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Abstract

Surgical resection is identifi ed as an important prognostic factor for survival in patients undergoing 
initial resection of glioblastoma (GBM). However, in patients with tumor recurrence, the benefi ts of 
repeat surgery remain unclear. Recent reports have stated that the association between initial surgery for 
GBM and subventricular zone (SVZ) infl uences survival. The current study examined the relationship 
of SVZ involvement in recurrent GBM to survival time after reoperation. We conducted a retrospective 
review of 61 consecutive patients who had undergone repeat surgery for recurrent GBM at our institution 
between 1997 and 2010. Survival after repeat surgery were compared between patients with (n = 29) and 
without (n = 32) SVZ involvement at recurrence using univariate analysis with known prognostic factors, 
including sex, age, Karnofsky Performance Status (KPS) score at recurrence, recurrent tumor size, initial 
SVZ involvement, and adjuvant therapy after repeat surgery, as variables. All 26 SVZ-positive tumors at 
initial diagnosis recurred as SVZ-positive tumors, while 32 of 35 SVZ-negative tumors at initial diagnosis 
remained SVZ-negative at recurrence; the remaining three were SVZ-positive at recurrence. Survival 
after repeat surgery was decreased in patients with recurrent GBM involving the SVZ at recurrence 
(p = 0.022). No other prognostic factors for survival after repeat surgery were identifi ed in this study. This 
fi nding may have prognostic and therapeutic signifi cance.
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Introduction

Glioblastoma (GBM) is the most common central 
nervous tumor in adults. Despite therapeutic advances, 
the median survival time continues to be approxi-
mately 14 months.1) Younger age and higher Karnofsky 
Performance Status (KPS) scores are widely accepted 
independent predictors of prolonged survival.2–4) A 
signifi cant association between the extent of resection 
and survival has also been shown in several retro-
spective studies.5–7) As several papers have reported, 
GBM is a histopathologically, radiographically, and 
genetically heterogeneous disease.8,9) Recent studies 
have demonstrated that the heterogeneity of GBM 
may be related to the cell of origin, which has stem 
cell-like characteristics.10,11)

The adult human brain harbors neural stem cells 
within the subventricular zone (SVZ), which is 

located under the ependyma of the lateral ventricle.12) 
Recently, Lim et al. proposed a classifi cation system 
based on the relationship of the contrast-enhanced 
lesion to the SVZ and the cortex on magnetic reso-
nance imaging (MRI).13) They found that tumors 
contacting the SVZ and involving the cortex more 
often tended to be multifocal at diagnosis as well as 
recurrence. In addition, lower overall survival (OS) 
and progression-free survival have been reported in 
patients with GBM involving SVZ.14,15)

In cases of tumor recurrence, treatment options are 
individualized because no standard protocol has been 
developed. Till date, the benefi ts of repeat surgery 
for the treatment of recurrent GBM have not been 
fully established. Previous studies have retrospec-
tively assessed patient outcomes after resection of 
recurrent GBM. The variables that were signifi cantly 
associated with OS in at least one of these studies 
were preoperative KPS, extent of surgical resection, 
age, and time interval between the fi rst and second Received June 20, 2013; Accepted September 23, 2013
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surgeries.16–19) However, whether or not location of 
the recurrent lesion is associated with survival after 
repeat surgery remains unclear. We, therefore, aimed 
to determine whether SVZ involvement in patients 
with recurrent GBM is related to decreased survival 
after repeat surgery.

Materials and Methods

We retrospectively reviewed the medial records 
of 269 adult patients who had undergone surgical 
resection of a supratentorial GBM at the Tohoku 
University Hospital from January 1, 1997 to August 
31, 2010. After initial surgery, patients had received 
involved-fi eld external beam radiation therapy and 
either nitrosourea or temozolomide chemotherapy. 
Repeat surgery has been considered by the following 
points: (1) resectable tumor without severe morbidity 
and (2) younger patients or older patients with high 
KPS. Of the 269 patients, 61 received one or more 
additional resective surgeries for the treatment of 
histologically confi rmed recurrent tumor. Medical 
charts were reviewed for information concerning 
patient age at the time of initial surgery, sex, addi-
tional therapy, KPS score at recurrence, and median 
survival time after repeat surgery. The degree of 
resection was retrospectively classifi ed as follows 
on the basis of MRIs obtained < 72 h after repeat 
surgery: gross-total resection (GTR) if no residual 
enhancement was noted on postoperative MRI or 
subtotal resection if any residual enhancement 
was noted on postoperative MRI.7) Perioperative 
mortality was defi ned as death within 30 days of 
repeat surgery.

MRI sequences were acquired on a 1.5T scanner 
and typically included axial T1-weighted, T2-weighted 
fast spin-echo, and fl uid-attenuated inversion-recovery 

sequences as well as gadopentetate dimeglumine-
enhanced (Magnevist, Bayer Health Care, Leverkusen, 
Germany) axial and coronal T1-weighted images. 
As previously reported, tumors were classifi ed as 
involving the SVZ (SVZ-positive) if the contrast-
enhanced lesion contacted the lining of the lateral 
ventricle.2) Tumor recurrence was defi ned as the 
appearance or enlargement since prior imaging of a 
contrast-enhanced mass on T1-weighted MRI. The size 
of the contrast-enhanced lesion was approximated 
using the formula for the volume of an ellipsoid 
(4/3 × radius × radius × radius).

Parametric data are expressed as mean ± standard 
deviation (SD). Nonparametric data were expressed 
as median [interquaritile range (IQR)]. Percentages 
were compared using the χ2 test. Continuous vari-
ables were compared using Student’s t-test or the 
Mann-Whitney U test where appropriate. To deter-
mine the relative impact of multiple variables on OS 
and survival after repeat surgery, a Cox proportional 
hazards model was constructed. For the univariate 
analysis of potential prognostic factors, time-to-event 
distributions of the patients were estimated using 
Kaplan-Meier plots, and p values were obtained 
using log-rank tests. Variables with signifi cance at 
the 0.20 level were selected for inclusion in the 
multivariate model and were entered in a forward 
stepwise fashion. Only variables with signifi cance 
at the p = 0.05 level were accepted in the fi nal 
model. All statistical tests were performed using 
SPSS version 21 (IBM, Chicago, Illinois, USA).

Results

Among 269 patients with GBM, we obtained pre- and 
post operative MRI at initial surgery and follow-up 
MRIs from 223 patients. As shown in Fig. 1, 102 

Glioblastoma (n = 223)

At diagnosis

At recurrence

Others
(n = 13)

Others
(n = 20)

Distant
(n = 23)

Distant
(n = 12)

SVZ-positive (n = 102)

SVZ-positive
(n = 66)

SVZ-positive
(n = 4)

Repeat surgery
(n = 26)

Repeat surgery
(n = 3)

Repeat surgery
(n = 32)

SVZ-negative
(n = 85)

SVZ-negative (n = 121)

Fig. 1 Flowchart illus-
trating the subventricular 
zone (SVZ) involvement of 
glioblastoma at diagnosis 
and recurrence. Distant 
included the patients 
recurred at locations 
noncontiguous with the 
recurrent lesion [cerebro-
spinal fluid (CSF) dissemi-
nation or contralateral 
invasion]. Others included 
the patients survived 
without recurrent lesion or 
died from other disease.
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GBMs were SVZ-positive and other 121 GBMs were 
SVZ-negative. During follow-up period, 66 of 102 
SVZ-positive GBMs also recurred as SVZ-positive and 
23 tumors recurred at locations noncontiguous with the 
recurrent lesion. In other 13 patients, 5 were still alive 
without recurrence and 8 were dead by other disease. 
Finally, 26 of 66 patients with SVZ-positive recurrent 
GBM received repeat surgery. On the other hand, repeat 
surgery was performed for 3 of 4 SVZ-positive and 32 
of 85 SVZ negative recurrent tumors from primary SVZ-
negative tumors. Twelve tumors recurred at locations 
noncontiguous with the recurrent lesion. In other 20 
patients, 16 were still alive without recurrence and 4 
were dead by other disease. There was no signifi cant 
difference for frequency of repeat surgery between 
SVZ-positive and negative tumors at diagnosis [22/102 
(21.5%) vs. 35/121 (28.9%), p = 0.22, Fig. 1]. Median 
OS of SVZ-positive tumors was signifi cantly shorter 
than that of SVZ-negative tumors (16 vs. 22 months, 
p = 0.005, Fig. 2).

The baseline demographic, clinical, and MRI 
characteristics of the patients evaluated and treated 
in this study are summarized in Table 1. The mean 
age (± SD) of the patients was 50.6 ± 14.6 years, 
and 38 patients (62%) were male. The median 
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Fig. 2 Kaplan-Meier plots of OS comparing patients 
with SVZ-positive and SVZ-negative glioblastoma at 
diagnosis. Median OS was 16 months in patients with 
SVZ-positive lesions and 22 months in patients with 
SVZ-negative lesions (p = 0.005). OS: overall survival, 
SVZ: subventricular zone.

Table 1 Summary of clinical, treatment, and magnetic resonance imaging characteristics of 61 patients 
with glioblastoma

Parameter All patients SVZ-positive SVZ-negative p

Patients

 No. (%) 61 29 (48) 32 (52)

Sex 0.18

 Male 38 21 17

 Female 23 8 15

Age (years, mean + SD) 50.6 + 14.6 52.4 + 13.6 49.0 + 15.6 0.37

KPS at recurrence (IQR) 70 (60–80) 60 (50–70) 70 (60–90) 0.034

Tumor size (cm3) (mean + SD) 15.6 + 21.4 19.4 + 21.3 12.2 + 21.1 0.19

Extent of resection (%) 0.39

 Gross total 44 (72) 19 (66) 25 (78)

 Subtotal 17 (28) 10 (34) 7 (22)

Primary lesion (%) < 0.0001

 SVZ-positive 26 (43) 26 (90) 0

 SVZ-negative 35 (57) 3 (10) 32 (100)

Therapy after repeat surgery

 Chemotherapy (%) 54 (89) 25 (86) 29 (91) 0.69

 SRT (%) 27 (44) 8 (28) 19 (59) 0.019

 3rd resective surgery (%) 17 (28) 4 (14) 13 (41) 0.024

GBM: glioblastoma, IQR: interquatile range, KPS: Karnofsky Performance Status, MRI: magnetic resonance imag-
ing, SD: standard deviation, SRT: stereotactic radiotherapy, SVZ: subventricular zone.
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SVZ-negative tumors were still SVZ-negative at 
recurrence (Fig. 4).

No perioperative mortality was observed in this 
study. All patients underwent follow-up MRIs for 
postoperative evaluation. Of the 61 patients, 54 (89%) 
received additional chemotherapy (temozolomide, 
ifosfamide + cisplatin + etoposide or intrathecal 
methotrexate) while 27 (44%) received stereotactic 
radiotherapy (SRT) following repeat surgery. During 
the follow-up period (24–206 months), second recur-
rence occurred in 57 patients and a third resective 
surgery was done in 17 (28%) of them. Of the 29 
SVZ-negative tumors with second tumor recurrence, 
23 (85%) re-recurred at locations contiguous with 
the recurrent lesion. Therefore, a third resective 
surgery was possible in 13 of the 23 patients (41%). 

(IQR) KPS score at recurrence was 70 (60–80), 
while the mean tumor size (± SD) at recurrence 
was 15.6 ± 21.4 cm3. GTR was performed in 44 
patients (72%).

Of the 61 patients, SVZ-positive tumors were 
identifi ed in 29 (48%) while SVZ-negative tumors 
were identifi ed in 32 (52%). No signifi cant difference 
in sex, age at recurrence, recurrent tumor size, or 
extent of resection at repeat surgery was observed 
between the two groups. However, preoperative KPS 
score in patients with SVZ-positive tumors was 
signifi cantly lower than that in patients with SVZ-
negative tumors. All 26 SVZ-positive tumors at initial 
diagnosis recurred as SVZ-positive tumors (Fig. 3). 
Only three primary SVZ-negative tumors showed 
SVZ involvement at recurrence; the other primary 

Fig. 3 A: Preoperative axial contrast T1-weighted 
magnetic resonance (MR) image of a patient with 
primary subventricular zone (SVZ)-positive glio-
blastoma (GBM). The contrast-enhanced lesion 
contacts the anterior horn of SVZ. B: Postop-
erative axial contrast T1-weighted MR image 
of a patient with primary SVZ-positive GBM. 
No residual tumor is noted on MR imaging. C: 
Four months after surgery, an enhanced lesion 
in the SVZ of the anterior horn was observed. 
D: Postoperative axial contrast T1-weighted MR 
image of a patient with recurrent SVZ-positive 
GBM. Subtotal resection was performed. E: Three 
months after surgery, an enhanced lesion can be 
observed in the SVZ of the bilateral wall of the 
lateral ventricle.

Fig. 4 A: Preoperative axial contrast T1-weighted 
magnetic resonance (MR) image of a patient with 
primary subventricular zone (SVZ)-negative glio-
blastoma (GBM). The contrast-enhanced lesion 
does not contact the SVZ. B: Postoperative axial 
contrast T1-weighted MR image of a patient 
with primary SVZ-negative GBM. No residual 
tumor is observed on MRI. C: Five months after 
surgery, an enhanced lesion is evident around the 
resection cavity. D: Postoperative axial contrast 
T1-weighted MR image of a patient with recurrent 
SVZ-negative GBM. No residual tumor is visible 
on MR imaging. E: Four months after surgery, 
an enhanced lesion around the resection cavity 
can be observed.
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On the other hand, in the 28 SVZ-positive GBMs 
with second recurrence, 21 tumors re-recurred at 
locations noncontiguous with the recurrent lesion 
[cerebrospinal fl uid (CSF) dissemination in 11 and 
contralateral invasion in 5]. Therefore, only four 
patients (14%) received a third resection in this 
group. There was no signifi cant difference in the 
number of patients who received chemotherapy after 
repeat surgery between the two groups. However, the 
number of patients who received SRT and/or under-
went a third surgery was lower in the SVZ-positive 
group than in the SVZ-negative group (Table 1).

The median OS and survival after repeat surgery 
was 25 months and 11 months, respectively, in this 
study. Patient age, sex, KPS score at recurrence, 
recurrent tumor size, resection rate at recurrence, 

SVZ involvement at initial and repeat surgery, and 
therapy after repeat surgery were examined as prog-
nostic factors for survival using univariate analysis. 
The results are shown in Table 2. A signifi cant differ-
ence in median survival after repeat surgery was 
noted between patients with SVZ-positive recurrence 
and patients with SVZ-negative recurrence (Kaplan-
Meier estimates: 10 months vs. 14 months; p = 0.022; 
Fig. 5). Median OS and survival after repeat surgery 
for patients with SVZ-positive recurrence of tumors 
that were SVZ-negative at diagnosis were 17 and 
8 months, respectively. Only KPS at recurrence 
and SVZ involvement for survival from repeated 
surgery at the p = 0.20 level and were included in 
the multivariate model. Hazard ratios (HRs) from 
the multivariate results for each factor are shown 

Table 2 Outcomes of 61 patients with GBM who 
underwent repeat surgery

Parameters
Survival from 
repeat surgery

(months)
p

Sex 0.23
 Male (n = 38) 12
 Female (n = 23) 11
Age 0.82
 < 50 (n = 27) 11
 > 50 (n = 34) 11
KPS at recurrence 0.11
 70–100 (n = 37) 9
 40–60 (n = 24) 12
Tumor size (cm3) 0.88
 < 10 cm3 (n = 38) 11
 > 10 cm3 (n = 23) 11
Resection rate 0.23
 Total (n = 44) 11
 Subtotal (n = 17) 11
Primary lesion 0.021
 SVZ-positive (n = 26) 9.5
 SVZ-negative (n = 35) 13
Recurrent lesion 0.022
 SVZ-positive (n = 29) 10
 SVZ-negative (n = 32) 14
Therapy after 2nd 
operation

0.87

 SRT (+) (n = 19) 11
 SRT (–) (n = 38) 11
  3rd operation (+) (n = 20) 11

 3rd operation (–) (n = 37) 11

KPS: Karnofsky Performance Scale, SRT: stereotactic ra-
diotherapy, SVZ: subventricular zone.
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Fig. 5 Kaplan-Meier plots of survival after repeat 
surgery in patients with SVZ-positive and SVZ-negative 
GBM at recurrence. Median survival after repeat surgery 
was 10 months in patients with SVZ-positive recurrent 
GBM and 14 months in patients with SVZ-negative 
recurrent GBM (p = 0.022). GBM: glioblastoma, SVZ: 
subventricular zone.

Table 3 Multivariate analysis of survival from repeat 
surgery

Parameters HR 95%CI p

KPS at recurrence 0.13

 KPS < 70 1.54 0.88–2.68

 KPS > 70 1

SVZ (recurrent lesion) 0.029

 SVZ-positive 1.87 1.06–3.28

 SVZ-negative 1

CI: confi dence ratio, HR: hazard ratio, KPS: Karnofsky Perfor-
mance Scale, SVZ: subventricular zone.
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in Table 3. When adjusting for all factors, only SVZ 
involvement at recurrence was a signifi cant predictor 
of survival after repeat surgery (HR, 1.87; 95%CI, 
1.06–3.28; p = 0.029).

Discussion

Several papers in the past decade have emphasized 
the importance of surgical resection for primary 
GBM.5–7) However, the benefits of repeat surgery 
for recurrent GBM have not been completely 
determined. Previous papers have identified age, 
preoperative KPS score, and resection rate at recur-
rence as important prognostic factors.16–20) However, 
these factors were not identified as significant 
prognostic factors in our study, although the 
results of this study are subject to the limitations 
of a retrospective study, only SVZ involvement at 
recurrence was associated with decreased survival 
after repeat surgery. Previous papers have reported 
associations between SVZ involvement, aggres-
sive tumor behavior, and shorter OS in patients 
with GBM.13–15) Lim et al. reported that contrast-
enhanced lesions contacting both the cortex and 
SVZ were most likely to be multifocal at the 
time of initial diagnosis. In addition, recurrent 
tumors were more likely to develop at locations 
distant to the initial lesion in patients with SVZ 
involvement. In contrast, GBMs not involving 
the SVZ or cortex were not multifocal at initial 
diagnosis and always recurred within 2 cm of 
the resection margin.13) Chaichana et al. reported 
an association between periventricular tumor 
location (SVZ involvement) and poor survival.14) 
They proposed a classification system including 
periventricular involvement for the prediction of 
outcome in patients with primary GBM.21) Our 
study confirmed that SVZ involvement at diag-
nosis was an important predictor of OS.

In our result, the frequency of repeat surgery in 
patients with SVZ-positive GBMs was lower than 
that in patients with SVZ-negative GBMs, however, 
there was no signifi cant difference. Other factors 
such as invasion to eloquent lesions could be also 
important for indication of repeat surgery. In this 
study, SVZ involvement was identifi ed at recurrence 
in all patients who had primary SVZ-positive GBMs. 
In addition, most of these tumors re-recurred at 
locations noncontiguous with the recurrent lesion 
(CSF dissemination or contralateral invasion). As a 
result, a third resection was possible in only four 
patients in this group. In contrast, except for a few 
cases, SVZ-negative GBMs recurred within the SVZ-
negative region. In addition, the tumor location at 
the second recurrence was quite similar to that of 

the primary and fi rst recurring lesions. Therefore, a 
third resection was possible in approximately half 
the patients with SVZ-negative recurrent GBMs. 
In addition, SVZ involvement was associated with 
survival after repeat surgery in patients with recurrent 
GBM. Although a third resection was not associ-
ated with survival after the second repeat surgery, 
more aggressive tumors with SVZ involvement may 
have been associated with poorer survival after 
repeat surgery. On the other hand, median OS and 
survival after repeat surgery for patients with SVZ-
positive recurrence of tumors that were SVZ-negative 
at diagnosis were 17 and 8 months, respectively. 
These results suggest that OS for patients with 
SVZ-negative tumors at diagnosis was relatively 
favorable; however, if the tumors recurred with 
SVZ involvement, the chances of survival became 
low. Despite the limit ed availability of cases, these 
results may be of interest. However, what remains 
less well known is why SVZ involvement is associ-
ated with poorer survival. In basic science studies, 
Sanai et al. demonstrated that cells obtained from 
the lateral wall of the lateral ventricle, which is 
called the SVZ, harbors cells with stem cell-like 
features of self-renewal and multi-potentiality.12) 
While some GBMs may arise from transformed 
SVZ stem cells, other GBMs may be initiated by 
neoplastic transformation of astrocyte precursor 
cells or dedifferentiated mature astrocytes.22) The 
aggressive behavior of SVZ-positive GBMs may 
be related to the recruitment of neural stem cells 
from the SVZ that have a tendency toward invasive 
proliferation. However, Kappadakunnel et al. found 
no relationship between stem-cell gene expression 
and SVZ grade, but they did fi nd an association 
between stem-cell gene expression and survival.23) 
As these researchers noted, more research is required 
to clarify the relationship among SVZ, cancer stem 
cells, and survival.

Despite its retrospective design, this study is the 
fi rst to report a possible association between recur-
rent GBM tumors adjacent to the SVZ and decreased 
survival after repeat surgery. Nonetheless, larger 
prospective studies may provide further relevant 
information. However,  the fi ndings of this study 
may be helpful to determine therapeutic strategies 
for recurrent GBM. With regard to recurrence, SVZ-
negative recurrent GBMs may be good candidates 
for repeat surgery.
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