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Abstract

Background: The combination of dual-targeted human epidermal growth factor
receptor 2 (HER2) therapy and chemotherapy is the standard first-line regimen
for recurrent/metastatic breast cancer (mBC). However, the toxicity of such com-
bination therapy can lead to some patients being unable to tolerate adverse events
or bear treatment costs. As a novel irreversible pan-ErbB receptor TKI (pyrotinib),
can the dual oral administration of pyrotinib plus capetabine (PyroC) provide
first-line survival benefits and serve as a more affordable treatment option?
Methods: This real-world retrospective study included patients diagnosed with
HER2-positive mBC who received PyroC as a first-line treatment at West China
Hospital between May 2018 and July 2023. The survival data and toxicity profiles
were reported in this study.

Results: A total of 64 patients received PyroC as first-line therapy. The median
progression-free survival (PFS) was 19.6 months (95% CI 15.0-27.2), while over-
all survival (OS) has not yet been reached. Kaplan-Meier analysis indicated that
age (260, p=0.03) and metastasis sites (p=0.004) were related to poor efficacy of
PyroC, while there was no relationship between effectiveness and menstrual sta-
tus, hormone receptor (HR) status or previous treatment with anti-HER2 therapy.
Furthermore, the objective response rate (ORR) and disease control rate (DCR)
were 79.7% and 98.4%, respectively. Of the patients, 78.1% reported treatment-
related adverse events (TRAESs). The predominant adverse events were diarrhea
(n=46, 71.9%) and hand-foot syndrome (n=10, 15.6%).

Conclusion: The dual oral administration regimen (PyroC) has a promising
ORR or PFS in HER2-positive mBC patients, with an acceptable safety profile
and convenience.
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1 | INTRODUCTION

Breast cancer patients express the human epidermal
growth factor receptor 2 (HER2 or ERBB2) in around
15%-20% of the cases,' which generally present high in-
vasiveness and are associated with poor prognosis.? Over
the last decade, with the arrival of HER-2 targeted drugs,
there has been a significant survival benefit for HER2-
positive locally recurrent or metastatic BC (mBC) patients
in clinical trials, regardless of the HR status.*> Obviously,
in comparison to single chemotherapy, the use of trastu-
zumab has been shown to extend the overall survival (OS)
of mBC patients by 5-8 months.® Additionally, according
to the CLEOPATRA trial, double blockade (trastuzumab
and pertuzumab) plus chemotherapy can further improve
the median OS from 40.8 to 57.1 months in the control arm
(trastuzumab plus chemotherapy).” HER2-targeted ther-
apy combined with chemotherapy is recommended as the
first-line treatment for HER2-positive mBC. To date, there
are three categories of HER-2 targeted drugs: monoclonal
antibodies (trastuzumab and pertuzurnab),8 tyrosine ki-
nase inhibitors (lapatinib, neratinib, and tucatinib),>®1°
and antibody-drug conjugates (ado-trastuzumab emtan-
sine [T-DM1] and trastuzumab deruxtecan [DS8201]).>!
Despite this, patients can still develop resistance to anti-
HER?2 treatment mentioned above, signifying the need for
supplementary treatment strategies for mBC.

Pyrotinib (Pyro) is a small oral molecule, irrevers-
ible tyrosine kinase inhibitor that was developed inde-
pendently in China."? Pyrotinib plus capecitabine (PyroC)
has been regarded as a second-line treatment for HER2-
positive mBC. In an open-label, multicenter, randomized,
phase II study,® PyroC exhibited a notable objective re-
sponse rate (ORR) of 78.5% compared to the control group
receiving lapatinib plus capecitabine (57.1%), with or
without previous trastuzumab treatment. Moreover, the
phase III PHOEBE study also confirmed that PyroC could
significantly prolong median progression-free survival
(mPFS), surpassing the efficacy of lapatinib plus capecit-
abine (12.5months vs. 6.8 months) in second-line therapy
for HER2-positive mBC.'* In particular, for patients with
brain metastases, based on a phase Il PERMEATE study,15
PyroC significantly improved the intracranial response
rate (CNS-ORR) (74.6% vs. 65.9%) and mPFS (11.3 months
vs. 5.5months) compared with those for lapatinib plus
capecitabine in LANDSCAPE study.'® However, evidence
of pyrotinib for first-line treatments is limited. At present,
researchers are investigating different combination regi-
mens incorporating pyrotinib to continuously enhance
its evidence-based effectiveness as a first-line treatment
for mBC. With reference to pertuzumab combined with
trastuzumab (H) and docetaxel (T), the standard first-
line dual anti-HER2 therapy for HER2-positive mBC,

PHILA trial proposed a new treatment strategy termed
PyroHT (Pyro combined with HT)."” This study found
that PyroHT can significantly prolong the PFS of patients
to 24.3months, compared to 18.7 months of CLEOPATRA
trial, offering a new effective option for first-line treatment
of HER2-positive advanced BC. Furthermore, the single-
arm, multicenter phase Il PANDORA study also examined
the effectiveness of combining Pyro with docetaxel as a
first-line treatment for HER2-positive mBC. The study en-
rolled 79 patients, and the mPFS was 15.97 months. In a
phase II PLEHERM study, the combination of Pyro and
letrozole as first-line treatment for 53 patients with HR*/
HER2* mBC demonstrated favorable anti-tumor effects.
The ORR was 64.2%, and the mPFS was 13.7months."®
Despite the substantial survival benefits, the new regimen
still faces a common dilemma: the dual-targeted therapy
combined with intravenous chemotherapy has increased
toxicity, making it difficult for some patients to tolerate
adverse reactions or bear treatment costs. Here comes the
question: can the dual oral second-line PyroC regimen be
used as first-line treatment for HER2-positive mBC, and
how about its efficacy and safety?

Some retrospective studies, which enrolled patients
partially receiving PyroC therapy, have shown improve-
ment in survival with the use of Pyro-based regimens as
first-line treatment for HER2-positive mBC.">% However,
the evidence level is not convincing enough. For instance,
Yin et al. reported that mPFS was 20.9 months for patients
receiving first-line Pyro treatment, which enrolled only
28 patients, partially treated by PyroC.”° A single-arm,
multicenter, phase II PICTURE study was published on
August 9, 2023. It enrolled 49 patients who were resistant
to trastuzumab and received PyroC. The study revealed a
mPFS of 17.8 months,* providing more beneficial options
for first-line treatment of mBC. However, more data is
needed to verify the efficacy of PyroC, especially in the
real world. Here, we performed a retrospective analysis
to preliminarily assess the efficacy and safety of PyroC as
a first-line treatment for HER2-positive mBC in the real
world based on the 64 patients treated with PyroC at West
China Hospital of Sichuan University in China. It is ex-
pected to enrich the evidence for PyroC as an alternative
to first-line treatment for HER2-positive mBC and have
guiding implications in the treatment/research of HER2-
positive mBC for clinicians and scientists in the future.

2 | MATERIALS AND METHODS

2.1 | Study design and data collection

A retrospective, observational cohort study was con-
ducted at the West China Hospital of Sichuan University
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in China. The study was approved by the Biomedical
Research Committee (Approval No. 2020876) and
was conducted in accordance with the Declaration
of Helsinki. It has also been approved by the Ethics
Committee of West China Hospital, Sichuan University.
All participants provided written informed consent
prior to enrollment.

2.2 | Patients’ eligibility

The inclusion criteria were as follows: (1) newly di-
agnosed HER2-positive breast cancer patients who
are diagnosed with locally advanced unresectable dis-
ease and stage IV disease with primary resistance to
trastuzumab or with poor tolerability to intravenous
treatments. Patients who had received (neo)adjuvant
trastuzumab-based therapy and had recurrence beyond
12 months from its completion are eligible. The defini-
tion of HER2 positivity involved an immunohistochem-
istry score of 3+ or fluorescence in situ hybridization
(FISH) score of + in either primary or metastatic tumor
tissue; (2) patients aged between 18 and 80years; (3) at
least one measurable lesion according to the Response
Evaluation Criteria in Solid Tumors (RECIST 1.1);
(4) an Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2; (5) an expected survival
of more than 12weeks; and (6) normal organ func-
tion, including blood tests for liver and renal function
prior to chemotherapy, with no contraindications for
treatment.

2.3 | Treatment administration

Pyrotinib (Irenia, Jiangsu Hengrui Medicine Co., Ltd.) are
a small oral molecule for HER2-positive breast cancer. All
metastatic or local recurrent patients were treated with
PyroC, which involved oral administration of 1000 mg/
m? capecitabine twice daily between Days 1 and 14, along
with Pyro at a dosage of 400 mg/day (if not tolerated, the
dose can be adjusted to 320 mg/day). The patients receiv-
ing PyroC were assessed for treatment efficacy after every
two cycles of treatment. Treatment is continued until
disease progression (PD) or intolerance to the treatment
occurs.

2.4 | Outcomes

The main focus of this study is to evaluate PFS as the
primary endpoint. PFS is measured from the initiation
of treatment until the earliest instance of any event or
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death resulting from any cause. Secondary endpoints
include OS, ORR, and disease control rate (DCR).
Evaluation of treatment response by computed tomog-
raphy (CT) was performed after the first 4 weeks. ORR
is the proportion of participants with the best result of
CR plus PR, and DCR is calculated as CR plus PR plus
SD.

All measurable lesions were measured at baseline
before treatment and were regularly monitored by
CT and magnetic resonance imaging at 6-week inter-
vals. Response and progression were assessed by the
experienced treating physician according to RECIST
1.1. Physicians provided patients with a card to re-
cord any observed side effects after the first dose.
The information recorded on the card will be used
to document the patient’'s medical record at subse-
quent follow-up visits. We retrospectively examined
the patients’ medical records, and collected addi-
tional information about adverse events through
telephone visits. Adverse events were evaluated ac-
cording to the National Cancer Institute—Common
Terminology Criteria for Adverse Events (NCI-CTC
4.0).

2.5 | Statistical analyses

Quantitative data are presented as the median value,
whereas the presentation of qualitative and ranked data
is in terms of rate and proportion. Survival analysis
was completed using the Kaplan-Meier analysis with
Brookmeyer-Crowley test. p<0.05 are considered signifi-
cant. All analyses were conducted using R 4.2.1.

3 | RESULTS

3.1 | Baseline patient characteristics

Between May 2018 and January 2023, a total of 64 patients
were included. Among them, 13 patients (20.3%) were ini-
tially diagnosed with stage IV disease, while the remaining
patients (n=>51) had early/locally advanced unresectable
disease. Among these patients, 16 patients (25%) had re-
ceived (neo)adjuvant trastuzumab-based therapy and
experienced recurrence more than 12months after com-
pleting it. All patients were treated with PyroC as a first-
line treatment. The demographic and basic characteristics
are depicted in Table 1. Overall, the median age was
53years. Twenty-one cases (32.8%) were premenopausal,
and 43 cases (67.2%) were postmenopausal. Of the total
cases, 25 (39.1%) were hormone receptor (HR)-positive.
Among them, 51 cases (79.7%) had visceral metastases.
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TABLE 1 Demographic characteristics of patients who received
pyrotinib plus capetabine as a first-line therapy.

Characteristic Patients (%) (N=64)
Age at diagnosis (median, years) 53

Menstrual status

Premenopausal 21 (32.8%)

Postmenopausal 43 (67.2%)
HR status

Positive 25(39.1%)

Negative 39 (60.9%)
HER?2 status

IHC 3+ 55(85.9%)

IHC 2+, FISH+ 9 (14.1%)
TNM stage at initial diagnosis

1A 2(3.1%)

B 1 (1.6%)

ITA 9(14.1%)

11B 16 (25.0%)

A 15 (23.4%)

IIIB 2(3.1%)

11IC 6 (9.4%)

v 13 (20.3%)
Previous treatment with anti-HER2 therapy

Yes 52 (81.3%)

No 12 (18.7%)
Visceral metastases

Yes 51(79.7%)

No 13 (20.3%)
Metastasis site

Lymph nodes/single-site 44 (68.8%)

Single-site 4+ lymph nodes 12 (18.8%)

Multiple-site 7
Lung metastasis

0 45 (70.3%)

1 6(9.4%)

>2 13 (20.3%)
Brain metastasis

0 54 (84.4%)

1 6 (9.4%)

>2 4(6.2%)
Bone metastasis

0 41 (64.0%)

1 14 (21.9%)

>2 9(14.1%)

The brain, bone, liver, and lung are the most common me-
tastasis sites. Importantly, 31.2% of patients have at least
two metastatic/recurred lesions.

3.2 | Efficacy outcomes

The median PFS (mPFS) was 19.6months (95% CI
15.0-27.2) (Figure 1A). However, patients with more
than two visceral metastases (n=7) had a shorter mPFS
of 8.15months (95% CI 6.2-not estimable) (Figure 1B,
p=0.004). OS has not reached. We used Kaplan-Meier
analysis, which indicated that age (=60, n=12, p=0.03)
and metastasis sites (p=0.004) were related to the poor
efficacy of PyroC. However, no correlation was found
between PyroC effectiveness and menstrual status, HR
status, and anti-HER2 in front-line therapy (Figure 1D,
p>0.05). In addition, the ORR and DCR were 79.7%
and 98.4%, respectively. Five patients achieved a CR
(Figure 2).

3.3 | Safety outcomes

78.1% of patients (n=50) reported treatment-related ad-
verse event (TRAE), no treatment-related serious AEs
occurred. The major TRAEs is diarrhea, occurring in 46
cases (71.9%), and 97.8% were grade (G) 1-2, while only
one G3/4 diarrhea occurred. Other AEs included hand-
foot syndrome (n=10, 15.6%), and vomiting (n=9, 14.1%).
All of AEs are summarized in Table 2.

4 | DISCUSSION

Undoubtedly, clinical trials are a potent scientific tool
for evaluating the safety and efficacy of new drugs.
Nevertheless, real-world studies have the potential to fill
knowledge gaps and have noteworthy implications in the
development of clinical trials to some extent. In this study,
we examined a cohort of 64 HER2-positive mBC patients
who received dual oral PyroC regimen as first-line ther-
apy. Our results indicate that the mPFS was 19.6 months,
with an ORR of 79.7%. Patients who were elderly or had
multiple metastasis sites had a poor prognosis. However,
the efficacy of PyroC was found to be independent of
menstrual status, HR status, previous treatment with anti-
HER?2 therapy, or metastasis type. Although half of pa-
tients reported TRAESs, no treatment-related serious AEs
occurred.

Trastuzumab plus pertuzumab  (HP) dual-target
therapy has been the standard of care in HER2" breast
cancer, with an OS of 57.1 months.” However, despite
the availability of dual-target therapy, some patients
continue to experience primary or secondary resis-
tance to this therapy.”** Furthermore, the concern of
economic status and drug tolerance in the treatment
of mBC patients also requires much attention. Hence,
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FIGURE 1 Kaplan-Meier survival analysis. (A) progression-free survival (PFS) of all patients treated with pyrotinib plus capecitabine

(PyroC) as first-line therapy. (B-D) Kaplan-Meier estimate stratified by metastasis sites, age at diagnosis, and previous use of HER2-targeted

therapy, respectively.

there is a crucial need for another efficacious alterna-
tive and affordable anti-HER2 regimen. To date, tre-
mendous attention has been given to Pyro-based
regimens as an alternative first-line treatment option
for HER2-positive mBC.'*'"**** Compared with other
studies,'”** the population included in this study was
mainly those with insufficient financial means to
cover the costs associated with dual-targeted therapies
and those unwilling to or unsuitable for receiving in-
travenous infusion therapy. PyroC is characterized by
its oral administration and affordability, so it offers a
new option for patients with underdeveloped econ-
omy and poor tolerance of intravenous treatments. In
terms of survival, we also found that PyroC provide a
noninferior treatment outcome (mPFS: 19.6 months,
ORR: 79.7%), consistent with PHILA study (mPFS:
24.3months).”” We expected that more reliable

first-line survival data will provide strong evidence for
the future use of PyroC.

Of note, treatment response for patients with >60years
of age and multiple visceral metastatic sites was relatively
poor. The former is probably because patients have poorer
tolerance, while the latter means a greater chance of visceral
crises.” Patients with visceral crisis require rapidly effec-
tive treatment to address severe organ dysfunction,?® but
adequate assessment of randomized trials on these existing
anti-HER2-targeted therapies’ effectiveness has not yet been
conducted. Currently, only case reports with weak levels of
evidence have shown promising anti-tumor effects for pa-
tients with visceral crises when combining HER2-targeted
therapy with chemotherapy.”’ Therefore, the combination of
pyrotinib-based therapies (including PyroC) needs to be fur-
ther validated in dealing with a visceral crisis. Furthermore,
we found that the efficacy of pyrotinib is not affected by the
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TABLE 2 Adverse events of patients who received pyrotinib as
a First-Line therapy.

Characteristic Patients (%) (N=64)
Diarrhea

Yes 46 (71.9%)

No 16 (25.0%)
Diarrhea grade (%)

I 18 (39.1%)

I 27 (58.7%)

111 1(2.2%)
Hand-foot syndrome

Yes 10 (15.6%)

No 54 (84.4%)
Hand-foot syndrome grade (%)

I 6 (60%)

II 3 (30%)

III 1(10%)
Vomiting

Yes 9 (14.1%)

No 54 (84.4)

DCR

FIGURE 2 Summary of treatment
response to pyrotinib plus capecitabine
(PyroC) as first-line therapy in patients
with HER2-positive metastatic breast
cancer.

Best remission

Status
® NP
PD
> Still on treatment

use of HER2-targeted therapy as front-line treatment in-
cluding both neoadjuvant and adjuvant settings.

In terms of the toxicity of PyroC, we can see that
adverse effects symptoms are manageable. The major
TRAE:s is diarrhea, occurring in 74.2%, and 96.9% were
Grade 1-2. Compared with PHILA' and PHENIX*®
study, our study did not observe hematologic adverse
effects and had lower incidence of adverse effects such
as diarrhea. Of course, the first concern is the cumu-
lative side effects of the triple combination therapy in
PHILA and PHENIX studies. In addition, all patients we
included were first-line users with better ECOG scores
and better tolerability.

Several limitations deserve mention. Firstly, our
study may lead to selection bias using retrospective data.
Secondly, the sample of study is relatively small and
single-center. Thirdly, this study lacks information on
long-term OS. In-depth studies are needed to validate OS
of switching TKI treatment. Nevertheless, the findings of
our study still have noteworthy real-world survival out-
comes for PyroC in HER2™ mBC patients, suggesting that
dual oral PyroC regimen may be a supplementary strategy
as first-line treatment.



DAIET AL. . e 70of 8
Cancer Medicine - WI LEYJ—
5 | CONCLUSIONS 5. Demir Cetink:.:lya B, Biray AC. Molt'ecular perspective on tar-
geted therapy in breast cancer: a review of current status. Med
Oncol. 2022;39(10):149. doi:10.1007/s12032-022-01749-1
Dual oral PyroC regimen represents a promising thera- 6. Balduzzi S, Mantarro S, Guarneri V, et al. Trastuzumab-
peutic option as first-line therapy for patients with containing regimens for metastatic breast cancer.
HER2-positive mBC, with an acceptable safety profile, af- Cochrane Database Syst Rev. 2014;2014(6):Cd006242.
fordability, and convenience. doi:10.1002/14651858.CD006242.pub2
7. BaselgalJ, Cortés J, Kim SB, et al. Pertuzumab plus trastuzumab
AUTHOR CONTRIBUTIONS plus docetaxel for met.astatic breast cancer. N Engl J Med.
. ] . o 2012;366(2):109-119. doi:10.1056/NEJMoal113216
Shuang Dai: Formal analySIS (equal); Investigation 8. Swain SM, Miles D, Kim SB, et al. Pertuzumab, trastuzumab,
(equal); supervision (equal); validation (equal); visu- and docetaxel for HER2-positive metastatic breast cancer
alization (equal); writing — original draft (equal). Yong (CLEOPATRA): end-of-study results from a double-blind,
Zhang: Formal analysis (equal); investigation (equal); randomised, placebo-controlled, phase 3 study. Lancet Oncol.
methodology (equal); validation (equal); visualization 2020;21(4):519-530. doi:10.1016/s1470-2045(19)30863-0
(equal); writing - original draft (equal). Xiang Tan: Data 9. Murthy RK, Loi S, Okines A, et al. Tucatinib, trastuzumab, and
curation (equal); formal analysis (equal); investigation capecitabine for HER2-positive m.etastatlc breast cancer. N
(equal); software (equal); writing — original draft (equal) EnglJ Med. 2020;382(7):597-609. doi:10.1056/NEJMo0a1914609
’ AT . . ’ 10. Lin NU, Murthy RK, Abramson V, et al. Tucatinib vs placebo,
Feng Luo: Supervision (equal); writing — review and ed- both in combination with trastuzumab and capecitabine, for
iting (equal). Xi Yan: Conceptualization (equal); funding previously treated ERBB2 (HER2)-positive metastatic breast
acquisition (equal); methodology (equal); project admin- cancer in patients with brain metastases: updated exploratory
istration (equal); writing — review and editing (equal). analysis of the HER2CLIMB randomized clinical trial. JAMA
Oncol. 2023;9(2):197-205. doi:10.1001/jamaoncol.2022.5610
ACKNOWLEDGEMENTS 11. Modi S, Saura C, Yamashita T, et al. Trastuzumab deruxtecan in
None. previously treated HER2-positive breast cancer. N Engl J Med.
2020;382(7):610-621. doi:10.1056/NEJMo0a1914510
12. Blair HA. Pyrotinib: first global approval. Drugs.
FUNDING INFORMATION 2018:78(16):1751-1755. doi:10.1007/540265-018-0997-0
None. 13. Ma F, Ouyang Q, Li W, et al. Pyrotinib or lapatinib combined
with capecitabine in HER2-positive metastatic breast cancer
CONFLICT OF INTEREST STATEMENT with prior taxanes, anthracyclines, and/or trastuzumab: a ran-
No competing interests. domized, phase II study. J Clin Oncol. 2019;37(29):2610-2619.
doi:10.1200/jc0.19.00108
DATA AVAILABILITY STATEMENT 14. Xu B., S.('an M, Ma Ff et .al. Pyrotinib plus capecitabine ve.rs.us
. lapatinib plus capecitabine for the treatment of HER2-positive
The data used and/or analyzed durlng the study can be metastatic breast cancer (PHOEBE): a multicentre, open-
obtained from the corresponding author on reasonable label, randomised, controlled, phase 3 trial. Lancet Oncol.
request. 2021;22(3):351-360. doi:10.1016/s1470-2045(20)30702-6
15. Yan M, Ouyang Q, Sun T, et al. Pyrotinib plus capecitabine
ORCID for patients with human epidermal growth factor receptor
Shuang Dai © https://orcid.org/0000-0002-4294-2712 2-positive breast cancer and brain metastases (PERMEATE):
Xiang Tan (© https://orcid.org/0009-0008 86017529 One 0733361, 10 AOTG LT TS0
. . ncol. ; :353-361. doi:10. - -
Xi Yan @ https://orcid.org/0000-0002-8048-3461 16. Bachelot T, Romieu G, Campone M, et al. Lapatinib plus capecit-
abine in patients with previously untreated brain metastases
REFERENCES from HER2-positive metastatic breast cancer (LANDSCAPE):
1. ChoN. Molecular subtypes and imaging phenotypes of breast can- a single-group phase 2 study. Lancet Oncol. 2013;14(1):64-71.
cer. Ultrasonography. 2016;35(4):281-288. doi:10.14366/usg.16030 doi:10.1016/s1470-2045(12)70432-1
2. Feng Y, Spezia M, Huang S, et al. Breast cancer development 17. Xu B, Yan M, Ma F, et al. LBA19 Pyrotinib or placebo in com-
and progression: risk factors, cancer stem cells, signaling bination with trastuzumab and docetaxel for HER2-positive
pathways, genomics, and molecular pathogenesis. Genes Dis. metastatic breast cancer (PHILA): a randomized phase III trial.
2018;5(2):77-106. doi:10.1016/j.gendis.2018.05.001 Ann Oncol. 2022;33:51387. doi:10.1016/j.annonc.2022.08.014
3. JiC, Li F, Yuan Y, et al. Novel anti-HER2 antibody-drug con- 18. Hu ZY, Yan M, Xiong H, et al. Pyrotinib in combination with
jugates versus T-DM1 for HER2-positive metastatic breast letrozole for hormone receptor-positive, human epidermal
cancer after tyrosine kinase inhibitors treatment. Oncologist. growth factor receptor 2-positive metastatic breast cancer
2023;28:€859-e866. doi:10.1093/oncolo/oyad127 (PLEHERM): a multicenter, single-arm, phase II trial. BMC
4. Kunte S, Abraham J, Montero AJ. Novel HER2-targeted ther- Med. 2023;21(1):226. doi:10.1186/s12916-023-02943-2
apies for HER2-positive metastatic breast cancer. Cancer. 19. Zhang Q, He P, Tian T, et al. Real-world efficacy and safety

2020;126(19):4278-4288. doi:10.1002/cncr.33102

of pyrotinib in patients with HER2-positive metastatic breast


https://orcid.org/0000-0002-4294-2712
https://orcid.org/0000-0002-4294-2712
https://orcid.org/0009-0008-8601-7829
https://orcid.org/0009-0008-8601-7829
https://orcid.org/0000-0002-8048-9461
https://orcid.org/0000-0002-8048-9461
https://doi.org//10.14366/usg.16030
https://doi.org//10.1016/j.gendis.2018.05.001
https://doi.org//10.1093/oncolo/oyad127
https://doi.org//10.1002/cncr.33102
https://doi.org//10.1007/s12032-022-01749-1
https://doi.org//10.1002/14651858.CD006242.pub2
https://doi.org//10.1056/NEJMoa1113216
https://doi.org//10.1016/s1470-2045(19)30863-0
https://doi.org//10.1056/NEJMoa1914609
https://doi.org//10.1001/jamaoncol.2022.5610
https://doi.org//10.1056/NEJMoa1914510
https://doi.org//10.1007/s40265-018-0997-0
https://doi.org//10.1200/jco.19.00108
https://doi.org//10.1016/s1470-2045(20)30702-6
https://doi.org//10.1016/S1470-2045(21)00716-6
https://doi.org//10.1016/s1470-2045(12)70432-1
https://doi.org//10.1016/j.annonc.2022.08.014
https://doi.org//10.1186/s12916-023-02943-2

ﬂl_wl LEY_Cancer Medicine

20.
21.
22.
23.

24.

25.

DAIET AL.

cancer: a prospective real-world study. Front Pharmacol.
2023;14:1100556. doi:10.3389/fphar.2023.1100556

Yin S, Chi Y, Du Y, et al. Efficacy and safety of pyrotinib-
containing regimen in the patients with HER2-positive met-
astatic breast cancer: a multicenter real-world study. Cancer
Med. 2023;12(3):2333-2344. doi:10.1002/cam4.5056

Cao J, Teng Y, Li H, et al. Pyrotinib plus capecitabine for
trastuzumab-resistant, HER2-positive advanced breast cancer
(PICTUREY): a single-arm, multicenter phase 2 trial. BMC Med.
2023;21(1):300. doi:10.1186/512916-023-02999-0

Piccart M, Procter M, Fumagalli D, et al. Adjuvant pertu-
zumab and trastuzumab in early HER2-positive breast can-
cer in the APHINITY trial: 6Years' follow-up. J Clin Oncol.
2021;39(13):1448-1457. doi:10.1200/jc0.20.01204

Li C, Bian X, Liu Z, et al. Effectiveness and safety of pyrotinib-
based therapy in patients with HER2-positive metastatic
breast cancer: a real-world retrospective study. Cancer Med.
2021;10(23):8352-8364. d0i:10.1002/cam4.4335

Jiang Z, Yan M, Hu X, et al. Pyrotinib combined with capecit-
abine in women with HER2" metastatic breast cancer
previously treated with trastuzumab and taxanes: a random-
ized phase III study. J Clin Oncol. 2019;37(15_suppl):1001.
doi:10.1200/JC0.2019.37.15_suppl.1001

Cardoso F, Paluch-Shimon S, Senkus E, et al. 5th ESO-
ESMO international consensus guidelines for advanced

26.

27.

28.

breast cancer (ABC 5). Ann Oncol. 2020;31(12):1623-1649.
doi:10.1016/j.annonc.2020.09.010

Yang R, Lu G, Lv Z, Jia L, Cui J. Different treatment regimens in
breast cancer visceral crisis: a retrospective cohort study. Front
Oncol. 2022;12:1048781. doi:10.3389/fonc.2022.1048781

Badau LM, Ciocoiu AD, Oprean CM, Segarceanu NA, Gheju
A, Vlaicu B. Management of HER2-positive breast cancer for a
young patient with visceral crisis&mdash;the adjuvant role of
lifestyle changes. Curr Oncol. 2022;29(3):1890-1901.

Yan M, Bian L, Hu XC, et al. Pyrotinib plus capecitabine for human
epidermal growth factor receptor 2-positive metastatic breast
cancer after trastuzumab and taxanes (PHENIX): a randomized,
double-blind, placebo-controlled phase 3 study. Transl Breast
Cancer Res. 2020;1:13. doi:10.21037/tbcr-20-2510.21037/tber-20.25

How to cite this article: Dai S, Zhang Y, Tan X,
Luo F, Yan X. Efficacy of first-line dual oral
pyrotinib plus capetabine therapy in HER2-positive
metastatic breast cancer: A real-world retrospective
study. Cancer Med. 2024;13:e7256. doi:10.1002/

cam4.7256


https://doi.org//10.3389/fphar.2023.1100556
https://doi.org//10.1002/cam4.5056
https://doi.org//10.1186/s12916-023-02999-0
https://doi.org//10.1200/jco.20.01204
https://doi.org//10.1002/cam4.4335
https://doi.org//10.1200/JCO.2019.37.15_suppl.1001
https://doi.org//10.1016/j.annonc.2020.09.010
https://doi.org//10.3389/fonc.2022.1048781
https://doi.org//10.21037/tbcr-20-2510.21037/tbcr-20.25
https://doi.org/10.1002/cam4.7256
https://doi.org/10.1002/cam4.7256

	Efficacy of first-­line dual oral pyrotinib plus capetabine therapy in HER2-­positive metastatic breast cancer: A real-­world retrospective study
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study design and data collection
	2.2|Patients' eligibility
	2.3|Treatment administration
	2.4|Outcomes
	2.5|Statistical analyses

	3|RESULTS
	3.1|Baseline patient characteristics
	3.2|Efficacy outcomes
	3.3|Safety outcomes

	4|DISCUSSION
	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


