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Abstract
Background: Recent studies suggest that a higher radiation dose to the subventricular zone (SVZ) is associated with a longer
survival period in malignant gliomas. The purpose of this study was to analyze the patterns of tumor recurrence with respect to
the SVZ and prescription dose of adjuvant radiotherapy.

Materials and methods: Seventy four patients with histopathologically-proven glioblastoma or anaplastic astrocytoma underwent gross-total or subtotal resection or biopsy, followed by adjuvant chemoradiotherapy with prescription doses of 60 Gy or
80 Gy. Tumors at initial presentation and at recurrence were determined as SVZ-contiguous or SVZ-non-contiguous according to
magnetic resonance images.

Results: Patients’ median age was 61 years (range, 5-83). Radiotherapy doses were 60 Gy and 80 Gy for 55 and 19 patients,
respectively. There were 34 SVZ-contiguous and 40 SVZ-non-contiguous tumors at initial presentation, while at recurrence the
counterparts were 36 and 20, respectively. At the time of this analysis, 18 patients have no evidence of recurrence. When treated
with 60 Gy, SVZ-contiguous recurrence was more frequently observed for SVZ-contiguous initial tumors than SVZ-non-contiguous tumors (p = 0.016). Among 80 Gy patients, however, the corresponding difference as 60 Gy group was not observed,
because SVZ-contiguous and –non-contiguous recurrences were comparable for SVZ-contiguous and -non-contiguous initial
tumor groups (p = 0.95). Times to progression and survival were not significantly different between 60 Gy and 80 Gy groups and
between SVZ-contiguous and –non-contiguous initial tumor groups.
Conclusions: SVZ-contiguous initial tumors are more prone to SVZ-contiguous recurrences than the SVZ-non-contiguous tumors when treated by 60 Gy, but such disproportion between SVZ-contiguous and –non-contiguous recurrences were not observed after 80 Gy of radiotherapy.
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Abbreviations

Materials and Methods

AA: Anaplastic Astrocytoma;
CTV: Clinical Target Volume;
GBM: Glioblastoma Multiforme;
GTV: Gross Tumor Volume;
KPS: Karnofsky Performance Status;
PTV: Planning Target Volume;
RPA: Recursive Partitioning Analysis;
SVZ: Subventricular Zone

Patient selection

Introduction
Malignant gliomas (glioblastoma multiforme and anaplastic
astrocytoma) are the most common types of malignant brain
tumors in adults, and are generally treated by maximal resection followed by concurrent chemoradiotherapy with temozolomide and 60 Gy of radiotherapy [1]. The treatment results
of malignant gliomas are poor because the tumors recur from
the initial tumor sites in a majority of the patients. Thus researchers have tried to deliver higher doses to the primary tumor, but in spite of such efforts at dose escalation, most of the
trials have resulted in no apparent benefit. [2-4].
We also have tried dose escalation up to 90 Gy of radiotherapy for patients with malignant gliomas. Our previous study
revealed that the patients who received 80-90 Gy of radiotherapy had significantly longer overall survival than those who
received conventional radiotherapy of 60 Gy [5]. In addition,
cerebrospinal fluid dissemination without local recurrence
was significantly more frequent in patients with glioblastoma
who received 90-Gy radiotherapy than in those who received
80 Gy or 60 Gy. This suggested that better local control of the
primary tumor can result in longer survival in malignant glioma patients.

Cancer stem cells are supposedly radioresistant and derived
from the neurogenic region such as the subventricular zone
(SVZ) or subgranular zone [6-8]. Recent studies showed potential associations between higher radiation dose to the SVZ
and a longer survival period [9-12]. It is conceivable that a
higher radiation dose to the SVZ effectively decimates cancer
stem cells in the SVZ. On this presumption local control would
be improved by higher radiation doses to those primary tumors located adjacent to the SVZ over those tumors separated
from the SVZ, because the SVZ would also receive higher radiation doses by virtue of its location adjacent to the primary
tumor. To test this hypothesis, the patterns of recurrence were
analyzed for the patients with malignant gliomas who received
60 Gy or 80 Gy of adjuvant radiotherapy, with respect to contiguity to the SVZ and prescription dose of radiotherapy.

Seventy four patients with histopathologically confirmed glioblastoma multiforme or anaplastic astrocytoma who had been
treated at the University of Tokyo Hospital between 2002 and
2012 were included in this analysis. All patients underwent
gross-total or subtotal resection or biopsy, followed by adjuvant chemoradiotherapy or radiotherapy alone with prescription doses of 60 Gy in 30 fractions or 80 Gy in 40 fractions at
isocenter by 3-dimensional conformal radiotherapy. Patients’
characteristics are shown in Table 1.
Table 1. Patients’ characteristics.

Characteristics

60 Gy

80 Gy

Age (years)

5-83

25-71

62

52

30 : 25

15 : 4

12

4

43

15

4
5
4
22
15

1
3
1
7
6

VI

5

1

Temozolomide
Others

39
8

16
3

None

8

0

Contiguous

24

10

Non-contiguous

31

9

Median (years)
Male : Female
Pathology

RPA class

Chemotherapy

SVZ-contiguity at
initial presentation

Anaplastic
astrocytoma
Glioblastoma
multiforme
I
II
III
IV
V

Abbreviations: RPA: Recursive partitioning analysis; SVZ: subventricular zone.

Treatment planning and contiguity to the SVZ

Gross tumor volume (GTV), clinical target volume (CTV) 1,
and CTV2 were defined as a gadolinium-enhanced volume on
T1-weighted magnetic resonance images (MRI) or resection
cavity, high intensity volume on T2-weighted or fluid-attenu-
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ated inversion recovery (FLAIR) images with a 1.5-cm margin,
and GTV with a 1.5-cm margin, respectively. Planning target
volume (PTV) 1 and PTV2 were made by expanding CTV1 and
CTV2 with a 5-mm margin, respectively. PTV1 was treated initially to 50 Gy by 2-Gy fractions. Cone-down plans covering
PTV2 followed thereafter to 60 Gy or 80 Gy. Each portal was
modified to shield organs at risk at the discretion of the attending physician. Each plan was composed of 3 to 6 portals including non-coplanar beams in general.

When a gadolinium-enhanced tumor was involved in a part
of the lateral wall of the lateral ventricles by gadolinium-enhanced T1-weighted images, the tumor was considered as
contiguous to the SVZ. If the tumor was separated from the
lateral wall of the lateral ventricles, the tumor was considered
as non-contiguous to the SVZ (Figure 1). Contiguity to the SVZ
was determined at the time of initial presentation of the disease as well as at the time of recurrence.

mors at initial presentation. Hereafter, for the sake of brevity,
SVZ-contiguous and SVZ-non-contiguous will be referred to as
contiguous and non-contiguous, respectively. At the time of recurrence, 36 contiguous and 20 non-contiguous tumors were
seen, and 18 patients currently have no evidence of recurrence
at the time of this analysis.

Median time to progression and median survival time of all
74 patients was 13.3 months and 29.9 months, respectively.
Progression free rates at 6 months, 12 months, and 24 months
were 70.3%, 57.2%, and 34.1%, respectively. Overall survival rates at 6 months, 12 months, and 24 months were 95.9%,
84.5%, and 55.7%, respectively. For the patients with contiguous tumors at first presentation, progression free rates at 6
months, 12 months, and 24 months were 61.8%, 44.1%, and
31.5%, respectively, and overall survival rates at 6 months, 12
months, and 24 months were 91.2%, 75.5%, and 39.7%, respectively. For the patients with non-contiguous tumors at first
presentation, progression free rates at 6 months, 12 months,
and 24 months were 77.5%, 60.0%, and 36.4%, respectively, and overall survival rates at 6 months, 12 months, and 24
months were 100%, 92.2%, and 69.7%, respectively. There
was a tendency for longer times to progression and survivals
in patients with non-contiguous initial tumors than those with
contiguous tumors, but the differences were not statistically
significant (Figure 2).

Figure 1. Definition of contiguity to the subventricular zone (SVZ).
(A) Gadolinium-enhanced lesion of the tumor was involved in a
part of the lateral wall of the lateral ventricle. Therefore, the tumor
was classified as SVZ-contiguous. (B) The tumor was classified as
SVZ-non-contiguous because the tumor was separated from the lateral wall of the lateral ventricles.

Outcome evaluation and statistical analysis

Times to progression and survival periods were calculated
from the first day of radiotherapy. Tumor progression was determined as the first detection of an enlargement of a tumor by
gadolinium-enhanced T1-weighted images. Survival rate and
progression free rate were estimated by Kaplan-Meier method.
The sites of recurrence were divided into 3 categories: within
PTV2, outside PTV2 within PTV1, and outside PTV1.
Univariate and multivariate analyses were performed by logrank and Cox proportional hazards analyses, respectively. P
values of 0.05 or smaller were assumed as significant.

Results

Tumor’s contiguity to the SVZ
There were 34 SVZ-contiguous and 40 SVZ-non-contiguous tu-

Figure 2. Kaplan-Meier curves of times to progression (A) and survivals (B) by SVZ-contiguity at initial presentation. There was a longer
trend in patients with SVZ-non-contiguous tumors, but was not statistically significant.

The sites of recurrence were divided into three groups: inside
PTV2, outside PTV2 within PTV1, and outside PTV1. The majority of the patients experienced recurrences within PTV2.
Radiotherapy dose and contiguity to the SVZ at initial presentation were not predictive of the site of recurrence (Table 3).
Standard dose radiotherapy

When treated with 60 Gy, for the patients whose initial tumors were contiguous to the SVZ, 89% (16/18 patients) experienced contiguous recurrences. However, for patients with
non-contiguous initial tumors, only 50% (11/22 patients) had
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contiguous recurrences. Chi-square test revealed the significant difference in recurrence pattern between contiguous and
non-contiguous initial tumors (p = 0.016) (Table 2).
Table 2. Sites of recurrence and the contiguity to the subventricular
zone in recurrent tumor.
Contiguity to the

Dose

SVZ

at

first

presentation

#

of

patients

Median time

No

to

recurrence

Recurrent tumor's contiguity to the SVZ

progression

Contiguous

Non-contiguous

(months)

60

Contiguous

24

4.5

6

16

2

Gy

Non-contiguous

31

14.3

9

11

11

80

Contiguous

10

10.8

1

5

4

Gy

Non-contiguous

9

17.5

2

4

3

p
value
0.016

0.95

Abbreviations: RPA: Recursive partitioning analysis.

Table 3. Sites of recurrences with respect to the planning target volume.
Dose

60 Gy

80 Gy

Contiguity to the
SVZ

Witin PTV2

Within

Outside

No

outside PTV2

PTV1,

PTV1

recurrence

The progression free rates at 6 months, 12 months and 24
months were 84.2%, 57.9%, and 31.6%, respectively. The overall survival rates at 6 months, 12 months, and 24 months were
100%, 94.7%, and 55.8%, respectively (Figure 3).
Prognostic factors

With respect to time to progression, Karnofsky performance
status (KPS) of 80 or greater was the only significant prognostic factor for all 74 patients in univariate (p = 0.004) and multivariate (p = 0.04) analyses. (Table 4). Tumor histopathology,
higher radiation dose, extent of surgery, age, and tumor contiguity at initial presentation were not significant prognostic
factors for time to progression. Although progression free rate
at 6 months seemed better in 80 Gy than 60 Gy, the difference
was not significant (p = 0.73) (Figure 3A).
Table 4. Summary of univariate and multivariate analyses.
Univariate

Factors

p value

Multivariate
hazard
ratio

range

p value

Histology

AA vs. GBM

0.266

0.718

(0.345-1.494）

0.376

9

Radiotherapy dose

60 Gy vs 80 Gy

0.615

0.834

(0.452-1.539)

0.560

Extent of surgery

Subtotal vs. others

0.079

1.431

(0.768-2.668)

0.259

Age

<50 vs >50

0.401

0.937

(1.507-1.732)

0.837

KPS

<80 vs. >80

0.004

1.949

(1.025-3.707)

0.042

0.233

1.255

(0.724-2.175)

0.419

Contiguous

17

0

1

6

Non-contiguous

16

0

6

Contiguous

7

1

1

1

Time

Non-contiguous

5

1

1

2

progression

to

Contiguity to the

Abbreviations: PTV: Planning target volume; SVZ: subventricular zone.

The progression free rates at 6 months, 12 months and 24
months were 65.5%, 50.9%, and 35.2%, respectively. The overall survival rates at 6 months, 12 months, and 24 months were
94.5%, 80.8%, and 55.9%, respectively (Figure 3).
Figure 3. Kaplan-Meier curves of times to progression (A) and survivals (B) by adjuvant radiotherapy dose. The differences were not
statistically significant.

High dose radiotherapy
When treated with 80 Gy, contiguous and non-contiguous recurrences were comparable, irrespective of contiguity to the
SVZ at initial presentation (p = 0.95 by chi-square test) (Table
2).

SVZ

at

initial

presentation

Contiguous vs. noncontiguous

Histology

AA vs. GBM

0.027

0.330

(0.134-0.813)

0.016

Radiotherapy dose

60 Gy vs 80 Gy

0.391

0.807

(0.429-1.519)

0.507

Extent of surgery

Subtotal vs. others

0.091

1.949

(1.000-3.801)

0.050

Overall

Age

<50 vs >50

0.803

0.937

(0.468-1.873)

0.853

survival

KPS

<80 vs. >80

0.224

1.062

(0.498-2.263)

0.876

0.180

1.313

(0.703-2.453)

0.392

Contiguity to the
SVZ

at

presentation

initial

Contiguous vs. noncontiguous

Abbreviations: AA: Anaplastic astrocytoma; GBM: Glioblastoma multiforme; KPS: Karnofsky performance status; SVZ: Ssubventricular
zone.

Concerning survival, tumor histopathology of glioblastoma
was a poorer prognostic factor than anaplastic astrocytoma
for survival on univariate analysis (p = 0.027). On multivariate
analysis, tumor histopathology (HR 0.33; 95% CI 0.13-0.81, p
= 0.02) and extent of surgery (HR 1.95; 95% CI 1.00-3.80, p
= 0.05) were significant prognostic factors for survival. Higher dose radiotherapy, age, KPS, and tumor contiguity at initial
presentation were not significant prognostic factors for survival. (Table 4)

Discussion

We have demonstrated that contiguous initial tumors are more
prone to contiguous recurrences than the non-contiguous tumors when treated by 60 Gy, but such disproportion between
contiguous and non-contiguous recurrences were not ob-
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served after 80 Gy of radiotherapy (Table 2).

The sites of recurrence in relation to the PTV were not influenced by radiation dose or contiguity to the SVZ (Table 3).
Our results suggested that cancer stem cells located in the SVZ
are likely to be decimated by 80 Gy of radiotherapy. However,
this is not applicable to the glioma cells in the primary tumor
site, because contiguous tumors in the 80 Gy group showed no
tendency of contiguous recurrence, and exhibited similar progression free survival as patients with non-contiguous tumors
(Table 2).

The progression free rates estimated by Kaplan-Meier method were not statistically different between 60 Gy and 80 Gy
groups. But 80Gy group appeared to have a higher percentage
of recurrence in general (Figure 3 and Table2). 15 out of 55
patients (27%) in 60 Gy group did not have recurrence, compared with 3 out of 19 patients (16%) in 80 Gy group. The possible reasons for this includes a small sample size bias and the
difficulty in differentiation of local recurrences from radiation
necrosis. Radiation necrosis was observed more often in the
higher dose group [5]. In addition, it is difficult to differentiate
radiation necrosis from local tumor progression only by diagnostic images. Accordingly, radiation necrosis without tumor
progression might be diagnosed as recurrence in our series.
Malignant glioma was reported to have a tendency of recurring
near the SVZ [13], which was also shown in our patients who
had initial contiguous tumors and treated with 60 Gy. This can
be explained by the presumption that the glioma cells from the
SVZ where cancer stem cells are derived from migrate to the
areas of recurrence [14, 15]. However, our patients with contiguous tumors who were treated with 80 Gy did not have an
obvious tendency of contiguous recurrences (Table 2). In patients with contiguous tumors at initial presentation, greater
portion of ipsilateral SVZ received higher radiation doses. In
addition, higher dose of radiotherapy might kill radioresistant
cancer stem cells located in the SVZ.
Several previous papers have reported that a higher radiation
dose to the SVZ was associated with longer survivals or progression free survivals for the patients with glioblastomas [912]. Among these, Lee et al. reported the largest cohort study
of 173 patients from two centers [12]. They demonstrated that
21 patients who received an ipsilateral SVZ dose > 59.4 Gy had
significantly longer median progression-free and overall survivals. Gupta et al. and Chen et al. also described similar results
of the analyses, although their threshold SVZ doses were different from that reported by Lee et al. [10, 11].

It is tempting to embrace the notion that cancer stem cells are
derived from the SVZ in malignant glioma [14, 15], and that a
higher radiation dose eradicated such cells in the SVZ. Nevertheless, we could not demonstrate a longer survival or time to
progression of the patients with contiguous tumors treated by

80 Gy than 60 Gy of radiotherapy with a statistical significance.
One of the reasons of failure to demonstrate benefit in these patients might be our method of analysis in dividing tumors into
two groups of contiguous and non-contiguous tumors. SVZ
involvement is reported to be associated with decreased survival or time to progression [16-18]. For this reason, the benefit of high dose radiotherapy might be negated in the patients
with contiguous tumors. Other reasons of failure in this study
to demonstrate benefit with 80 Gy of radiotherapy included a
small number of the patients, patients’ biases arising from the
nature of retrospective analysis, and higher rate of morbidities
caused by 80 Gy than with 60 Gy of radiotherapy [5]. In fact, 80
Gy of radiotherapy did not demonstrate better survival than
with 60 Gy of radiotherapy in this series irrespective of tumor
contiguity to the SVZ, inasmuch as the disciplines in radiotherapy planning were not different from a previous study [5].

Conclusions

Malignant gliomas with SVZ-contiguous initial tumors are more
prone to SVZ-contiguous recurrences than the SVZ-non-contiguous tumors when treated by 60 Gy, but such disproportion
between SVZ-contiguous and -non-contiguous recurrences
were not observed after 80 Gy of radiotherapy despite the
small number of patients analyzed in this series. There was
also a difference in results for survival in high dose radiotherapy in this report and with our previous study [5]. Malignant
gliomas probably have different characteristics clinically and
biologically between SVZ-contiguous tumors and SVZ-incontiguous tumors [16-19]. In the next step, we are planning to
analyze the recurrence patterns and survivals by SVZ dose using dose-volume histogram with further accrual of patients.
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