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Although most of epidermal growth factor receptor (EGFR) 
mutant non-small cell lung cancer (NSCLC) is sensitive 
to EGFR tyrosine kinase inhibitor (TKI), the tumor 
becomes resistant to the drug after around 1 year. EGFR 
T790M secondary mutation occupies more than 50% 
of the resistant mechanisms. Mesenchymal-to-epithelial 
transition (MET) amplification is approximately 20% 
among non-T790M resistance (1). MET inhibitors include 
MET selective and non-selective TKIs and anti-MET 
antibodies such as onartuzumab and emibetuzumab. In the 
treatment of advanced NSCLC, non-selective TKIs such as 
tivantinib, cabozantinib, foretinib, crizotinib and glesatinib 
and selective TKIs such as tepotinib and capmatinib have 
been developed (2). Although substantial MET expression 
and MET amplification are observed even in treatment-
naïve NSCLC (1), MET inhibitor monotherapy has not 
been useful in molecularly unselected NSCLC patients. It is 
actually effective if the progression of NSCLC depends on 
MET signals such as MET exon 14 skipping mutations (3).

The reports of MET inhibitor plus EGFR-TKI for 
the treatment of advanced NSCLC are summarized in 
Table 1. A randomized phase II study comparing erlotinib 
plus onartuzumab with erlotinib alone in MET-positive 
NSCLC, which was determined using immunohistochemistry 
(IHC), showed improved progression-free survival (PFS) 
and overall survival (OS) (9). However, the combination in 
phase III study (METLung) did not show its efficacy (10).  
Non-selective MET-TKI plus EGFR-TKI have been also 
investigated. A randomized phase II study of erlotinib with 

tivantinib showed improved PFS [hazard ratio (HR) 0.18] 
among patients with KRAS mutations compared with erlotinib 
monotherapy on exploratory analysis (4). A subsequent phase 
III study (MARQUEE) demonstrated increased PFS but 
did not improve OS in the overall nonsquamous NSCLC 
population (6). Another phase III study in Asian nonsquamous 
NSCLC patients with wild type-EGFR was prematurely 
terminated due to the increased interstitial lung disease 
incidence: 14 (9.2%, 3 deaths) in the erlotinib plus tivantinib 
group and 6 (4.0%, 0 death) in erlotinib plus placebo group (5).  
The combination group significantly prolonged PFS (HR 
0.719) but OS was similar (HR 0.891). Previously treated 
EGFR-mutant NSCLC patients in the MARQUEE study 
were further analyzed (7). The subanalysis showed that 
erlotinib plus tivantinib had significantly better median PFS 
(13.0 vs. 7.5 months for erlotinib monotherapy, HR 0.49) and 
non-significantly better median OS (25.5 vs. 20.3 months 
for erlotinib monotherapy, HR 0.68). In 45 EGFR mutation-
positive patients who progressed while on EGFR-TKI, the 
median PFS was only 2.7 months although it was longer in 
MET high group (4.1 vs. 1.4 months in MET low group) (8).  
Thus, combination of tivantinib with erlotinib might be 
effective in previously treated EGFR-mutant and MET-
positive NSCLC patients.

Crizotinib blocks not only ALK and ROS1 signal pathways 
but also MET pathway (2). Thus, the combination of crizotinib 
and EGFR-TKI (erlotinib or dacomitinib) was investigated 
in phase I studies (Table 1). Crizotinib (300 mg/day)  
plus erlotinib (100 mg/day), both doses of which were less 

Editorial

Blocking both epidermal growth factor receptor and 
mesenchymal-to-epithelial transition pathways in EGFR-mutated 
lung cancer

Nagio Takigawa, Nobuaki Ochi, Hiromichi Yamane

General Internal Medicine 4, Kawasaki Medical School, Okayama, Japan

Correspondence to: Nagio Takigawa. General Internal Medicine 4, Kawasaki Medical School, Okayama, Japan. Email: ntakigaw@gmail.com.

Comment on: Wu YL, Zhang L, Kim DW, et al. Phase Ib/II Study of Capmatinib (INC280) Plus Gefitinib After Failure of Epidermal Growth Factor 

Receptor (EGFR) Inhibitor Therapy in Patients With EGFR-Mutated, MET Factor-Dysregulated Non-Small-Cell Lung Cancer. J Clin Oncol 

2018. [Epub ahead of print].

Submitted Nov 06, 2018. Accepted for publication Nov 12, 2018.

doi: 10.21037/tlcr.2018.11.01

View this article at: http://dx.doi.org/10.21037/tlcr.2018.11.01

355

https://crossmark.crossref.org/dialog/?doi=10.21037/tlcr.2018.11.01



S353Translational Lung Cancer Research, Vol 7, Suppl 4 December 2018

© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2018;7(Suppl 4):S352-S355tlcr.amegroups.com

T
ab

le
 1

 A
 c

om
bi

na
tio

n 
of

 M
E

T
 in

hi
bi

to
r 

w
ith

 E
G

FR
-T

K
I 

in
 N

SC
L

C

S
tu

dy
 p

ha
se

 
(s

tu
dy

 n
am

e)
M

E
T-

in
hi

bi
to

r
E

G
FR

-T
K

I
R

es
po

ns
e 

ra
te

M
ed

ia
n 

P
FS

M
ed

ia
n 

O
S

E
G

FR
 s

ta
tu

s
N

ot
e

Fi
rs

t a
ut

ho
r

P
ha

se
 2

Ti
va

nt
in

ib
 v

s.
 

P
la

ce
bo

E
rlo

tin
ib

10
%

 v
s.

 
7%

3.
8 

vs
. 2

.3
 m

on
th

s
8.

5 
vs

. 6
.9

 m
on

th
s

A
ll 

(n
=

84
 v

s.
 8

3)
;  

m
ut

an
t (

n=
6 

vs
. 1

1)
B

et
te

r 
P

FS
 in

 K
R

A
S

 m
ut

an
t

S
eq

ui
st

 (4
)

P
ha

se
 3

  
(A

TT
E

N
TI

O
N

)
Ti

va
nt

in
ib

 v
s.

 
P

la
ce

bo
E

rlo
tin

ib
8.

4%
 v

s.
 

6.
5%

2.
9 

vs
. 2

.0
 m

on
th

s
12

.7
 v

s.
 1

1.
1 

m
on

th
s

A
ll 

w
ild

 (n
=

15
4 

vs
. 1

53
)

IL
D

 d
ev

el
op

ed
 in

 1
4 

pa
tie

nt
s 

(9
.2

%
, 3

 d
ea

th
s)

 v
s.

 6
 p

at
ie

nt
s 

(4
.0

%
, 0

 d
ea

th
s)

 

Yo
sh

io
ka

 (5
)

P
ha

se
 3

  
(M

A
R

Q
U

E
E

)
Ti

va
nt

in
ib

 v
s.

 
P

la
ce

bo
E

rlo
tin

ib
10

.3
%

 v
s.

 
6.

5%
3.

6 
vs

. 1
.9

 m
on

th
s

8.
5 

vs
. 7

.8
 m

on
th

s
A

ll 
(n

=
52

6 
vs

. 5
22

)
Im

pr
ov

ed
 P

FS
S

ca
gl

io
tt

i (
6)

P
ha

se
 3

  
su

ba
na

ly
si

s 
(M

A
R

Q
U

E
E

)

Ti
va

nt
in

ib
 v

s.
 

P
la

ce
bo

 
E

rlo
tin

ib
61

%
 v

s.
 

43
%

13
.0

 v
s.

 7
.5

 m
on

th
s

25
.5

 v
s.

 2
0.

3 
m

on
th

s
M

ut
an

t (
n=

56
 v

s.
 5

3)
Im

pr
ov

ed
 P

FS
S

ca
gl

io
tt

i (
7)

P
ha

se
 2

Ti
va

nt
in

ib
 v

s.
 

P
la

ce
bo

E
rlo

tin
ib

6.
7%

 (3
/4

5)
2.

7 
m

on
th

s
18

.0
 m

on
th

s
A

ll 
m

ut
an

t (
n=

45
)

Ju
st

 a
ft

er
 P

D
 o

n 
E

G
FR

-T
K

I
A

zu
m

a 
(8

)

P
ha

se
 2

O
na

rt
uz

um
ab

 
vs

. P
la

ce
bo

E
rlo

tin
ib

5.
8%

 v
s.

 
4.

4%
2.

2 
vs

. 2
.6

 m
on

th
s

8.
9 

vs
. 7

.4
 m

on
th

s
A

ll 
(n

=
69

 v
s.

 6
8)

  
[m

ut
an

t (
n=

7 
vs

. 6
)]

Im
pr

ov
ed

 P
FS

 a
nd

 O
S

 in
 th

e 
M

E
T-

po
si

tiv
e

S
pi

ge
l (

9)

P
ha

se
 3

  
(M

E
TL

un
g)

O
na

rt
uz

um
ab

 
vs

. P
la

ce
bo

E
rlo

tin
ib

8.
4%

 v
s.

 
9.

6%
2.

7 
vs

. 2
.6

 m
on

th
s;

 
H

R
 0

.9
9

6.
8 

vs
. 9

.1
 m

on
th

s;
 

H
R

 1
.2

7
A

ll 
(n

=
25

0 
vs

. 2
49

); 
 

m
ut

an
t (

n=
28

 v
s.

 2
9)

In
 m

ut
an

t, 
P

FS
: N

E
 v

s.
 8

.5
 m

o 
(H

R
1.

15
); 

O
S

: 1
2.

6 
m

o 
vs

. N
E

 
(H

R
4.

68
)

S
pi

ge
l (

10
)

P
ha

se
 1

C
riz

ot
in

ib
D

ac
om

iti
ni

b
1.

5%
2.

1–
3.

0 
m

on
th

s
N

A
M

ut
an

t (
n=

18
)

G
ra

de
 3

/4
: 4

3%
Jä

nn
e 

(1
1)

P
ha

se
 1

C
riz

ot
in

ib
E

rlo
tin

ib
8%

 (2
/2

5)
N

A
N

A
M

ut
an

t (
n=

2)
2 

P
R

 w
ith

 E
G

FR
 e

x1
9 

de
l m

ut
an

t
O

u 
(1

2)

P
ha

se
 2

Te
po

tin
ib

G
efi

tin
ib

28
%

 (5
/1

8)
–

N
A

M
ut

an
t (

n=
18

)
–

W
u 

(1
3)

P
ha

se
 2

  
(IN

S
IG

H
T)

Te
po

tin
ib

G
efi

tin
ib

–
–

ta
rg

et
 n

=
15

6
M

ut
an

t/
T7

90
M

−
/M

E
T+

vs
. C

D
D

P
+

P
E

M
 

(o
n 

go
in

g)
W

u

P
ha

se
 1

b/
2

C
ap

m
at

in
ib

G
efi

tin
ib

27
%

 (4
7%

 
w

ith
 M

E
T 

 
am

p 
in

 p
2)

5.
5 

m
on

th
s 

in
 p

2
N

A
A

ll 
m

ut
an

t: 
n=

61
 in

 p
1b

 
an

d 
n=

10
0 

in
 p

2
–

W
u 

(1
4)

A
 c

as
e

C
riz

ot
in

ib
O

si
m

er
tin

ib
P

R
3 

m
on

th
s

N
A

L8
58

R
+

T7
90

M
+

M
E

T 
m

ut
an

t
–

K
an

g 
(1

5)

A
 c

as
e

C
riz

ot
in

ib
O

si
m

er
tin

ib
S

D
6 

m
on

th
s

N
A

L8
58

R
+

M
E

T 
am

p
–

Yo
rk

 (1
6)

A
 c

as
e

C
riz

ot
in

ib
O

si
m

er
tin

ib
S

D
6 

m
on

th
s

N
A

L8
58

R
+

T7
90

M
+

M
E

T 
am

p
–

D
en

g 
(1

7)

am
p,

 a
m

pl
ifi

ca
tio

n;
 d

el
, 

de
le

tio
n;

 e
x,

 e
xo

n;
 H

R
, 

ha
za

rd
 r

at
io

; 
IL

D
, 

in
te

rs
tit

ia
l l

un
g 

di
se

as
e;

 N
A

, 
no

t 
av

ai
la

bl
e;

 N
E

, 
no

t 
ev

al
ua

bl
e;

 O
S

, 
ov

er
al

l s
ur

vi
va

l; 
p,

 p
ha

se
; 

P
D

, 
pr

og
re

s-

si
ve

 d
is

ea
se

; P
FS

, p
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
; P

R
, p

ar
tia

l r
es

po
ns

e;
 S

D
, s

ta
bl

e 
di

se
as

e;
 T

K
I, 

ty
ro

si
ne

 k
in

as
e 

in
hi

bi
to

r;
 N

S
C

LC
, n

on
-s

m
al

l c
el

l l
un

g 
ca

nc
er

.



S354 Takigawa et al. EGFR-TKI plus MET-TKI work together

© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2018;7(Suppl 4):S352-S355tlcr.amegroups.com

than those approved for single-agent use, was feasible and 
response was observed in two of 25 patients (12). Both 
responders had tumors harboring EGFR exon 19 mutation. 
A phase I study of the combination of crizotinib with 
second-generation EGFR-TKI, dacomitinib, in NSCLC 
patients after failure of at least one prior chemotherapy 
regimen or EGFR-TKI was also reported (11). Only one 
patient among 33 escalation cohort and 37 expansion cohort 
achieved objective response. The responding tumor had 
EGFR exon 19 deletion with T790M mutation and without 
MET amplification. In the study overall, 66 patients (94%) 
had at least one treatment-related adverse events and 27 
(39%) and three (4%) patients had grade 3 and 4 treatment-
related adverse events, respectively. The combination was 
considered to be ineffective and toxic.

How about the combination of MET-selective TKI 
(capmatinib or tepotinib) with EGFR-TKI? Recently, 
Wu et al. reported capmatinib plus gefitinib was effective 
even after failure of EGFR inhibitor therapy in patients 
with EGFR-mutated and MET amplified NSCLC (14). 
In the phase Ib portion (n=61), the response rate was 
23% regardless of MET status although five patients had 
EGFR T790M mutation. The patients with EGFR T790M 
mutation were excluded in the phase II portion. Response 
was observed in 29 of 100 patients (29%) regardless of 
MET status; of the responders, 25 of 29 (86%) had received 
an EGFR-TKI as their last prior therapy. The response 
rate was 47% in 36 patients whose tumor had high MET 
gene copy number (≥6). The combination seems to be a 
promising strategy in such EGFR-TKI resistant patients.

Another MET-selective inhibitor, tepotinib, plus gefitinib 
were also investigated in the 18 Asian patients with MET-
positive (IHC 3+ or 2+) and EGFR-mutant NSCLC (13).  
Partial response was observed in 5 patients and 4 of the 5 
responders had high MET-positive (IHC 3+) tumors. Now, 
tepotinib plus gefitinib are compared with cisplatin plus 
pemetrexed in advanced NSCLC patients, with acquired 
resistance to first-line EGFR-TKIs (INSIGHT study, 
NCT01982955). According to the eligibility criteria on 
the protocol, the tumor should harbor EGFR-activating 
mutation without T790M and MET-dysregulated (IHC 2+ 
or 3+, amplification, or increased gene copy number). The 
recruitment was already finished on December 12, 2017 and 
the estimated study completion date was October 16, 2018. 
Thus, we are looking forward to seeing the results.

Meanwhile, 40% of the samples with MET amplification 
harbored EGFR T790M mutation in EGFR-TKI resistant 
tumors (1). Inhibition of both MET and EGFR T790M, 

using MET inhibitor and osimertinib, seems to be attractive 
strategy. Three patients with EGFR mutation and MET 
amplification were successfully treated with the combination 
of crizotinib with osimertinib (15-17). Two of three patients 
had harboring EGFR L858R and T790M mutations with 
MET amplification (15-17). Nowadays, the standard 1st line 
treatment for EGFR-mutated NSCLC is 3rd generation 
EGFR-TKI, osimertinib. The resistance mechanisms on 
progression after 1st line usage of osimertinib have been 
reported. MET amplification was identified in T790M-
preserved (5/19) and T790M-loss (1/21) cases (18). Seven 
of 32 osimertinib-resistant tumors (22%) developed MET 
amplification (19). In FLAURA study, MET amplification 
in plasma samples was observed in 15% (14/19) on 
progression after treatment with 1st line osimertinib (20).  
Suppressing MET  amplification by MET inhibitor 
combining with osimertinib on 1st line treatment for EGFR-
mutant advanced NSCLC may more effective, compared 
with osimertinib monotherapy.

Wu et al. firstly documented that combining selective 
MET-TKI with EGFR-TKI had substantial effects in EGFR-
mutated and MET-dysregulated NSCLC on progression after 
1st line EGFR-TKI treatment (14). Subsequent randomized 
studies are warranted. Further, clinical trials of MET-TKI 
plus EGFR-TKI may be also expected in 1st line treatment in 
EGFR-mutant NSCLC patients.
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