-HER2 treatments and support optimal use of 
medical resources.

This study had several limitations. First, the ret-
rospective design may have caused selection bias. 
Second, the sample size was relatively small, and 
the study design was not as rigorous as prior ran-
domized trials. Third, this study lacked informa-
tion regarding long-term survival. Further studies 
are required to verify the safety and efficacy of 
exchange of TKI therapy.

Figure 5. Kaplan–Meier analysis of pyrotinib in patients who benefited from lapatinib ⩾ 6.0 and < 6.0 months. 
LA: lapatinib PFS.

Table 3. Adverse events of patients who received pyrotinib after lapatinib failure.

Adverse events All grades Grade 3–4

Diarrhea 34 (44.7%) 11 (14.5%)

Hand-foot syndrome 10 (13.2%) 0

Nausea 4 (5.2%) 0

Anemia 3 (3.9%) 1 (1.3%)

Neutropenia 2 (2.6%) 0

Vomiting 2 (2.6%) 1 (1.3%)

Increased alanine or aspartate 
aminotransferase

2 (2.6%) 0

Dizziness 2 (2.6%) 0

Rash 1 (1.3%) 0

Cardiac dysfunction 1 (1.3%) 1 (1.3%)

Nipple ulceration 1 (1.3%) 0

https://journals.sagepub.com/home/tam
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Conclusion
This real-world study suggests that pyrotinib 
could prolong the survival of patients with lapat-
inib-resistant HER2-positive breast cancer 
patients with moderate toxicity. Patients with 
brain metastases may also benefit from the subse-
quent use of pyrotinib, as can patients who bene-
fited from prior lapatinib treatment.
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