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Abstract

Background As a potential target receptor tyrosine kinase, mesenchymal-epithelial transition factor (MET) exhibits
high aberrant expression across various tumors. This study aimed to evaluated the safety, tolerability, efficacy and

pharmacokinetics (PK) of BPI-9016M, a novel tyrosine kinase inhibitor (TKI) targeting c-MET, in c-MET overexpression
or MET exon 14 skipping mutation patients with locally advanced or metastatic non-small-cell lung cancer (NSCLC).

Methods/design In this two-part multicenter phase Ib study, eligible patients with locally advanced or metastatic
NSCLC harboring c-MET overexpression or MET exon 14 skipping mutation were enrolled into Part A (tested positive
for c-MET overexpression [immunohistochemical staining score > 2+]; 300 mg quaque die [QD], 450 mg QD and
600 mg QD cohorts) or Part B (tested positive for MET exon 14 skipping mutation; 400 mg bis in die [BID] cohort),
respectively. The primary endpoints were safety, objective response rate (ORR) and disease control rate (DCR), the
second endpoints were PK parameters, progression-free survival (PFS) and overall survival (OS).

Results Between March 15,2017 and September 18, 2021, 38 patients were enrolled (Part A, n=34; Part B, n=4). Of
38 patients, 32 (84.2%) patients completed the treatment protocol. As of the data cut-off date on January 27,2022,

all patients reported at least one treatment-emergent adverse event (TEAE). Ninety-two point one percent (35/38)

of patients experienced treatment-related adverse events (TRAEs), and grade > 3 TRAEs were observed in 11 (28.9%)
patients. The most common TRAEs were elevated alanine aminotransferase (ALT, 14/38, 36.8%) and elevated aspartate
aminotransferase (AST, 11/38, 28.9%). Only one (2.6%) patient had treatment-related serious adverse event (SAE) in
600 mg QD cohort due to thrombocytopenia. PK analysis showed BPI-9016M and its main metabolites (M1 and M2-2)

*Xingsheng Hu and Xinge Cui contributed equally to this work as co-first
authors.

*Correspondence:

Xiaohong Han

hanxiaohong@pumch.cn

Yuankai Shi

syuankai@cicams.ac.cn

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-022-10500-y&domain=pdf

Hu etal. BMC Cancer ~ (2023) 23:331 Page 2 of 13

reached steady state after seven days of continuous administration. At the dose of 300 mg QD and 450 mg QD, the
exposure of BPI-9016M increased with increasing dose. Exposure of BPI-9016M was similar at 450 mg QD and 600 mg
QD, which may exhibit a saturation trend. In all patients, ORR and DCR were 2.6% (1/38, 95% confidence interval [Cl]
0.1-13.8%) and 42.1% (16/38, 95% Cl 26.3-59.2%), respectively. Only one partial response (PR) patient was observed
at a dose of 600 mg QD in Part A. In Part B, DCR was 75.0% (3/4, 95% Cl 19.4-99.4%). The median PFS and OS in all 38
patients were 1.9 months (95% Cl 1.9-3.7) and 10.3 months (95% CI 7.3—-not evaluable [NE]), respectively.

Conclusion BPI-9016M showed manageable safety profile in c-MET overexpression or MET exon 14 skipping muta-

Pharmacokinetics

tion patients with locally advanced or metastatic NSCLC, but showed limited efficacy.
Trial registration Clinicaltrials.gov NCT02929290 (11/10/2016).
Keywords BPI-9016M, Mesenchymal-epithelial transition factor, Non-small-cell lung cancer, Safety, Efficacy,

Background

C-mesenchymal-epithelial transition factor (c-MET) is a
transmembrane receptor with autonomic phosphoryla-
tion activity encoded by MET. Normal c-MET pathway
promotes tissue differentiation and repair, while ¢c-MET
dysregulation can result in tumor cell proliferation and
metastasis [1]. MET amplification, MET exon 14 skipping
mutation and c-MET overexpression are main mecha-
nisms inducing aberrant activation of ¢-MET pathway
in lung cancer. MET amplification has been reported
in 5-26% of patients with non-small-cell lung cancer
(NSCLC) after resistance to epidermal growth factor
receptor (EGFR) inhibitor [2—6], with MET exon 14 skip-
ping mutation in approximately 3% of NSCLC [7-9], and
¢-MET overexpression in about 35-72% of NSCLC [10,
11]. It appears that overexpression of c-MET leads to acti-
vation of downstream signaling pathways via ligand-inde-
pendent phosphorylation, which is associated with poorer
outcomes in patients with NSCLC [11]. Overall, c-MET
receptor has become a new trend in the research field of
targeted therapy for NSCLC.

Currently, several phase I and phase II studies have
demonstrated the promising activity of MET tyrosine
kinase inhibitors (TKIs), such as tepotinib, capmatinib
and savolitinib, in NSCLC patients with c-MET dys-
regulation [12]. In a prospective single-arm phase II
(VISION) study, tepotinib had an objective response
rate (ORR) of 46% and a median duration of response
(DoR) of 11.1 months in NSCLC patients with MET
exon 14 skipping mutation [13], which was approved
by the Pharmaceuticals and Medical Devices Agency of
Japan on March 25, 2020. Subsequently, capmatinib [14]
was approved by the U.S Food and Drug Administra-
tion on May 6, 2020 and savolitinib [15] was approved
by the National Medical Products Administration of
China on June 22, 2021 due to their promising clinical

efficacy (ORR were 41% and 42.9% for capmatinib and
savolitinib, respectively) in patients harboring MET
exon 14 skipping mutation. However, the indication
of these targeted drugs mostly focus on patients with
MET exon 14 skipping mutation, primary MET ampli-
fication or secondary amplification after resistance to
EGFR TKIs [13-16]. In the phase I study of capmatinib
in patients with MET-positive solid tumors, 11 of 76
patients showed ¢-MET immunohistochemical (IHC)
score 3+, the disease control rate (DCR) in all patients
were 26% [17]. Phase I study of telisotuzumab vedotin,
an antibody-drug conjugate targeting c-MET, enrolled
48 patients with advanced solid tumors with ¢-MET
H-score of > 150. Among the 16 patients with NSCLC,
the DCR was 56% (95% confidence interval [CI] 3.0—
80.2%) [18]. However, studies of MET TKIs in NSCLC
patients with c-MET overexpression remains limited.

BPI-9016M is a novel small-molecule TKI target-
ing both ¢-MET and AXL developed by Betta Phar-
maceuticals Co., Ltd, Hangzhou, China., which can
suppress tumor cell growth, migration and invasion
of lung adenocarcinoma [19]. Previous first-in-human
phase I dose-escalation study of BPI-9016M in Chi-
nese patients with advanced NSCLC demonstrated its
favorable safety, tolerability and pharmacokinetics (PK)
profiles. No dose-limiting toxicity (DLT) occurred even
at a dose of 800 mg quaque die (QD). The most com-
mon toxicities were alanine aminotransferase (ALT)
elevation, bilirubin increased and dysgeusia [20]. Thus,
we intended to further evaluate the safety, tolerability,
efficacy and PK profile of different doses of BPI-9016M
in patients with locally advanced or metastatic NSCLC
harboring c-MET overexpression or MET exon 14 skip-
ping mutation.
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Methods/design

This was a multicenter, single-arm, open-label, phase Ib
expansion cohort study conducted at seven hospitals in
China. The study was approved by the ethics committee
of each participating hospital. Written informed consent
was obtained from each patient. This study was regis-
tered with clinicalTrials.gov, NCT02929290.

Patients

The included patients were divided into Part A (c-MET
overexpression) and Part B (MET exon 14 skipping
mutation) according to c-MET/MET alteration status.
Patients were eligible if they fulfilled the following cri-
teria: 1) aged > 18 years; 2) histologically or cytologically
confirmed with locally advanced or metastatic (stage
IIIB/IIIC/IV) NSCLC including lung sarcomatoid carci-
noma, for which surgery or radiotherapy was unsuitable,
the stage was determined by the American Joint Com-
mittee on Cancer (AJCC) 7 th edition staging system;
3) ¢-MET overexpression (IHC staining score>2+)
or MET exon 14 skipping mutation (blood and tis-
sue samples were collected to perform next generation
sequencing [NGS]); 4) an Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0-1; 5) a life
expectancy exceeding 12 weeks; 6) at least one meas-
urable lesion; 7) adequate hematological, hepatic and
renal function, mainly including bone marrow function:
absolute neutrophil count (ANC)>1.5x 10°/L, plate-
lets > 100 x 10°/L and hemoglobin >9 g/dL; coagulation
function: international normalized ratio of prothrombin
time or partial thromboplastin time < 1.5 times the upper
limit of normal range (ULN); liver function: total serum
bilirubin < 1.5 times ULN, aspartate aminotransferase
(AST) and ALT <2.5 times ULN (AST and ALT <5
times ULN are allowed if liver metastases are present);
renal function: serum creatinine<1.5 times ULN or
endogenous creatinine clearance>60 mL/min (calcu-
lated using the Cockcroft-Gault formula); 8) patients
should not have received any cytotoxic chemotherapy,
radiotherapy, immunotherapy or hormone therapy
within four weeks before BPI-9016M treatment; 9) prior
small-molecule targeted therapies should have been ter-
minated more than 14 days or five half-lives of the drug
(whichever was longer) before BPI-9016M treatment;
10) all treatment-related adverse events (TRAEs) (except
for alopecia) should have resolved to grade <1.

The key exclusion criteria were 1) any other malignan-
cies within five years (except for cured cervical cancer
in situ, skin squamous cell carcinoma or papillary thy-
roid cancer); 2) prior treatment with other hepatocyte
growth factor (HGF)/c-MET small-molecule inhibi-
tors or HGF/c-MET monoclonal antibodies, including
cabozantinib, merestinib, glesatinib, emibetuzumab,
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ficlatuzumab, etc.; 3) confirmed anaplastic lymphoma
kinase (ALK), c-ros oncogene 1 (ROSI) rearrangement
or ALK positive detected by Ventana IHC ALK (D5F3);
4) symptomatic brain metastasis; 5) thrombus or high
risk of developing thrombus; 6) any situations influenc-
ing the swallowing of BPI-9016M, or seriously influenc-
ing the absorption of BPI-9016M or PK parameters.

Study design

Patients enrolled in this study were divided into
two parts. In Part A, patients were enrolled into
the 300 mg QD, 450 mg QD and 600 mg QD dose
cohorts, the tumor samples collected during the pre-
screening period were detected by IHC staining, and
IHC staining score was detected as>2+ could be
enrolled. Patients with pre-existing ¢c-MET overex-
pression at hospital diagnosis were also included in
Part A. In Part B, patients in the 400 mg bis in die
(BID) dose cohort, blood and tissue samples were col-
lected to perform NGS to determine the MET exon
14 skipping mutation. Patients harboring pre-existing
MET exon 14 skipping mutation at hospital diagno-
sis were also enrolled into Part B. In Part A, three
dose cohorts were designed for locally advanced or
metastatic (stage IIIB/IIIC/IV) NSCLC patients with
¢-MET overexpression based on the results from pre-
vious phase I dose escalation study [20]. BPI-9016M
was given orally once a day until disease progres-
sion or intolerable toxicity, and 28 days were deemed
as a cycle. The starting dose cohort of BPI-9016M
was 300 mg QD. If three or more of 12 patients had
disease control (complete response [CR], partial
response [PR] or stable disease [SD]) at week 16, this
cohort could be expanded to enroll more patients. If
less than three of 12 patients had disease control, the
next dose cohort would begin. Combined with pre-
vious PK and efficacy results [20], dose at>600 mg
QD would not be evaluated considering the limited
additional antitumor activity for patients with c-MET
overexpression.

Based on a previous population PK model analysis
(data unpublished), following 400 mg BID, area under
the concentration-time curve (AUC) values for both BPI-
9016M and its main plasma metabolites were comparable
with that at 800 mg QD, and trough concentration rela-
tively elevated whereas maximum concentration (C,,,,)
was reduced. These data suggest 400 mg BID may better
maintains efficacy and decreases the overall incidence
and severity of TRAEs. Thus, in Part B, a dose of 400 mg
BID was selected for patients with locally advanced
or metastatic NSCLC who had MET exon 14 skipping
mutation.
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Imaging examinations including computed tomogra-
phy (CT), cranial contrast-enhanced CT or magnetic
resonance imaging were performed every eight weeks
at the first 12 cycles, and every 12 weeks thereafter. For
patients with disease progression, they could continue
the BPI-9016M treatment if the investigator and spon-
sor assessed that BPI-9016M could still bring benefit.
Dose adjustment was allowed according to the severity of
toxicity [Supplementary Table 1]. BPI-9016M should be
interrupted when patients had suspected interstitial lung
disease (ILD), and should be discontinued when ILD was
confirmed. If patients benefited from BPI-9016M without
grade >3 TRAEs and <33% of patients experienced DLT
in the dose cohort, they could enter a higher dose cohort
to continue the BPI-9016M treatment after agreement
among the investigator, sponsor and patients. In this situ-
ation, these patients would be included in the higher dose
cohort for efficacy analysis.

Endpoints and assessment

The primary endpoints were safety, ORR and DCR
assessed by investigators. Secondary endpoints included
progression-free survival (PFS) and overall survival
(OS). Adverse events (AEs) were recorded during the
study period and until 28 days after the last dose of BPI-
9016M, and graded according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 4.03. AEs referred to treat-
ment-emergent adverse events (TEAEs) and TRAEs
were assessed by investigators. Serious adverse events
(SAEs) referred to AEs meeting at least one of the fol-
lowing criteria: event leading to death; life-threatening
event; event requiring hospitalization or extension of
hospital stay; event leading to persistent or evident dis-
ability or dysfunction; event leading to congenital mal-
formation or birth defect or event which might lead
to injury or that need medical treatment to avoid the
above mentioned important medical events. Response
was evaluated according to the Response Evaluation
Criteria In Solid Tumors (RECIST) version 1.1 [21] by
investigators.

Efficacy was analyzed in full analysis set (FAS)
which included patients with at least one dose of BPI-
9016M. The safety was analyzed in safety set (SS) which
included patients with at least one dose of BPI-9016M
with safety assessment. ORR was defined as the pro-
portion of patients with CR or PR. DCR was defined as
the proportion of patients with CR, PR or SD. PFS was
defined as the time from the initiation of BPI-9016M
treatment to radiographic progression or death of any
cause, whichever occurred first. OS was defined as the
time from the initiation of BPI-9016M treatment to
death of any cause.
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PK assessment

PK profiles of BPI-9016M and its metabolites (M1 and
M2-2) in different dose cohorts (300 mg QD, 450 mg
QD and 600 mg QD) were evaluated during the continu-
ous administration of BPI-9016M for 28 days in Part A
which is also the pharmacokinetics analysis set (PKAS).
Serial peripheral blood samples were collected at pre-
dose on Cycle 1 Day 8, Cycle 1 Day 15 and Cycle 1 Day
22 for the trough concentration (C,gp) obtained dur-
ing the dosing interval. Serial peripheral blood samples
were collected at Cycle 1 Day 28 of BPI-9016M treat-
ment and at consecutive three days after Cycle 1 with-
out BPI-9016M treatment at 648 h, 649 h, 650 h, 652 h,
654 h, 656 h, 660 h, 672 h, 696 h, 720 h post-dose for PK
analysis. After Cycle 1, the Cy,, was measured every
4 or 8 or 12 weeks. The whole blood (3 mL) was taken
intravenously and placed in sodium heparin tubes, gen-
tly turned over 15 times, and centrifuged within 1 h (4 °C
3000 rpm for 10 min). Two portions of the centrifuged
upper plasma should be transferred to 1.5 mL centri-
fuge tubes with identification labels and stored at -80 °C.
The following PK parameters were assessed: time to
maximum plasma concentration at steady state (T ., )
overall body clearance at steady state for extravascular
dosage (CL/F), terminal half-life (T;,,), plasma Cyqgp
observed in Cycle 1 at steady state, total volume of drug
distribution at steady state according to the terminal
phase (V,/F), AUC over a dosing interval (AUC_),
ratio of metabolites to parent drug calculated based on
AUC,,, (MP ratio).

Statistical analysis

Statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC, USA). Age was expressed as
median (range), and categorical variables were expressed
as frequency (percentage). The 95% Cls of ORR and DCR
were calculated using Clopper-Pearson method. The 95%
ClIs of PFS and OS were calculated using Brookmeyer-
Crowley method. PK parameters were expressed as mean
(standard deviation) or median (range), and analyzed
using Phoenix version 8.0 (Certara, LP, Princeton, NJ,
USA). No imputation method was performed for missing
data.

Results

Patient characteristics

Between March 15, 2017 and September 18, 2021, 82
patients were screened, 44 patients failed screened,
and all the 38 patients were included in FAS and
SS (Fig. 1). In Part A, 34 patients with c-MET over-
expression were enrolled (12 patients in 300 mg
QD cohort, 12 patients in 450 mg QD cohort and
10 patients in 600 mg QD cohort). In Part B, four
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BPI-9016M treatment (N=38)

v
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Fig. 1 Flow chart. 'In the 300 mg QD cohort, one patient had protocol violation and no exact administration time of BPI-9016M, the sparse PK

data of four patients were analyzed based on population PK analysis without PK modeling, which were not included in PKAS. *In the 450 mg QD
cohort, the sparse PK data of five patients were analyzed based on population PK analysis without PK modeling, which were not included in PKAS.
fIn the 600 mg QD cohort, one patient discontinued over two-week treatment of BPI-9016M due to the poor compliance, the sparse PK data of two
patients were analyzed based on population PK analysis without PK modeling, which were not included in PKAS

QD quaque die, BID bis in die, TRAE treatment-related adverse event, FAS full analysis set, SS safety set, PKAS pharmacokinetics analysis set, PK

pharmacokinetics

patients with MET exon 14 skipping mutation were
enrolled into 400 mg BID cohort. Of these patients,
the median age was 60.0 years (range, 47-78 years),
with 20 (52.6%) patients being male. Most of them
had an ECOG PS of 1 (76.3%), lung adenocarci-
noma (94.7%), stage IV disease (92.1%), and had been
treated with prior chemotherapy or targeted therapy
(97.4%; Table 1).

Safety

As of the data cut-off date on January 27, 2022, the
median duration of BPI-9016M exposure was 2.1 months
(range, 0.3-9.3). All the 38 patients were included in SS
and had at least one TEAE, and grade>3 TEAEs were
reported in 14 (36.8%) patients. Five (13.2%) patients
had SAEs. One patient in the 450 mg QD cohort suffered
TEAE of pulmonary infection leading to death, which
was deemed unrelated to BPI-9016M.
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Table 1 Baseline characteristics of BPI-9016M treated patients
Characteristics Part A Part B Total (n=38)
300mgQD (n=12) 450mgQD(n=12) 600mgQD (n=10) 400 mgBID (n=4)
Age (years), median (range) 60.0 (47-78) 61.5 (50-66) 57.0 (52-65) 67.0 (67-76) 60.0 (47-78)
Sex, n (%)
Male 8(66.7) 4(333) (70.0) 25.0) 20 (52.6)
Female 4(33.3) (66.7) 3(30.0) 3(75.0) 18 (47.4)
ECOG PS, n (%)
0 4(333) 3(25.0) (20.0) 9(23.7)
1 8(66.7) 9(75.0) (80.0) 4(100.0) 29(76.3)
Tumor histology, n (%)
Adenocarcinoma 1191.7) 12 (100.0) 9(90.0) 4 (100.0) 36 (94.7)
Squamous cell carcinoma 0 1(10.0) 0 1(2.6)
Poorly-differentiated carcinoma 1(8.3) 0 0
Stage, n (%)
1113; 1(83) 1(83) 1(10.0) 3(7.9)
Y 11091.7) 11(91.7) 9(90.0) 4(100.0) 35(92.1)
c-MET/MET alteration status, n (%)
c-MET overexpression 12 (100.0) 12 (100.0) 10 (100.0) NE 34 (89.5)
MET exon 14 skipping mutation NE NE NE 4(100.0) 4(10.5)
Number of metastatic lesions, n (%)
<3 5(41.7) 5(41.7) 4 (40.0) (50.0) 16 (42.1)
>3 7 (58.3) 7 (58.3) 6 (60.0) (50.0) 22(57.9)
Prior treatment, n (%)
Surgery 1(83) 4(333) 4 (40.0) 1(25.0) 10 (26.3)
Radiotherapy 4(333) 4(333) 0 1(25.0) 9(23.7)
Chemotherapy or targeted therapy 12 (100.0) 12 (100.0) 10 (100.0) 3(75.0) 37 (974)
Others 1(83) 0 0 0 1(26)
Prior lines of systemic therapy, n (%)
0 0 0 0 1(25.0) 1(26)
1 3(25.0) 2(16.7) 1(10.0) 0 6(15.8)
2 5(41.7) 3(25.0) 5(50.0) 2(50.0) 15(39.5)
3 2(16.7) 3(25.0) 2(20.0) 0 7(184)
4 2(16.7) 3(25.0) 1(10.0) 1(25.0) 7(18.4)
>5 0 1(8.3) 1(10.0) 0 2(5.3)

Data are n (%), unless otherwise stated

ECOG Eastern Cooperative Oncology Group, PS performance status, MET mesenchymal-epithelial transition factor, QD quaque die, BID bis in die, NE not evaluable

A total of 35 (92.1%) patients had TRAEs, and grade >3
TRAEs occurred in 11 (28.9%) patients. One (2.6%) patient
had TRAE (grade 3 palmar-plantar erythrodysesthesia
[PPE]) leading to treatment discontinuation in 400 mg
BID cohort. One (2.6%) patient had treatment-related SAE
in 600 mg QD cohort (patient personally discontinued
drug due to thrombocytopenia, which recovered sponta-
neously). The most common TRAEs were elevated ALT
(14/38, 36.8%), elevated AST (11/38, 28.9%), dysgeusia
(9/38, 23.7%), PPE (9/38, 23.7%) and constipation (8/38,
21.1%). The most common grade >3 TRAE was PPE (4/38,

10.5%; Table 2). All TRAEs observed in this study were
listed in Supplementary Table 2.

Efficacy

Overall, 38 patients were included in FAS for efficacy
analysis (Table 3, Fig. 2). The ORR was 2.6% (1/38, 95%
CI 0.1-13.8%), and the DCR was 42.1% (16/38, 95% CI
26.3-59.2%). One (2.6%) patient achieved PR which
was in 600 mg QD cohort in Part A, and 15 (39.5%) of
all patients achieved SD. In Part A, the DCR of the
300 mg QD, 450 mg QD and 600 mg QD cohort were
41.7% (5/12, 95% CI 15.2-72.3%), 33.3% (4/12, 95% CI
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Table 3 Efficacy of BPI-9016M in FAS
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BOR, n (%) Part A PartB Total (n=38) n (%)
300mg QD (n=12) 450mg QD (n=12) 600 mg QD (n=10) 400 mg BID (n=4)
CR 0 0 0 0 0
PR 0 0 1(10.0) 0 1(2.6)
SD 5(41.7) 4(333) 3(30.0) 3(75.0) 15(39.5)
PD 7(58.3) 6 (50.0) 2(20.0) 0 15 (39.5)
NE 0 2(16.7) 4 (40.0) 1(25.0) 7(184)
ORR (95% Cl) 01(0, 26.5) 0(0, 26.5) 10.0 (0.3,44.5) 0(0,60.2) 26(0.1,13.8)
DCR (95% Cl) 41.7(15.2,72.3) 333(9.9,65.1) 40.0(12.2,73.8) 75.0 (19.4,99.4) 42.1(26.3,59.2)
PFS, months
Median (95% Cl) 19(1.9,56) 19(1.1,3.8) 1.8(1.2,39) 34(3.2,37) 19(1.9,37)
OS, months
Median (95% Cl) NE (4.0, NE) 9.3 (2.6, NE) NE (2.6, NE) NE (NE, NE) 10.3 (7.3,NE)

FAS full analysis set, BOR best of response, CR complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluable, ORR objective
response rate, C/ confidence interval, DCR disease control rate, PFS progression-free survival, OS overall survival, QD quaque die, BID bis in die

Best percentage change from baseline (%)

-60 Part A #------Part B
=70 4

-80 300 mg QD (N=12) 450 mg QD(N=10) 600 mg QD (N=6) 400 mgBID (N=3)
904 | | |
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Fig. 2 Waterfall plots of best change in the target lesion size from baseline of BPI-9016M treated patients. The dashed lines at 20% and -30%
indicate the thresholds for PD and PR, respectively. Seven patients (two patients in the 450 mg QD cohort, four patients in the 600 mg QD cohort

and one patient in the 400 mg BID cohort) were not evaluable

QD quaque die, BID bis in die, PD progressive disease, SD stable disease, PR partial response

9.9-65.1%) and 40.0% (4/10, 95% CI 12.2-73.8%), respec-
tively. In Part B, three patients achieved SD, and DCR in
400 mg BID cohort was 75.0% (3/4, 95% CI 19.4-99.4%).
The median PFS in all 38 patients was 1.9 months
(95% CI 1.9-3.7; Fig. 3A). In Part A, the median PFS
in the 300 mg QD, 450 mg QD and 600 mg QD cohort
was 1.9 months (95% CI 1.9-5.6), 1.9 months (95% CI
1.1-3.8) and 1.8 months (95% CI 1.2-3.9), respectively. In
Part B, the median PFS was 3.4 months (95% CI 3.2-3.7)
(Fig. 3B). The median OS in all patients was 10.3 months
(95% CI 7.3—not evaluable [NE]; Fig. 3C). In Part A, the
median OS was NE (95% CI 4.0 months—NE), 9.3 months

(95% CI 2.6—NE) and NE (95% CI 2.6 months—NE) in the
300 mg QD, 450 mg QD and 600 mg QD cohort, respec-
tively. In Part B, the median OS was NE (95% CI NE-NE)
(Fig. 3D).

PK

A total of 21 patients in Part A were included in PKAS.
Thirteen patients in Part A were not included in PKAS,
the reason included: one patient in the 300 mg QD
cohort had protocol violation and no exact adminis-
tration time of BPI-9016M; one patient in the 600 mg
QD cohort discontinued over two-week treatment of
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Fig. 3 Kaplan—Meier curves for PFS and OS of BPI-9016M treated patients. A: Kaplan—Meier curve of PFS for all patients (N = 38). B: Kaplan-Meier

curve of PFS for all four dose cohorts (300 mg QD, 450 mg QD, 600 mg QD and 400 mg BID). C: Kaplan—-Meier curve of OS for all patients (N=38). D:
Kaplan-Meier curve of OS for all four dose cohorts (300 mg QD, 450 mg QD, 600 mg QD and 400 mg BID)

PFS progression-free survival, OS overall survival, QD quaque die, BID bis in die, C/ confidence interval, NE not evaluable

BPI-9016M due to the poor compliance; and the sparse
plasma PK data from other 11 patients in Part A (four
patients in the 300 mg QD cohort, five patients in the
450 mg QD cohort, and two patients in the 600 mg QD
cohort) were analyzed based on population PK analysis
without PK modeling. Therefore, in this study, we only
used the PK data of 21 patients to assess the PK profiles
of BPI-9016M and its metabolites (M1 and M2-2). Fol-
lowing the Cycle 1 of BPI-9016M treatment, PK param-
eters of BPI-9016M, and its major metabolites M1 and
M2-2 were summarized in Table 4 and Fig. 4. Accord-
ing to the results among the three dose cohorts (300 mg
QD, 450 mg QD and 600 mg QD) in PKAS after multiple
doses for 28 days, the median T, of BPI-9016M was
4.0 h, other parameters for BPI-9016M such as the mean
CL/F ranged from 50.4 L/h to 83.2 L/h, the mean T,
ranged from 11.2 h to 12.7 h and the mean V,, . /F ranged
from 781.0 L to 1780.0 L. These PK parameters showed
no clear difference to previous phase I results [20]. The
mean T, of M1 ranged from 19.8 h to 21.8 h. For M2-2,
its mean T, was not able to estimate in the 450 mg QD
and 600 mg QD cohorts, and 21.3 h in the 300 mg QD
cohort. The MP ratio calculated based on AUC,,, ranged
from 6.0 to 9.1 for M1, and ranged from 4.1 to 5.7 for
M2-2. Major PK parameters of BPI-9016M, M1 and
M2-2 after treatment with multiple doses of BPI-9016M
for 28 days in Cycle 1 based on population PK analysis
were given in Supplementary Table 3. The mean trough
concentration of BPI-9016M, M1 and M2-2 after treat-
ment with multiple doses of BPI-9016M at Cycle 1 Day

8, Day 15 and Day 22 based on routine PK analysis were
listed in Supplementary Table 4.

Discussion

BPI-9016M is a novel small-molecule TKI that targets
both c-MET and AXL, which inhibits tumor cell growth,
migration and invasion in NSCLC. This phase Ib dose-
expansion study in 38 c-MET overexpression or MET
exon 14 skipping mutation patients with locally advanced
or metastatic NSCLC showed that BPI-9016M was well-
tolerated in each dose cohort, and exhibited potential
antitumor activity in those with c-MET overexpression
or MET exon 14 skipping mutation.

This study showed that 92.1% of patients had TRAEs,
and 28.9% had grade >3 TRAEs. One (2.6%) patient dis-
continued the study treatment owing to TRAE. The most
common TRAEs were elevated ALT (36.8%), elevated
AST (28.9%), dysgeusia (23.7%), PPE (23.7%) and con-
stipation (21.1%). No treatment-related deaths occurred.
The phase I GEOMETRY mono-1 study evaluated cap-
matinib in MET exon 1l4-mutated or MET-amplified
NSCLC patients. The most common TEAEs were periph-
eral edema (51%) and nausea (45%), and most of them
were grade 1 or 2. A total of 39 (11%) patients discon-
tinued the treatment due to TRAEs [14]. In the phase II
VISION study of patients with NSCLC and MET exon
14 skipping mutation treated with tepotinib, 42 (28%)
patients experienced grade >3 TEAEs, including periph-
eral edema (7%). In addition, 11% of patients discontin-
ued tepotinib treatment due to TRAEs [13]. A phase II
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Table 4 Major PK parameters of BPI-90016M, M1 and M2-2 after treatment with multiple doses of BPI-9016M for 28 days in Part A

PK Parameters

300mg QD (n=7)

450mg QD (n=7)

600mg QD (n=7)

Mean (SD) Mean (SD) Mean (SD)

AUC,,, (h x ng/mL)

BPI-9016M 7680.0 (4120.0) 11,000.0 (5970.0) 10,100.0 (5350.0)

M1 48,200.0 (20,500.0) 60,200.0 (25,100.0) 73,400.0 (19,600.0)

M2-2 32,400.0 (12,200.0) 38,200.0 (13,500.0) 46,300.0 (10,600.0)
Cinax.ss (ng/mL)

BPI-9016M 794.0 (370.0) 932.0 (480.0) 788.0 (394.0)

M1 2510.0 (969.0) 3150.0 (1310.0) 3880.0 (863.0)

M2-2 2300.0 (940.0) 2610.0 (972.0) 2730.0 (344.0)
Crnin,ss (ng/mL)

BPI-9016M 104.0 (49.0) 168.0 (127.0) 157.0 (89.6)

M1 1770.0 (910.0) 2100.0 (818.0) 2540.0 (601.0)

M2-2 1030.0 (342.0) 1150.0 (373.0) 1450.0 (269.0)
Trnasss ()

BPI-9016M 39(20) 4.0(1.0) 39(2.0)

M1 0.0(0.0) 1.1(0.0) 1.0(0.0)

M2-2 0.0 (0.0) 0.0 (0.0) 1.0 (0.0)
T2 (h)

BPI-9016M 11.2(2.8) 11.8 (4.8 12.7 (4.8)

M1 19.8 (3.6) 21.7 (3.0) 21.8(2.9)

M2-2 21.3 (NE) NE (NE) NE (NE)
Ctrough (ng/mL)

BPI-9016M 1135 (55.0) 184.1 (131.2) 203.9(99.2)

M1 2294.0 (965.6) 3002.9 (1370.5) 33729 (615.1)

M2-2 21124 (952.7) 2564.3 (966.6) 25443 (432.4)
CL,/F (L/h)

BPI-9016M 50.4 (25.6) 57.6 (39.5) 83.2 (58.9)
V,s/F (L)

BPI-9016M 781.0 (357.0) 1050.0 (974.0) 1780.0 (2080.0)
MP ratio

M1 70(2.1) 6.0 (1.4) 9.1(4.7)

M2-2 49(22) 4.1 (2.0) 5732

Data are mean (SD), unless otherwise stated. One patient in the 300 mg QD cohort had protocol violation and no exact administration time of BPI-9016M. One patient
in the 600 mg QD cohort discontinued over two-week treatment of BPI-9016M due to the poor compliance. The sparse plasma PK data from other 11 patients were
analyzed based on population PK analysis without PK modeling, therefore 21 patients were included in PKAS

PK pharmacokinetics, AUC area under the concentration-time curve, AUC,,, AUC over a dosing interval, C,,, .. maximum plasma concentration at steady state,
Cinin,ss Minimum plasma concentration at steady state, T, ; time to maximum plasma concentration at steady state, T;, terminal time of half-life, C;,5,4s trough
concentration, CL,/F overall body clearance at steady state for extravascular dosage, V, /F total volume of drug distribution at steady state according to the terminal

phase, MP ratio ratio of metabolites to parent drug calculated based on AUC,,,, QD quaque die, SD standard deviation, NE not evaluable, PKAS pharmacokinetics

analysis set

study of savolitinib in Chinese patients with NSCLC har-
boring MET exon 14 skipping mutation showed that the
incidence of grade>3 TRAEs was 46%, with the most
common being increased AST (13%), increased ALT
(10%) and peripheral oedema (9%) [15]. The safety profile
of BPI-9016M was numerically similar with other MET
TKIs in previous studies [13—15], and no new safety sig-
nals were identified.

The GEOMETRY mono-1 study showed that the ORR
with capmatinib was 41% in patients with previously

treated MET exon 14-mutated NSCLC and 68% in treat-
ment-naive patients. Further analyses for patients with
MET amplification showed limited efficacy in those
with gene copy number<10 (ORR: 7-12%), but favora-
ble efficacy in those with gene copy number >10 (ORR:
29% in patients with previously treated NSCLC, and 40%
in treatment-naive patients). Seven of 13 patients who
had brain metastases at baseline achieved intracranial
response, including four CR [14]. In the phase II study
of tepotinib, the ORR was 55% (95% CI 23-83%) in 11
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Fig. 4 Mean plasma concentration—time profiles of BPI-9016M and its main metabolites (M1 and M2-2). A: Plasma concentration-time curve of
BPI-9016M PK assessed in Cycle 1 Day 28 of dose-expansion phase at 648 h, 649 h, 650 h, 652 h, 654 h, 656 h, 660 h, 672 h, 696 h, 720 h after Cycle

1 first dose of BPI-9016M. B: Plasma concentration-time curve of M1 PK assessed in Cycle 1 Day 28 of dose-expansion phase at 648 h, 649 h, 650 h,
652 h, 654 h, 656 h, 660 h, 672 h, 696 h, 720 h after Cycle 1 first dose of BPI-9016M. C: Plasma concentration—time curve of M2-2 PK assessed in Cycle
1 Day 28 of dose-expansion phase at 648 h, 649 h, 650 h, 652 h, 654 h, 656 h, 660 h, 672 h, 696 h, 720 h after Cycle 1 first dose of BPI-9016M

QD quaque die, PK pharmacokinetics

NSCLC patients harboring MET exon 14 skipping muta-
tion with brain metastases [13]. Another phase II study
of savolitinib, the DCR was 93.3% (95% CI 68.1-99.8%)
in the 15 MET exon 14-mutated NSCLC patients with
brain metastases [15]. In a retrospective real-world study,
capmatinib yielded an ORR of 58% and a median PFS of
9.5 months in MET exon 14-mutated NSCLC [22]. The
VISION study of tepotinib exhibited an ORR of 56%
(95% CI 45-66%) in patients with locally advanced or
metastatic NSCLC and MET exon 14 skipping mutation,
regardless of previously treated or untreated NSCLC
investigator assessed [13]. The phase II study of savoli-
tinib in Chinese patients with NSCLC harboring MET
exon 14 skipping mutation showed an ORR of 42.9%
(95% CI 31.1-55.3%) in FAS [15]. The phase II AcSé
study of crizotinib in patients with MET- or ROSI-pos-
itive NSCLC showed that the ORR was 16% in patients
with MET copy number > 6, and 10.7% in patients with
MET mutation [23]. In this study, the ORR of BPI-9016 M
was only 2.6% (1/38, 95% CI 0.1-13.8%) in FAS, the ORR
was 2.9% (1/34, 95% CI 0.07-15.33%) and 0% in Part A
and Part B, respectively. One PR patient was observed
at a dose of 600 mg QD in Part A. Though this patient
suffered from TRAE, the treatment was not discontin-
ued and PR was achieved. Part A of this study enrolled
patients with ¢-MET overexpression (IHC staining
score>2+), without screening of MET exon 14 skip-
ping mutation or MET amplification. This was inconsist-
ent with other studies which only enrolled patients with
MET exon 14 skipping mutation or MET amplification.
The GEOMETRY mono-1 study showed that patients
with MET exon 14 skipping mutation seemed to have
better treatment response and survival than those with
MET amplification [14]. This indicated that patients with
MET exon 14 skipping mutation might be a better target
population, which also supported our further study in

Part B. However, due to the limited sample size and short
follow-up duration, the activity of BPI-9016M in patients
with both c-MET overexpression and MET exon 14 skip-
ping mutation still needs further investigation.

The c-MET is overexpressed in approximately 35-72%
of NSCLC and was determined by IHC [10, 11]. C-MET
overexpression induces ligand-independent phospho-
rylation that influences downstream signaling pathways,
which is linked to poor survival [11]. An IHC score
3+ was observed in 11 of 76 patients with MET-positive
solid tumors in the phase I study of capmatinib [17]. A
total of 48 patients with c-MET overexpression (H-score
of >150) were enrolled into the phase I study of teliso-
tuzumab vedotin in patients with advanced solid tumors
[18]. Nevertheless, MET TKIs have not yet been studied
extensively in NSCLC patients with ¢c-MET overexpres-
sion. In this study, c-MET overexpression was defined
as IHC score>2+4, which was inconsistent with pre-
vious studies [17]. Further study is needed to deter-
mine the threshold for IHC scores indicating c-MET
overexpression.

Given the above-mentioned limitations, we suggest
some valuable points for future studies. First, mono-
therapy of BPI-9016M targeting patients with c-MET
overexpression (IHC staining score 3+), MET amplifi-
cation or MET exon 14 skipping mutation would prob-
ably present promising results, as subgroup analyses of
previous study has suggested that patients with c-MET
overexpression of IHC 3 4 owned good sensitivity to such
therapy [24]. Then, combination therapy containing BPI-
9016M and EGFR TKIs for patients with EGFR sensitiz-
ing mutation, or patients with c-MET dysregulation and
acquired resistance to EGFR TKIs worth further investi-
gation. Moreover, given the high programmed cell death-
ligand 1 (PD-L1) expression level reported in patients
with ¢-MET overexpression or MET amplification [25],
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BPI-9016M combined with immunotherapy for this
patient population would also be a potential focus. How-
ever, the expression of PD-L1 was not detected at base-
line in this study, which should be further evaluated.

In summary of this study, BPI-9016M showed manage-
able safety profile in c-MET overexpression or MET exon
14 skipping mutation patients with locally advanced or
metastatic NSCLC, but showed limited efficacy. Patients
with MET exon 14 skipping mutation seemed to have rel-
atively preferable antitumor activity. Further exploration
of BPI-9016M will be conducted in a larger sample size
with both c-MET overexpression and MET exon 14 skip-
ping mutation.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512885-022-10500-y.

Additional file 1: Supplementary Table 1. Dose adjustment crite-

ria. Supplementary Table 2. TRAEs of BPI-9016M occurring in SS. Supple-
mentary Table 3. Major PK parameters of BPI-9016M, M1and M2-2 after
treatment with multiple doses of BPI-9016M for 28 days in Cycle 1 based
on population PK analysis. Supplementary Table 4. Mean C 4y, of BPI-
9016M, M1 and M2-2 after treatment with multiple doses of BPI-9016M at
Cycle 1 Day 8, Day 15 and Day 22 based on routine PK analysis.

Acknowledgements

We thank the patients and their family in this study. We thank Dr. Haizhu Chen,
Dr. Liling Huang and Dr. Tongji Xie (National Cancer Centre/National Clinical
Research Centre for Cancer/Cancer Hospital, Chinese Academy of Medical
Sciences & Peking Union Medical College, China) for manuscript editing
assistance.

Authors’ contributions

YKS and XHH were responsible for the overall conception and design of the
study and for the interpretation of the data, writing, revising and editing of
the manuscript. XSH, XC, ZPW, YPL, YL, WZ, HZ, MXY, DJ, MXW, MJC, XZ, LMD,
YW, XBY, PXW, BH, XHH and YKS were involved in patient recruitment and
data acquisition. XBY and PXW wrote the manuscript. All authors read and
approved the final manuscript.

Funding

This study was funded by Betta Pharmaceuticals Co, Ltd, Hangzhou, China,
and partly supported by China National Major Project for New Drug Innova-
tion (20172X09304015).

Availability of data and materials

Data generated and analysed in this study are on file with Betta Pharmaceuti-
cals Co,, Ltd, Hangzhou, China, and are not publicly available according to the
company. The data (such as efficacy and safety) produced during the trial are
available from the corresponding authors upon reasonable request.

Declarations

Ethics approval and consent to participate

The present study protocols were approved by the ethics committees of each
involved hospital (Cancer Hospital, Chinese Academy of Medical Sciences &
Peking Union Medical College; Beijing Cancer Hospital; Peking Union Medical
College Hospital, Chinese Academy of Medical Sciences & Peking Union
Medical College; The First Hospital of China Medical University; The Second
Affiliated Hospital of Anhui Medical University; and Hebei Tumor Hospital)

in accordance with the Declaration of Helsinki. Patients provided informed
consent to participate in this study.

Page 12 of 13

Consent for publication
Not applicable.

Competing interests

This study receives research sponsorship from Hangzhou Betta Pharmaceuti-
cals Co,, Ltd, Hangzhou, China. The other authors report no conflicts related to
the current manuscript.

Author details

! Department of Medical Oncology, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical
Sciences & Peking Union Medical College, Beijing Key Laboratory of Clini-

cal Study on Anticancer Molecular Targeted Drugs, No. 17 Panjiayuan Nanli,
Chaoyang District, Beijing 100021, China. 2Clinical Pharmacology Research
Center, State Key Laboratory of Complex Severe and Rare Diseases, NMPA Key
Laboratory for Clinical Research and Evaluation of Drug, Beijing Key Laboratory
of Clinical PK & PD Investigation for Innovative Drugs, Peking Union Medical
College Hospital, Chinese Academy of Medical Sciences & Peking Union
Medical College, No.1 Shuaifuyuan, Dongcheng District, Beijing 100730, China.
3Department of Thoracic Oncology, Beijing Cancer Hospital, Beijing, China.
“Department of Medical Oncology, The First Hospital of China Medical Univer-
sity, Liaoning, China. >Department of Respiratory and Critical Care Medicine,
Peking Union Medical College Hospital, Chinese Academy of Medical Sciences
& Peking Union Medical College, Beijing, China. °Department of Respiratory
Medicine, The Second Affiliated Hospital of Anhui Medical University, Anhui,
China.’Department of Oncology, Hebei Tumor Hospital, Hebi, China. ®Betta
Pharmaceuticals Co,, Ltd, Hangzhou, China.

Received: 9 September 2022 Accepted: 30 December 2022
Published online: 11 April 2023

References
Cecchi F, Rabe DC, Bottaro DP. Targeting the HGF/Met signaling pathway
in cancer therapy. Expert Opin Ther Targets. 2012;16(6):553-72.

2. Tsao MS, Liu N, Chen JR, Pappas J, Ho J, To C, Viallet J, Park M, Zhu H.
Differential expression of Met/hepatocyte growth factor receptor in
subtypes of non-small cell lung cancers. Lung Cancer. 1998;20(1):1-16.

3. YuHA, Arcila ME, Rekhtman N, Sima CS, Zakowski MF, Pao W, Kris MG,
Miller VA, Ladanyi M, Riely GJ. Analysis of tumor specimens at the time
of acquired resistance to EGFR-TKI therapy in 155 patients with EGFR-
mutant lung cancers. Clin Cancer Res. 2013;19(8):2240-7.

4. Minari R, Bordi P, Tiseo M. Third-generation epidermal growth factor
receptor-tyrosine kinase inhibitors in T790M-positive non-small cell
lung cancer: review on emerged mechanisms of resistance. Transl Lung
Cancer Res. 2016;5(6):695-708.

5. BeanJ, Brennan C, Shih JY, Riely G, Viale A, Wang L, Chitale D, Motoi N,
Szoke J, Broderick S, et al. MET amplification occurs with or without
T790M mutations in EGFR mutant lung tumors with acquired resistance
to gefitinib or erlotinib. Proc Natl Acad Sci U S A. 2007;104(52):20932-7.

6. Chen HJ, Mok TS, Chen ZH, Guo AL, Zhang XC, Su J, Wu YL. Clinicopatho-
logic and molecular features of epidermal growth factor receptor T790M
mutation and c-MET amplification in tyrosine kinase inhibitor-resistant
chinese non-small cell lung cancer. Pathol Oncol Res. 2009;15(4):651-8.

7. Vuong HG, Ho ATN, Altibi AMA, Nakazawa T, Katoh R, Kondo T. Clin-
icopathological implications of MET exon 14 mutations in non-small
cell lung cancer - a systematic review and meta-analysis. Lung Cancer.
2018;123:76-82.

8. Awad MM, Oxnard GR, Jackman DM, Savukoski DO, Hall D, Shivdasani P,
Heng JC, Dahlberg SE, Janne PA, Verma S, et al. MET exon 14 mutations in
non-small-cell lung cancer are associated with advanced age and stage-
dependent MET genomic amplification and c-Met overexpression. J Clin
Oncol. 2016;34(7):721-30.

9.  Schrock AB, Frampton GM, Suh J, Chalmers ZR, Rosenzweig M, Erlich RL,
Halmos B, Goldman J, Forde P, Leuenberger K, et al. Characterization of
298 patients with lung cancer harboring MET exon 14 skipping altera-
tions. J Thorac Oncol. 2016;11(9):1493-502.

10. Yeung SF, Tong JHM, Law PPW, Chung LY, Lung RWM, Tong CYK, Chow C,
Chan AWH, Wan IYP, Mok TSK, et al. Profiling of oncogenic driver events in


https://doi.org/10.1186/s12885-022-10500-y
https://doi.org/10.1186/s12885-022-10500-y

Hu et al. BMC Cancer

20.

21.

22.

23.

24.

25.

(2023) 23:331

Lung Adenocarcinoma revealed MET mutation as independent prognos-
tic factor. J Thorac Oncol. 2015;10(9):1292-300.

. Lee M, Jain P, Wang F, Ma PC, Borczuk A, Halmos B. MET alterations and

theirimpact on the future of non-small cell lung cancer (NSCLC) targeted
therapies. Expert Opin Ther Targets. 2021;25(4):249-68.

Fujino T, Suda K, Mitsudomi T. Emerging MET tyrosine kinase inhibitors for
the treatment of non-small cell lung cancer. Expert Opin Emerg Drugs.
2020;25(3):229-49.

Paik PK, Felip E, Veillon R, Sakai H, Cortot AB, Garassino MC, Mazieres

J, Viteri S, Senellart H, Van Meerbeeck J, et al. Tepotinib in non-small-

cell lung cancer with MET exon 14 skipping mutations. N Engl J Med.
2020;383(10):931-43.

Wolf J, Seto T, Han JY, Reguart N, Garon EB, Groen HJM, Tan DSW, Hida T,
de Jonge M, Orlov SV, et al. Capmatinib in MET exon 14-mutated or MET-
amplified non-small-cell lung cancer. N Engl J Med. 2020;383(10):944-57.
LuS, Fang J, Li X, Cao L, Zhou J, Guo Q, Liang Z, Cheng V, Jiang L, Yang N,
et al. Once-daily savolitinib in chinese patients with pulmonary sarcoma-
toid carcinomas and other non-small-cell lung cancers harbouring MET
exon 14 skipping alterations: a multicentre, single-arm, open-label, phase
2 study. Lancet Respir Med. 2021;9(10):1154-64.

Sequist LV, Han JY, Ahn MJ, Cho BC, Yu H, Kim SW, Yang JC, Lee JS, SuWC,
Kowalski D, et al. Osimertinib plus savolitinib in patients with EGFR muta-
tion-positive, MET-amplified, non-small-cell lung cancer after progression
on EGFR tyrosine kinase inhibitors: interim results from a multicentre,
open-label, phase 1b study. Lancet Oncol. 2020;21(3):373-86.

Bang YJ, SuWC, Schuler M, Nam DH, Lim WT, Bauer TM, Azaro A, Poon
RTP, Hong D, Lin CC, et al. Phase 1 study of capmatinib in MET-positive
solid tumor patients: dose escalation and expansion of selected cohorts.
Cancer Sci. 2020;111(2):536-47.

. Strickler JH, Weekes CD, Nemunaitis J, Ramanathan RK, Heist RS, Morgen-

sztern D, Angevin E, Bauer TM, Yue H, Motwani M, et al. First-in-human
phase |, dose-escalation and -expansion study of Telisotuzumab Vedotin,
an antibody-drug conjugate targeting c-Met, in patients with advanced
solid tumors. J Clin Oncol. 2018;36(33):3298-306.

. Zhang P LiS, Lv G, SiJ, Xiong Y, Ding L, Ma Y, Yang Y. BPI-9016 M, a c-Met

inhibitor, suppresses tumor cell growth, migration and invasion of lung
adenocarcinoma via miR203-DKKT1. Theranostics. 2018;8(21):5890-902.
Hu X, Zheng X, Yang S, Wang L, Hao X, Cui X, Ding L, Mao L, Hu P, Shi Y.
First-in-human phase | study of BPI-9016 M, a dual MET/AxI inhibitor, in
patients with non-small cell lung cancer. J Hematol Oncol. 2020;13(1):6.
Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
Dancey J, Arbuck S, Gwyther S, Mooney M, et al. New response evalua-
tion criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J
Cancer. 2009;45(2):228-47.

Illini O, Fabikan H, Swalduz A, Vikstrom A, Krenbek D, Schumacher M,
Dudnik E, Studnicka M, Ohman R, Wurm R, et al. Real-world experience
with capmatinib in MET exon 14-mutated non-small cell lung cancer
(RECAP): a retrospective analysis from an early access program. Ther Adv
Med Oncol. 2022;14:17588359221103206.

Moro-Sibilot D, Cozic N, Perol M, Mazieres J, Otto J, Souquet PJ, Bahl-

eda R, Wislez M, Zalcman G, Guibert SD, et al. Crizotinib in c-MET- or
ROS1-positive NSCLC: results of the AcSe phase Il trial. Ann Oncol.
2019;30(12):1985-91.

Wu YL, Cheng Y, Zhou J, Lu S, Zhang Y, Zhao J, Kim DW, Soo RA, Kim

SW, Pan H, et al. Tepotinib plus gefitinib in patients with EGFR-mutant
non-small-cell lung cancer with MET overexpression or MET amplification
and acquired resistance to previous EGFR inhibitor (INSIGHT study): an
open-label, phase 1b/2, multicentre, randomised trial. Lancet Respir Med.
2020;8(11):1132-43.

Yoshimura K, Inoue Y, Tsuchiya K, Karayama M, Yamada H, Iwashita Y,
Kawase A, Tanahashi M, Ogawa H, Inui N, et al. Elucidation of the relation-
ships of MET protein expression and gene copy number status with
PD-L1 expression and the immune microenvironment in non-small cell
lung cancer. Lung Cancer. 2020;141:21-31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Safety, efficacy and pharmacokinetics of BPI-9016M in c-MET overexpression or MET exon 14 skipping mutation patients with locally advanced or metastatic non-small-cell lung cancer: a phase Ib study
	Abstract 
	Background 
	Methodsdesign 
	Results 
	Conclusion 
	Trial registration 

	Background
	Methodsdesign
	Patients
	Study design
	Endpoints and assessment
	PK assessment
	Statistical analysis

	Results
	Patient characteristics
	Safety
	Efficacy
	PK

	Discussion
	Anchor 21
	Acknowledgements
	References


