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SUMMARY	–	Neurogenesis in the adult mammalian brain is active in two areas: the subgranular 
zone in the dentate gyrus of the hippocampus and the subventricular zone. Cancer stem cells have 
been isolated from malignant brain tumors and it is widely believed they arise from transformed 
endogenous stem cells. We sought to determine if the initial location of glioblastoma (GB) as seen 
on conventional MRI and its relationship to the subventricular zone (SVZ) predicts the pattern of 
recurrence. We analyzed the initial (prior to any treatment) and last follow-up MR studies in 49 
patients with GB. On post contrast images all non-treated GB were divided into three groups ac-
cording to the relationship of their enhancing margins to the SVZ: Group I (directly in contact with 
the SVZ), Group II (in the subcortical [SC] region) and Group III (in both the SVZ and SC regions). 
Recurrences or continuous growth seen as enhancing areas on follow-up studies were characterized 
as local, spread, or distant according to their contact with the surgical bed and correlated with the 
locations of the initial tumors. Local and spread patterns of recurrence occurred with nearly equal 
frequency (45 and 43% each, respectively) and distant in 12%. In Group I, 80% showed a spread 
pattern, 20% a local pattern, and none a distant pattern. In Group II, 45% showed a spread pattern, 
35% a local pattern, and a 20% distant one. In Group III, 58% showed a local pattern, 33% a spread 
pattern, and 8% distant one. Unlike other reports, the location of GB in relation to the SVZ in our 
patients did not predict the pattern of tumor recurrence and/or extension in our patients.
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Introduction

Ramon	 and	 Cajal	 postulated	 that	 the	 adult	
brain	 is	 incapable	 of	 producing	 new	 neurons	
and	this	belief	was	held	as	dogma	during	most	
of	 the	 20th	 century	 1.	 In	 1962,	 Altman	 utilized	
bromodeoxyuridine	labeling	technology	to	iden-
tify	newborn	cells	in	well-defined	areas	of	adult	
rodent	brains	which	subsequently	led	to	the	dis-
covery	of	adult	neurogenesis	and	in	1998	Eriks-
son	 established	 the	 existence	 of	 adult	 human	
neurogenesis	 2-4.	 Neural	 stem	 cells	 (NSC)	were	
isolated,	grown,	and	differentiated	into	neurons	
and	astrocytes	in	vitro	also	in	the	1990s	5-7.	To-
day	the	consensus	is	that	adult	neurogenesis	is	
active	in	two	main	areas:	the	subgranular	zone	
(SGZ)	of	the	dentate	gyrus	(DG)	of	the	hippoc-
ampus	 and	 the	 subventricular	 zone	 (SVZ)	 1-9.	

NSC	have	the	capacity	to	self-renew	and	differ-
entiate	 into	multiple	 neural	 cell	 lineages.	 The	
microenvironment	 that	supports	and	regulates	
NSC	 maintenance,	 self-renewal,	 development,	
and	fate	is	called	a	“niche”	and	involves	soluble	
factors,	 anatomic	 organization,	 and	 neuronal	
activity	 4.	 Cancer	 stem	 cells	 (CSC)	 have	 been	
isolated	from	malignant	brain	tumors	and	these	
cells	may	arise	from	transformed	NSC	10-12.	Thus,	
CSC	are	believed	to	be	adult	abnormal	NSC,	al-
though	 a	 clear	 relationship	 between	 stem-like	
cancer	cells	and	true	NSC	has	not	been	proven	

10-12.	Studies	show	that	glioblastomas	(GB)	tend	
to	arise	in	association	with	areas	of	active	neu-
rogenesis	 and	 that	 recurrences	 are	more	 com-
mon	in	these	regions	(such	as	the	SVZ).	To	fur-
ther	 investigate	 this	association,	we	retrospec-
tively	analyzed	initial	and	follow-up	MR	images	



543

Margareth Kimura Glioblastoma Multiforme: Relationship to Subventricular Zone and Recurrence

tumor)	 were	 found	 on	 follow-up	 studies	 and	
characterized	as	follows:
–	Local:	when	 they	 occurred	within	 the	 origi-
nal	surgical	bed.
–	Spread:	when	 they	 occurred	within	 1	 cm	 of	
the	original	surgical	bed.
–	Distant:	when	they	did	not	have	any	contact	
with	the	original	surgical	bed.

Statistical analysis

Averages	and	p-values	were	calculated	for	all	
groups	 and	Fisher’s	 exact	 test	was	 performed	
on	a	contingency	table.

Results

Clinical findings

Of	the	49	patients	with	GB,	16	were	female	
and	33	were	male.	Mean	ages	at	presentation	
were	36.8	±	20.4	years	for	Group	I,	61.1	±	14.4	
years	 for	 Group	 II,	 and	 54.9	 ±	 14.2	 years	 for	
Group	III.

in	patients	with	GB	to	assess	if	their	initial	site	
predicted	their	site	of	recurrence.

Methods

Patients

We	 analyzed	 the	 initial	 (prior	 to	 any	 treat-
ment)	and	last	follow-up	MR	studies	in	49	pa-
tients	 with	 GB	 diagnosed	 at	 our	 hospital	 be-
tween	January	2001	and	January	2011.	All	pa-
tients	had	histologically	confirmed	primary	GB	
(WHO	IV).	No	patient	had	evidence,	by	clinical	
history	 or	 genetic	 markers,	 that	 the	 tumors	
had	arisen	as	low-grade	and	then	transformed	
into	high-grade	lesions	and	all	were	considered	
primary	or	de novo	GB.

MRI analysis

Patients	underwent	MR	brain	 imaging	with	
conventional	 sequences	 (T1	 and	 T2-weighted	
sequences,	 FLAIR,	 gradient-echo,	 and	 diffu-
sion-weighted	 sequences)	 and	 post	 contrast	
three-dimensional	 MPRAGE	 T1	 images	 in	 at	
least	the	axial	plane	with	coronal	and	sagittal	
reformations.	 Images	 were	 obtained	 on	 1.5T	
or	 3.0T	 scanners.	MR	 follow-up	 examinations	
were	performed	every	three	months	unless	the	
patient	required	additional	evaluation.	For	the	
purposes	 of	 this	 study,	 we	 analyzed	 the	 T1-
post	contrast	images	in	initial	and	last	follow-
up	studies.	Measurements	were	carried	out	on	
a	 clinical	 PACS	 system.	 One	 neuroradiologist	
retrospectively	reviewed	the	medical	records	of	
all	patients	with	regard	to	age	at	presentation,	
gender,	 date	 of	 first	 and	 last	 follow-up	 MRI	
studies,	and	final	pathology	diagnosis.

Classification of initial tumors and recurrences

Post	 contrast	 images	were	analyzed	and	di-
vided	 into	 three	 groups	 according	 to	 the	 rela-
tion	between	the	enhancing	margins	of	the	ini-
tial	tumor	and	the	SVZ	(Figure1),	as	previously	
described	in	the	literature	13,14:
–	Group I:	directly	in	contact	with	the	SVZ	or	
less	than	1	cm	away	from	it.
–	Group II:	 distant	 to	 the	SVZ	 in	SC	regions.	
GB	were	>	1	cm	distant	to	the	SVZ	and	in	con-
tact	with	the	SC	region	or	<	1	cm	away	from	it.
–	Group III:	 tumors	 in	 both	 the	 SVZ	 and	 SC	
regions.
Recurrences	were	 categorized	as	 such	when	

new	 enhancing	 areas	 (not	 related	 to	 residual	

Figure	1		Schematic	drawing	of	the	3	groups	of	glioblastoma	
(GB)	 according	 to	 the	 relationship	 of	 their	 enhancing	 mar-
gins	to	the	SVZ.	Group	I,	GB	directly	in	contact	with	the	SVZ.	
Group	II,	GB	in	contact	to	the	subcortical	(SC)	region.	Group	
III,	GB	contacting	both	the	SVZ	and	SC	regions.
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Discussion

In	our	patients,	tumors	belonging	to	Groups	
III	 and	 I	 did	 not	 show	 a	 statistically	 greater	
incidence	 of	 spread	 or	 distant	 recurrence	 pat-
terns	 than	 did	 those	 in	 Group	 II.	 GB	 located	
in	 the	 SC	 region	 (Group	 II)	 demonstrated	 a	
higher	 incidence	 of	 distant	 recurrences	 than	
those	in	Groups	III	and	I.
Overall,	we	did	not	 observe	 any	predictable	

recurrence	 pattern	 linked	 to	 the	 initial	 ana-
tomical	location	of	the	tumors,	as	has	been	re-
ported	in	other	series	13-15.	Also,	unlike	other	se-
ries,	our	GB	arising	in	close	relation	to	the	SVZ	
did	not	show	any	specific	recurrence	patterns.	
Thus	 our	 observations	 disagree	 with	 that	 of	
others	who	have	suggested	that	different	types	
of	 recurrences	 can	 be	 predicted	 by	 the	 initial	
location	 of	 GB	 14,13.	 Those	 authors	 argue	 that	
tumors	 arising	 in	 the	 SVZ	 demonstrate	more	
aggressive	 recurrences,	 suggesting	 that	 these	
recurrences	may	be	 related	 to	 the	presence	 of	
CSC	 in	 the	 SVZ.	 Although	 the	 concept	 that	
cancers	arise	from	stem	cells	was	proposed	150	
years	 ago,	 it	 is	 only	 recently	 that	 CSC	 have	

Initial location

49%	 of	 GB	 were	 categorized	 as	 Group	 III	
that	 is,	being	in	both	the	SVZ	and	SC	regions	
while	 41%	 were	 categorized	 as	 Group	 II	 and	
10%	as	Group	I.

Patterns of recurrence

The	spread	and	 local	patterns	of	 recurrence	
occurred	essentially	equally,	45%	and	43%	re-
spectively,	 and	 the	 distant	 pattern	 was	 seen	
in	12%.	In	Group	I	 (SVZ	only),	80%	of	tumors	
showed	a	spread	pattern	(Figure	2),	while	20%	
showed	a	local	pattern.	In	Group	II	(SC	only),	
45%	showed	spread,	35%	local,	and	20%	distant	
patterns	(Figure	3).	In	Group	III	(both	regions),	
58%	showed	a	 local	pattern	 (Figure	4),	 33%	a	
spread	pattern,	and	8%	a	distant	one.	Table	1	
contains	 the	 totals	 for	 each	 group.	 Thus,	 the	
pattern	and	location	of	recurrences	had	no	sig-
nificant	 relation	 to	 the	 location	 of	 the	 initial	
tumors	(p	=	0.275).	Mean	ages	at	presentation	
were	lower	and	more	heterogeneous	for	Group	
I	than	for	Groups	II	and	III.

A B

Figure	2		Axial	postcontrast	T1-weighted	images.	A)	Initially	the	study	showed	an	enhancing	GB,	directly	in	contact	with	the	left	
subventricular	zone	(Group	I).	B)	The	post-treatment	image	shows	a	‘spread’	type	of	recurrence,	which	occurred	within	one	cen-
timeter	of	the	original	surgical	bed.	This	was	the	most	common	pattern	of	recurrence	observed	in	our	study.	Additionally	note	the	
tumor	has	now	spread	into	the	corpus	callosum	and	that	there	is	hydrocephalus.
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Table 1  Initial	types	of	glioblastoma	and	types	of	recurrence.

Group I 
SVZ, (% of group)

Group II 
SC, (% of group)

Group III 
Both, (% of group)

Local	recurrence 1	(20%) 7	(35%) 14	(58%)

Spread	recurrence 4	(80%) 9	(45%) 8	(33%)

Distant	recurrence 0	(0%) 4	(20%) 2	(8.3%)

Totals 5 20 24
SVZ	=	subventricular	zone;	SC	=	subcortical	region.

Figure	3		A)	Preoperative	axial	postcontrast	T1-weighted	image	of	an	enhancing	GB	which	is	in	contact	with	the	subcortical	fronto-
parietal	region	(Group	II).	B)	Post-treatment	T1-weighted	image	of	the	same	patient	demonstrating	a	‘distant’	type	of	recurrence	
located	in	the	genu	of	corpus	callosum	and	right	frontal	lobe	that	represents	the	least	common	type	of	recurrence	found	in	our	
analysis.	

been	 isolated	 and	 cultured	 from	human	brain	
tumors	11,16,12.	The	CSC	hypothesis	suggests	that	
homeostastic	 processes	 are	 dysregulated	 and	
instead	 of	 generating	NSC	 and	 their	 progeni-
tors	 they	give	rise	 to	CSC.	Additionally,	aber-
rant	 differentiation	 of	 CSC	 results	 in	 tumor	
heterogeneity	 12.	 CSC	 have	 the	 capacity	 for	
self-renewal,	multipotency	 (ability	 to	generate	
neurons,	 astroglia,	 and	 oligodendroglia),	 tum-
origenicity,	 and	 the	 ability	 to	migrate,	metas-
tasize,	and	activate	telomerase	expression	and	
anti-apoptotic	 pathways.	 GB	 have	 heteroge-

neous	 cellular	 compositions	 as	 implied	 by	 the	
older	term	“multiforme”	and	some	of	their	cells	
retain	a	migratory	capacity.	This	characteristic	
results	 in	 frequent	 recurrences	 and	 extensive	
tumor	 involvement	by	 the	 time	of	diagnosis	11.	
Even	 if	 NSC	 are	 attractive	 candidates	 to	 ex-
plain	 cancer-initiating	 events,	 there	 is	 still	 a	
lack	 of	 direct	 evidence	 on	 where	 exactly	 this	
occurs	 and	 whether	 it	 is	 related	 to	 aberrant	
neural	precursors	or	differentiated	tumorigenic	
cells	3.	The	findings	in	our	study	were	similar	to	
those	of	Kappadakunnel	et	al.	17	and	agree	with	

A B
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A B

imply	that	the	SVZ	is	not	the	only	site	of	origin	
for	GB	cells.	Many	reports	describe	adult	neu-
rogenesis	 in	 other	 regions	 such	 as	 neocortex,	
striatum,	amygdala,	substantia	nigra,	olfactory	
bulb,	and	spinal	cord	19-22.
Our	 study	 has	 several	 limitations.	 First,	 it	

is	a	relatively	small	sample	size	of	49	patients.	
Second,	 there	 were	 limited	 numbers	 of	 GB	 in	
only	the	SVZ	(Group	I).	Third,	the	fact	that	we	
use	 only	 contrast	 enhancement	 as	 a	 putative	
marker	of	GB	when	it	is	well	known	that	non-
enhancing	areas	of	edema	and	even	the	normal-
appearing	 brain	may	 contain	GB.	 Specifically,	
we	did	not	use	perfusion	or	MR	as	 these	were	
not	available	in	all	patients	and	the	use	of	MR	
spectroscopy	in	this	regard	is	still	controversial.	
In	further	studies,	analysis	of	a	larger	number	of	
primary	GB	arising	just	from	the	SVZ	and	their	
recurrences	may	 add	more	 information	 on	 the	
behavior	of	these	tumors.	There	are	two	known	
in vivo	 methods	 that	 could	 potentially	 assess	
adult	 human	 neurogenesis:	MR	 perfusion	 and	
MR	spectroscopy.	MR	perfusion	as	it	applies	to	

their	 observation	 that	 tumors	 in	 contact	with	
the	SVZ	are	not	more	 likely	to	be	presumably	
‘stem-cell-derived’	 than	 others.	 Similarly,	 we	
also	 observed	 that	GB	 in	 contact	with	 the	SC	
region	(Group	II)	had	the	highest	multifocality	
rate	 at	 both	 presentation	 and	 recurrence.	 On	
the	other	hand,	dormant	NSC	may	be	present	
in	multiple	regions	of	the	adult	brain	and	can	
become	activated	by	physiological	or	pathologi-
cal	 conditions	18-22.	 Several	 authors	 have	 found	
evidence	 that	 NSC	 are	 widely	 distributed	
throughout	 the	 human	 brain	 suggesting	 that	
local	environmental	factors	such	as	growth	fac-
tors,	nutrients,	and	other	signals	are	responsi-
ble	for	activating	the	neurogenesis	process	19-22.	
The	occurrence	of	adult	neurogenesis	 in	brain	
regions	 other	 than	 the	 SVZ	 and	 DG	 remains	
controversial	but	it	may	be	another	possible	ex-
planation	for	our	results.	In	other	words,	since	
GB	may	start	in	CSC	and	NSC	which	exist	in	
different	parts	of	the	brain	and	not	just	in	the	
SVZ	 then	 GB	 and	 its	 recurrences	 may	 have	
any	or	no	type	of	relation	to	the	SVZ.	This	may	

Figure	4		A)	Axial	postcontrast	T1-weighted	image	of	an	enhacing	GB	prior	to	any	treatment	which	is	in	contact	with	the	sub-
ventricular	zone	of	the	right	lateral	ventricle	atrium	and	also	in	contact	to	the	temporal	subcortical	region	(Group	III).	B).	The	
post-treatment	T1-weighted	image	illustrates	the	enhancing	tumor	within	the	original	surgical	bed	thus	being	classified	as	a	‘local’	
recurrence	type.	This	was	the	most	common	recurrence	type	for	this	group.
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recurrences	 can	 be	 predicted	 according	 to	 ini-
tial	location	of	GB.	Most	of	our	GB	recurred	or	
grew	in	their	surgical	beds	or	slightly	beyond.

Acknowledgements

CRM is a Damon Runyon-Genentech Clini-
cal Investigator supported in part by a Clinical 
Investigator Award from the Damon Runyon 
Cancer Research Foundation (CI-45-09) and 
grants from the UNC University Cancer Re-
search Fund (UCRF) and Department of De-
fense (W81XWH-09-2-0042).

tumors	 relies	 on	 cerebral	 blood	 volume	 (CBV)	
measurements	 and	 increases	 in	 it	 have	 been	
correlated	 to	 neurogenesis-angiogenesis	 23.	 Al-
though	 controversial,	 proton	 MR	 spectroscopy	
of	 the	 hippocampi	 which	 contains	 stem	 cells	
and	of	 transplanted	stem	cells	demonstrates	a	
metabolite	 that	 resonates	 at	 1.28	 ppm	 which	
is	 believed	 to	 be	 a	marker	 of	 neurogenesis	 4,24.	
It	 is	 clear	 that	 MRI	 will	 play	 an	 important	
role	 in	 the	new	research	 field	of	neurogenesis.
In	our	series,	the	location	of	GB	in	relation	to	

the	SVZ	did	not	predict	the	types	of	recurrences	
observed	in	other	studies.	Our	findings	do	not	
support	the	observation	that	different	types	of	
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