
iMedPub Journals
http://www.imedpub.com

2016
Vol. 1 No. 1: 8

Short Communication

1© Under License of Creative Commons Attribution 3.0 License | This article is available in: http://j-neurooncology.imedpub.com/archive.php

DOI: 10.21767/2572-0376.10008

 Neuro-Oncology: Open Access
ISSN 2572-0376

Malbari F1, Quinlan A2, 
Hanson D3, Levy A4 and 
Atlas M5 

1	 Children’s	Hospital	at	Montefiore,	3415	
Bainbridge	Ave,	Bronx,	NY	10467,	New	
York,	USA

2	 Steven	and	Alexandra	Cohen	Children’s	
Medical	Center	of	NY,	New	York,	USA

3	 Steven	and	Alexandra	Cohen	Children’s	
Medical	Center	of	NY,	New	York,	USA

4	 Children’s	Hospital	at	Montefiore,	New	
York,	USA

5	 Steven	and	Alexandra	Cohen	Children’s	
Medical	Center	of	NY,	New	York,	USA

Corresponding author: Malbari F

 	fmalbari@montefiore.org

Children’s	Hospital	at	Montefiore,	3415	
Bainbridge	Ave,	Bronx,	NY	10467,	New	York, 
USA.

Tel: (718)920-4378
Fax:	(718)654-5407

Citation: Malbari	F,	Quinlan	A,	Hanson	D,	
et	al. Tolerability of Temozolomide in 
Conjunction	with	Craniospinal	Radiation	for	
the	Treatment	of	Pediatric	CNS	Embryonal	
Tumors.	Neurooncol	Open	Access.	2016,	
1:1.Introduction

The incidence of embryonal CNS	 tumors	 (medulloblastoma,	
primitive	neuroectodermal	 tumors	 (PNET),	 and	pineoblastoma)	
in	the	pediatric	population	is	0.6	per	100,000	person-years,	with	
medulloblastoma	being	the	most	common	malignant	CNS	tumor	
(20%)	[1].	Event	free	survival	for	medulloblastoma	has	improved	
in	the	past	decades.	Overall	survival	has	also	improved:	80%	for	
patients	 with	 standard	 risk	 and	 60-70%	 for	 high	 risk	 [2].	 This	
improvement	is	attributed	to	the	change	in	standard	treatment	
[2-7].	 With	 the	 increase	 in	 survival	 rates,	 more	 concern	 is	
given	to	quality	of	 life.	Multiple	morbidities	 include	permanent	
neurologic,	endocrinologic,	neurocognitive	and	hearing	deficits.	
The	 combination	 of	 tumor	 location,	 surgery,	 radiation	 and	
chemotherapy	is	responsible	for	multiple	morbidities.	With	such	
significant	morbidities	in	long	term	cancer	survivors,	research	to	
alter	treatment	in	order	to	minimize	sequelae	as	well	as	increase	
efficacy	should	be	conducted.

In	the	early	1990s,	temozolomide,	a	second	generation	alkylating	
agent,	was	studied	in	adult	patients	with	glioblastoma	multiforme	
(GBM),	anaplastic	astrocytoma	and	other	high	grade	gliomas	[8-

10].	It	is	also	a	radiosensitizer	and	has	been	used	in	combination	
with	 radiation	 therapy	 for	 aggressive	 tumors.	 It	 was	 used	
concomitantly	with	focal	radiation	therapy	in	adult	patients	with	
GBM.	These	studies	showed	that	temozolomide	in	combination	
with	focal	radiation	was	well	tolerated	with	side	effects	including	
myelosuppression	[11,12].	Stupp	et	al.	reported	4	of	62	patients	
in	one	study	and	37	of	284	patients	in	another	study	discontinuing	
temozolomide	early	with	concomitant	focal	radiation	secondary	
to	toxicity	including	infection	and	myelosuppression	[11,12].	

Pediatric	 studies	 have	 shown	 similar	 tolerability	 and	 have	
demonstrated that temozolomide had a response to 
medulloblastoma/PNET	 [13,14].	 Currently,	 the	 Children’s	
Oncology	 Group	 is	 conducting	 a	 Phase	 II	 trial	 for	 recurrent/
refractory	embryonal	tumors	with	temozolomide	and	irinotecan	
versus	 temozolomide,	 irinotecan,	 bevacizumab,	 again	 with	 the	
rationale	 that	 temozolomide	has	been	shown	 to	be	active	as	a	
single	agent	for	recurrent	embryonal	tumors	[13].

Tolerability of Temozolomide in Conjunction 
with Craniospinal Radiation for the Treatment 

of Pediatric CNS Embryonal Tumors

Received: March	11,	2016; Accepted: April	19,	2016;	Published: April	22,	2016

Abstract
Background:	Temozolomide	(TMZ)	is	effective	in	CNS	embryonal	tumors	and	well	
tolerated.	 The	 aim	 of	 this	 study	 is	 to	 evaluate	 tolerability	 of	 temozolomide	 in	
conjunction	with	craniospinal	irradiation	(CSI)	in	this	patient	group.

Methods: Retrospective	 chart	 review	 conducted	 of	 patients	 from	 1/1/02-
10/31/12.	 Nine	 charts	 reviewed;	 Information	 obtained	 included:	 tumor	 type,	
treatment	regimen,	side	effects	and	management.	

Results:	 Eight	 of	 nine	 patients	 completed	 CSI	 with	 minimal	 side	 effects.	 Two	
experienced	delay	 in	 treatment	 secondary	 to	myelosuppression,	 one	 requiring	
premature	discontinuation	of	temozolomide.	All	patients	tolerated	maintenance	
chemotherapy	with	minor	adjustments.

Conclusions:	CSI	with	temozolomide	was	well	tolerated.	Further	investigation	is	
warranted.
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Limited	studies	have	been	conducted	to	evaluate	the	tolerability	
and	 efficacy	 of	 temozolomide	 in	 combination	 with	 CSI.	 Our	
aim	 was	 to	 evaluate	 this	 treatment	 regimen	 in	 patients	 with	
embryonal	 CNS	 tumors.	 Our	 hypothesis	 was	 that	 it	 would	 be	
well	 tolerated	with	mild	 to	moderate	 side	 effects	 consisting	 of	
myelosuppression.	Patients	were	treated	with	temozolomide	as	
off-label	use	given	the	preliminary	data regarding efficacy.

Methods
We	performed	a	 retrospective	chart	 review	evaluating	patients	
with	 embryonal	 CNS	 tumors	 who	 received	 temozolomide	 in	
conjunction	with	CSI.	Chart	review	from	2002	till	October	2012	
was	 conducted.	 Data	 collected	 consisted	 of:	 age,	 sex,	 type	 of	
tumor,	 age	 at	 diagnosis,	 treatment	 regimen,	 side	 effects	 and	
management.	 In	 order	 to	 objectively	 identify	 side	 effects,	 the	
Common	Terminology	Criteria	for	Adverse	Events	version	4.0	was	
used	as	a	reference.

The	 results	 are	 descriptive,	 evaluating	 primary	 outcomes.	 The	
methods	 of	 Kaplan	 and	Meier	were	 used	 to	 analyze	 outcomes	
for	this	cohort.

Results
Please see Table 1	 for	 detailed	 information	 regarding	 patient	
characteristics	 and	 treatment	 regimens	 along	 with	 side	 effect	
profiles.	 Of	 the	 nine	 patients,	 eight	 (89%)	 completed	 CSI	 and	
temozolomide	with	minimal	 side	effects.	Five	patients	 received	
temozolomide	 and	 CSI	 immediately	 after	 diagnosis	 while	 four	
patients	received	some	chemotherapy	prior	to	this	combination.	
The	most	 common	 adverse	 reactions	 included	 grade	 2	 nausea	
and	 vomiting,	 seen	 in	 all	 patients,	 which	 responded	 well	 to	
antiemetics.	 No	 patients	 required	 platelet	 transfusions.	 Two	
(22%)	of	the	nine	patients	had	grade	2	thrombocytopenia	during	
the	course	of	CSI	and	temozolomide.	Patient	3	had	temozolomide	
held	 for	five	days	 for	 platelet	 recovery.	 This	 patient	 also	had	a	
delay	 in	 CSI	 for	 one	 day	 secondary	 to	 gastroenteritis	 requiring	
hospitalization.	 Patient	 5	 required	 cessation	 of	 temozolomide	
after	22	days	secondary	to	grade	2	thrombo-cytopenia	and	grade	
3	 esophagitis.	 This	 patient	 also	 had	 a	 two	 week	 delay	 of	 CSI	
due	to	inpatient	admission	to	treat	the	esophagitis.	No	patients	
required	 discontinuation	 of	 CSI.	 One	 patient	 suffered	 radiation	
necrosis	 with	 subsequent	 epidural	 hemorrhage	 (treated	 with	
decompressive	 suboccipital	 craniectomy,	 steroids,	 hyperbaric	
chamber).	 All	 9	 patients	 received	 subsequent	 adjuvant	
chemotherapy.	One	patient	had	discontinuation	of	 cisplatin	 for	
ototoxicity,	 two	 required	 dose	 reduction	 and	 five	 had	 delay	 in	
chemotherapy	for	toxicity.

To	 date,	 of	 the	 nine	 patients	 evaluated	 in	 this	 study,	 five	 are	
still	 alive.	 Four	 of	 the	 five	 patients	 have	 minimal	 sequelae.	
Patient	4	has	multiple	neurological	deficits	likely	due	to	surgical	
intervention	for	radiation	necrosis	and	requires	full	assistance.	

Discussion
The	 combination	 of	 temozolomide	 and	 CSI	was	well	 tolerated,	
requiring	 discontinuation	 of	 treatment	 in	 one	 of	 nine	 patients	
(11%).	 The	 most	 common	 adverse	 effects	 included	 grade	 2	
nausea	 and	 vomiting.	 Only	 one	 patient	 required	 cessation	

of	 temozolomide	 for	 grade	 2	 thrombocytopenia	 and	 grade	 3	
esophagitis	and	a	2	week	delay	in	radiation	for	hospitalization	for	
esophagitis.	The	esophagitis	may	be	secondary	to	a	combination	
of	 CSI	 and	 temozolomide,	 which	 is	 rare	 adverse	 event.	 One	
patient	 had	 grade	 3	 anemias	 likely	 due	 to	 a	 combination	 of	 4	
months	 of	 Head	 Start	 II	 followed	 by	 CSI	 and	 temozolomide.	
One	patient	had	grade	2	neutropenia	but	 this	patient	was	also	
pretreated	 with	 vincristine/cisplatin.	 The	 only	 late	 effect	 seen	
was	 radiation	 necrosis	 with	 subsequent	 epidural	 hemorrhage.	
Radiation	necrosis	is	a	rare,	but	concerning,	side	effect	reported	
and	it	is	unclear	why	this	patient	developed	it.	Previous	studies	
using	 this	 combination	 therapy	 have	 been	 conducted,	with	 no	
reported	toxicity	of	radiation	necrosis.

In	a	study	of	pediatric	patients	with	aggressive	CNS	tumors,	one	
patient	 with	 medulloblastoma	 received	 CSI	 and	 had tolerable 
side	 effects	 consisting	 of	 myelosuppression	 [15].	 The	 German	
Society	of	Pediatric	Oncology	and	Hematology	high	grade	glioma	
group	 treated	 six	 patients	with	 diffuse	 intrinsic	 pontine	 glioma	
(DIPG)	 and	 primary	 metastatic	 high	 grade	 glioma	 (HGG)	 with	
CSI	 and	 concurrent	metronomic	 temozolomide.	 This	 study also 
reported	 myelosuppression.	 All	 patients	 suffered	 Grade	 III	 or	
higher	myelotoxicity	and	four	of	six	patients	had	to	discontinue	
temozolomide	[16].	This	same	group	treated	a	patient	with	DIPG	
with	CSI	and	concomitant	temozolomide	and	nimotuzumab	and	
had	similar	side	effects	requiring	disruption	of	temozolomide	due	
to	myelotoxicity	[17].	These	limited	studies	have	shown	that	this	
treatment	regimen	causes	significant	myelosuppression	requiring	
discontinuation	of	 treatment	with	 temozolomide	 in	majority	of	
patients.	 The	possible	 explanation	 for	 the	difference	 in	 toxicity	
profiles	for	our	study	compared	to	the	group	in	Germany	may	be	
disease	related.	Our	patients	all	had	embryonal	tumors	while	the	
other	group	treated	patients	with	DIPG	and	high	grade	gliomas.

Our	 study	was	 very	 limited	 in	 that	 it	was	a	 retrospective	 chart	
review	with	a	small	number	of	patients	treated	over	a	period	of	
10	years.	These	patients	received	temozolomide	and	a	different	
CSI	 dose	depending	on	disease	 risk,	which	makes	 it	 difficult	 to	
interpret	the	data,	but	what	is	notable,	is	the	overall	tolerability	
of	 this	 combination.	 Temozolomide	 with	 radiation	 is	 standard	
of	 care	 for	 patients	with	 newly	 diagnosed	 high	 grade	 gliomas,	
not	on	clinical	trials,	because	of	tolerability	as	well	as	feasibility	
[18].	 Therefore	 it	 may	 be	 valuable	 to	 further	 investigate	 this	
combination	as	a	potential	option	for	patients	requiring	aggressive	
therapy	in	high	risk	embryonal	tumors.

Prospective	 studies	 consisting	 of	 larger	 population	 of pediatric 
patients	 with	 embryonal	 tumors	 receiving	 temozolomide	 in	
conjunction	with	 CSI	 should	 be	 considered.	 Temozolomide	 has	
been	 proven	 effective	 in	 embryonal	 tumors	 and	 combination	
with	CSI	has	been	tolerable	with	side	effects	mainly	consisting of 
myelosuppression,	which	is	treatable	and	reversible.
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