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involving the central nervous system (CNS) that was treated 
with alectinib maintenance therapy following cord blood 
transplantation (CBT). The patient has continued alectinib 
maintenance therapy without severe adverse effects, main-
taining complete remission for over 3 years.

Case report

A 10-year-old boy was admitted to our hospital with per-
sistent fever and upper respiratory symptoms. Because he 
was initially diagnosed with acute disseminated encepha-
lomyelitis, he was treated with glucocorticoids. However, 
his fever persisted, and enhanced brain magnetic resonance 
imaging (MRI) revealed an occupied lesion (Fig. 1A). 
Although we performed a brain biopsy of the mass at diag-
nosis, the pathological examination only revealed necrotic 
tissue. Whole enhanced computed tomography showed 
multiple lymphadenopathy, pleural fluid, and ascites. 
Biopsies of cervical lymph nodes, pleural fluid, and bone 
marrow aspirate revealed abnormal cells (Fig. 1B). Immu-
nohistochemical stains were positive for CD30 and ALK 
(Fig. 1C) and negative for CD3, CD20, BCL2, and PAX5. 

Introduction

Anaplastic large cell lymphoma (ALCL) is a rare subtype of 
non-Hodgkin lymphoma, constituting 10–20% of pediatric 
lymphomas. Pediatric ALCL is notable for its ALK-posi-
tive status in over 90% of cases, and frequently manifests 
as advanced disease [1, 2]. While short-pulse conventional 
chemotherapy is commonly used for pediatric ALCL, 
approximately 30% of patients experience relapse and 
refractory disease, which poses significant challenges [1–3]. 
Here, we present a case of pediatric ALK-positive ALCL 
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Abstract
Pediatric ALK-positive anaplastic large cell lymphoma is a rare subtype of non-Hodgkin lymphoma, and approximately 
30% of patients relapse following treatment with conventional chemotherapy. Alectinib monotherapy has demonstrated 
excellent activity in relapsed and refractory ALCL, but its role as a maintenance therapy after hematopoietic cell transplan-
tation is unclear. We experienced a relapse case of pediatric ALK-positive ALCL with central nervous system involvement 
treated with alectinib maintenance therapy following cord blood transplantation. The patient has maintained complete 
remission for more than 3 years after transplantation. There were no remarkable adverse effects that led to discontinua-
tion of alectinib.
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18 F-fluorodeoxyglucose positron emission tomography and 
computed tomography (PET-CT) revealed systemic uptake 
(Fig. 2A). Serum soluble interleukin-2 receptor (sIL2R) was 
elevated to 192,753 U/mL. We could not perform a lumbar 
puncture at the time of diagnosis owing to his compromised 
general condition caused by the aggressive progression of 
lymphoma. However, we considered the brain mass to be 
lymphoma because of the systemic nature of the disease. The 
diagnosis was ALK-positive ALCL with stage IV disease 
according to the St. Jude staging system [4]. Chemotherapy 
with cyclophosphamide, doxorubicin, vincristine, and dexa-
methasone was initiated before achieving a pathological 
diagnosis because of the aggressive nature of his disease. 
Subsequently, chemotherapy was switched to the JPLSG 
B-NHL03 protocol [5], avoiding methotrexate for the first 
two cycles because of pleural effusions and ascites. After 
five cycles of chemotherapy, PET-CT showed a complete 

metabolic response (Fig. 2B). However, after six cycles of 
chemotherapy, hematological recovery was delayed accom-
panied by sustained fever and bone pain. A bone marrow 
aspirate revealed lymphoma cells, and sIL2R rebounded to 
46,817 U/mL. PET-CT indicated disease relapse (Fig. 2C), 
and a brain MRI showed that the brain mass remained sta-
ble. The result of cerebrospinal fluid cytology was negative. 
Brentuximab vedotin and high-dose methotrexate chemo-
therapy, along with intensive intrathecal injections, were 
initiated following a prior report and remission was success-
fully achieved [6].

Allogeneic stem cell transplantation (SCT) was planned 
as the curative treatment owing to relapse during intensive 
chemotherapy. Alectinib (600 mg/day) was administered 
as bridging chemotherapy because high-dose methotrexate 
induced grade 3 hepatic toxicity (National Cancer Insti-
tute Common Terminology Criteria for Adverse Events, 

Fig. 1 (A) Enhanced magnetic resonance imaging of the brain revealed 
an occupied lesion. (B) Staining of the bone marrow aspirate (May–
Giemsa stain) smear at diagnosis. Infiltration of abnormal large cells 
with high N/C ratio were confirmed. (C) Immunohistochemical stains 

were positive for ALK. (D) Illustration of the clinical course of this 
case from diagnosis. BV, brentuximab vedotin; CBT, cord blood trans-
plantation; HDMTX, high-dose methotrexate; sIL2R, serum soluble 
interleukin-2 receptor; TIT, triple intrathecal injection
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version 5.0). The patient proceeded to undergo cord blood 
transplantation from a human leukocyte antigen two-allele 
mismatched unrelated donor. The conditioning regimen 
consisted of fludarabine, melphalan, etoposide, and total 
body irradiation (4 Gy/2 fr) with graft-versus-host disease 
(GVHD) prophylaxis including tacrolimus and short-term 
methotrexate. Grade 1 skin acute GVHD developed, but 
it resolved with topical steroids. While the patient did not 
experience severe GVHD and infection soon after CBT, he 
was pre-emptively treated with rituximab for the Epstein–
Barr viraemia overload.

Subsequently, we introduced alectinib as maintenance 
chemotherapy at post-transplant day 150 because his dis-
ease was aggressive and refractory to intensive chemother-
apy, and an occupied lesion in the CNS remained on MRI, 
which was later interpreted as a therapy-related change. 
We initiated a half-dose (300 mg/day) because his plate-
let count was slightly decreased to approximately 50,000/
µL. We increased the dose of alectinib after confirming the 
absence of toxicity at post-transplant day 165. He has con-
tinued alectinib and remained in remission for more than 3 
years after CBT. We have monitored the sIL2R level, and 

it has remained at almost normal levels. Although he has 
focal epilepsy, which has been related to prior CNS involve-
ment, no other serious adverse effects have been observed 
(Fig. 1D).

Discussion

Most treatment protocols have demonstrated approximately 
60–70% event-free survival, with early disease relapse 
being the primary challenge in the current treatment strat-
egy for pediatric ALCL [1–3]. The outcomes for relapsed 
and refractory ALCL have been unsatisfactory, and a stan-
dardized treatment strategy has not been established [1–3, 
7]. A study reported 57% 5-year overall survival among 74 
children and adolescents with relapsed or refractory ALCL 
[3]. In this study, 11 of 16 patients receiving allogeneic 
SCT (n = 16) maintained continuous remission. A prospec-
tive study, stratifying children with refractory or relapsed 
ALCL, demonstrated the efficacy of consolidation by allo-
geneic SCT for cases of high-risk early relapse or refractory 

Fig. 2 18 F-fluorodeoxyglucose positron emission tomography-computed tomography (PET-CT) imaging of the patient. (A) PET-CT imaging at 
diagnosis. (B) PET-CT imaging after five courses of chemotherapy. (C) PET-CT imaging at relapse
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disease [7]. However autologous SCT did not prevent addi-
tional relapses.

In ALK-positive ALCL, the activated ALK mutation 
acts as a driver mutation, making the blockade of ALK an 
ideal therapeutic target [1, 2, 8]. While some clinical trials 
have demonstrated the efficacy of crizotinib, data on alec-
tinib for pediatric ALCL are limited. Alectinib is reported 
to have higher efficacy and safety for ALK-positive tumors 
compared with crizotinib because alectinib is more specific 
[1, 8, 9]. Alectinib is also known for its effective penetra-
tion into the CNS [8]. In a phase II clinical trial conducted 
in Japan, alectinib exhibited favorable clinical activity and 
was well-tolerated in children with ALK-positive ALCL [9]. 
Despite the small sample size, 8 out of 10 patients achieved 
objective responses (6 with complete remission and 2 with 
partial remission).

Because of the poor prognosis associated with early 
relapsed ALCL, even when treated with allogeneic SCT [3, 
7], and considering the highly aggressive clinical symptoms 
presented in our case, we initiated alectinib maintenance 
therapy after CBT. This case had CNS involvement and we 
deemed alectinib to be preferable as an ALK inhibitor over 
crizotinib. While some lymphoma cases treated with post-
SCT ALK inhibitors have been reported, data on pediatric 
ALCL remain limited (Table 1). Our patient continued alec-
tinib without severe adverse effects and maintained com-
plete remission for over 3 years. The use of maintenance 
therapy after SCT is not well-established, and the duration 
of such therapy is still under discussion. Further data on the 
use of alectinib for pediatric ALCL, especially in the SCT 
setting, are imperative.

Acknowledgements The authors would like to thank the patient and 
the physicians, nurses, pharmacists, and other co-medical staff for 
their care of the patient. We thank H. Nikki March, PhD, from Edanz 
(https://jp.edanz.com/ac) for editing a draft of this manuscript.

Author contributions K.T. wrote the manuscript. K.T., H.I., D.M., 
T.S., M.O., K.K., K.F., Y.T., K.W., and T.A. provided medical care for 
the patients. K.W. and H.T. revised the manuscript for important intel-
lectual content. All authors read and approved the final manuscript.

Funding This work was supported by JSPS KAKENHI, grant number 
JP23K14978 (Grant-in-Aid for Early-Career Scientists).

Data availability The data described in this case report are available 
from the corresponding author upon reasonable request.

Declarations

Ethical approval Written informed consent was obtained from the pa-
tient and his guardian for the publication of this case report.

Competing interests The authors declare no competing interests.

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 A
LK

-p
os

iti
ve

 ly
m

ph
om

a 
ca

se
s t

re
at

ed
 w

ith
 p

os
t-t

ra
ns

pl
an

t A
LK

 in
hi

bi
to

rs
#

A
ge

Se
x

C
N

S
di

se
as

e
Th

er
ap

ie
s b

ef
or

e 
SC

T
SC

T
C

on
di

tio
ni

ng
A

LK
 

in
hi

bi
to

r
In

iti
at

io
n 

tim
in

g
A

Es
 o

f A
LK

 
in

hi
bi

to
r

D
is

ea
se

 
st

at
us

Tr
ea

tm
en

t 
du

ra
tio

n
R

ef
er

en
ce

1
34

M
Po

si
tiv

e
C

H
O

P,
 G

em
-b

as
ed

 
re

gi
m

en
, B

V,
 c

riz
o-

tin
ib

 e
tc

.

PB
SC

T
M

A
C

C
riz

ot
in

ib
D

ay
 2

1
Tr

an
si

en
t 

th
ro

m
bo

cy
to

pe
ni

a
R

em
is

si
on

30
 m

on
th

s
C

le
ar

y 
JM

, e
t a

l. 
J 

N
at

l C
om

pr
 C

an
c 

N
et

w
. 2

01
4

2
38

N
A

N
A

C
H

O
P,

 D
H

A
P,

 V
IM

B
M

T
N

A
C

riz
ot

in
ib

D
ay

 9
0*

A
bn

or
m

al
 li

ve
r 

fu
nc

tio
n

R
em

is
si

on
8 

m
on

th
s

G
am

ba
co

rti
 P

as
se

rin
i 

C
, e

t a
l. 

J 
N

at
l C

an
ce

r 
In

st
. 2

01
4

3
27

M
Po

si
tiv

e
C

H
O

PE
 +

 H
D

M
TX

, 
al

ec
tin

ib
A

llo
-S

C
T

N
A

A
le

ct
in

ib
D

ay
30

**
Pa

pu
la

r r
as

h
R

em
is

si
on

N
A

R
ee

d 
D

R
, e

t a
l. 

C
lin

 
Ly

m
ph

om
a 

M
ye

lo
m

a 
Le

uk
. 2

01
9

4
18

F
Po

si
tiv

e
A

LC
L9

9
C

B
T

FL
U

 +
 B

U
 +

 M
EL

A
le

ct
in

ib
D

ay
 4

0
N

A
R

em
is

si
on

O
ve

r 1
6 

m
on

th
s

Sa
ito

 S
, e

t a
l. 

M
ed

i-
ci

ne
 (B

al
tim

or
e)

. 2
02

1
5

20
F

N
eg

at
iv

e
C

H
O

PE
H

ap
lo

-P
B

SC
T

N
A

C
riz

ot
in

ib
1 

m
on

th
 

af
te

r 
PB

SC
T

G
as

tro
in

te
st

in
al

 
sy

m
pt

om
s

R
em

is
si

on
3 

m
on

th
s

Su
n 

X
, e

t a
l. 

In
di

an
 J

 
C

an
ce

r. 
20

21

6
10

M
Po

si
tiv

e
C

H
O

D
EX

, B
-N

H
L-

03
, B

V
 +

 H
D

-M
TX

C
B

T
V

P1
6 +

 F
LU

 +
 M

EL
 +

 T
B

I
A

le
ct

in
ib

D
ay

 1
50

Tr
an

si
en

t 
th

ro
m

bo
cy

to
pe

ni
a

R
em

is
si

on
O

ve
r 3

 
ye

ar
s

C
ur

re
nt

 c
as

e

A
Es

, a
dv

er
se

 e
ffe

ct
s; 

A
llo

, a
llo

ge
ne

ic
; B

M
T,

 b
on

e 
m

ar
ro

w
 tr

an
sp

la
nt

at
io

n;
 B

U
, b

us
ul

fa
n;

 B
V,

 b
re

nt
ux

im
ab

 v
ed

ot
in

; C
BT

, c
or

d 
bl

oo
d 

tr
an

sp
la

nt
at

io
n;

 C
H

O
D

EX
, c

yc
lo

ph
os

ph
am

id
e +

 do
xo

-
ru

bi
ci

n +
 vi

nc
ris

tin
e 

+
 d

ex
am

et
ha

so
ne

; C
H

O
P,

 c
yc

lo
ph

os
ph

am
id

e +
 do

xo
ru

bi
ci

n +
 vi

nc
ris

tin
e +

 pr
ed

ni
so

lo
ne

; C
H

O
PE

, C
H

O
P 

+
 et

op
os

id
e;

 C
N

S,
 c

en
tr

al
 n

er
vo

us
 s

ys
te

m
; D

H
A

P,
 d

ex
am

et
ha

-
so

ne
 +

 cy
ta

ra
bi

ne
 +

 ci
sp

la
tin

; F
, f

em
al

e;
 F

LU
, fl

ud
ar

ab
in

e;
 G

em
, g

em
ci

ta
bi

ne
; M

, m
al

e;
 M

A
C

, m
ye

lo
ab

la
tiv

e 
co

nd
iti

on
in

g;
 M

EL
, m

el
ph

al
an

; N
A

, n
ot

 a
va

ila
bl

e;
 P

B
SC

T,
 p

er
ip

he
ra

l b
lo

od
 st

em
 

ce
ll 

tr
an

sp
la

nt
at

io
n;

 S
C

T,
 st

em
 c

el
l t

ra
ns

pl
an

ta
tio

n;
 T

BI
, t

ot
al

 b
od

y 
ir

ra
di

at
io

n;
 V

IM
, e

to
po

si
de

 +
 if

os
fa

m
id

e +
 m

ito
xa

nt
ro

ne
; V

P1
6,

 e
to

po
si

de
*R

el
ap

se
 w

as
 c

on
fir

m
ed

 a
t d

ay
 9

0 
af

te
r a

llo
-B

M
T,

 *
*e

xt
ra

no
da

l d
is

ea
se

 w
as

 p
ro

ve
n 

by
 b

io
ps

y 
on

 d
ay

 3
0 

an
d 

al
ec

tin
ib

 w
as

 re
st

ar
te

d

1 3

https://jp.edanz.com/ac


Annals of Hematology

for refractory anaplastic large-cell Lymphoma with Central Ner-
vous System Disease. J Pediatr Hematol Oncol 42:e456–e458. 
https://doi.org/10.1097/MPH.0000000000001550

7. Knörr F, Brugières L, Pillon M et al (2020) Stem cell transplanta-
tion and vinblastine monotherapy for relapsed pediatric anaplas-
tic large cell lymphoma: results of the international, prospective 
ALCL-relapse trial. J Clin Oncol 38:3999–4009. https://doi.
org/10.1200/JCO.20.00157

8. Iragavarapu C, Mustafa M, Akinleye A et al (2015) Novel ALK 
inhibitors in clinical use and development. J Hematol Oncol 8:17. 
https://doi.org/10.1186/s13045-015-0122-8

9. Fukano R, Mori T, Sekimizu M et al (2020) Alectinib for relapsed 
or refractory anaplastic lymphoma kinase-positive anaplastic 
large cell lymphoma: an open-label phase II trial. Cancer Sci 
111:4540–4547. https://doi.org/10.1111/cas.14671

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

References

1. Eyre TA, Khan D, Hall GW, Collins GP (2014) Anaplastic lym-
phoma kinase-positive anaplastic large cell lymphoma: current 
and future perspectives in adult and paediatric disease. Eur J Hae-
matol 93:455–468. https://doi.org/10.1111/ejh.12360

2. Turner SD, Lamant L, Kenner L, Brugières L (2016) Anaplastic 
large cell lymphoma in paediatric and young adult patients. Br J 
Haematol 173:560–572. https://doi.org/10.1111/bjh.13958

3. Woessmann W, Zimmermann M, Lenhard M et al (2011) Relapsed 
or refractory anaplastic large-cell lymphoma in children and 
adolescents after Berlin-Frankfurt-Muenster (BFM)-type first-
line therapy: a BFM-Group study. J Clin Oncol 29:3065–3071. 
https://doi.org/10.1200/JCO.2011.34.8417

4. Murphy SB (1980) Classification, staging and end results of 
treatment of childhood non-hodgkin’s lymphomas: dissimilarities 
from lymphomas in adults. Semin Oncol 7:332–339

5. Tsurusawa M, Mori T, Kikuchi A et al (2014) Improved treatment 
results of children with B-cell non-hodgkin lymphoma: a report 
from the Japanese Pediatric Leukemia/Lymphoma Study Group 
B-NHL03 study. Pediatr Blood Cancer 61:1215–1221. https://
doi.org/10.1002/pbc.24975

6. Mitsunobu T, Nishikawa T, Kusuda M et al (2020) Brentuximab 
Vedotin and high-dose Methotrexate Administrated alternately 

1 3

https://doi.org/10.1097/MPH.0000000000001550
https://doi.org/10.1200/JCO.20.00157
https://doi.org/10.1200/JCO.20.00157
https://doi.org/10.1186/s13045-015-0122-8
https://doi.org/10.1111/cas.14671
https://doi.org/10.1111/ejh.12360
https://doi.org/10.1111/bjh.13958
https://doi.org/10.1200/JCO.2011.34.8417
https://doi.org/10.1002/pbc.24975
https://doi.org/10.1002/pbc.24975

	Alectinib maintenance therapy following cord blood transplantation for relapsed pediatric anaplastic large cell lymphoma with central nervous system involvement
	Abstract
	Introduction
	Case report
	Discussion
	References


