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In recently published articles, the superior outcome of infant 
patients with high-grade gliomas (HGGs) when compared 
with older children was demonstrated. Receptor tyrosine ki-
nase (RTK) gene fusions highlight the distinct biology of infant 
HGGs and could provide the rationale for utilization of targeted 
therapy.1,2 Here, we describe a case of ETV6-NTRK3-positive in-
fant HGG successfully treated with the TRK/ROS1/ALK inhibitor 
entrectinib. To date, reports of fusion-targeting therapy in these 
patients remain sparse.1,3–5

Our female patient was diagnosed at 4 months of age, pre-
senting initially with increasing head circumference, vomiting, 
nystagmus, right-sided hemiparesis, and regression of motor 
skills. An MRI revealed a large (9 × 5.6 × 9.3 cm), heterogenous 
tumor with solid, cystic, and hemorrhagic components in the 
left cerebral hemisphere with accompanying hydrocephalus 
(Figure 1A). No metastasis was noted.

Due to the high risk of intraoperative bleeding, a biopsy 
was not performed, and chemotherapy with carboplatin and 
etoposide and subsequent cyclophosphamide and vincristine 
was initiated. An MRI was performed after 2 cycles of chemo-
therapy and showed a 32% reduction of the tumor, at which 
time a biopsy was safely obtained, followed by neuropatho-
logical and molecular analysis. Based on morphology and 
immunophenotype, this tumor was classified as a high-grade 
glioma. Molecular testing of tumor RNA revealed the ex-
pression of the ETV6-NTRK3 fusion transcript, where exon 5 
of ETV6 gene was fused in-frame to exon 15 of NTRK3 gene 
(COSF571) (Figure 1H). The finding was confirmed by reverse-
transcription PCR with Sanger sequencing of the amplicon. 
The integrative diagnosis was stated as infant (receptor tyro-
sine kinase driven) glioblastoma.

After the biopsy, the patient received 2 additional cycles of 
chemotherapy with the same regimen. Repeat neuroimaging 
revealed disease stabilization, although due to worsening sei-
zure activity, a surgical resection was performed and resulted in 

near-total tumor resection with residual tumor 1.4 cm3 (Figure 
1B). The tissue samples from both surgeries had identical path-
ological features such as cellular and nuclear polymorphism, 
high mitotic activity, and focal microvascular proliferation, in 
some areas post-treatment changes were noted as well. These 
findings were matched with diagnosis of glioblastoma.

Because of clinical deterioration (appearance of seizures), 
presence of residual tumor mass and potential benefit from 
targeted therapy, entrectinib 100  mg per day orally was ad-
ministrated as second-line treatment. Entrectinib was obtained 
from Roche via compassionate use. The neuroimaging per-
formed after 3 months of targeted treatment showed complete 
response (Figure 1C). Transient neutropenia was the only ad-
verse event requiring a brief (3 day) treatment interruption.

To date, the patient remains stable on entrectinib without 
evidence of recurrence after 8 months of treatment. The treat-
ment has been exceedingly well tolerated with minimal ad-
verse effects. To our knowledge, sufficient clinical data to 
suggest a specific duration of therapy have not yet been pub-
lished. However, because the experience of targeted treatment 
for malignant gliomas suggests that treatment discontinua-
tion leads to rapid disease progression,6 we would consider 
treatment continuation until disease progression or significant 
toxicity.

Patients with infant HGG harboring NTRK fusions have better 
outcome comparing to older patients.1,2 There are no clinical 
trials, that provide direct comparison of the effectiveness of 
chemotherapy and targeted therapy. Moreover, rapid dis-
ease progression during chemotherapy has been reported.1,3 
Stucklin et  al. showed a 5-year overall survival of 42.9% 
in young patients with hemispheric NTRK-fused gliomas, 
whereas Torre et al. described progression and recurrence in 
both reported cases of infantile NTRK-fused gliomas.2,7

The first reported case of successful treatment of a pa-
tient with ETV6-NTRK3-positive HGG with larotrectinib 

The experience of successful treatment of ETV6-NTRK3-
positive infant glioblastoma with entrectinib
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Figure 1.  (A) Initial axial T1-weighted contrast brain MR images demonstrating large tumor with contrast enhancement. (B) T1-weighted axial 
contrast brain MR images performed after second operation. (C) Axial T1-weighted contrast brain MR images after 3 months of entrectinib therapy 
showing complete tumor regression. (D) Plump neoplastic cells with abundant cytoplasm and moderate nuclear polymorphysm. Some mitotic fig-
ures are seen. ×400, H&E, x400, scale bar = 40 µm. E. Post-treatment changes are presented as claster of xhanthoma cells with central calcification, 
H&E, ×200, scale bar = 20 µm. (F) Immunostaining reveals tumor tissue positivity for GFAP expression. GFAP, ×100, scale bar = 10 µm. (G) Increased 
proliferative activity according Ki67 to 15%. Ki67, ×200, scale bar = 20 µm. (H) Schematic representation of the ETV6-NTRK3 gene fusion and 
chimeric protein structure. Sequence analysis of the ETV6-NTRK3 fusion transcript demonstrates exons 1 to 5 of ETV6 are fused to exons 15 
to 20 of NTRK3 preserving the tyrosine kinase domain. In Sanger sequence chromatogram the black vertical line indicates the fusion breakpoint. 
ENST00000396373.9 and ENST00000360948.6 transcripts were used as reference sequences for ETV6 and NTRK3 genes respectively, genome 
build GRCh38.p13.
  



3Papusha et al. The experience of successful treatment of ETV6-NTRK3-positive infant
N

eu
ro-O

n
colog

y 
A

d
van

ces

   Ta
bl

e 
1.

 
Re

vi
ew

 o
f P

at
ie

nt
s 

W
ith

 In
fa

nt
 G

lio
m

a,
 W

ho
 R

ec
ei

ve
d 

Ta
rg

et
ed

 T
he

ra
py

Pa
ra

m
-

et
er

/R
ef

-
er

en
ce

s 

Z
ie

g
le

r 
et

 a
l.3

C
la

rk
e 

et
 a

l.1  
C

as
e 

1 
C

la
rk

e 
et

 a
l.1  

C
as

e 
2

A
lh

ar
b

i e
t a

l.4
To

rr
e 

et
 a

l.7  
To

rr
e 

et
 a

l.7
To

rr
e 

et
 a

l.7
D

es
ai

 e
t a

l.5
O

u
r 

C
as

e

S
ex

Fe
m

al
e

Fe
m

al
e

N
o

 d
at

a
Fe

m
al

e
N

o
 d

at
a

N
o

 d
at

a
N

o
 d

at
a

N
o

 d
at

a
Fe

m
al

e

A
g

e 
at

 d
i-

ag
n

o
si

s 
5 

m
o

n
th

s
36

 w
ee

ks
 o

f g
es

ta
ti

o
n

 
11

 m
o

n
th

s
18

 m
o

n
th

s
Pe

d
ia

tr
ic

 p
a-

ti
en

t
Pe

d
ia

tr
ic

 p
a-

ti
en

t
In

fa
n

ti
le

 p
a-

ti
en

t 
N

o
 d

at
a

4 
m

o
n

th
s

Tu
m

o
r 

lo
ca

ti
o

n
R

ig
h

t l
at

er
al

 v
en

tr
ic

le
 

Fr
o

n
ta

l l
o

b
e

p
o

n
s

Fr
o

n
ta

l l
o

b
e

N
o

 d
at

a
N

o
 d

at
a

N
o

 d
at

a
N

o
 d

at
a

Le
ft

 c
er

eb
ra

l 
h

em
is

p
h

er
e

Pa
-

th
o

lo
g

y
H

ig
h

-g
ra

d
e 

g
lio

m
a

G
lio

b
la

st
o

m
a 

(W
H

O
 g

ra
d

e 
IV

)
Lo

w
-g

ra
d

e 
n

eu
ro

ep
it

h
el

ia
l 

n
eo

p
la

sm
 

G
lio

b
la

st
o

m
a 

(W
H

O
 g

ra
d

e 
IV

)

N
o

 d
at

a
N

o
 d

at
a

N
o

 d
at

a
U

n
sp

ec
ifi

ed
G

lio
b

la
st

o
m

a 
(w

h
o

 g
ra

d
e 

iv
)

S
u

rg
er

y
1)

 G
T

R
  

2)
 p

ar
ti

al
 r

es
ec

ti
o

n
 in

 
p

ro
g

re
ss

io
n

  
3)

 s
u

b
to

ta
l r

es
ec

ti
o

n

1)
 B

io
p

sy
  

2)
 S

u
b

to
ta

l r
es

ec
ti

o
n

1)
 G

T
R

  
2)

 G
T

R
 in

 p
ro

-
g

re
ss

io
n

G
T

R
N

o
 d

at
a

N
o

 d
at

a
N

o
 d

at
a

N
o

 d
at

a
1)

 B
io

p
sy

  
2)

 S
u

b
to

ta
l 

re
se

ct
io

n

Pr
io

r 
C

T
V

in
cr

is
ti

n
e,

 c
is

p
la

ti
n

, 
cy

cl
o

p
h

o
sp

h
am

id
e,

 
et

o
p

o
si

d
e,

 c
ar

b
o

p
la

ti
n

, 
if

o
sf

am
id

e

M
et

h
o

tr
ex

at
e,

 v
in

cr
is

ti
n

e,
 

et
o

p
o

si
d

e,
 c

yc
lo

p
h

o
sp

h
am

id
e,

 
th

io
te

p
a 

V
in

cr
is

ti
n

e 
an

d
 

ca
rb

o
p

la
ti

n
 

N
o

N
o

 d
at

a
N

o
 d

at
a

N
o

 d
at

a
N

o
 d

at
a

C
ar

bo
pl

at
in

, 
et

op
os

id
e,

 
cy

cl
op

ho
sp

ha
-

m
id

e,
 v

in
cr

is
-

tin
e

Pr
io

r 
R

T
54

 G
y 

to
 th

e 
tu

m
o

r 
b

ed
 

N
o

N
o

N
o

N
o

 d
at

a
N

o
 d

at
a

N
o

 d
at

a
N

o
 d

at
a

N
o

N
T

R
K

  
re

ar
ra

ng
e-

m
en

t

E
T

V
6:

N
T

R
K

3 
fu

si
o

n
 

E
T

V
6:

N
T

R
K

3 
fu

si
o

n
 

E
T

V
6:

N
T

R
K

3 
fu

si
o

n
 

E
T

V
6:

N
T

R
K

3 
fu

si
o

n
U

n
sp

ec
ifi

ed
U

n
sp

ec
ifi

ed
U

n
sp

ec
ifi

ed
E

T
V

6:
N

T
R

K
3 

fu
si

o
n

ET
V

6:
N

TR
K

3 
fu

si
on

 

In
h

ib
it

o
r

La
ro

tr
ec

ti
n

ib
 

1)
 C

ri
zo

ti
n

ib
 fo

r 
9 

m
o

n
th

s 
 

2)
 la

ro
tr

ec
ti

n
ib

 3
 m

o
n

th
s 

La
ro

tr
ec

ti
n

ib
 

La
ro

tr
ec

ti
n

ib
 

La
ro

tr
ec

ti
n

ib
 

La
ro

tr
ec

ti
n

ib
 

La
ro

tr
ec

ti
n

ib
 

E
n

tr
ec

ti
n

ib
E

n
tr

ec
ti

n
ib

R
es

p
o

n
se

 
to

 tr
ea

t-
m

en
t

M
R

I a
t 5

 m
o

n
th

s 
co

n
-

fi
rm

ed
 th

e 
re

sp
o

n
se

, 
w

it
h

 r
es

o
lu

ti
o

n
 o

f 
en

h
an

ce
m

en
t i

n
 th

e 
tu

m
o

r 
b

ed
 a

n
d

 a
lm

o
st

 
al

l m
et

as
ta

ti
c 

le
si

o
n

s 

1)
 5

6%
 r

ed
u

ct
io

n
 in

 th
e 

si
ze

 o
f 

th
e 

re
m

ai
n

in
g

 s
o

lid
 c

o
m

p
o

-
n

en
t o

f t
h

e 
tu

m
o

r 
co

m
p

ar
ed

 to
 

th
e 

p
o

st
su

rg
er

y 
M

R
I s

ca
n

  
2)

 fu
rt

h
er

 r
ed

u
ct

io
n

 in
 s

iz
e 

re
ac

h
in

g
 7

3%
 

N
o

 e
vi

d
en

ce
 

o
f r

ec
u

r-
re

n
ce

 a
ft

er
 

12
 m

o
n

th
s 

o
f 

tr
ea

tm
en

t

M
R

I a
ft

er
 

8 
w

ee
ks

 
o

f t
h

er
ap

y 
sh

o
w

ed
 

m
ar

ke
d

 tu
m

o
r 

re
g

re
ss

io
n

 

D
ec

re
as

e 
in

 
tu

m
o

r 
b

u
rd

en
 

S
ta

b
le

 d
is

ea
se

 
Tr

ea
tm

en
t 

w
as

 te
rm

in
-

at
ed

 d
u

e 
to

 
el

ev
at

ed
 li

ve
r 

fu
n

ct
io

n
 te

st
s 

C
o

m
p

le
te

 r
e-

sp
o

n
se

C
o

m
p

le
te

 r
e-

sp
o

n
se

S
id

e 
 

ef
fe

ct
s

N
o

N
o

 d
at

a
N

o
 d

at
a

N
o

N
o

 d
at

a
N

o
 d

at
a

E
le

va
te

d
 li

ve
r 

fu
n

ct
io

n
 te

st
s

N
o

 d
at

a
Tr

an
si

en
t n

eu
-

tr
o

p
en

ia

GT
R,

 g
ro

ss
 to

ta
l r

es
ec

tio
n;

 W
HO

, W
or

ld
 H

ea
lth

 O
rg

an
iza

tio
n.

  



 4 Papusha et al. The experience of successful treatment of ETV6-NTRK3-positive infant

was published in 2018 in a 3-year-old girl with progres-
sive HGG after irradiation and chemotherapy.3 Among 
12 children with ETV6-NTRK3-positive infant HGGs de-
scribed by Clarke et al., only 2 patients received targeted 
therapy with larotrectinib and both with significant clin-
ical benefit.1 One case has also been reported of upfront 
usage of NTRK inhibition by larotrectinib for a patient 
with infantile glioblastoma harboring ETV6-NTRK3 fu-
sion.4 The phase 1/2 STARTRK-NG trial (NCT02650401) 
of entrectinib demonstrated encouraging results in pa-
tients with NTRK fusion-positive CNS tumors (n  =  8), 
including one patient with ETV6-NTRK3-positive high-
grade glioma.5

There are several cases of successful targeting ETV6-
NTRK3-positive infant high-grade glioma, with only one 
patient receiving entrectinib. Among the reported cases 
treatment was effective and well-tolerated. The summary 
of published cases of infant glioma with targeted therapy 
is given in Table 1. These early data suggest that both avail-
able NTRK inhibitors (laroctrectinib and entrectinib) could 
be an effective treatment for patients with ETV6-NTRK3-
positive infant HGG.
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