
1556  |     Cancer Science. 2021;112:1556–1566.wileyonlinelibrary.com/journal/cas

 

Received: 10 September 2020  |  Revised: 17 January 2021  |  Accepted: 24 January 2021

DOI: 10.1111/cas.14826  

O R I G I N A L  A R T I C L E

Capmatinib in Japanese patients with MET exon 14  
skipping– mutated or MET- amplified advanced NSCLC: 
GEOMETRY mono- 1 study

Takashi Seto1 |   Kadoaki Ohashi2 |   Shunichi Sugawara3 |   Makoto Nishio4  |   
Masayuki Takeda5 |   Keisuke Aoe6 |   Sanae Moizumi7  |   Satoshi Nomura7 |   
Takeshi Tajima7 |   Toyoaki Hida8

This is an open access article under the terms of the Creative Commons Attribution NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.

Clinical trial registration: ClinicalTrials.gov (identifier NCT02414139).  

Abbreviations: AE, adverse event; AUC, area under the curve; BIRC, blinded independent review committee; CI, confidence interval; Cmax, maximum concentration; CNS, central 
nervous system; CR, complete response; DCR, disease control rate; DOR, duration of response; GCN, gene copy number; HGF, hepatocyte growth factor; ILD, interstitial lung disease; 
METΔex14, MET gene exon 14 skipping; NSCLC, non- small- cell lung cancer; ORR, overall response rate; PD, progressive disease; PFS, progression- free survival; PK, pharmacokinetic; 
PR, partial response; QTc, corrected QT; RTK, receptor tyrosine kinase; SD, stable disease; tmax, time to the maximum concentration; TTR, time to response.

1Department of Thoracic Oncology, National 
Hospital Organization Kyushu Cancer 
Center, Fukuoka, Japan
2Department of Respiratory Medicine, 
Okayama University Hospital, Okayama, 
Japan
3Sendai Kousei Hospital, Miyagi, Japan
4Thoracic Center, Cancer Institute Hospital 
of JFCR, Tokyo, Japan
5Department of Medical Oncology, Kindai 
University Faculty of Medicine, Osaka, 
Japan
6Department of Medical Oncology, National 
Hospital Organization Yamaguchi- Ube 
Medical Center, Yamaguchi, Japan
7Development Division, Novartis Pharma 
K.K., Tokyo, Japan
8Department of Thoracic Oncology, Aichi 
Cancer Center Hospital, Aichi, Japan

Correspondence
Takashi Seto, Department of Thoracic 
Oncology, National Hospital Organization 
Kyushu Cancer Center, 3- 1- 1 Notame, 
Minami- Ku, Fukuoka 811- 1395, Japan.
Email: setocruise@gmail.com

Funding information
Novartis

Abstract
MET mutations leading to exon 14 skipping (METΔex14) are strong molecular drivers 
for non– small- cell lung cancer (NSCLC). Capmatinib is a highly potent, selective oral 
MET inhibitor that showed clinically meaningful efficacy and a manageable safety 
profile in a global phase II study (GEOMETRY mono- 1, NCT02414139) in patients 
with advanced METΔex14- mutated/MET- amplified NSCLC. We report results of 
preplanned analyses of 45 Japanese patients according to MET status (METΔex14- 
mutated or MET- amplified) and line of therapy (first-  [1L] or second- /third- line [2/3L]). 
The starting dose was 400 mg twice daily. The primary endpoint was the objective 
response rate (ORR) assessed by a blinded independent review committee. A key 
secondary endpoint was duration of response (DOR). Among METΔex14- mutated 
patients, in the 1L group, one patient achieved partial response (DOR of 4.24 months) 
and the other had stable disease. In the 2/3L group, the ORR was 36.4% (95% confi-
dence interval [CI] 10.9%- 69.2%), median DOR was not evaluable, and progression- 
free survival was 4.70 months. One patient (2/3L group) showed partial resolution 
of brain lesions per independent neuroradiologist review. In MET- amplified patients 
with a MET gene copy number of ≥10, the ORR was 100% (2/2 patients) in the 1L 
group and 45.5% (5/11 patients) in the 2/3L group, with DOR of 8.2 and 8.3 months, 
respectively. Common treatment- related adverse events among the 45 Japanese pa-
tients were blood creatinine increased (53.3%), nausea (35.6%), and oedema periph-
eral (31.1%); most were grade 1/2 severity. In conclusion, capmatinib was effective 
and well tolerated by Japanese patients with METΔex14/MET- amplified NSCLC, con-
sistent with the overall population.
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1  | INTRODUC TION

Non– small- cell lung cancer (NSCLC) is the most common type of 
lung cancer and is usually very serious, as about a third of patients 
present with advanced stage III or IV disease and have a very poor 
prognosis.1,2 Accordingly, understanding the pathogenesis and iden-
tifying possible therapeutic targets has been a key focus of research. 
In the last few decades, receptor tyrosine kinases (RTKs) have been 
identified as potential therapeutic targets for NSCLC. One such 
RTK is the hepatocyte growth factor (HGF) receptor, also known as 
MET.3 Dysregulation of the MET pathway may result from several 
mechanisms, including MET mutation,4,5 MET gene amplification,6- 8 
or overexpression of MET protein.9,10 MET is thought to promote 
tumor cell proliferation, survival, invasion, and metastasis as well as 
tumor angiogenesis.11 Recent studies have highlighted that muta-
tions leading to MET gene exon 14 skipping (METΔex14) are strong 
molecular drivers of NSCLC.4,12 This is a rare alteration that occurs 
in approximately 2%- 4% of patients with NSCLC, with a similar rate 
in Japanese and non- Japanese or Western populations, and is usually 
mutually exclusive with other molecular drivers.4,13 METΔex14 is also 
associated with impaired MET receptor degradation and enhanced 
oncogenic transformation due to increased levels of MET.14,15 In 
some patients, this mutation is accompanied by MET amplification 
or increased gene copy number (GCN).15- 18 METΔex14 is also associ-
ated with a poor prognosis of NSCLC,4,5,13,19- 23 and patients carrying 
this mutation typically show poor responses to standard therapies 
including immunotherapies in patients with high programmed death 
ligand- 1 expression or a high tumor mutational burden.4,5,22,24- 28 
Therefore, there is strong rationale for using MET inhibitors to treat 
METΔex14- mutated NSCLC as well as MET- amplified NSCLC.29- 31

Central nervous system (CNS) metastases are commonly seen in 
patients with NSCLC, particularly in those with the adenocarcinoma 
subtype. Among patients with an oncogenic driver (eg, EGFR muta-
tion or ALK rearrangement), about 24% have brain metastases at the 
time of diagnosis of advanced disease.32 In such patients, adminis-
tration of tyrosine kinase inhibitors capable of penetrating the CNS, 
such as osimertinib, alectinib, and ceritinib, may help to control these 
metastases and might delay cranial radiotherapy.33 Brain metastases 
are also present in about 35% of patients with METΔex14 NSCLC 
at the time of metastatic NSCLC diagnosis.34 Considering this fre-
quency, the management of brain metastasis is an important aspect 
of the care of these patients.

Capmatinib (INC280) is an oral, highly selective, potent, ATP 
competitive, reversible inhibitor of the MET RTK that blocks MET- 
dependent signaling and neoplastic activities in cell and animal mod-
els of NSCLC.35- 37 Several clinical studies, including a phase 1 study 
in Japan, indicated that capmatinib had a manageable safety profile 
and promising efficacy for the treatment of NSCLC or advanced 
solid tumors.38,39 These studies were followed by a global phase 2 

study, GEOMETRY mono- 1, which evaluated the efficacy and safety 
of capmatinib in MET inhibitor– naïve patients with METΔex14- 
mutated or MET- amplified NSCLC.40 The study included 97 patients 
with METΔex14- mutated NSCLC, of whom 28 received capmatinib 
as first- line therapy with an overall response rate (ORR) by blinded 
independent review committee (BIRC) of 68% (95% confidence in-
terval [CI] 48%- 84%). Confirmed complete response was observed 
in one of these patients. The other 69 patients received capmati-
nib as second- /third- line therapy, and their ORR by BIRC was 41% 
(95% CI 29%- 53%), with tumor shrinkage of >90% in two patients. 
The median duration of response (DOR) in responders was 12.6 and 
9.7 months in the first- line and second- /third- line groups, respec-
tively. Among patients with MET- amplified NSCLC and a GCN of 
≥10, the ORR for capmatinib was 40% (95% CI 16%- 68%) as first- line 
therapy and 29% (95% CI 19%- 41%) as second/third- line therapy, 
with median DOR of 7.5 and 8.3 months, respectively. These data 
suggest that capmatinib achieves clinically meaningful responses in 
patients with METΔex14- mutated NSCLC and in patients with MET- 
amplified NSCLC, especially in those with a high GCN.

Here, we describe the results of preplanned analyses to investi-
gate the efficacy of capmatinib according to MET status (METΔex14- 
mutated or MET- amplified) and by line of therapy (first or second/
third line) in Japanese patients enrolled in the GEOMETRY mono- 1 
study. We also evaluated the safety of capmatinib in the overall co-
hort of Japanese patients.

2  | METHODS

Further information about this study is available in the global study 
publication.40 The study adhered to the Declaration of Helsinki and 
Good Clinical Practice and was registered on ClinicalTrials.gov (iden-
tifier NCT02414139).

2.1 | Patients, study design, and treatments

GEOMETRY mono- 1 enrolled patients with METΔex14- mutation– 
positive or MET- amplified, EGFR wild- type, ALK- negative NSCLC with 
a performance status of 0- 1, ≥1 measurable lesion, if they were neuro-
logically stable or had asymptomatic brain metastases.40 Patients were 
divided into nine separate cohorts according to MET GCN and treat-
ment history (Figure 1): cohort 1a, MET GCN ≥ 10 (no MET mutation); 
cohort 1b, MET GCN ≥ 6 to < 10 (no MET mutation); cohort 2, MET 
GCN ≥ 4 to < 6 (no MET mutation); cohort 3, MET GCN < 4 (no MET 
mutation); cohort 4, MET mutation regardless of GCN; cohort 5a, MET 
GCN ≥ 10 (no MET mutation); cohort 5b, MET mutation regardless of 
GCN; cohort 6, MET GCN ≥ 10 (no MET mutation) or MET mutation re-
gardless of GCN; cohort 7, MET mutation regardless of GCN. Cohorts 
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1- 4 received capmatinib as second/third- line therapy, cohorts 5 and 7 
as first- line therapy for advanced disease, and cohort 6 as second- line 
therapy. Cohorts 6 and 7 are not included in this report.

Here, we focused on patients with METΔex14- mutation– positive 
NSCLC, regardless of GCN, who received capmatinib as first- line (1L 
group; cohort 5b) or second- /third- line (2/3L group; cohort 4) ther-
apy, and for patients with MET- amplified NSCLC according to GCN 
and line of therapy (1L: cohort 5a; 2/3L: cohorts 1a, 1b, 2, and 3). 
Safety data are reported for Japanese patients in all seven of these 
cohorts combined. Key exclusion criteria were prior treatment with 
crizotinib or another MET or HGF inhibitor, neurologically unstable 
brain metastases, or carcinomatous meningitis. All patients provided 
written informed consent. METΔex14 status and MET GCN were 
assessed from formalin- fixed, paraffin- embedded human tissue at 
a central laboratory at enrollment by quantitative real- time RT- PCR 
and fluorescence in situ hybridization, respectively.41 All patients 
were administered capmatinib 400 mg tablets twice daily in fasting 
conditions in 21- day cycles, except in cohorts 6 and 7 where cap-
matinib was administered regardless of fasting status. Treatment 
was continued until progressive disease (PD), as determined by the 
investigator and confirmed by the BIRC. Imaging scans were per-
formed every 6 weeks/every 2 cycles, and included brain imaging for 
patients with brain metastasis at baseline.

2.2 | Study objectives and endpoints

The primary objective was to determine the antitumor activity of 
capmatinib in terms of the ORR determined by a BIRC according to 

RECIST 1.1. The key secondary objective was the BIRC- assessed 
DOR. Other secondary objectives included the BIRC- assessed time 
to response (TTR), disease control rate (DCR), and progression- free 
survival (PFS). ORR was defined as the proportion of responders 
with a best overall response of complete response (CR) or partial 
response (PR). DCR was defined as the proportion of patients with 
CR, PR, stable disease (SD), or non- CR/non- PD. DOR was calculated 
as the time from the first documented response of CR or PR to the 
first documented progression or death due to any cause in respond-
ers. TTR was calculated as the time from the first dose of capmatinib 
to the first documented response of CR or PR in responders. PFS 
was defined as the time from the first dose of capmatinib to progres-
sion or death due to any cause. Ad- hoc BIRC neuroradiologist review 
of patients with METΔex14 and baseline brain metastases was con-
ducted due to observed brain responses in some patients.

Safety was assessed in terms of adverse events (AEs), vital signs, 
laboratory test results, and electrocardiography. AEs of special in-
terest included CNS toxicities, liver toxicities, pancreatitis, pneumo-
nitis, corrected QT (QTc) interval prolongation, renal dysfunction, 
photosensitivity, drug- drug interactions with strong CYP3A4 induc-
ers, and teratogenicity.

For pharmacokinetic (PK) analysis, the plasma concentration– 
time profiles of capmatinib, when administered in fasting condi-
tions, were evaluated after the initial dose (cycle 1 day 1) and at 
steady state (cycle 1 day 15). The plasma concentrations of cap-
matinib were measured by liquid chromatography– tandem mass 
spectrometry methods with a lower limit of quantification of ap-
proximately 1.0 ng/mL. PK parameters (maximum concentration 
[Cmax], time to maximum concentration [tmax], and the area under 

F I G U R E  1   Study design. ECOG PS, Eastern Cooperative Oncology Group performance status; GCN, gene copy number; NSCLC, non– 
small- cell lung cancer

Additional 
cohorts

Systemic anticancer therapy-naïve

Second- or third-line therapy

Cohort 2: MET

Cohort 3: MET

Cohort 4: MET mutation positive (2/3L group)

Cohort 1a: MET

Cohort 1b: MET

Stage IIIb or IV NSCLC
- EGFR mutation negative
- ALK rearrangement negative
- MET dysregulated
- Cohort 5a: MET

Cohort 5b: MET mutation positive (1L group)

First-line therapy

One or two prior 
lines of systemic 
anticancer therapy

MET MET mutation positive

Cohort 7: Systemic anticancer therapy-naïve
MET mutation positive
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Overall Japanese 
cohort (n = 45)a  1L group (n = 2)b 

2/3L group 
(n = 11)c 

Sex, female/male, n

Female 15 (33.3) 1 (50.0) 6 (54.5)

Male 30 (66.7) 1 (50.0) 5 (45.5)

Age, y 68.0 (38.0- 82.0) 66.0 and 68.0 72.0 (60.0- 82.0)

<65 y 15 (33.3) 0 3 (27.3)

≥65 to <75 y 25 (55.6) 2 (100.0) 5 (45.5)

≥75 to <85 y 5 (11.1) 0 3 (27.3)

ECOG PS

0 21 (46.7) 2 (100.0) 3 (27.3)

1 24 (53.3) 0 8 (72.7)

Smoking history

Never smoked 19 (42.2) 1 (50.0) 7 (63.6)

Ex- smoker 25 (55.6) 1 (50.0) 4 (36.4)

Current smoker 1 (2.2) 0 0

Histological type

Adenocarcinoma 35 (77.8) 2 (100.0) 8 (72.7)

Undifferentiated 
carcinoma

2 (4.4) 0 0

Squamous cell carcinoma 3 (6.7) 0 0

Adenosquamous cell 
carcinoma

1 (2.2) 0 1 (9.1)

Other 4 (8.9) 0 2 (18.2)

Brain metastasis 9 (20.0) 0 1 (9.1)

Bone metastasis 17 (37.8) 0 7 (63.6)

Stage at study entry

IIIB 2 (4.4) 0 1 (9.1)

IV 43 (95.6) 2 (100.0) 10 (90.9)

Prior therapies

Surgery 14 (31.1) – 4 (36.4)

Radiotherapy 16 (35.6) – 4 (36.4)

Adjuvant chemotherapy 6 (13.3) – 2 (18.2)

Neoadjuvant 1 (2.2) – 0

Prior antineoplastic 
regimens

41 (91.1) – 11 (100.0)

1 antineoplastic 
regimen

23 (51.1) – 9 (81.8)

2 antineoplastic 
regimens

18 (40.0) – 2 (18.2)

Platinum- based 
chemotherapy

36 (80.0) – 8 (72.7)

Immune checkpoint 
inhibitor

8 (17.8) – 4 (36.4)

Targeted therapyd  8 (17.8) – 1 (9.1)

Note:: Data cutoff: April 15, 2019.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status.
aAll patients enrolled in Japan regardless of MET status. Values are reported as the n (%) of patients 
or median (range). 
bReceived capmatinib as first- line therapy (cohort 5b). 
cReceived capmatinib as second- /third- line therapy (cohort 4). 
dIncludes bevacizumab, necitumumab, and pictilisib in combination with chemotherapy and/or 
immunotherapy. 

TA B L E  1   Characteristics of the 
overall Japanese cohort (METΔex14- 
mutated/MET- amplified non– small- cell 
lung cancer [NSCLC]) and patients with 
METΔex14- mutated NSCLC (1L and 2/3L 
groups)
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the concentration- time curve [AUC]) were calculated by noncom-
partmental analysis.

2.3 | Statistical analyses

The preplanned analyses of the primary and secondary endpoints in 
these Japanese patients were performed in an exploratory manner. 
ORR and DCR are reported as the number and percent of patients 
with 95% CIs using the exact Clopper- Pearson method. The Kaplan- 
Meier method was used to analyze TTR, DOR, and PFS. Efficacy 
outcomes are reported for patients divided by MET status and treat-
ment line separately. Safety data are reported as the number and 
percent of patients for all cohorts combined. Efficacy and safety 
analyses are provided for all Japanese patients who received at least 
one dose of capmatinib. SAS version 9.4 (SAS Institute) was used for 
analyses. PK parameters were derived using WinNonlin Pro (Version 
5.0 or higher; Certara).

3  | RESULTS

3.1 | Patients

The cutoff dates of these analyses were April 15, 2019 (cohorts 1b, 
2, and 3 with MET GCN < 10 were closed for futility) for efficacy 
and exposure (January 6, 2020 for efficacy in cohorts 1a and 5a), 
and September 18, 2019 for safety (all cohorts). As of September 
18, 2019, 348 patients had been enrolled in GEOMETRY mono- 1. Of 
these, 45 were enrolled in Japan. The characteristics of the overall 
Japanese population and the METΔex14- mutated cohorts are sum-
marized in Table 1. The characteristics of the MET- amplified cohorts 
are summarized in Table S1. Overall, there were 15 females and 30 
males in the Japan safety cohort, with a median age of 68.0 years 
(range 38.0- 82.0 years). Nineteen patients overall were never- 
smokers. Adenocarcinoma was the most common type of NSCLC. 
Brain metastases were observed in nine patients, of which eight had 
MET- amplified NSCLC (two in the 1L group) and one had METΔex14- 
mutated NSCLC (1L group). Among 41 previously treated patients, 
23 had received one prior antineoplastic regimen and 18 had re-
ceived two prior antineoplastic regimens.

Characteristics of patients with METΔex14- mutated NSCLC 
in the 1L and 2/3L groups are generally comparable with those of 
the overall Japanese cohort. Both patients in the 1L group had ad-
enocarcinoma classified as stage IV, without evidence of brain me-
tastases. The time since diagnosis to start of study treatment was 
1.3 and 1.8 months. Both patients had four target lesions. Neither 
patient had undergone any prior treatment, including surgery or 
radiotherapy.

In the 2/3L group, eight patients had adenocarcinoma. The me-
dian time since diagnosis to study treatment was 10.9 months, and 
the median time since most recent relapse was 1.9 months. Nine had 
previously received one antineoplastic regimen, two had received 

two antineoplastic regimens, and four had received an immune 
checkpoint inhibitor prior to capmatinib.

The characteristics of patients with MET- amplified NSCLC were 
similar to those of the METΔex14- mutated cohort and are reflective 
of disease and treatment histories (Table S1).

3.2 | Capmatinib exposure and follow- up

The disposition of patients is shown in Table 2. As of April 15, 2019, 
eight of 45 patients were still on treatment, while 37 had discon-
tinued due to PD (28), an AE (eight), and at the patient's request 
(one). The median duration of exposure was 13.6 weeks (range 0.7- 
124.6 weeks). The median average daily dose was 772.5 mg (range 
394.0- 800.0 mg) with a median relative dose intensity of 91.4% 
(range 13.0%- 100.0%).

Among patients with METΔex14- mutated NSCLC, the median 
study follow- up in the 1L group (defined as the time from the start 
date of study drug to the cutoff date) was 15.4 months. Both pa-
tients had discontinued capmatinib due to PD in one and an AE in the 
other. The duration of treatment was 4.0 and 30.0 weeks (0.9 and 
6.9 months, respectively) in the individual patients in the 1L group. 
Dose reductions due to AEs occurred in one patient, and capmatinib 
was interrupted due to AEs in both patients. The average daily dose 
in the individual patients was 766.7 and 788.3 mg, with relative dose 
intensities of 82.1% and 96.2%.

In the 2/3L group, the median study follow- up time was 
19.7 months. Three patients were still receiving capmatinib, and 
the other eight patients had discontinued due to PD (five) or an AE 
(three). The median duration of treatment was 18.3 (range 3.1- 79.7) 
weeks (4.2 [0.7- 18.3] months). Dose reductions due to AEs occurred 
in eight of the 2/3L patients, and capmatinib was interrupted due 
to AEs in 10 patients. The median average daily dose of capmatinib 
was 753.1 mg (range 434.0- 796.7 mg), and the median relative dose 
intensity was 74.4% (range 44.1%- 96.5%).

3.3 | Efficacy

The responses to capmatinib, as assessed by the BIRC, are given in 
Table 3 for METΔex14- mutated NSCLC.

Among METΔex14- mutated NSCLC patients, PR was observed in 
one patient in the 1L group. In this patient, the lesion size decreased 
by 76.5% (Figure 2) and the DOR was 4.24 months (Figure S1). This 
patient was confirmed to have PD at 168 days (5.5 months) after 
starting capmatinib and subsequently died due to the study indica-
tion. The best response in the second patient in the 1L group was SD. 
The PFS in this patient was 131 days (4.3 months).

In the 2/3L group, the best overall response was PR in four pa-
tients according to BIRC assessment, resulting in an ORR of 36.4% 
(95% CI 10.9%- 69.2%). SD was achieved in a further five patients, re-
sulting in a DCR of 81.8%. The median TTR and DOR were not eval-
uable (Table 3). Tumor shrinkage was observed in most patients, with 
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a deep response of ~80% in a patient with PR (Figure 2). The DOR 
was over 10 months in two patients (Figure S1). The median PFS was 
4.70 months (Figure 3). One male patient (60 years old) with multi-
ple brain metastases and intracranial disease progression following 
radiotherapy and one cycle of carboplatin/paclitaxel showed a brain 
response to capmatinib, with partial resolution of brain lesions at a 
second post- baseline computed tomography scan taken 12 weeks 
after starting capmatinib per ad hoc independent neuroradiologist 
review. This patient was classified as SD, and his PFS was 127 days 
(4.2 months) (Figure S2).

Responses to treatment among patients with MET- amplified 
NSCLC are summarized by treatment line and GCN in Table S2. In co-
hort 5a (1L), which comprised two patients with a GCN ≥ 10, the best 
overall response was PR in both patients, with an ORR of 100.0% 
(95% CI 15.8- 100.0). In the 2/3L groups, the ORRs were 45.5%, 0%, 
10%, and 16.7%, and the DCRs were 81.8%, 100.0%, 50.0%, and 
66.7%, in cohorts 1a (GCN ≥ 10, n = 11), 1b (GCN ≥ 6 to <10, n = 1), 
2 (GCN ≥ 4 to <6, n = 10), and 3 (GCN < 4, n = 6), respectively. The 
median DOR was 8.2 months in the 1L group (cohort 5a), and 8.3 and 
9.7 in the 2/3L groups (cohorts 1a and 2, respectively).

3.4 | Safety

Safety data are reported for all 45 patients who received at least 
one dose of capmatinib. At the cutoff date of September 18, 2019, 

all 45 patients had experienced at least one AE (Table 4). One pa-
tient died due to NSCLC; no other deaths were reported during the 
study period. The treatment- related, grade 3/4 serious AEs were 
acute kidney injury, cellulitis, decreased appetite, hepatic function 
abnormal, hyponatremia, interstitial lung disease (ILD), liver func-
tion test abnormal, malaise, platelet count decreased, and pneu-
monitis, which occurred in one patient each. Grade 3/4 vomiting, 
hepatic function abnormal, liver function test abnormal, and ILD led 
to treatment discontinuation in one patient each (all four patients 
had MET- amplified NSCLC) (Table S3). The most frequent treatment- 
related AEs and laboratory investigations are listed in Table 5, and 
most of these common events were of grade 1 or 2. AEs of special 
interest are summarized in Table S4. The CNS toxicities were ver-
tigo in two (4.4%) patients, and dizziness, dysphonia, seizure, and 
tremor in one patient each (2.2%). The three patients with ILD and 
pneumonitis discontinued study treatment in accordance with the 
study protocol. All episodes of pneumonitis and ILD had recovered. 
There were no cases of QTc interval prolongation, photosensitivity, 
or teratogenicity.

A swimmer plot showing the duration of capmatinib and major 
AEs requiring dose adjustment or interruption in the 13 patients 
with METΔex14- mutated NSCLC (1L or 2/3L) is presented in 
Figure 4. As illustrated in this figure, the patients were able to 
continue capmatinib dosing, with dose interruptions or dose re-
ductions, as necessary, to manage AEs. Of three patients still on 
treatment (≥76 weeks after starting treatment), the daily doses 

Overall Japanese 
cohort (n = 45)a 

1L group 
(n = 2)b 

2/3L group 
(n = 11)c 

Treatment status

Ongoing 8 (17.8) 0 3 (27.3)

Discontinuation from treatment 
phase

37 (82.2) 2 (100.0) 8 (72.7)

Entered post- treatment 
follow- up

15 (33.3) 1 (50.0) 5 (45.5)

Entered survival follow- up 22 (48.9) 1 (50.0) 3 (27.3)

Reason for discontinuation

PD 28 (62.2) 1 (50.0) 5 (45.5)

Adverse event 8 (17.8) 1 (50.0) 3 (27.3)

Patient request 1 (2.2) 0 0

Post- treatment follow- up phase

Entered survival follow- up 12 (26.7) 0 4 (36.4)

Discontinued from study 2 (4.4) 1 (50.0) 1 (9.1)

Reason for discontinuation

PD 12 (26.7) 0 5 (45.5)

Physician decision 2 (4.4) 1 (50.0) 0

Note: Values are n (%) of patients. Data cutoff: April 15, 2019.
Abbreviation: PD, progressive disease.
aAll patients enrolled in Japan. 
bReceived capmatinib as first- line therapy (cohort 5b). 
cReceived capmatinib as second- /third- line therapy (cohort 4). 

TA B L E  2   Disposition of the overall 
Japanese cohort and of patients with 
METΔex14- mutated non– small- cell lung 
cancer
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of capmatinib at their last follow- up were 400, 300, and 200 mg 
twice daily. Capmatinib was tolerated in Japanese MET mutation– 
positive NSCLC patients without safety concerns specific to 
Japanese patients.

3.5 | Pharmacokinetics

The PK parameters (steady state) of capmatinib administered in fast-
ing conditions on days 1 and 15 in cycle 1 are shown in Table S5 
for Japanese patients. Following 400 mg twice daily, capmatinib ex-
posure accumulated, and the AUC increased from 18 200 ng·h/mL 
on day 1 to 27 000 ng·h/mL on day 15 (AUC0- 12, geometric mean). 
The accumulation ratio was 1.41 and the maximum concentration on 
day 15 was 5920 ng/mL, which was reached rapidly by 1 hour after 
administration.

4  | DISCUSSION

GEOMETRY mono- 1 investigated the safety and efficacy of cap-
matinib in patients with METΔex14- mutated or MET- amplified ad-
vanced NSCLC and reported promising antitumor activities in these 
patients, particularly previously untreated patients and patients 
with a high MET GCN.40 Furthermore, intracranial responses were 
observed in about half of patients with METΔex14- mutated NSCLC 
and evaluable brain metastases at baseline.40

Here, we describe the results of subgroup analyses of Japanese 
patients enrolled in GEOMETRY mono- 1 according to MET status. 
Among patients with METΔex14- mutated NSCLC, the best over-
all response was PR in one patient and SD in the other in the 1L 
group. In the 2/3L group, the ORR was 36.4%. Almost all patients 
in both groups showed tumor shrinkage, with a deep response of 
~80% in one patient in each group. Furthermore, an intracranial 
response was observed in the patient with brain metastases at 
enrollment. These findings confirm that capmatinib is effective 
(including brain) in Japanese patients with METΔex14- mutated 
advanced NSCLC, and are consistent with the results observed 
in the overall study population.40 In Japanese patients with MET- 
amplified NSCLC and a MET GCN ≥ 10, the ORR was 45.5% in the 
2/3L group and 100.0% in the 1L group. These results are also 
consistent with those in the overall study population40 and sug-
gest that patients with MET- amplified NSCLC are also candidates 
for capmatinib therapy.

The results in these Japanese patients are notable consider-
ing the majority of patients were ≥ 65 years old with a median of 
68 years, similar to the overall study population in which the median 
age was 71 years in the METΔex14 cohorts and 60- 70 years in the 
MET- amplified cohorts.40 Patients with the METΔex14 mutation are 
generally older than patients without this mutation25 and patients 
with EGFR- mutant NSCLC.22 Older patients may be more difficult 
to treat for a variety of reasons, including worse functional status, 
presence of comorbidities, and need for polypharmacy.42 Because 
the current Japanese guidelines for NSCLC include “weak recom-
mendations” for carboplatin- based combination therapy or a single 
cytotoxic agent for patients aged ≥ 75 years, standard platinum- 
based combination therapy is not necessarily a treatment option 
for older patients harboring MET mutations.43 Therefore, targeted 
agents, including MET inhibitors, may be considered instead of con-
ventional systemic multidrug therapies in older patients.44

We also evaluated the safety of capmatinib in the full cohort of 
45 Japanese patients. Similar to the global population,40 we found 
that the most common AEs were blood creatinine increased, nausea, 
and vomiting, most of which were of grade 1/2. These, and other 
AEs, including oedema peripheral, pneumonitis, and liver dysfunc-
tion, were manageable with dose reductions/interruptions or other 
additional treatments as deemed necessary. Most of the AEs were 
predictable, considering the known mechanism of action of capma-
tinib, including inhibition of creatinine transport, while gastrointesti-
nal toxicities are also known side effects of MET inhibitors.

TA B L E  3   Response to treatment according to the blinded 
independent review committee in patients with METΔex14- 
mutated non– small- cell lung cancer

1L group 
(n = 2)a 

2/3L group 
(n = 11)b 

Best overall response

CR 0 0

PR 1 (50.0) 4 (36.4)

SD 1 (50.0) 5 (45.5)

Non- CR/non- PD 0 0

PD 0 1 (9.1)

Unknown 0 1 (9.1)

Overall response rate 
(CR + PR) [95% CI]

– 4 (36.4) [10.9- 69.2]

Disease control rate 
(CR + PR + SD + non- CR/
non- PD) [95% CI]

– 9 (81.8) [48.2- 97.7]

Median TTR, months (95% 
CI)

– NE (1.38– NE)

Probability estimate at 3 mo 
for TTR (95% CI)

– 36.4 (15.5- 70.3)

Median DOR, months (95% 
CI)

– NE (3.35– NE)

KM estimate of DOR rate at 
3 mo (95% CI)

– 100.0 (NE– NE)

KM estimate of DOR rate at 
12 mo (95% CI)

– 50.0 (5.8- 84.5)

Note: Values are n (%) of patients or median (95% CI). Summary 
statistics are not shown for the 1L group. Data cutoff: April 15, 2019.
Abbreviations: CI, confidence interval; CR, complete response; 
DOR, duration of response; KM, Kaplan- Meier; mo, months; NE, not 
evaluable; PD, progressive disease; PR, partial response; SD, stable 
disease; TTR, time to response.
aReceived capmatinib as first- line therapy (cohort 5b). 
bReceived capmatinib as second- /third- line therapy (cohort 4). 
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Some prior studies have evaluated capmatinib in NSCLC, includ-
ing in patients with EGFR- mutated, MET- dysregulated NSCLC38 and 
in Japanese patients with advanced solid tumors (including lung can-
cer in 15/44 patients).39 The latter study was a Japanese phase 1 
study and primarily focused on the maximum tolerated dose and/or 
highest studied dose of capmatinib determined to be safe as a single 
agent. Although the maximum tolerated dose was not identified, the 
highest studied dose to be safe was declared to be 400 mg twice 
daily in a tablet formulation.

Capmatinib is extensively metabolized by CYP3A4 and al-
dehyde oxidase. The PK parameters in Japanese patients were 
similar to those of non- Japanese patients in this study (data not 
shown). Exposure following 400 mg twice daily showed a moder-
ate accumulation of 1.41- fold, which was close to the overall study 

result of 1.39- fold, suggesting the effective half- life of capmatinib is 
6.54 hours. Furthermore, no obvious PK differences were observed 
in the Japanese phase 1 study39 and in an international phase 1 study 
of patients with c- MET– dependent advanced solid tumors.45

Some limitations of this study warrant mention, including the 
relatively small sample size and nonrandomized design. Therefore, 
larger studies may be necessary to verify the efficacy and safety of 
capmatinib in Japanese patients with METΔex14- mutated or MET- 
amplified NSCLC, although this may not be feasible, especially as 
first- line therapy, owing to the rarity of this mutation. Furthermore, 
the Japanese 1L groups of patients with METΔex14- mutated or MET- 
amplified NSCLC (ie cohorts 5a and 5b) each comprised two patients. 
Thus, further studies are needed to confirm the robust efficacy data 
for capmatinib as first- line therapy. Data from cohorts 6 and 7 will 

F I G U R E  2   Waterfall plot showing the best percent change in lesion size according to best overall response (blinded independent review 
committee assessment) in patients with METΔex14- mutated non- small- cell lung cancer. Data cutoff: April 15, 2019. *Patients still on 
treatment. †Percent change in target lesion available, but contradicted by overall lesion response = PD or UNK. ‡Received capmatinib as 
first- line therapy (cohort 5b). §Received capmatinib as second- /third- line therapy (cohort 4). PD, progressive disease; PR, partial response; 
SD, stable disease; UNK, unknown
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F I G U R E  3   Kaplan- Meier plots of 
progression- free survival (PFS) for 
the 2/3L group according to blinded 
independent review committee 
assessment in patients with METΔex14- 
mutated non- small- cell lung cancer. The 
PFS times are reported for both patients 
in the 1L group. Data cutoff: April 15, 
2019. *Received capmatinib as first- line 
therapy (cohort 5b). †Received capmatinib 
as second- /third- line therapy (cohort 4). 
CI, confidence interval; NE, not evaluable
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provide further insight into the efficacy and safety of capmatinib in 
METΔex14- mutated (any GCN) or MET- amplified (GCN ≥ 10) NSCLC.

In conclusion, the results of this study suggest that capmatinib 
is effective and well tolerated as first-  or second/third- line therapy 
in Japanese patients with METΔex14- mutated or MET- amplified 
(GCN ≥ 10) advanced NSCLC. These results in Japanese patients are 
also consistent with those observed in the overall study population.
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TA B L E  4   Adverse events (AEs) (safety analysis set) in the overall 
Japanese cohort

All patients 
(n = 45)

Any AE 45 (100.0)

Any grade 3/4 AE 33 (73.3)

Any treatment- related AE 44 (97.8)

Any grade 3/4 treatment- related AE 25 (55.6)

Deathsa  1 (2.2)

Any serious AE 22 (48.9)

Any grade 3/4 serious AE 18 (40.0)

Any treatment- related serious AE 12 (26.7)

Any treatment- related grade 3/4 serious AE 9 (20.0)

AEs leading to permanent discontinuation 8 (17.8)

Grade 3/4 AEs leading to permanent discontinuation 4 (8.9)

AEs requiring dose adjustment/interruption 30 (66.7)

Grade 3/4 AEs requiring dose adjustment/
interruption

22 (48.9)

Note: Values are n (%) of patients. Data cutoff: September 18, 2019.
aConsidered related to non– small- cell lung cancer, there were no deaths 
related to serious AEs. 

TA B L E  5   Treatment- related adverse events (AEs) in at least 
three patients in the overall Japanese cohort (safety analysis set, 
n = 45)

Any grade
Grade 
3/4

Any treatment- related AE 44 (97.8) 25 (55.6)

Nausea 16 (35.6) 0

Oedema peripheral 14 (31.1) 3 (6.7)

Vomiting 12 (26.7) 1 (2.2)

Decreased appetite 10 (22.2) 2 (4.4)

Diarrhoea 8 (17.8) 1 (2.2)

Pyrexia 7 (15.6) 0

Constipation 5 (11.1) 1 (2.2)

Rash 5 (11.1) 0

Fatigue 4 (8.9) 0

Hypoalbuminaemia 4 (8.9) 0

Dry skin 4 (8.9) 0

Anaemia 3 (6.7) 1 (2.2)

Malaise 3 (6.7) 1 (2.2)

Cellulitis 3 (6.7) 1 (2.2)

Headache 3 (6.7) 0

Investigations

Blood creatinine increased 24 (53.3) 0

Amylase increased 8 (17.8) 2 (4.4)

Platelet count decreased 8 (17.8) 2 (4.4)

Lipase increased 6 (13.3) 3 (6.7)

ALT increased 6 (13.3) 2 (4.4)

AST increased 6 (13.3) 2 (4.4)

Neutrophil count decreased 5 (11.1) 3 (6.7)

WBC count decreased 4 (8.9) 1 (2.2)

Blood ALP increased 4 (8.9) 0

γGT increased 3 (6.7) 1 (2.2)

Note: Values are n (%) of patients.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; WBC, white blood 
cell; γGT, γ- glutamyltransferase.
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