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Background: Overexpression of human epidermal growth factor receptor 2 (HER2) is 
associated with aggressive disease and poor prognosis. Traditional HER2-targeted agents 
can improve clinical outcome and have played an essential role in therapy. Pyrotinib is a 
newly irreversible tyrosine kinase inhibitor (TKI) that is well developed for the treatment of 
HER2-positive advanced breast tumors.
Case Presentation: A 37-year-old postpartum female was presented at a local hospital and 
was diagnosed with HER2-positive stage IIIB (cT4N1M0) invasive micropapillary adeno-
carcinoma in the left breast with left axillary metastatic lymph nodes. The patient failed to 
respond to two cycles of the doxorubicin plus cyclophosphamide (AC) regimen but achieved 
clinical partial response (cPR) after 4 cycles of the combination of pyrotinib, trastuzumab, 
paclitaxel and cisplatin (PTPC) regimen according to radiologic assessments. Then, she 
underwent left-side modified radical mastectomy (MRM) and achieved pathologic complete 
response (pCR), as confirmed by postoperative pathology. The patient held on receiving 2 
cycles of the targeted therapy plus chemotherapy with trastuzumab, paclitaxel plus cisplatin 
(TPC) and adjuvant radiation therapy but continued to receive targeted therapy with trastu-
zumab and pertuzumab during the 1-year follow-up period. There has been no clinical 
evidence of disease progression so far.
Conclusion: Breast cancer overexpressing HER2 is a malignant tumor responsible for many 
cancer-related deaths. The combination of pyrotinib plus other targeted chemotherapy can 
dramatically improve the outcome of locally advanced disease.
Keywords: pyrotinib, locally advanced breast cancer, anti-HER2 targeted therapy

Background
Breast cancer, a heterogeneous phenotypically diverse disease, is composed of four 
biologic subtypes that have distinct behaviors and responses to therapy. 
Overexpression of human epidermal growth factor receptor 2 (HER2) has been 
reported in 15% to 20% of breast cancer patients and is associated with aggressive 
biological behavior, short time to recurrence, and poor prognosis.1 There has been a 
significant improvement in relapse-free survival of HER2-positive disease, supporting 
the efficacy of anti-HER2 agents.2 However, the reduced but persistent peak of early 
recurrence in estrogen receptor (ER)-negative/HER2-positive disease signals the need 
for new treatment strategies, including dual HER2 blockade.
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Pyrotinib is a new irreversible, pan-ErbB receptor tyr-
osine kinase inhibitor that is well developed for the treat-
ment of HER2-positive advanced breast tumors. In a Phase 
I clinical trial, pyrotinib was well tolerated and demon-
strated promising antitumor activity in patients with 
HER2-positive metastatic breast cancer—the overall 
response rate was 50.0%, the clinical benefit rate (com-
plete response + partial response + stable disease ≥24 
weeks) was 61.1%, and the median progression-free sur-
vival was 35.4 weeks.3 Moreover, pyrotinib plus capecita-
bine significantly prolonged median progression-free 
survival (PFS) versus lapatinib plus capecitabine (18.1 vs 
7.0 months) in patients with advanced or metastatic breast 
cancer previously treated with anthracycline or taxane 
chemotherapy according to the Phase II study, and the 
ongoing Phase III trial is to validate the superiority of 
pyrotinib plus capecitabine.4,5 With regard to pyrotinib- 
related adverse events, common side effects include diar-
rhea, nausea, oral ulceration, leukopenia and others.3 

Grade 3 diarrhea was a dose-limiting toxicity.3 The max-
imum tolerated dose was established as 400 mg, and the 
minimum dosage of pyrotinib is 240 mg once daily.6

Pyrotinib is still in clinical trials, and recently, many 
studies have been performed with great efforts to evaluate 
the clinical efficacy of pyrotinib combined with other 
chemotherapies in neoadjuvant or adjuvant settings. 
Here, we present a case of a HER2-positive locally 
advanced breast tumor in a postpartum woman responding 
excellently to the combination of pyrotinib, trastuzumab, 
paclitaxel and cisplatin (PTPC) as neoadjuvant therapy 
with no response to prior doxorubicin plus cyclophospha-
mide (AC) chemotherapy.

Case Presentation
Our patient, a 37-year-old postpartum female, presented to 
the Tianjin Tumor Hospital in China. Her B-ultrasonography 
results showed a left breast mass with the largest measuring 
up to 8 * 7cm in size and with left axillary multiple lymph 
node metastasis (BI-RADS 5). The pathology of the left 
breast by core needle biopsy revealed invasive micropapil-
lary adenocarcinoma with the following results: estrogen 
receptor (ER) (<1%), progesterone receptor (PR) (<1%), 
HER-2 (3+), and Ki-67 (25%); moreover, the fine needle 
axillary lymph node biopsy samples confirmed metastatic 
and poorly differentiated adenocarcinoma with the following 
findings: ER (<1%), PR (<1%), HER-2 (3+) and Ki-67 
(25%). The patient had undergone chemotherapy with an 
AC regimen (liposomal doxorubicin 40 mg on day 1 + 

cyclophosphamide 800 mg on day 1, q3w) for two cycles. 
However, no obvious reduction in breast mass was observed, 
and she felt pain in the left breast. Then, she presented to 
Shanghai Renji Hospital. Physical examination showed 
9.0cm mass in left breast with diffuse edema and erythema 
in skin and several fixed and matted enlarged lymph nodes in 
the left axilla. The chest CT showed internal nodular foci in 
the left breast and multiple enlarged lymph nodes in the left 
armpit. Mammography found a diffusely increased density of 
the left mammary gland with local distortion and fine sand- 
like calcification (BI-RADS.6) (Figure 1). Breast MRI was 
carried out and showed a widely abnormal signal (with the 
largest measuring up to 8.7cm) and skin thickening in the left 
breast (BI-RADS.6), left nipple depression, fat pad edema in 
the subcutaneous and anterior areas of the pectoralis major 
muscle, and enlargement of the left axillary lymph node 
(Figure 2, Figure 3A). Therefore, the clinical stage was 
designated IIIB (cT4N1M0). Moreover, vacuum-assisted 
breast biopsy and fine needle aspiration of left axillary 
lymph node were performed for the patient. The pathology 
indicated infiltrating carcinoma with ER (-), PR (-), HER2 (2 
+) and Ki67 (10%). The HER2 fluorescence in situ hybridi-
zation test was positive, and the HER2/CEP17 ratio was 4.5. 
Then the patient started to receive neoadjuvant chemother-
apy (pyrotinib 400 mg once daily + weekly trastuzumab (first 
4 mg/kg, then 2 mg/kg) + paclitaxel (120 mg (80 mg/m2) on 
days 1, 8, 15, and 22, q28d) + cisplatin (40 mg (25 mg/m2) on 
days 1, 8, and 15, q28d)) (PTPC). She experienced grade 3 
diarrhea and grade 2 neutropenia, and the dosage of pyrotinib 
was reduced to 320 mg and then 240 mg once daily for 
diarrhea. After 2 cycles, breast MRI showed a significant 
reduction in the lesion size in the left breast (with the largest 
measuring up to 0.7cm) (Figure 3B) and a visibly reduced 
size of the lymph node in the left armpit, which was evalu-
ated as clinical partial response (cPR) by efficacy assessment 
according to Response Evaluation Criteria in Solid Tumors 
version 1.1 (RECIST1.1). After 4 cycles, the breast MRI 
results showed close to a clinical complete response (cCR) 
(Figure 3C). The most frequent tolerated adverse events were 
grade 2 neutropenia and grade 2 diarrhea, which were 
observed in the patient but were not mitigated with further 
dose reduction. Modified radical mastectomy of the left 
breast was performed. The specimen suggested hyperplasia 
of the breast interstitial fibrous tissue with a few infiltrating 
inflammatory cells and no tumor tissue residue. The tissues 
from the nipple, dissected surface, lymph nodes, fibrous 
adipose tissue, and the left axillary lymph node were negative 
for disease. The postoperative pathology revealed 
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pathological complete remission (pCR). The patient held on 
receiving 2 cycles of the targeted therapy plus chemotherapy 
with TPC, but adjuvant radiation therapy and HER2-targeted 
therapy with trastuzumab were administered in the 

neoadjuvant setting, and pertuzumab was administered over 
the 1-year follow-up duration. There has been no clinical 
evidence of disease progression so far. The disease-free 
survival is currently 8 months.

Figure 1 Mammography presentations (2019.02.14). Notes: Mammography shows that bilateral breast was asymmetrical, and the density of the left breast was abnormal 
with focal architectural distortion and fine sand-like calcification (BI-RADS.6). (A) right craniocaudal (RCC), (B) left craniocaudal (LCC), (C) right mediolateral oblique 
(RMLO), and (D) left mediolateral oblique (LMLO).
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Discussion
Breast cancer is the most common malignant tumor in the 
Chinese female population, accounts for approximately 
15% of female cancers, and has high morbidity and mor-
tality. The gene that encodes HER2 (ERBB2, formerly 
known as neu) is amplified and overexpressed in approxi-
mately 20% of newly diagnosed breast cancers and is 

associated with aggressive disease, lymph node or vascular 
metastasis and poor survival. HER2 belongs to the human 
epidermal receptor family, which contains three other recep-
tors, EGFR (also known as HER1), HER3 and HER4, that 
are known to bind to at least 11 peptide ligands; this binding 
results in homodimerization and heterodimerization among 
these receptors and subsequent downstream tyrosine kinase 

Figure 2 Breast MRI (2019.02.13). Notes: The time-intensity curve (TIC) shows a platform-type or outflow-type curve, and the Apparent Diffusion Coefficient (ADC) 
value was approximately 0.95*10 −3 mm2/s, suggesting a malignant tumor (BI-RADS.6).

Figure 3 Breast MRI imaging. Notes: (A) MRI presents with a left breast mass (8.7cm in diameter) which was apparently intensified before treatment. (B) The imaging was 
scanned after 2-cycle treatment with PTPC (the combination of pyrotinib, trastuzumab, paclitaxel and cisplatin). It shows us a significant decrease in lesion size (0.7cm in 
diameter) and visibly reduced lymph node size in the left armpit, which was evaluated as a clinical partial response (cPR). (C) After 4-cycle treatment with PTPC, the imaging 
results were similar to those seen in the right breast on the imaging, suggesting a response close to a clinical complete response (cCR).
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signaling cascades. These signaling cascades stimulate sub-
sequent cell proliferation, migration, invasion and survival, 
all of which are hallmarks of cancer. HER2 has no known 
ligand but is a preferred dimerization partner of the other 
three receptors.7 Over the past two decades, multiple 
HER2-targeted therapies, including trastuzumab, pertuzu-
mab, lapatinib, neratinib and the antibody–drug conjugate 
trastuzumab emtansine (T-DM1), have dramatically chan-
ged the clinical outcomes of patients with HER2-positive 
breast cancer in neoadjuvant, adjuvant and metastatic set-
tings. Trastuzumab, pertuzumab, and T-DM1 bind to the 
extracellular domain of HER2. Trastuzumab and pertuzu-
mab either alter normal tyrosine kinase signaling or induce 
antibody-dependent complement-mediated cytotoxicity 
(ADCC). Trastuzumab emtansine is internalized, and the 
chemotherapeutic agent is enzymatically cleaved, which 
leads to cytotoxic cell death.8 The tyrosine kinase inhibitors 
lapatinib and neratinib cross the cell membrane and inhibit 
intracellular tyrosine kinase domain activities.9 Despite the 
improvement in survival thanks to the first HER2-targeted 
agent trastuzumab, unclear mechanisms of resistance occur 
in approximately 70% of patients within one year.1 The 
continuous development of anti-HER2 therapies such as 
lapatinib, pertuzumab, and T-DM1 has improved the out-
comes of patients with HER2-positive breast cancer, but 
efficacy is still limited in different settings. Lapatinib is 
considered one of the key agents used in combination 
with capecitabine or trastuzumab in managing metastatic 
HER2-positive breast cancer that fails treatment with tras-
tuzumab (as reported in NCT00078572).10 Lapatinib has 
been tested as a second-line therapy in patients with 
advanced HER2-positive breast cancer but failed in the 
early adjuvant setting (reported in the ALTTO trial) and 
the advanced first-line therapy setting (reported in the 
COMPLETE trial) in clinical trials. Neratinib is only indi-
cated and approved for use in the extended adjuvant setting 
(as reported in the ExteNET trial) and has not been shown 
to be effective in the neoadjuvant and first-line therapy 
settings according to the I-SPY2 and NefERT-T trials, 
respectively.11 Nevertheless, pertuzumab has demonstrated 
survival benefits for patients with metastatic HER2-positive 
breast cancer in first-line therapy settings according to 
CLEOPATRA study and has also been studied in the neoad-
juvant setting and adjuvant setting (APHINITY trial); the 
addition of pertuzumab to trastuzumab and docetaxel 
improved pCR rates from 29% to 45.8% for early-stage 
HER2-positive breast cancer (as reported in the 
NeoSphere trial). It reminded us of the relatively higher 

pCR rates (51.3%) of additional lapatinib to trastuzumab 
in NeoALLTO study; therefore, additional agents need to be 
developed further to improve the current results and over-
come resistance, and the optimal combination of targeted 
drugs in different treatment settings is still uncertain.

Pyrotinib is an oral, irreversible dual pan-ErbB TKI 
developed as an antitumor agent for patients with HER2- 
positive advanced solid tumors, including breast cancer, by 
Jiangsu Hengrui Pharmaceutical.1 The 3-cyanoquinoline 
derivative pyrotinib has activity against epidermal growth 
factor receptor (EGFR)/HER1, HER2, and HER4, inhibits 
HER2-driven tumor growth and HER2-mediated down-
stream signaling, and blocks tumor cells in the G1 phase 
of the cell cycle.12 Pyrotinib induces potent inhibition of 
tyrosine kinase activity.12 Compared with the reversible 
TKI lapatinib, pyrotinib forms a conjugated double-bond 
and is permanently bound to the ATP-binding site, making 
its actions irreversible and more effective.12 In contrast to 
the irreversible TKI neratinib, pyrotinib has higher bioa-
vailability and stronger efficacy.12 In the pharmacokinetic 
experiments of rats, the absorption of pyrotinib is three 
times that of neratinib; and it has a higher AUC value and 
relatively low side effects.12 Though in animal studies, the 
inhibition rates of pyrotinib and neratinib in breast cancer 
and lung cancer were similar. Until now, there is no report 
or trial to verify efficacy in the clinic of pyrotinib in 
comparison with neratinib. Moreover, pyrotinib is highly 
effective in trastuzumab-resistant patients, which has been 
confirmed by the superior median PFS for pyrotinib in 
combination with capecitabine versus placebo (11.1 
months vs 4.1 months) in women with HER2-positive 
metastatic breast cancer who previously received taxane 
and trastuzumab therapy (as reported at ASCO; the 
PHENIX trial).13 In August 2018, pyrotinib received its 
first global conditional approval in China for use in com-
bination with capecitabine for the treatment of HER2- 
positive, advanced or metastatic breast cancer in patients 
previously treated with anthracycline or taxane 
chemotherapy.4 Pyrotinib plus capecitabine yielded a sta-
tistically significant better overall response rate and pro-
gression-free survival (PFS) than lapatinib plus 
capecitabine in women with HER2-positive metastatic 
breast cancer previously treated with taxanes, anthracy-
clines, and/or trastuzumab in a randomized, open-label, 
active comparator-controlled, multicenter phase II trial 
(NCT02422199).14 The overall response rate was 78.5% 
in the pyrotinib group and 57.1% in the lapatinib group, 
representing a statistically significant objective response 
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rate (ORR) increase of 21.3% with pyrotinib versus lapa-
tinib. The median progression-free survival (PFS) was 
18.1 months with pyrotinib and 7.0 months with lapatinib. 
Furthermore, the median PFS was longer with pyrotinib 
than lapatinib regardless of prior trastuzumab treatment.14 

Based on its superior tolerability and efficacy, pyrotinib 
was newly added as a Level II recommendation for anti- 
HER2 second-line rescue treatment in place of trastuzu-
mab for patients with HER2-positive advanced or 

metastatic breast cancer in the 2019 Chinese Society of 
Clinical Oncology breast cancer guidelines.

The NeoALTTO trial is a neoadjuvant, multicenter, 
randomized phase III trial in which patients with HER2- 
positive early breast cancer were randomly assigned to 
receive lapatinib 1500 mg/day, trastuzumab, or the combi-
nation of lapatinib 1000 mg/day and trastuzumab for 6 
weeks followed by the addition of paclitaxel for 12 
weeks before surgery. Lapatinib was shown to 

Table 1 The Ongoing Clinical Trials of Pyrotinib in HER2 Breast Cancer Treatment

Study 
Phase

Registration 
Number

Trial Arm Condition Subjects Status Location

II NCT03910712 Pyrotinib +Trastuzumab 

+Aromatase inhibitor vs 

Trastuzumab + Aromatase 
inhibitor

HER2-positive Breast 

Cancer; Hormone 

Receptor Positive 
Metastatic Breast 

Cancer

250 Not yet 

recruiting

Peking Union Medical 

College Hospital, 

China

II NCT03847818 Pyrotinib + Trastuzumab + 

Docetaxel + Carboplatin vs 

Trastuzumab + Docetaxel + 
Carboplatin

HER2-positive Breast 

Cancer

268 Not yet 

recruiting

Shandong University, 

China

II NCT04033172 Pyrotinib + Fulvestrant HER2-positive Breast 

Cancer

40 Recruiting Chinese Academy of 

Medical Sciences, 

China

II NCT03933982 Pyrotinib + Vinorelbine Breast Cancer; Brain 

Metastases

30 Recruiting Chinese Academy of 

Medical Sciences, 
China

II NCT04126525 Pyrotinib Breast Cancer Female 52 Recruiting Renji Hospital, China

II NCT04001621 Pyrotinib + capecitabine Metastatic Breast 

Cancer

100 Recruiting Fudan University, 

China

III NCT03980054 Pyrotinib vs Placebo Breast Cancer 1192 Not yet 

recruiting

Jiangsu HengRui 

Medicine Co., Ltd. 
China

III NCT03863223 Pyrotinib + Trastuzumab + 
Docetaxel vs Placebo+ 

Trastuzumab+ Docetaxel

Metastatic Breast 
Cancer

590 Recruiting Jiangsu HengRui 
Medicine Co., Ltd. 

China

III ChiCTR1900022293 Epirubicin + cyclophosphamide 

+ pyrotinib + trastuzumab vs 

Epirubicin + cyclophosphamide 
+ trastuzumab

Stage I to III HER2- 

positive breast cancer

210 Not yet 

recruiting

First Affiliated 

Hospital of Army 

Medical University, 
China

IV ChiCTR1900020670 Pyrotinib + standard treatment HER2-positive brain 
metastatic breast cancer

48 Not yet 
recruiting

Affiliated Cancer 
Hospital of Harbin 

Medical University, 

China

IV ChiCTR1900021819 Pyrotinib HER2-positive locally 

advanced breast cancer

1000 Not yet 

recruiting

Jiangsu Cancer 

Hospital, China
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significantly improve the pCR rate, and the combination 
group had nearly double the pCR rate compared with the 
other two groups.15 As such, we wondered if pyrotinib is 
better than lapatinib in the metastatic setting,16 is it effec-
tive as a neoadjuvant treatment in combination with tras-
tuzumab? In previous data in neoadjuvant settings, a 
paclitaxel plus cisplatin (PC) regimen combined with tras-
tuzumab was proven to have a high pCR rate.17 Therefore, 
the antitumor activities of the combination of dual HER2- 
targeted agents (trastuzumab plus pyrotinib) and the PC 
regimen in the neoadjuvant setting may be promising. In 
our case, the patient failed to respond to the AC regimen 
but achieved cCR after receiving only 4 cycles of pyroti-
nib with trastuzumab, paclitaxel and cisplatin according to 
radiologic assessments. She achieved pCR as confirmed by 
postoperative pathology. Further exploration of efficacy 
and toxicities with PTPC in neoadjuvant setting in breast 
cancer is ongoing (NCT03947242) (Table 1). Recently, a 
one-arm exploratory clinical study was designed to test 
pyrotinib combined with albumin paclitaxel and trastuzu-
mab for Her2-positive early or locally advanced breast 
cancer with the aim of assessing efficacy and safety and 
exploring the efficacy of tumor-associated molecular mar-
kers such as residual cancer burden (RCB) scores and 
tumor-infiltrating lymphocyte (TIL) proportions for pre-
dicting pyrotinib treatment efficacy (NCT04152057). 
Intriguingly, the biomarker analysis of previous trials sug-
gested that PIK3CA and TP53 mutation status in ctDNA 
in tumor tissues correlated with response and even 
PFS.3,18-20 Interestingly, our patient had the PIK3CA 
H1047R mutation, but the value of the detection of bio-
markers in the adjuvant setting still needs to be proven.

In one study, pyrotinib had a manageable toxicity 
profile in patients with HER2-positive metastatic breast 
cancer.14 The common treatment-emergent adverse 
events (TEAEs) of any grade (occurring in ≥20% of 
patients and with a numerically higher incidence in the 
pyrotinib plus capecitabine group than the lapatinib plus 
capecitabine group) were diarrhea, hand-foot syndrome, 
vomiting, leukopenia, neutropenia, and others. Diarrhea 
is the most common adverse effect observed with tyr-
osine kinase inhibitors targeting EGFR/HER2.3,21 In a 
randomized phase II trial, grade 3 diarrhea occurred 
mostly during the first treatment cycle, with 50% of 
instances occurring on days 2 to 15 after starting treat-
ment. Diarrhea was generally reversible with sympto-
matic treatment (eg, loperamide or montmorillonite) or 
by suspending or decreasing the dose of pyrotinib. It is 

recommended that pyrotinib should be permanently dis-
continued when grade 4 diarrhea occurs.14 The grade 3 
TEAE that inevitably occurred in our patient was diar-
rhea. Luckily, this symptom was quickly relieved by 
dose reduction.

There are many clinical trials underway to further 
confirm the efficacy of pyrotinib combined with trastuzu-
mab and/or other chemotherapy agents in different set-
tings, such as in the neoadjuvant, adjuvant, and rescue 
therapy settings and even in the management of brain- 
metastatic HER2-positive breast cancer (Table 1).

Conclusion
Pyrotinib is a newly developed agent, what we could learn 
from this case is that our case further strengthens the 
evidence of the efficacy of pyrotinib combined with tras-
tuzumab and other chemotherapy agents in patients with 
HER2-positive advanced breast cancer in the neoadjuvant 
setting, but the potential side effects of the combination 
treatment should be highly concerned, and fully discussed 
with the patients in clinical practice. Pyrotinib combined 
with trastuzumab may present a new potential treatment 
option for the dual anti HER2 targeted therapy in the 
future; however, its efficacy and safety need further inves-
tigation in randomized Phase 3 study.

Abbreviations
ADC, apparent diffusion coefficient; ADCC, antibody- 
dependent complement-mediated cytotoxicity; cCR, clini-
cal complete response; cPR, clinical partial response; 
EGFR, epidermal growth factor receptor; ER, estrogen 
receptor; HER2, human epidermal growth factor receptor 
2; ORR, objective response rate; OS, overall survival; 
pCR, pathologic complete response; PFS, progression- 
free survival; PR, progesterone receptor; RCB, residual 
cancer burden; RR, recurrence rate; T-DM1, antibody– 
drug conjugate trastuzumab emtansine; TEAEs, treat-
ment-emergent adverse events; TILS, tumor infiltrating 
lymphocytes; TKI, tyrosine kinase inhibitor.
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