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ARTICLE INFO ABSTRACT
Keywords: Objective: Pyrotinib is a novel irreversible tyrosine kinase inhibitor that has shown efficacy for human epidermal
Pyrotinib growth factor receptor 2 (HER2)-positive metastatic breast cancer (MBC). This study explored the efficacy and

Metastatic breast cancer

Human epidermal growth factor receptor 2
Brain metastases

Real-world study

safety of pyrotinib in the treatment of HER2-positive MBC patients in the real world.

Methods: From September 2018 to February 2022, 137 female patients with HER2-positive MBC treated in this
center were enrolled in this study. The follow-up period ended on January 12, 2023. The primary endpoint of this
study was progression-free survival (PFS). Overall survival (OS), objective response rate (ORR), disease control
rate (DCR), clinical benefit rate (CBR), central nervous system (CNS)-PFS, CNS-ORR, CNS-CBR, CNS-DCR, and
adverse event (AE) were the secondary endpoints.

Results: The ORR, DCR and CBR were 41.98 % (55/131), 87.79 % (115/131) and 44.27 % (58/131) in this
cohort, respectively. The median PFS for this cohort was 10.37 months [95 % confidence interval (CI): 9.205-
11.535] and the median OS was 37.53 months (not reached). Univariate and multivariate analyses showed
that trastuzumab sensitivity was an independent predictor of improved PFS [hazard ratio (HR): 0.579 (0.371-
0.904, p=0.016)] and improved OS [0.410 (0.213-0.790, p=0.008)]. Patients treated with a pyrotinib-based
regimen as second-line and third-or-post-line therapy had poorer PFS [second-line: 3.315 (1.832-6.000,
p<0.001); third-or-post-line: 3.304 (1.749-6.243, p<0.001)] and OS [second-line: 4.631 (1.033-20.771,
p=0.045); third-or-post-line: 5.738 (1.212-27.174, p=0.028)]. There were 38 brain metastases (BM) patients in
this study, the CNS-mPFS [14.37 months (7.815-20.925) vs. 7.83 months (7.047-8.613), p=0.375] and mOS [not
reached vs. 36.40 months (18.551-54.249), p=0.034] were better in brain radiotherapy (BRT) group than NBRT
group. 18.98 % (26/137) of patients experienced grade 3 or higher diarrhea. No AE-related death was reported.
Conclusion: This study confirms the promising antitumor activity and acceptable safety of real-world pyrotinib-
based regimens for the treatment of HER2-positive MBC patients, particularly those who are trastuzumab-
sensitive and who are receiving pyrotinib-based regimens as advanced first-line therapy. It has also been
demonstrated that these regimens combined with BRT, provide better intracranial responses and long-term
survival benefits for these patients with BM.

Introduction to regulate tumor cell proliferation, invasion, and migration [1,2]. HER2
overexpression occurs in 15-20 % of breast cancer (BC) and is associated

Human epidermal growth factor receptor 2 (HER2) is a trans- with high aggressiveness and a poor prognosis [3,4].
membrane tyrosine kinase receptor encoded by the oncogene ErbB2, a Trastuzumab is used throughout the neoadjuvant to advanced
member of the epidermal growth factor receptor (EGFR) family [1]. It treatment of patients with HER2-positive BC, and its discovery revolu-
activates downstream signaling in the form of homo- and heterodimers tionized the treatment of HER2-positive BC patients as well as the
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prognosis and survival, thus paving the way for many other HER2-
targeting drugs. Other HER2-targeting drugs currently on the market
include: small-molecule tyrosine kinase receptor inhibitors (TKIs) such
as lapatinib, neratinib, tucatinib, and pyrotinib; antibody-drug conju-
gates (ADCs) such as T-DM1 and T-DXd. TKIs have several advantages
over large-molecule monoclonal antibodies, including easier oral
administration, multi-target interaction, and lower cardiotoxicity [5,6].
In March 2023, T-DM1 was included in the Chinese medical insurance
reimbursement list; neratinib and tucatinib were not approved for the
treatment of HER2 MBC patients in China. In the case of low accessibility
of these drugs before 2023, pyrotinib, which was independently devel-
oped in China, has demonstrated remarkable anticancer efficacy with
tolerable side effects.

Pyrotinib is an oral, irreversible pan-HER TKI whose mechanism of
action is to irreversibly bind covalently to the ATP-binding sites of the
EGFR/HER1, HER2 and HER4 intracellular kinase regions to prevent the
formation of homo- and heterodimers, thereby blocking the activation of
downstream signaling pathways by inhibiting self-phosphorylation [7].
The phase II/III clinical trial showed that treatment with pyrotinib in
combination with capecitabine significantly prolonged mPFS compared
to lapatinib in combination with capecitabine (phase II: 18.1 months vs.
7.0 months, p<0.001 [8]; phase III: 12.5 months vs. 6.8 months,
one-sided p<0.0001 [9]). The PHENIX trial [10] found that the pyro-
tinib plus capecitabine group had a significantly higher mPFS compared
to the pyrotinib plus placebo group (HR: 0.18, 95 % CI: 0.13-0.26;
p<0.001). Following unblinding, the placebo group received pyrotinib
monotherapy, with an ORR of 38.0 %. In August 2018, the China Na-
tional Medical Products Administration first authorized pyrotinib in
combination with capecitabine for the treatment of HER2-positive
recurrent or metastatic BC patients who had previously received
anthracycline- or paclitaxel-based chemotherapy.

The aim of this study is to retrospectively analyze the efficacy, long-
term survival, and safety of patients with HER2-positive MBC treated
with pyrotinib in the real world, as well as the efficacy of intracranial
lesions and survival prognosis in patients with brain metastases (BM).

Patients and Methods
Patient and date collection

This is a single-center, retrospective real-world study. From
September 2018 to February 2022, 456 patients treated with pyrotinib
were screened. The last follow-up time was January 12, 2023. Finally,
137 female HER2-positive MBC patients were enrolled according to the
inclusion and exclusion criteria, and excluded patients are shown in the

456 patients were screened who had
used pyrotinib between September 2018
and February 2022

137 patients met the inclusion criteria
and were includedin the study.
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study flow chart (Fig. 1).

Inclusion criteria

Female sex; age >18 years; pathologically confirmed HER2-positive
BC, primary and/or metastatic tumor tissue immunohistochemistry
category HER2 3+, and/or immunofluorescence in situ hybridization
positive; Treatment with pyrotinib for at least 21 days, whether or not in
combination with any chemotherapeutic agents, endocrine agents, and
other HER2-targeting agents; and at least 1 measurable lesion, as
defined by the criteria in the Response Evaluation Criteria in Solid Tu-
mors, version 1.1 (RECIST 1.1) [11], was permitted to have no
measurable lesions due to surgical resection within 1 month prior to
pyrotinib treatment.

Exclusion criteria

Treatment regimens with pyrotinib in a non-metastatic setting; dis-
continued pyrotinib for treatment-unrelated reasons; primary bilateral
BC; expected survival <1 month.

Pathologic and clinical data such as age at diagnosis, hormonal re-
ceptor (HR) status, Ki67 and HER2 status of the primary or metastatic
tumor, histologic type, clinical stage at first diagnosis, number of met-
astatic sites, duration of pyrotinib administration, combination therapy
regimen, time to progression, time to survival, and drug-related adverse
events were collected from patients’ medical record instruments, pa-
thology and imaging reports, and follow-ups. HR-positive primary tu-
mors were defined as estrogen receptor (ER) >1 % and/or progesterone
receptor (PR) >1 %; both ER and PR <1 % were defined as HR-negative.

Treatment and dose modification

Depending on the indication, pyrotinib is taken orally at a standard
dose of 400 mg/day. Dosage adjustments, combination, or non-
combination of any antineoplastic agents are considered according to
the physician’s decision-making, the patient’s previous treatment
regimen, and the patient’s own circumstances and wishes.

Study endpoint

The primary endpoint of this study was progression-free survival
(PFS). Secondary endpoints were overall survival (OS), objective
response rate (ORR), disease control rate (DCR), clinical benefit rate
(CBR), central nervous system (CNS)-PFS, CNS-ORR, CNS-DCR, CNS-
CBR, and adverse event (AE).

Excluded under the criteria:

1. Incomplete clinical imaging or pathology (n1=288)
2. Confirmed non-amplification of HER2 (n=3)

3. Less than 21 days of treatment with pyrotinib (n=4)
4. Pyrotinib use in patients with non-MBC (n=16)

5. Pyrotinib use in non-BC patients (n=1)

6. Primary bilateral breast cancer(n=7)

Fig. 1. Study flow chart.
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Efficacy and safety assessments

The definitions of PFS, OS, ORR, DCR and CBR were as previously
described [9]. Response Evaluation Criteria in Solid Tumors
(RECIST1.1) [11] were used to assess tumor response. The efficacy
evaluation of brain metastases (BM) was also performed according to
RECIST 1.1, with the calculation of the response of the target lesion in
the brain only, regardless of the response of other organs’ target lesion.
The Common Terminology Criteria for Adverse Events (CTCAE), version
5.0, was used for safety assessments.

Trastuzumab sensitivity is defined as that of trastuzumab-sensitive
patients [12]: (1) patients with stage IV BC at first diagnosis; (2) pa-
tients with recurrent or metastatic BC who received (neo)adjuvant
therapy but whose treatment regimen did not include trastuzumab; and
(3) patients with early-stage BC who developed recurrence or metastasis
more than 12 months after the end of (neo)adjuvant trastuzumab ther-
apy. Trastuzumab-insensitive: (1) patients with MBC who had disease
progression within 3 months of starting trastuzumab treatment; and (2)
patients with early-stage BC who had recurrence or metastasis during or
within 12 months of finishing (neo)adjuvant trastuzumab therapy.

Definition of the character of BM [13]: active BM was defined as BM
that was newly detected and/or showed progression as confirmed by
imaging (MRI/enhanced CT) prior to the use of the pyrotinib-containing
regimen; stable BM was defined as BM that did not show progression as
confirmed by imaging (MRI/enhanced CT) in BM patients who received
CNS-directed therapy and had no CNS-related clinical symptoms.

Statistical analysis

Descriptive statistics (e.g., median, range, or percentage) were used
to represent the clinicopathologic characteristics of patients. The Pear-
son y2 test or Fisher exact test was used to compare differences in ORR,
DCR, and CBR between subgroups. The Kaplan-Meier method was used
to plot survival curves, and log-rank analysis was used to compare dif-
ferences in PFS and OS between subgroups. Hazard ratio (HR) and 95 %
confidence interval (CI) for time-to-event endpoints were calculated
using the Cox multivariate regression model. The test level is a = 0.05
(two-tailed). SPSS 25 (https://www.ibm.com/products/spss-statistics)
and GraphPad Prism 9.4.1 (https://www.graphpad.com/) were used for
all statistical analyses and graphing.

Results
Baseline characteristics

From September 2018 to February 2022, a total of 137 patients met
the inclusion and exclusion criteria and were enrolled in the cohort. The
baseline characteristics of all patients are shown in Table 1. In this
cohort, 67.88 % (93/137) of the patients were under the age of 50. The
pathologic type of invasive ductal carcinoma was found in 97.08 %
(133/137) of all patients, while the remaining four patients had invasive
micropapillary carcinoma, occult breast carcinoma, inflammatory
breast carcinoma, and infiltrating metaplastic carcinoma. HR status was
positive in 53.28 % (73/137) patients and negative in 46.72 % (64/137)
patients. 24.82 % (34/137) of the patients were stage IV at first diag-
nosis, and 75.18 % (103/137) were recurrent or metastatic BC patients.
Among the recurrent or metastatic BC patients, 41.75 % (43/103) un-
derwent neoadjuvant chemotherapy (NAC), 53.40 % (55/103) under-
went adjuvant chemotherapy (AC), 2.91 % (3/103) developed
metastasis during NAC, and another 1.94 % (2/103) did not undergo any
treatment after surgery, respectively. In this cohort, 78.10 % (107/137)
of patients had visceral metastases, with 35.77 % (49/137), 40.15 %
(55/137), and 27.74 % (38/137) having metastases in the liver, lung,
and brain, respectively. Only 28.47 % (39/137) of patients had only one
metastasis, while 71.53 % (98,/137) had more than two different visceral
organs. 1.46 % (2/137), 2.19 % (3/137), 24.82 % (34/137), and 62.04
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Table 1
Patient characteristics at baseline.

Characteristic No (%), n=137
Age at diagnosis (years), median (range) 48 (27-74)
Age at diagnosis (years)

<50 93 (67.88)

>50 44 (32.12)
Pathological type

Invasive ductal carcinoma 133 (97.08)

Others 4 (2.92)
Hormone receptor status

Positive 73 (53.28)

Negative 64 (46.72)
Ki67 (%)

<30 62 (45.26)

>30 75 (54.74)
Extent of disease at diagnosis

Stage IV at first diagnosis 34 (24.82)

Recurrence or metastasis 103 (75.18)
Metastatic sites

Bone 58 (42.34)

Liver 49 (35.77)

Lung 55 (40.15)

Brain 38 (27.74)

Lymph nodes 62 (45.26)

Local recurrence 31 (22.63)

Contralateral breast 9 (6.57)
No. of metastatic sites

1 39 (28.47)

2 45 (32.85)

3 27 (19.71)

>4 26 (18.98)
Visceral metastases

Yes 107 (78.10)

No 30 (21.90)
Trastuzumab sensitivity

sensitivity 92 (67.15)

insensitivity 45 (32.85)
Prior HER2-targeted therapy

Trastuzumab 124 (90.51)

Pertuzumab 23 (16.79)

Lapatinib 19 (13.87)

T-DM1 4(2.92)

Non-used 13 (9.49)

% (85/137) of the patients had received 4, 3, 2, and 1 other anti-HER2
treatment prior to pyrotinib, respectively, and 9.49 % (13/137) of the
patients had not received any prior anti-HER2 therapy (Table 1).

Pyrotinib-related schemes

Pyrotinib-based regimens were used as advanced first-line, second-
line, and third-or-post-line therapy in 27.01 % (37/137), 35.77 % (49/
137), and 37.23 % (51/137) of patients, respectively. Only 7.30 % (10/
137) of patients received pyrotinib monotherapy, while the remaining
127 patients received pyrotinib in combination with other agents, of
which 63.50 % (87/137) were combined with different chemothera-
peutic durgs. The most frequently combined chemotherapeutic agent
was capecitabine (52.55 %, 72/137). Chemotherapeutic, other HER2-
targeted, and endocrine drugs were taken concurrently with pyrotinib.
There are three ways to combine endocrine therapy: pyrotinib combined
with endocrine therapy alone, pyrotinib combined with both endocrine
therapy and HER2-targeted therapy, and pyrotinib combined with both
endocrine therapy and chemotherapy. Table 2 shows the specific com-
binations between them. All the patients had a starting dose of pyrotinib
of 400 mg/day, and 14 patients (10.22 %) had their dose adjusted to 320
mg/day due to adverse events, of which 3 (2.19 %) had their dose
adjusted again to 240 mg/day (Table 2).

Clinical efficacy

Six of the 137 patients were not included in the clinical efficacy
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Table 2 Table 4
Pyrotinib-related treatment administration. Subgroup analyses of ORR and CBR.
Pyrotinib-related schemes No (%), (n=137) ORR, No pvalue  CBR, No p value
Lines of systematic therapy of pyrotinib ) %)
1 37 (27.01) Lung metastases 0.787 0.007*
2 49 (35.77) with (n=53) 23 (43.40) 16 (30.19)
>3 51 (37.23) without (n=78) 32 (41.03) 42 (53.85)
Regimens Bone metastases 0.024* 0.343
Pyrotinib single agent 10 (7.30) with (n=58) 18 (31.03) 23 (39.66)
Pyrotinib + chemotherapy without (n=73) 37 (50.68) 35 (47.95)
Pyrotinib + Capecitabine 72 (52.55) No. of metastatic sites 0.417 0.020*
Pyrotinib + Gemcitabine 2 (1.46) <2 (n=78) 35 (44.87) 41 (52.56)
Pyrotinib + Vinorelbine 4 (2.92) >2 (n=53) 20 (37.74) 17 (32.08)
Pyrotinib + Paclitaxel 8(5.84) Type of metastasis 0.196 0.001*
Pyrotinib + Eribulin 1(0.73) non-visceral metastasis 8 (30.77) 19 (73.08)
Pyrotinib + HER2-targeted therapy (n=26)
Pyrotinib + Trastuzumab 5 (3.65) visceral metastasis 47 (44.76) 39 (37.14)
Pyrotinib + HER2-targeted therapy + chemotherapy (n=105)
Pyrotinib + Trastuzumab + Capecitabine 8(5.84) Lines of pyrotinib 0.008* <0.001*
Pyrotinib + Trastuzumab + Vinorelbine 1(0.73) first-line (n=33) 21 (63.64) 27 (81.82)
Pyrotinib + Trastuzumab + Paclitaxel 7 (5.11) second-line (n=47) 19 (40.43) 13 (27.66)
Pyrotinib + Trastuzumab + Paclitaxel + Carboplatin 2 (1.46) third-or-post-line (n=51) 15 (29.41) 18 (35.29)
Pyrotinib + Trastuzumab + Vinorelbine + Cisplatin 1(0.73) Exposure to lapatinib 0.019* 0.599
Pyrotinib + Inetetamab + Capecitabine 1(0.73) no prior exposure (n=113) 52 (46.02) 49 (43.36)
Pyrotinib + Inetetamab + Paclitaxel 1 (0.73) prior exposure (n=18) 3 (16.67) 9 (50.00)
Pyrotinib + endocrine . . .
Pyrotinib + Tamoxifen 100.73) ORR: Objective response rate; CBR: Clinical Benefit Rate
Pyrotinib + Anastrozole 2 (1.46)
Pyrotinib + Fluvastatin ‘ 2 (1.46) significantly higher than that of those with bone metastasis (50.68 % vs.
Pyr(.m.mb + AnaStr.o zole + Goserelin 2 (1.46) 31.03 %, p=0.024). And the ORR was significantly higher in patients
Pyrotinib + endocrine + HER2-targeted therapy ) . L . A .
Pyrotinib + Goserelin -+ Trastuzumab + Pertuzumab 100.73) with no prior lapatinib treatment than those with prior lapatinib treat-
Pyrotinib + Leuprorelin + Anastrozole + Trastuzumab 1(0.73) ment (46.02 % vs. 16.67 %, p=0.019). In the CBR subgroup analysis,
Pyrotinib + endocrine + chemotherapy patients with the number of metastasic sites <2 (52.56 % vs. 32.08 %,
gyr"?ﬂf‘; + FAI“aStr:’Zt‘_’le + capec_i‘i"_me f 2)"7‘2 p=0.020) and patients without visceral metastases (73.08 % vs. 37.14
Pﬁgéﬂ;b 1 Gs:;i;ﬂ‘i;;igi;fﬂ;ne 5 (1: 46) %, p=0.001) had significantly higher CBR (Table 4). There were no
Dosage statistically significant differences in the distribution of ORR, DCR, and
Starting dosage (mg/day) CBR with respect to age at diagnosis, HR status, Ki67, disease stage at
400 137 (100) diagnosis, BM, liver metastases, pyrotinib combined with or without
Dose reduction (mg/day) capecitabine and trastuzumab sensitivity (supplementary Table 1).
400-320 14 (10.22)
400-320-240 3(2.19)

analysis because they lacked measurable lesions due to surgical resec-
tion within 1 month prior to pyrotinib treatment. The ORR, DCR and
CBR analyses included 131 patients with measurable lesions, of which
41.98 % (55/131) had ORR, 87.79 % (115/131) had DCR, and 44.27 %
(58/131, Table 3) had CBR. Of the 9 (6.87 %) patients who obtained CR,
6 of them had brain metastasis, 2 had regional lymph node metastasis,
and 1 had distant lymph node metastasis.

Subgroup analyses of ORR and CBR (Table 4) showed that pyrotinib-
based regimens as advanced first-line treatment patients had statistically
higher ORR (63.64 % vs. 40.43 % vs. 29.41 %, p=0.008) and CBR (81.82
% vs. 27.66 % vs. 35.29 %, p<0.001) than advanced second-line and
third-or-post-line treatment patients (Table 4). In the subgroup analysis
of the ORR, the ORR of the patients without bone metastasis was

Table 3
Tumor response with measurable lesions.

Response No (%), n=131"

Best response

CR 9 (6.87)

PR 46 (35.11)
SD 60 (45.80)
PD 16 (12.21)
Objective response rate, n (%) 55 (41.98)
Disease control rate, n (%) 115 (87.79)
Clinical benefit rate, n (%) 58 (44.27)

@ 6 patients lacked measurable lesions due to surgically resected le-
sions; CR: Complete Response; PR: Partial Response; SD: Stable Disease;
PD: Progressive Disease.

Clinical efficacy and CNS survival analysis in BM patients

In this study, a total of 38 BM patients had measurable lesions. 15
(39.47 %) patients were treated with pytotinib in combination with
brain radiotherapy (BRT), of which 11 patients were treated with whole
brain radiotherapy and 4 patients with stereotactic radiotherapy.
Twenty-three (60.53 %) patients were not treated with BRT. Multiple
BMs were found in 86.67 % (13/15) and 65.22 % (15/23) of the patients
in both groups, respectively. In the BRT group, all of them had active
BM. While 73.91 % (17/23) of the patients in the NBRT group had active
BM, another 6 patients had stable BM (Table 5).

Intracranial CR was achieved in 12 of 38 BM patients, with a CNS-
ORR of 52.63 % (20/38), a CNS-DCR of 81.58 % (31/38), and a CNS-
CBR of 60.53 % (23/38). The BRT group had higher CNS-ORR (73.33
% vs. 39.13 %), CNS-DCR (86.67 % vs. 78.26 %), and CNS-CBR (86.67 %
vs. 43.48 %, p=0.016) than the NBRT group. 38 BM patients had a
median CNS-PFS of 9.77 months (95 % CI: 7.557-11.983) and a mOS of
36.40 months (95 % CI: 16.102-56.698). The CNS-mPFS [14.37 months
(95 % CI: 7.815-20.925) vs. 7.83 months (95 % CI: 7.047-8.613),
p=0.375] and mOS [not achieved vs. 36.40 months (95 % CIL: 18.551-
54.249), p=0.034] in the BRT group were better than the NBRT
group, where the difference in OS was statistically significant.

Outcomes

As of the last follow-up time, January 12, 2023, the number of PFS
events was 108/137, and the number of OS events was 42/126 (11 lost
to follow-up). The mPFS for this cohort was 10.37 months (95 % CIL:
9.205-11.535, Fig. 2a), and the mOS was 37.53 months (95 % CI: not
reached, Fig. 2b).



L. Dai et al.

Table 5
CNS baseline and CNS efficacy and survival analysis of BM Patients.

BRT group NBRT group pvalue all patients
(n=15) (n=23) (n=38)
No (%) No (%) No (%)
No. of BM lesion 0.259
one 2(13.33) 8(34.78) 10 (26.32)
multiple 13 (86.67) 15 (65.22) 28 (73.68)
Characteristic of 0.063
BM
stable 0(0) 6 (26.09) 6 (15.79)
active 15 (100) 17 (73.91) 32 (84.21)
Best CNS 0.197
response
CR 6 (40.00) 6 (26.09) 12 (31.58)
PR 5(33.33) 3(13.049) 8 (21.05)
SD 2(13.33) 9(39.13) 11 (28.95)
PD 2(13.33) 5(21.74) 7 (18.42)
CNS-ORR 11 (73.33) 9(39.13) 0.052 20 (52.63)
CNS-DCR 13 (86.67) 18 (78.26) 0.681 31 (81.58)
CNS-CBR 13 (86.67) 10 (43.48) 0.016* 23 (60.53)
CNS-mPFS (95 %  14.37 (7.815- 7.83 (7.047- 0.375 9.77 (7.557-
CDh 20.925) 8.613) 11.983)
mOS (95 %CI) ? not reached 36.40 (18.551- 0.034* 36.40 (16.102-
54.249) 56.698)

BM: Brain metastasis; CNS: Central nervous system; CNS-ORR: Objective
response rate of the central nervous system; CNS-DCR: Central nervous system
disease control rate; CNS-CBR: Clinical benefit rate of central nervous system;
mPFS: Median progression free survival; mOS: Median overall survival; CL:
confidence interval; a Two people were lost to follow-up in OS survival analysis.

Subgroup analysis showed that mPFS was 12.67 months (95 % CI:
9.392-15.948) for patients with <2 metastases compared to 8.30 months
(95 % CI: 5.27-11.327; p=0.005, Fig. 3a) for patients with >2 metas-
tases, and also that mOS was significantly longer in patients with <2
metastases than in patients [not reached vs. 30.57 months (95 % CIL:
17.586-43.554); p=0.001, Fig. 3b]. Patients without visceral metastases
had significantly better mPFS than those with visceral metastases [20.57
months (95 % CI: 8.562-32.578) vs. 9.93 months (95 % CI: 8.985-
10.875); p<0.001, Fig. 3c], and the same trend was observed for mOS
in the two groups [not reached vs. 36.40 months (95 % CI: 29.363-
43.437); p=0.114, Fig. 3d], but the difference was not statistically sig-
nificant. Patients receiving pyrolitinib-based regimens as advanced first-
line had significantly better mPFS than patients treated as second-line
and third-or-post-line [25.47 months (95 % CL: 10.112-40.828) vs.
9.23 months (95 % CI: 7.447-11.013) vs. 7.93 months (95 % CI: 4.331-
11.529); p < 0.001, Fig. 4a], and likewise mOS was significantly better
[not reached vs. 36.40 months (95 % CI: 23.100-49.700) vs. 31.83
months (95 % CI: 22.804-40.856); p < 0.001, Fig. 4b]. Trastuzumab-
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sensitive patients had both significantly better mPFS [11.40 months
(95 % CI: 8.999-13.801) versus 7.47 months (95 % CI: 4.972-9.968),
p=0.017, Fig. 4c] and mOS [not reached versus 30.57 months (95 %
CI: 17.008-44.132), p=0.008, Fig. 4d] than trastuzumab-insensitive
patients.

Cox multivariate analysis showed (Figs. 5 and 6) that trastuzumab-
sensitivity was an independent predictor of improved PFS (HR: 0.579,
95 % CI: 0.371-0.904, p=0.016) and OS (HR: 0.410, 95 % CI: 0.213-
0.790, p=0.008), and that the use of pyrotinib-based regimens as
advanced second-line and third-or-post-line therapy resulted in worse
PFS (second-line: HR=3.315, 95 % CI: 1.832-6.000, p<0.001; third-or-
post-line: HR=3.304, 95 % CI: 1.749-6.243, p<0.001) and OS
(IHR=4.631, 95 % CI: 1.033- 20.771, p=0.045; HR=5.738, 95 % CI:
1.212-27.174, p=0.028). Also, visceral metastasis was a poor predictor
of PFS (HR: 2.534, 95 % CI: 1.420-4.524, p=0.002), and the number of
metastasic sites >2 was a poor predictor of OS (HR: 2.162, 95 % CI:
1.069-4.372, p=0.032).

Safety

Due to the retrospective nature of this study and the fact that we
collected data on adverse events (AE) based on the patient’s recollection
and medical documentation, omissions in the reporting of AE are un-
avoidable. The incidence of any grade AE was 93.43 % for diarrhea,
45.99 % for hand-foot syndrome, 40.88 % for nausea, 30.66 % for
malaise, 28.47 % for leukopenia, 21.90 % for vomiting, 18.98 % for
ALT/AST elevation, 18.25 % for thrombocytopenia, 9.49 % for oral
mucositis, and 6.57 % for rash. Diarrhea was the most common AE of the
EGFR-TKI, reported in almost all patients, with 18.98 % (26/137) of
patients experiencing grade>3 diarrhea. Other grade>3 AEs were hand-
foot syndrome (3.65 %), leukopenia (2.19 %), and elevated ALT/AST
(1.46 %). One patient discontinued the drug due to an intolerance of
diarrhea. There were no AE-related deaths reported, as detailed in
Table 6.

Discussion

HER2-overexpression contributes to the poor prognosis of HER2-
positive BC patients, and at the same time this has stimulated the ac-
celeration of the development of anti-HER2 drugs, which has led to a
significant improvement in the survival of such patients [1]. This
retrospective RWS found that the ORR of the cohort’s pyrotinib-based
regimen for patients with HER2-positive MBC was 41.98 %, the DCR
was 87.79 %, the CBR was 44.27 %, the mPFS was 10.37 months, and
the mOS was 37.53 months. In the phase II/11I studies of pyrotinib [8,9],
the mPFS was 18.1 and 12.5 months with ORRs of 78.5 % and 67 %,
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Fig. 2. (a) Kaplan-Meier curve for PFS in 137 patients; (b) Kaplan-Meier curve for OS in 126 patients. mPFS-median progression free survival, mOS- median

overall survival.
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Fig. 3. Kaplan-Meier curves of PFS and OS containing log-rank test. (a) and (b) patients with <2 and >2 metastases; (c) and (d) patients with non-visceral metastases
and those with visceral metastases. mPFS-median progression free survival, mOS- median overall survival.

respectively. Our mPFS was similar to the results of the phase III clinical
study, but the ORR was worse. This study was a retrospective
single-center study, there are two main reasons for this situation: first,
only 27.01 % of patients in our cohort used pyrotinib as advanced
first-line treatment, and 37.23 % of the patients used it as advanced
third-or-post-line treatment. However, in the pyrotinib phase II/1II trial,
nearly half of the patients in the pyrotinib arm (42.5 %/50.8 %) used it
as first-line therapy. Second, 28.47 % (39/137) of patients in our cohort
had prior use of two or more HER2-targeted agents, which will some-
what affect the sensitivity of pyrotinib. In the subgroup analysis of ORR,
patients with no prior exposure to lapatinib had a significantly better
ORR (46.02 % vs. 16.67 %, p=0.019), as only 18 patients (13.14 %) in
this cohort had received prior treatment with lapatinib, leaving the ORR
advantage untransformed into a statistically significant survival benefit.
Several studies have come to a similar conclusion [14-18] that pyrotinib
leads to a better survival prognosis in lapatinib-naive patients compared
to lapatinib-treated patients.

The CSCO and NCCN BC Guidelines [19,20] grade I recommendation
for HER2-positive MBC is paclitaxel in combination with trastuzumab
and pertuzumab, whereas the NCCN Guideline recommends T-DM1 as a
second-line treatment after trastuzumab failure, and the CSCO Guideline
recommends pyrotinib in combination with capecitabine as an advanced
second-line treatment after trastuzumab failure. The cox multivariate
analysis of PFS and OS in this study showed that pyrotinib-based regi-
mens as advanced first-line therapy provided better survival benefits for
patients compared with those used as second-line and third-or-post-line
therapy patients (mPFS: 25.47 vs. 9.23 vs. 7.93 months; p < 0.001; mOS:
not reached vs. 36.40 vs. 31.83 months; p < 0.001), as well as better
ORR (63.64 %), DCR (96.97 %), and CBR (81.82 %) with advanced

first-line therapy. T-DM1 monotherapy is a standard second-line
regimen for HER2-positive MBC, as the EMILIA study showed [21]
that T-DM1 monotherapy resulted in significant PFS (6.4 vs. 9.6 months)
and OS (25.1 vs. 30.9 months) benefits compared to lapatinib combined
with capecitabine. A RWS [22] initially demonstrated the efficacy of
T-DM1 monotherapy versus pyrotinib combined with capecitabine in
the treatment of HER2-positive MBC, which showed an mPFS of 6.0
months in the pyrotinib group and 4.2 months in the T-DM1 group
(p=0.044). Meanwhile, a meta-analysis that included 12 RCTs [23]
showed that the PFS of the pyrotinib combined with capecitabine group
was superior to that of the T-DM1 group (HR: 0.77, 95 % CI: 0.70-0.86).
Taken together, this preliminary confirms that the use of pyrotinib in
combination with capecitabine is feasible as an advanced second-line
treatment in the context of low T-DM1 accessibility in our country.

Our study also found that trastuzumab sensitivity was an indepen-
dent predictor of improved PFS (HR: 0.579, 95 % CI: 0.371-0.904,
p=0.016) and improved OS (HR: 0.410, 95 % CI: 0.213-0.790,
p=0.008). HER2-targeted drug resistance is the result of multiple
downstream signaling pathways working together, and it is unclear
whether there is cross-resistance between trastuzumab and pyrotinib.
The Cox multivariate analysis also showed that visceral metastasis
resulted in worse PFS (HR: 2.534, 95 % CIL: 1.420-4.524, p=0.002) and
the number of metastases more than two resulted in worse OS (HR:
2.162, 95 % CI: 1.069-4.372, p=0.032), which is also similar to the
results of previous studies [24,25].

The incidence of BM in HER2-positive BC is approximately 30 % to
50 % [26,27]. Large-molecule regiments such as trastuzumab are inef-
fective against BM due to the blood-brain barrier (BBB), and TKIs can
penetrate the BBB and target BM due to their small-molecule nature [15,
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Fig. 4. Kaplan-Meier curves of PFS and OS containing log-rank test. (a), (b) advanced first-line, second-line and third-or-post-line patients; (c), (d) Trastuzumab-
sensitive and Trastuzumab-insensitive patients. mPFS-median progression free survival, mOS- median overall survival.

PFS event Log-rank analysis Cox multivariate analysis
Subgroups -
No (%) p value Hazard ratio (95% CI) p value
Age >50yrs 32 (72.73) 0.366 1.003 (0.625-1.610) H—I 0.989
(Reference: age <50yrs) 76 (81.72) :
HR negative 54 (84.38) 0.250 1.526 (0.996-2.336) |_._| 0.052
(Reference: HR positive) 54 (73.97) :
No. of metastatic sites >2 46 (86.79) 0.003" 1.227 (0.797-1.887) |-0—| 0.353
(Reference: no. of metastatic sites <2) 62 (73.81)
Visceral metastasis 92 (85.98) <0.001" 2.534 (1.420-4.524) —e—  0.002"
(Reference: non-visceral metastasis) 16 (53.33)
Trastuzumab sensitivity 71 (77.17) 0.017 0.579 (0.371-0.904) H—| 0.016"
(Reference: trastuzumab insensitivity) 37 (82.22) :
Lines of pyrotinib <0.001"
second-line 43 (87.76) <0.001" 3.315 (1.832-6.000) —e— <0.001"
(Reference: first-line) 18 (48.65)
third-or-higher-line 47 (92.16) <0.001" 3.304 (1.749-6.243) F—e—i <0.001"
(Reference: first-line) 18 (48.65) :
Prior exposure to trastuzumab 101 (81.45) 0.103 1.022 (0.431-2.422) |—’—' 0.961
(Reference: no prior exposure to trastuzumab) 7 (53.85)
Prior exposure to lapatinib 18 (94.74) 0.158 0.892 (0.507-1.570) |_H 0.693
(Reference: no prior exposure to lapatinib) 90 (76.27)
B L) B LY
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Fig. 5. Log-rank univariate and Cox multivariate analyses and forest plots of PFS. PFS-progression free survival, HR-hormone receptor.
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OS event Log-rank analysis Cox multivariate analysis
Subgroups -
No (%) p value Hazard ratio (95% CI) p value
Age >50yrs 11 (25.00) 0.252 0.935 (0.422-2.072) \;4;4‘ 0.869
(Reference: age <50yrs) 31(37.80)
HR negative 22 (37.93) 0.231 2.017 (1.007-4.041) [:}——Q 4 0.048"
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Lines of pyrotinib 0.001" :
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Prior exposure to trastuzumab 39 (34.51) 0.579 0.610 (0.155-2.393) ﬂ—‘-‘;—ﬂ" 0.478
(Reference: no prior exposure to trastuzumab) 3(23.08)
Prior exposure to lapatinib 9 (56.25) 0.032" 1.336 (0.580-3.080) [# 0.496
(Reference: no prior exposure to lapatinib) 33 (30.00)
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Fig. 6. Log-rank univariate and Cox multivariate analyses and forest plots of OS. OS-overall survival, HR-hormone receptor.

Table 6
Pyrotinib-related adverse events.

Any events, No (%) Grade 3, No (%)

Diarrhea 128 (93.43) 26 (18.98)
Hand-foot syndrome 63 (45.99) 5 (3.65)
Nausea 56 (40.88) 0 (0)
Asthenia 42 (30.66) 0 (0)
Leukopenia 39 (28.47) 3(2.19)
Vomiting 30 (21.90) 0 (0)
ALT/AST increased 26 (18.98) 2 (1.46)
Thrombocytopenia 25 (18.25) 0(0)
Stomatitis 13 (9.49) 0(0)
Rash 9 (6.57) 0 (0)

27]. Renata D. et al. showed that the combination of TKIs such as
lapatinib and neratinib with cytotoxic drugs, especially capecitabine,
can improve the DCR and the long-term survival of patients [28]. For
HER2-positive BC patients with active BM, the combination regimens of
lapatinib plus capecitabine [29,30], neratinib plus capecitabine [31],
and tucatinib plus capecitabine [13] produced CNS-ORRs of 29.2-65.9
%, 33-49 %, and 47.3 % and CNS-mPFSs of 5.5, 3.1-5.5, and 9.9
months, respectively. Meanwhile, in the PERMEATE study of pyrotinib
in combination with capecitabine [32], the 59 patients who had not
received radiotherapy (Cohort A) had a CNS-ORR of 74.6 % and a
CNS-DCR of 93.2 %, and the 19 patients who had received radiotherapy
and then had re-progressed (Cohort B) had a CNS-ORR of 42.1 % and a
CNS-DCR of 63.2 %. The mPFS for Cohort A and Cohort B were 11.3 and
5.6 months, respectively. The CNS-ORR of the 38 BM patients in our
study was 52.63 %, CNS-DCR was 81.58 %, CNS-CBR was 60.53 %,
mCNS-PFS was 9.77 months, and mOS was 36.40 months. This data is
close to the results of the PERMEATE study, which had bias in the cohort
due to the small sample size of BM patients, and 15.79 % (6/38) of BM
patients in this study had stable lesions, unlike the PERMEATE study,
which included all patients with active BM. However, the results of this
study can provide evidence in the real world that pyrotinib can benefit

HER2-positive BM patients. Meanwhile, this study found that pyrotinib
combined with BRT could improve CNS-ORR (BRT group: 73.33 %,
NBRT group: 39.13 %, p=0.052) and CNS-CBR (86.67 % vs. 43.48 %,
p=0.016). Also, it brings prolonged CNS-mPFS (14.37 months vs. 7.83
months, p=0.375) and OS (not reached vs. 36.40 months, p=0.034).
With only 15 patients treated with combined BRT in this study, the
insufficient sample size prevented the patients’ benefit in intracranial
lesion response from translating into a statistical benefit in CNS-PFS.
Other RWSs have found similar results, with better long-term survival
in patients who experienced BRT or brain surgery during pyrotinib
treatment [15,33]. NCT04582968 and NCT05042791 are two clinical
trials demonstrating the efficacy of pyrotinib in combination with
capecitabine and BRT in HER2-positive BM patients. Patient enrollment
has been completed in one of these trials, pending further evidence of
whether pyrotalinib in combination with BRT is a better option for these
patients.

Pyrotinib was well tolerated. The starting dose of pyrotinib was 400
mg/day in all patients, and 14 (10.22 %) patients experienced one dose
adjustment, of which 3 (2.19 %) patients experienced two dose adjust-
ments. The most common AEs in this study were diarrhea (93.43 %),
hand-foot syndrome (45.99 %), and nausea (40.88 %). Grade 3 or higher
AEs were diarrhea (18.98 %), hand-foot syndrome (3.65 %), leukopenia
(2.19 %), and elevated ALT/AST (1.46 %). Diarrhea is the most common
AE associated with TKI therapy [5,34], and the incidence of grade 3 to 4
diarrhea ranged from 15.4 % to 31 % in pyrotinib phase II/III clinical
trials [8-10,32,35]. In this study, one patient discontinued pyrotinib in
the first cycle of a pyrotinib-based regiment due to intolerance of diar-
rhea; she progressed 2 months later, and a pyrotinib-based regimen was
reintroduced to give her a PFS of 11.50 months. In this study, AEs were
reported through medical records and follow-up data, and recollection
bias resulted in missing reports of AEs.

The efficacy and tolerability of pyrotinib combined with capecita-
bine in the treatment of HER2-positive MBC have been confirmed by
clinical trials [8-10,24,32], and this regimen was used in 52.55 %
(72/137) of patients in this study. We find the ORR (45.31 % vs. 38.81
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%), CBR (50.00 % vs. 38.81 %) and DCR (89.06 % vs. 86.57 %) were
slightly higher in the pyrotinib combination without capecitabine group
than in the pyrotinib combination with capecitabine group, although
there was no statistically significant difference (supplementary Table 1).
We believe that this occurred because patients in the pyrotinib not
combined with capecitabine group were on regimens that included other
chemotherapeutic agents (e.g., Paclitaxel, Carboplatin), HER2-targeting
agents (e.g., Trastuzumab, Pertuzumab, etc.), and endocrine drugs (e.g.,
Anastrozole, Fluvastatin, etc.). This resulted in a clinical efficacy and
survival benefit for 47.45 % (65/137) of the patients in our cohort from
more than just pyrotinib combined with capecitabine.

There are limitations to this study. First, it was a single-center
retrospective study, resulting in selection bias. The sample size was
small, and the study design was less rigorous than in prospective studies.
Second, we didn’t obtain all patients’s pathology reports for re-biopsy of
recurrent or metastatic tumors. Some patients were unable to re-biopsy,
probably due to tumor’s heterogeneity or HER2 addiction, which might
have caused changes in their HER2 expression. Despite the limitations,
this study confirms the efficacy as well as the safety of real-world
pyrotinib in the treatment of HER2-positive MBC patients, especially
in the trastuzumab-sensitive and pyrotinib-based regimens used as first-
line treatment in advanced stages. It was also demonstrated that
pyrotinib-based regimens in combination with BRT resulted in better
survival benefits for BM patients.

Although pyrotinib has shown remarkable clinical efficacy, it is used
only in China nowadays, where the major study objective is Asian
people. More RCTs in different nations and among diverse ethnic groups
are necessary for verifying its superiority. TDX-d, a novel ADC drug, has
demonstrated outstanding efficacy in HER2-positive and HER2 low-
expression MBC. Due to its unique structure and complex action
mechanisms, the resistance mechanisms show more diversity. TKIs’
underline mechanism is binding to the intracellular structural domain of
HER, potentially overcoming the resistance resulting from HER2 shed-
ding by ADC drugs [36]. The combination of neratinib with T-DM1,
demonstrated beneficial effects in HER2-positive MBC patients [37].
Currently, the clinical trial HER2CLIMB-04 (NCT02614794) is under-
way, which is investigating the use of tucatinib in combination with
T-DXd in patients with HER2 positive MBC or unresectable locally
advanced BC. We can expect the combination of pyrotinib with T-DXd in
the future to explore the novel prospects of pyrotinib. BC has now
entered the era of precision therapy, and many scholars are exploring
the optimal regiment and management of AE of pyrotinib in
HER2-positive MBC patients with different phenotypes, different treat-
ment histories, and different ethnicities (NCT04367090, NCT03876587,
NCT05346861). It is believed that with further clinical trials, pyrotinib
can bring new choices and hope to HER2-positive MBC patients.
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