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Table 2 Univariate analyses of overall survival time of patients with
recurrent glioblastoma

Variable Number MST (95% p value
of cases confident interval) (log-rank)

Age

<50 years 12 31.2 (21.044.7) 0.05

>50 years 20 16.6 (12.7-19.6)
Operation time

Twice 24 17.1 (13.6-30.8) 0.09

>3 times 8 33.3 (21.0-64.9)

MIB-1 index at the first surgery

<30% 15 22.4 (13.2-55.5) 0.097
>30% - 11 17.9 (12.3-23.7)
MIB-1 index at the second surgery
<10% 13 42.9 (17.3-64.9) 0.005
>10% 19 16.9 (12.7-22.8)
MGMT promoter status at the first surgery
Methylated 6 30.6 (NA) 0.6
Unmethylated 13 19.6 (14.5-41.3) ’
MGMT promoter status at the second surgery
Methylated 5 16.9 (NA) 0.7

Unmethylated 18 19.6 (14.5-41.3)

NA not applicable

Patients with three or more surgical resections tended to
have longer survival times than those with two operations
(p = 0.09). The MST of patients with three or more sur-
gical resections was 33.3 months and of those with two
operations was 17.1 months (Table 2). The MST of the
patients in the total or subtotal resection (=90% removal)
group (n = 16; median age 60.0) and of patients in the
partial (<90% removal) removal or biopsy (n = 16; med-
ian age 54.0) group who underwent a first surgery were
18.0 and 22.4 months, respectively (p = 0.2) in recurrent
surgical cases. However, the overall survival time of
patients in the total or subtotal resection group (n = 10;
median age 57.0) and the partial or biopsy group (n = 22;
median age 57.0) who underwent a second surgery were
42.9 and 18.0 months, respectively (p = 0.03). The MST
after the second surgery for each group was 16.4 and
11.1 months, respectively (p = 0.02).

MIB-1 index at the second operation showed prognostic
value in relapsed glioblastoma patients

The MIB-1 indexes of primary tumors were obtained from 26
patients and those of recurrent tumors from all patients. The
median MIB-1 index of primary tumors was 22.5% (range
6.8-90.0%) and of recurrent tumors was 13.2% (range
0.6-85.7%). MIB-1 indexes were smaller for recurrent than
for primary tumors (p = 0.03, Mann—Whitney U test)
(Fig. 1).
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Fig. 1 Changes in MIB-1 indexes of primary and recurrent tumors.
MIB-1 indexes were smaller in recurrent tumors than in primary
tumors (p = 0.03, Mann—Whitney U test)

The MST of patients with MIB-1 indexes <30% was
22.4 months and of those with MIB-1 indexes >30%
17.9 months in primary tumors. Patients with MIB-1 indexes
<30% in primary tumors tended to survive longer
(p = 0.097) (Table 2). The MST of patients with MIB-1
indexes <10% was 42.9 months and of patients with indexes
>10% 16.9 months in recurrent tumors. The MIB-1 indexes
in recurrent tumors significantly correlated with MST
(p = 0.005) (Table 2; Fig. 2a). The survival time of patients
with MIB-1 indexes <10% after the second surgery was
21.6 months and of patients with indexes >10% was
6.0 months (p = 0.0007) (Table 3; Fig. 2b). The MIB-1
indexes in recurrent tumors significantly correlated with
overall survival (p = 0.004), even in the multivariate anal-
ysis (Table 4). This analysis resulted in a hazard ratio (HR)
of 5.252 [95% confidence interval (CI) 1.666-20.587).

Status of methylated MGMT promoter did not show
prognostic value in relapsed glioblastoma patients

We obtained the MGMT promoter status in 19 cases with
primary and 23 with recurrent tumors. The methylated
MGMT promoter was found in six patients (31.6%) with
primary and in five (21.7%) with recurrent tumors
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Fig. 2 a Kaplan-Meier survival curve comparing high and low

MIB-1 indexes in recurrent tumors. The estimated overall survival
rate of patients with MIB-1 indexes <10% was significantly higher
than that of patients with indexes >10% (p = 0.005). b Kaplan—Meier
survival curve after the second operation comparing high and low

Table 3 Univariate analyses of survival time after the second surgery
of patients with recurrent glioblastoma

{ p=0.0007

e

50% -

40% A MIB-1index 10%

309 A

H
i
i

20% | 5 |

10% | 7, |
MIBy1 index >10%.,
0% :

Survival rate after the second surgery (%)

T

0 12 24 36 a8 60 72 84
Survival time after the second surgery (months)

MIB-1 indexes in recurrent tumors. The estimated survival rate after
the second operation of patients with MIB-1 indexes <10% was
significantly higher than that of patients with indexes >10%
(p = 0.0007)

Table 4 Multivariate analyses of overall survival time of patients
with recurrent glioblastoma

Variable Number MST after second surgery p value Variable Number Hazard ratio (95% p value -
of cases  (95% confident interval) (log-rank) of cases confident interval) (Cox)
MGMT promoter status at the second surgery Age
Methylated 5 13.7 (NA) 0.8 <50 years 12 2.008 (0.811-5.506) 0.1
Unmethylated 18 11.1 (5.0-19.9) >50 years 20
MIB-1 index at the second surgery Operation time
<10% 13 21.6 (10.0-36.4) 0.0007 Twice 24 0.403 (0.119-1.146) 0.09
>10% 19 6.0 (3.9-13.7) >3 times 8
Pseudopalisading necrosis MIB-1 index at the first surgery
Positive 8 10.9 (NA) 0.8 <30% 15 1.073 (0.402-2.927) 09
Negative 24 11.6 (6.0-19.7) >30% 11
Coagulation necrosis MIB-1 index at the second surgery
Positive 18 13.7 (5.4-19.7) 0.4 <10% 13 5.252 (1.666-20.587) 0.004
Negative 14 10.8 (3.7-35.7) >10% 19
Gemistocytic cell
Positive 16 16.4 (9.7-21.6) 0.2
Negative 16 8.0 (3.9-13.7) correlated with survival time (Table 2). Similarly, the
Giant cell methylated MGMT promoter in primary tumors did not
Positive 16 10.2 (4.7-16.4) 0.1 correlate with the first PFS and in recurrent tumors did not
Negative 16 13.7 (5.0-21.6) correlate with the second PFS (Table 5).

NA not applicable

(Table 1). The MST of patients with methylated or un-
methylated MGMT promoters in primary tumors was 30.6
and 19.6 months (p = 0.6), respectively (Table 2). The
MST of patients with methylated or unmethylated MGMT
promoters in recurrent tumors was 16.9 and 19.6 months
(p = 0.7), respectively (Table 2). No methylated MGMT
promoter statuses in primary and recurrent tumors
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Twenty patients underwent initial chemoradiotherapy
with ACNU, and 12 underwent initial chemoradiotherapy
with TMZ. Nine patients among 20 with initial chemora-
diotherapy with ACNU were finally treated with TMZ. The
MST of each of these groups was 23.3 and 14.0 months,
respectively (p = 0.02). We then analyzed the correlation
of survival time with initial chemotherapy regimen and
MGMT promoter status in 18 patients whose MGMT pro-
moter status was determined in both primary and recurrent
tumors. The initial PFS of patients who received
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Table 5 Univariate analyses of first and second progression-free survival (PFS) and mean survival time (MST) in 18 recurrent glioblastoma patients with MGMT promoter methylation

status in both primary and recurrent tumors

Variable Number First median PFS p value Second median PFS p value MST (95% p value
of cases (95% confident (log-rank) (95% confident (log-rank) confident (log-
interval) interval) interval) rank)
Initial treatment and the methylated MGMT promoter status in primary tumors
Initial MGMT
treatment (primary)
ACNU Methylated 4 12.6 (9.1-18.3) 0.9 21.2 (2.1-NA) 0.3 49.3 (18.2-NA) 0.5
ACNU Unmethylated 8 8.1 (3.3-26.3) 7.7 (1.6~13.6) 27.5 (15.1-64.9)
T™Z Methylated 1 5.2 (NA) 0.2 0.6 (NA) 0.03 9.2 (NA) 0.2
™Z Unmethylated 5 8.8 (2.7-22.9) 4.4 (1.0~16.4) 14.5 (7.841.3)
Initial treatment and the methylated MGMT promoter status in recurrent tumors
Initial MGMT
treatment (recurrent)
ACNU Methylated 3 18.1 (12.1-24.1) 0.8 13.4 (1.6-NA) 0.4 44.7 (15.5-NA) 0.6
ACNU Unmethylated 9 9.1 (3.3-26.3) 6.6 (2.1-35.7) 31.2 (15.1-64.9)
T™Z Methylated 0
T™Z Unmethylated ., 6 7.6 2.7-22.9) 3.8 (0.6-16.4) 13.4 (7.8-41.3)
Changes of the methylated MGMT promoter status
First surgery Second 0.9 0.3 0.5
surgery
Methylated Methylated 1 3.3 (NA) 68.3 (NA) 72.2 (NA)
Methylated Unmethylated 4 10.9 (5.2-18.3) 4.4 (0.6-35.7) 30.6 (9.2-55.5)
Unmethylated Methylated 2 18.1 (12.1-24.1) 7.5 (1.6~13.4) 30.1 (15.5-44.7)
Unmethylated Unmethylated 11 6.4 (3.3-22.9) 5.0 (3.2~13.6) 19.6 (12.3-41.3)

ACNU nimustine hydrochloride, TMZ Temozolomide, NA not applicable
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chemoradiotherapy with ACNU and who had methylated
(n = 4) and unmethylated (» = 8) MGMT promoters in
primary tumors was 12.6 and 8.1 months, respectively
(p = 0.9; Table 5). In contrast, the initial PFS of patients
receiving chemoradiotherapy with TMZ and who had
methylated (n = 1) and unmethylated (n =5) MGMT
promoters in primary tumors was 5.2 and 8.8 months,
respectively (p = 0.2; Table 5). Three patients who ini-
tially underwent chemoradiotherapy with ACNU and who
had methylated MGMT promoters, and five of nine patients
who had unmethylated MGMT promoters in recurrent
tumors were finally treated with TMZ. The MST of patients
who underwent initial ACNU treatment followed by TMZ
and who had methylated MGMT promoter status in recur-
rent tumors was longer than that of patients who had un-
methylated MGMT promoter status (44.7 vs. 31.2 months,
Table 5); however, this finding was not significant
(p = 0.6). None of the patients who underwent the initial
TMZ treatment received other alkylating agents. There was
no significant difference in the PFS and MST of primary
and recurrent tumors according to MGMT methylation
status. Six patients showed changes in the methylated
MGMT promoter in primary and recurrent tumors. Changes
in the methylated MGMT promoter in primary and recur-
rent tumors did not correlate with the first and second PFS
(Table 5).

Degenerative changes in tumor cells
by chemoradiotherapy

We examined the degenerative changes in tumor cells, which
included pseudopalisading necrosis, coagulation necrosis,
gemistocytic cells, and giant cells, in H&E-stained speci-
mens in recurrent tumors (Table 6). The MST of patients
with pseudopalisading necrosis was 19.2 months and of
patients without pseudopalisading necrosis 20.2 months
(p = 0.98). The MST of patients with coagulation necrosis
was 19.6 months and of patients without coagulation
necrosis 25.4 months (p = 0.16). The MST of patients with
gemistocytic cells was 22.4 months and of patients without
gemistocytic cells 17.4 months (p = 0.27). The MST of
patients with giant cells was 16.4 months and of patients
without giant cells 22.4 months (p = 0.08). We found no
correlations between morphological changes in tumor cells
and survival time (Table 6).

Discussion
We attempted to clarify the prognostic factors in recurrent
glioblastomas. Clinically, patients <50 years had a longer

survival time than patients who were >50 years old
(p = 0.05). Glioblastoma patients who underwent surgery
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Table 6 Univariate analyses of overall survival time of patients with
recurrent glioblastoma with regard to degenerative changes of tumor
at second surgery

Variable Number MST (95% p value
of cases confident interval) (log-rank)
Pseudopalisading necrosis
Positive 8 19.2 (NA) 0.98
Negative 24 20.2 (16.2-31.2)
Coagulation necrosis
Positive 18 19.6 (13.6-23.7) 0.16
Negative 14 25.4 (15.5-44.7)
Gemistocytic cell
Positive 16 22.4 (16.2-50.8) 0.27
Negative 16 17.4 (13.2-30.8)
Giant cell
Positive 16 16.4 (13.2-30.8) 0.08
Negative 16 22.4 (16.9-44.7)

MST mean survival time, NA not applicable

twice or more (n = 35; MST 21.0 months) showed
increased overall survival compared with those who
underwent only one surgery (n = 154; MST 12.9 months)
at our institute from 1996 to 2010 (p = 0.008). Patients
who had three or more surgical resections tended to survive
longer than those who had two operations (p = 0.09).
Whether surgical resections of recurring glioblastomas
prolong survival of glioblastoma patients is unclear, but
reoperations in recurrent patients have been reported to be
beneficial for selected patients [19].

The extent of surgical resection in patients with newly
diagnosed glioblastoma has been a well-documented
prognostic factor for survival [20, 21]. In this study, we
found a significant difference in survival time between the
total and subtotal resection groups and the partial and
biopsy groups of 189 newly diagnosed glioblastoma
patients (p = 0.03). The extent of surgical resection during
the first surgery had no correlation with the overall survival
time in patients who underwent a second surgery in
recurrent surgical cases; however, there was a significant
difference between survival time and the extent of surgical -
resection during the second surgery. These data indicate
that the extent of surgical resection is important, even in
recurrent cases.

MIB-1 indexes that >30% in primary tumors tended to
be poor prognostic factors, which were not significant.
However, MIB-1 indexes in recurrent tumors had a definite
correlation with overall survival time and survival time
after the second surgery. Overall, survival of patients with
MIB-1 indexes <10% at recurrence was 42.9 months and
those with indexes >10% was 16.9 months, a significant
difference. Schroder et al. [22] reported that MIB-1 indexes
of glioblastomas at recurrence correlated with time to



Brain Tumor Pathol (2012) 29:192-200

199

recurrence. Kunishio et al. [23] reported that MIB-1
indexes of tumors with radiation necrosis after interstitial
brachytherapy were 7.6 &= 5.5%, whereas that of primary
tumors was significantly higher at 17.0 £ 11.2%
(p < 0.05). These results were similar to ours. In contrast,
Ralte et al. [24] reported that the difference in the MIB-1
indexes of initial (10.33 &+ 7.98) and recurrent (13.8 £
9.40) glioblastomas were not statistically significant
(p = 0.79). Kodera et al. [25] reported that the MIB-1
indexes of recurrent glioblastomas after stereotactic radi-
osurgery were significantly lower than those before. In our
study, MIB-1 indexes was also smaller in recurrent (13.2%)
than in primary (22.5%) tumors (p = 0.03, Mann—Whitney
U test). It has been postulated that MIB-1 indexes were
smaller in recurrent than in primary tumors when tumor
cells respond to initial chemoradiotherapy and degenera-
tive changes of the tumor cells occur. Degenerative chan-
ges, such as giant cells, gemistocytic cell formation, and

coagulation necrosis, are often found in recurrent gliomas

[15], but these morphological changes did not correlate
with survival time in our study.

It has been reported that the methylated MGMT pro-
moter was found in 44.7-48.4% of newly diagnosed glio-
blastoma cases [11, 26, 27]. In our study, the methylated
MGMT promoter was found in 31.6% of primary tumors.
The first PFS was 6.2 months in patients treated with
chemoradiotherapy with ACNU or TMZ, and the time was
shorter than a previous report that found the first PES to be
6.9 months with radiotherapy and TMZ treatment in newly
diagnosed glioblastoma patients [1]. The rate of finding the
methylated MGMT promoter seemed to be smaller in our
series than in previous reports, which may be because our
series could have included unfavorable cases with regrowth
that did not respond to chemoradiotherapy and therefore
needed a second surgery.

Brandes et al. estimated the correlation between MGMT
promoter methylation status at first and relapse operation
and survival time in 44 TMZ-treated paired tumors. They
suggested that MGMT methylation status determined only
at the first surgery appears to be of prognostic value. The
MST of patients with methylated or unmethylated MGMT
promoters in primary tumors was 30.6 and 19.6 months,
respectively [14]. In contrast to their TMZ-treated series, in
our series, 12 patients were initially treated with ACNU
and six with TMZ. The MGMT promoter methylation sta-
tus in primary tumors had no correlation with survival time
and PFS. Brandes et al. also showed that overall survival
and survival time after second surgery were not correlated
with MGMT methylation status of recurrent tumors, even
though most patients were treated with TMZ rechallenge
and nitrosourea-based chemotherapy after the second sur-
gery. The authors suggested that this may depend in part on
the low activity of second-line therapies, especially those
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with alkylating agents, at the time of failure after chemo-
radiotherapy with TMZ [14].

Twenty patients in our study had initial chemoradio-
therapy with ACNU and 12 patients had TMZ. The MST of
each group was 23.3 and 14.0 months (p = 0.02), respec-
tively. Nine patients among 20 patients with initial che-
moradiotherapy with ACNU were finally treated with
TMZ. The MST of patients with methylated MGMT pro-
moter status in recurrent tumors treated with initial ACNU
followed by TMZ tended to be longer than that with un-
methylated MGMT (44.7 vs. 31.2 months, p = 0.6,
Table 5). It is possibility that patients with recurrence who
maintain the methylated MGMT status have sensitivity to
TMZ even after the failure of initial ACNU. Nagane et al.
[28] reported that protein expression of MGMT by Western
blotting is an important prognostic factor for recurrent
glioblastoma patients treated with TMZ after failure of
initial ACNU-based chemotherapy. Methylated MGMT
promoters were found in 31.6% of primary tumors and
21.7% of recurrent tumors. Six patients showed alterations
in the methylation of the MGMT promoter between the
primary and recurrent tumor. The MGMT promoter status
of four of the five primary tumors with methylated MGMT
promoters (80%) changed to unmethylated and the status of
two of the 13 primary tumors with unmethylated MGMT
promoters (15.4%) changed to methylated. Brandes et al.
reported that MGMT status changed from methylated to
unmethylated in eight of 13 (61.5%) tumors and from un-
methylated to methylated in six of 25 (24%). Moreover,
significant changes in MGMT methylation status occurred
more frequently in MGMT methylated cases than unme-
thylated cases [14]. There are a number of potential
explanations for these changes, including regional variation
within the tumor, direct influence on methylation by
treatment, selection of unmethylated cell populations
by treatment, and further dedifferentiation of the tumor
[12, 13].

In conclusion, we performed a multivariate analysis in
relapsed glioblastoma patients and showed that only MIB-1
indexes in recurrent tumors persisted as significant inde-
pendent prognostic factors in cases that had second sur-
geries. MGMT promoter status was frequently observed to
change from methylated to unmethylated, but the MGMT
promoter methylation status in primary and recurrent
tumors had no correlation with survival time and PFS in
recurrent surgical cases.
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Abstract

Extensive surgical removal of tumor tissue can contribute to longer survival for patients with gliomas.
Intraoperative magnetic resonance (iMR) imaging is important for safe and maximal resection of brain
tumors. A new operating room equipped with a 1.5-T MR imaging system and neuronavigation opened
at Yamagata University Hospital in 2008, Using this new suite, we have safely treated over 200 cases.
Use of iMR imaging improved glioma resection rates in 25 (34%) of 73 cases, and gross total resection
was achieved in 48 patients (66%). Motor evoked potential (MEP) monitoring was performed in combi-
nation with iMR imaging for 32 gliomas. MEP monitoring was successful in 30 cases (94%). Transient
decreases in MEP amplitude were seen in two patients. One patient showed transient motor weakness
and another showed improvement of motor function. The iMR imaging system provides useful informa-
tion for tumor resection that allows intraoperative modification of surgical strategies. Combining MEP

eloquent areas.

Key words:

Introduction

Intraoperative magnetic resonance (iMR) imaging
and neuronavigation have substantially changed the
principles of surgery for brain tumors. iMR imaging
can provide updated information on anatomical
structures and unanticipated brain events, thereby
allowing safer and more accurate surgery.'~¥ Our in-
stitution installed a fully integrated neurosurgical
suite including neuronavigation and an intraopera-
tive 1.5-T high-field MR imaging system (Surgical
Suite®) in 2008. This system provides high-quality
images with short scan times. The Surgical Suite®
has separate components in the operating room and
the MR imaging room, so can be used not only for
intraoperative scanning, but also for pre- and
postoperative scans and brain checks for inpatients
at Yamagata University Hospital. Using this new
suite, we have safely treated over 200 cases of brain
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intraoperative magnetic resonance imaging,
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monitoring with iMR imaging appears to offer the most effective method for safe glioma surgery near

glioma, intraoperative monitoring

tumors, including gliomas, metastatic brain tumors,
meningiomas, and pituitary adenomas. This study
reviews our initial experiences, to evaluate the ad-
vantages and limitations of this suite in glioma
surgery.

Material and Methods

Figure 1 shows the appearance of the operating sys-
tem, Surgical Suite® (GE Healthcare, Milwaukee,
Wisconsin, USA). The high-field (1.5-T) MR imaging
system (Signa HDx; GE Healthcare) is located in a
separate room, which allows us to use standard sur-
gical instruments irrespective of their magnetic
properties. Intraoperative MR imaging includes T;-
weighted, T,-weighted, T;-weighted, fluid-attenuat-
ed inversion recovery, diffusion-weighted, and T;-
weighted with gadolinium imaging. If necessary,
diffusion tensor imaging can be performed. About 1
hour is needed for iMR imaging, including patient
transfer time.
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A total of 202 consecutive patients were treated in
the Surgical Suite® at Yamagata University Hospital
between July 2008 and September 2011. The histo-
logical diagnoses were glioma (n = 73, 36.1%), pitui-
tary adenoma (n = 35, 17.3%), meningioma (n = 18,
8.9%), metastatic tumor (n = 19, 9.4%), and others
(n = 57, 28.2%).

Surgical planning was based on multiple se-
quences of MR imaging performed 1 or 2 days be-
fore surgery. Using a navigation planning worksta-
tion (iPLAN 2.6; Brainlab AG, Feldkirchen, Germa-
ny), target lesions and important anatomical struc-
tures were coded as colored objects. Diffusion ten-
sor imaging and functional MR imaging were per-
formed to visualize important tract and functional
areas (pyramidal tract, motor cortex, and speech
area). If the tumor was located in or around the py-
ramidal tract and or motor cortex, electrophysiologi-

Jsuueds YN

Fig. 1 Layout and photographs of the Surgical Suite®.
A magnetically shielded sliding door separates the mag-
netic resonance (MR) imaging room (right) from the
operation room (left).

cal monitoring such as motor evoked potential
(MEP) monitoring was performed by transcortical
stimulation using reduction to <50% amplitude
compared to before tumor resection as the warning
level. If the surgeon considered that the goals of sur-
gery had been met or the risk of injury to a function-
al area or tract was high, iMR imaging was per-
formed. If iMR imaging indicated incomplete resec-
tion, the surgical planning was revised according to
the newly obtained images, and the surgical proce-
dure was resumed based on the updated navigation
information.

The extent of resection (EOR) was determined by
comparing the MR images obtained before surgery
with those obtained within 72 hours after surgery.
EOR was calculated based on manual segmentation
of the tumor outline in the planning software. Glio-
ma volume was defined as the volume of increased
intensity on T;-weighted imaging with gadolinium.
Tumor volume for non-enhanced tumors was de-
fined as the area of increased intensity on T,-weight-
ed imaging. Subtotal or greater resection was de-
fined as a postoperative finding of a >95% reduc-
tion in tumor volume.

Results

iMR imaging was performed 225 times during the
202 procedures. The period of interruption for each
intraoperative MR imaging session was about 1
hour. The results of iMR imaging affected the surgi-
cal strategy in 33 of these 202 cases, including strate-
gies for 25 of 73 gliomas (34%), 3 of 35 pituitary ade-
nomas (8.6%), and 5 of 57 others. Additional
removal after iMR imaging was performed in over
50% of cases of non-enhanced tumors and recurrent
lesions. Gross total resection was achieved in 66% of
73 glioma cases (n = 48).

Volumetric analysis of primary supratentorial
gliomas (n = 40) found that mean initial tumor
volumes were 54.9 cm3 (range 1.2-160.0 cm?) in

Table 1 Summary of volumetric analysis in primary supratentorial gliomas

LGG HGG All HGG by Sanai et al.9
Number of patients 7 40 500
Gd enhancement (+/—) 2/5 29/4 31/9 —
Tumor volume (cm?)* 18.3 (1.0-49.0) 54.9 (1.2-160.0)  48.4 (1.0-160.0) 65.8 (0.3-476.1)
Additional removal (+) 2 (33%) 9 (27%) 11 (32%) —
Additional removal volume (cm?%* 3.9 (0.4-7.3) 2.4 (0.3-8.0) 2.6 (0.3-8.0) —
Residual tumor volume (cm3)* 4.6 (6.5-12.7) 2.3 (0.8-25.5) 2.6 (0.8-25.5) 2.3 (0-80)

80.5% (40.7-100)
83.2% (40.7-100)

Intraoperative resection rate™
Resection rate™®

93.5% (34.5-100)
95.1% (34.5-100)

91.7% (34.5-100) —
93.5% (34.5-100) 96% (10-100)

*Values are mean (range). Gd: gadolinium, HGG: high-grade glioma, LGG: low-grade glioma.
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high-grade glioma (HGG) and 18.3cm?® (range
1.0-49.0 cm?®) in low-grade glioma (LGG). The
volume of additional removal after iMR imaging
was 2.4 cm?® (range 0.3-8.0 cm?) in HGG and 3.9 cm?®
(range 0.4-7.3 cm?) in LGG. Residual tumor volume
was 2.3 cm3 (range 0.8-25.5 cm?®) in HGG and 4.6
cm?® (range 6.5-12.7 cm?®) in LGG. The EOR was
95.1% in HGG and 83.2% in LGG (Table 1). In addi-
tion, iMR imaging revealed an unexpected brain
event in 1 patient (acute subdural hematoma). To
evaluate the impact of iMR imaging, we analyzed
the relationship between supratentorial glioma sur-
gical staging (Table 2) and the incidence of addition-
al removal after iMR imaging. This surgical staging
was proposed by Nomura and Kayama and the
Japanese Brain Tumor group in 2004.5 We analyzed
44 cases of primary supratentorial glioma (4 cases
were added following the volumetric analysis): stage
1,n = 0; stage 2, n = 5;stage 3, n = 21; stage4,n =
12; stage 5, n = 6. No additional removal was per-
formed for cases in stages 1, 2, or 5. Additional
removal after iMR imaging achieved subtotal resec-
tion in 3 cases (14%) in stage 3 and 3 cases (25%) in
stage 4 (Fig. 2).

MEP monitoring was combined with iMR imag-
ing in 32 gliomas. MEP monitoring was successful

Table 2 Surgical staging for glioma

Stage Definition

tumor size <1 cm or within one gyrus

Stage 1 (+1) or tumor size >1cm to <3 cm

Stage 2 (+1) or tumor size >3 cm

Stage 3 (+1) or stage 2 (+1+1)

Stage 3 (+1+1) or stage 2 (+1+ 1+ 1) or multiple lesions,
disseminated lesions, extra-CNS lesions

U W N

+1: Eloquent area (motor, speech, visual); thalamus, basal
ganglia, bilateral lesions; sylvian fissure (insular cortex).
CNS: central nervous system. Reproduced with permis-
sion from Kayama et al.: [A proposed staging system for
glioma surgery]. No Shinkei Geka Journal 13: 448-453,
2004 (Japanese), ©2004, The Japanese Congress of Neu-
rological Surgeons.

in 30 cases {94%), and was only unsuccessful in 2
patients with preoperative severe motor weakness.
Table 3 shows the results of MEP monitoring and
postoperative motor function. Preoperative motor
deficits were improved in 4 patients and remained
unchanged in 19 patients. Permanent motor deficits
were identified in 5 patients, 2 patients with
decreased amplitude of MEP and 3 patients with no
changes in MEP amplitude. Transient decreases in
MEP amplitude were seen in 2 patients. One of these
two patients had left temporal glioblastoma and
showed transient decreases in MEP amplitude
caused by middle cerebral artery compression (Fig.
3). iMR imaging showed no ischemic changes, but
diffusion-weighted imaging after surgery clearly
showed an ischemic lesion around the left internal
capsule.

Discussion
The present study suggests that the best use for iMR

imaging and integrated navigation seems to be for
glioma surgery. In our series, 34% of glioma cases

#>subtotal
7 . m>subtotal after AR
. wpartial
7. bipsy

0 20 40 60 80 100
Resection rate (%)

Fig. 2 Surgical staging and resection rate. Tumors in
stages 1, 2, and 5 underwent no additional removal (AR)
after intraoperative magnetic resonance imaging. AR
was performed for 14% of stage 3 cases and 25% of stage
4 cases.

Table 3 Results of intraoperative motor evoked potential (MEP) monitoring and postoperative motor function

Postoperative motor function

MEP . Total
Transient Permanent
Improve No change aggravation aggravation
No change 3 19 1 3 26
Transient decrease in amplitude 1 0 1 0 2
Permanent decrease in amplitude (< 50%]) 0 0 0 2 2
Total 4 19 2 5 30
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MEP (muscle)

Fig. 3 Representative case of left temporal glioblastoma showing transient decrease in motor evoked potential
(MEP) amplitude. A: Preoperative T,-weighted magnetic resonance (MR) image with gadolinium. B: Intraopera-

tive diffusion-weighted MR image.
diffusion-weighted MR image.

C: Postoperative T,-weighted MR image with gadolinium. D: Postoperative
E: Temporal changes in response of the thenar muscles. Transient decrease in ampli-

tude occurred during middle cerebral artery compression, but recovered after releasing the compression.

were improved and the EOR was increased follow-
ing iMR imaging. This modality offers particularly
important contributions to modification of surgery
in non-enhanced and recurrent tumors. In addition,
iMR imaging is a good method to overcome techni-
cal problems encountered during surgery, such as
unclear margins of microscopic and pathological
findings and brain shift. In patients with newly diag-
nosed glioblastomas, increased EOR parallels im-
provements in overall survival, even at the highest
levels of resection, and subtotal resections as low as
78% confer survival benefits.®) Our results are simi-
lar to these findings (Table 1). In our series, the
resection rate of LGG was lower than that of HGG.
Three of 7 LGGs were located in eloquent areas, so
we intentionally performed partial resection. The
resection rates of these cases ranged from 40.7% to
71.9%. Safer resection could be performed for LGG
than for HGG considering the long natural history of
LGG. Randomized controlled trials of iMR imaging-
guided glioma surgery did not demonstrate survival
benefits.’® However, iMR imaging guidance in glio-
ma surgery did help surgeons achieve the optimum
EOR.

This study analyzed surgical staging and addition-
al (modified) removal after iMR imaging. For tumors

classified in stages 1, 2, or 5, no modification was re-
quired after iMR imaging. Stage 5 tumors are not
resectable to ensure preservation of brain function.
In contrast, tumors in stages 3 and 4 underwent the
modification after iMR imaging in 15-25% of cases.
Moreover, over 50% of recurrent or non-enhanced
tumors underwent modification after iMR imaging.
iMR imaging is mainly useful for safety manage-
ment in patients with stage 1, 2, or 5 lesions. Safety
management is one of the important purposes of
iMR imaging. In our series, we were able to detect
left acute subdural hemorrhage during right tem-
poral glicblastoma removal,” and could remove the
hematoma immediately after tumor resection. The
postoperative course was uneventful and the patient
remained alive as of 26 months postoperatively.
Review of iMR imaging-guided resection of gliob-
lastoma pointed out the limitations in the available
literature,®) and also suggested cost as an important
outcome parameter. Our Surgical Suite® has
separate components in the operating room and MR
imaging room. Consequently, the system can be
used not only for intraoperative imaging, but also
for pre- and postoperative imaging and brain checks
for inpatients. We have also tried to use iMR imag-
ing in various neurosurgical operations. T;-weight-
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ed imaging with gadolinium clearly shows residual
tumor in the pituitary region, and intraoperative
time-resolved contrast-kinetics imaging can reveal
complete resection of arteriovenous malformation
without the need for conventional catheter an-
giography.?

The present study examined the associations be-
tween MEP monitoring and postoperative motor
function in 32 patients. MEP monitoring was suc-
cessful in 30 patients (94%), excluding 2 patients
with severe preoperative motor weakness. Preopera-
tive motor deficits recovered in 4 patients, whereas
19 patients showed no changes in motor function.
Permanent deficits occurred in 5 patients. We were
able to detect decreases in amplitude for 2 patients,
but the remaining 3 patients did not show any
change in MEP amplitude during surgery. One
patient with precentral gyrus glioblastoma suffered
motor weakness of the upper limb, and one patient
had frontal gliosarcoma. We temporarily clipped the
feeding arteries, and checked MEP responses within
20-30 minutes during gliosarcoma removal. We con-
firmed that MEP responses were unchanged, and
then cut the feeder vessels. Postoperative MR imag-
ing revealed an ischemic lesion, including the py-
ramidal tract. We speculate that the blood supply to
the pyramidal tract during surgery was sufficient,
but was altered by leptomeningeal anastomosis after
surgery. Figure 3 shows the usefulness of MEP
monitoring. Compression of the middle cerebral ar-
tery caused decrease in MEP amplitude. We were
able to prevent permanent deficits based on the
warnings provided by MEP monitoring. MEP
monitoring is an essential tool for preserving motor
function in patients with glioma near the motor cor-
tex or pyramidal tract. We have safely performed 6
awake craniotomies with the use of this iMR imag-
ing system. Combining MEP monitoring with awake
craniotomy and iMR imaging appears to offer the
most effective method for safe glioma surgery near
eloquent areas. Further study of the impact of an
iMR imaging system on surgical success and patient
survival within the context of a large, prospective,
population-based project is needed to confirm the
present findings.

The present study shows that iMR imaging pro-
vides useful information that allows intraoperative
modification of the surgical strategy, and MEP
monitoring provides useful information for preserv-
ing motor function in patients with gliomas near the
primary motor cortex and pyramidal tract. Com-
bined use of iMR imaging, neuronavigation, and
MEP monitoring offers the optimal tool for treating
brain tumors around the motor cortex or pyramidal

Neurol Med Chir (Tokyo) 52, August, 2012

251

tract. This approach could be very helpful for max-
imizing resection and minimizing morbidity.
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Abstract Changes in histological and genetic character-
istics were investigated in 18 paired primary and recurrent
oligodendroglial tumors, using sequencing analysis for
isocitrate dehydrogenase (IDH) 1 and 2 gene mutation,
Ki-67 and p53 immunohistochemistry, and fluorescent in
situ hybridization for loss of heterozygosity of chromo-
somes 1p and 19q (1p/19q co-deletion). Malignant trans-
formation occurred in 5 of 8 cases with World Health
Organization (WHO) grade II tumors, but in 0 of 10 cases
with WHO grade III tumors progressing to glioblastoma.
Thirteen of the 18 cases carried IDH1 gene mutation.
Tumors with IDH1 mutation tended to survive for longer,
even after recurrence, but newly developed microvascular
proliferation, tumor necrosis, and elevated Ki-67 labeling
index were common. Eleven of the 13 IDHI1-mutation
tumors had either 1p/19q co-deletion or nuclear expression
of p53, but all 5 IDH1/2 wild-type tumors had neither. All
cases had the same profile for 1p/19q status at recurrence,
but nuclear expression of p53 changed from negative to
positive in 2 of 6 cases with IDHI mutation and 1p/19q
co-deletion. WHO grade II oligodendroglial tumors show a
high rate of malignant transformation, possibly involving
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p33 in tumors with IDH1 mutation and 1p/19q co-deletion.
Tumors with IDH1 mutation had a more aggressive his-
tological phenotype despite their better prognosis.

Keywords Recurrent oligodendroglial tumor -
IDH1/2 gene - p53 - 1p/19q co-deletion -
Ki-67 labeling index

Introduction

Oligodendroglial tumors, including oligodendroglioma
(OD), oligoastrocytoma (OA), anaplastic oligodendrogli-
oma (AOD), and anaplastic oligoastrocytoma (AOA),
account for 6.8 % of all cases of glial tumors in Japan [1].
These entities have better prognoses than astrocytic tumors,
but most patients ultimately experience disease progres-
sion. The changes in histological diagnosis for the 95 cases
treated prospectively in the North Central Cancer Treat-
ment Group study were recently reported [2]. The World
Health Organization (WHO) grade increased after recur-
rence in 51 % of all cases, in 57 % of WHO grade II
tumors, and in 13 % of WHO grade III tumors. Addition-
ally, significant changes occurred in the diagnosis of
recurrent tumor to pure astrocytic, pure oligodendroglial,
and mixed tumor [2]. Therefore, dynamic changes could
occur in the histological character of recurrent oligoden-
droglial tumors.

Changes in genetic aberrations at progression have also
been demonstrated. For example, pl6 deletions, gain of
chromosome 7, and loss of chromosome 10 are considered
to be associated with progression [2—-4]. Recently, somatic
mutations in the isocitrate dehydrogenase 1 (IDH1) gene or
IDH2 gene have been found in adult astrocytomas or ODs
[5-7]. Oligodendroglial tumors with IDH1 or IDH2

@ Springer

252



Brain Tumor Pathol

mutations have better prognosis [8-10], and express
mutually exclusive loss of heterozygosity of chromosomes
1p and 19q (1p/19q co-deletion) or p53 mutations [11]. In
contrast, IDH1/2 wild-type tumors have poor prognosis and
show no 1p/19q co-deletion. The mechanisms of these
histological changes—or how these representative genetic
aberrations are associated with tumor progression in IDHI
or IDH2 mutated and wild-type recurrent oligodendroglial
tumors—remain unclear.

The present study retrospectively reviewed the clinical
and histological findings of recurrent oligodendroglial
tumors to clarify the dynamic changes in all recurrent
oligodendroglial tumors, and analyzed the histological and
genetic characteristics of recurrent tumors with IDHI1 or
IDH2 mutations, those with IDH1/2 wild-type genes, and
those with 1p/19q co-deleted or retained.

Materials and methods
Patients

Our facility treated 123 patients with histologically verified
oligodendroglial tumors between April 1978 and July 2011.
The histological diagnosis was established by two neuro-
pathologists (H.S. and M.W.) using current WHO criteria
[12]. However, the definitive criteria for glioblastoma with
oligodendroglial component (GBMO) remains to be estab-
lished at this point. In this series, the criteria for GBMO
were as follows: the tumor was composed of typical glio-
blastoma, including marked atypia, high cellularity, pseud-
opalisading or large necrosis, microvascular proliferation,
and an oligodendroglial component. AOA with a small area
of tumor necrosis was excluded from GBMO. During this
period, 36 patients had recurrent disease, 18 of whom
underwent salvage surgery. We reviewed the histological
~ findings of the primary and recurrent tumors. This study was
approved by the institutional ethics committee of Tohoku
University Graduate School of Medicine, in accordance with
the Declaration of Helsinki. Informed consent for molecular
and histological analyses of the specimens was obtained
from all patients involved in this study.

Analysis of IDH1 and IDH2 gene mutations

Analysis of IDH1 and IDH2 gene mutations was performed
as described previously [7]. Genomic deoxyribonucleic
acid (DNA) was extracted from snap-frozen tissues, and
the DNA fragments including codon 132 of the IDH1 gene
and codon 172 of the IDH2 gene were amplified. Direct
sequencing analysis of the purified polymerase chain
reaction product was performed in an automated DNA
analyzer (CEQ 8000; Beckman Coulter, Brea, CA, USA).
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Immunohistochemical analysis and fluorescent in situ
hybridization (FISH)

Immunohistochemical and FISH analysis was performed as
described previously [13]. For immunohistochemical anal-
ysis, formalin-fixed, paraffin-embedded tissues were cut into
2 um thick paraffin sections. The primary antibodies were
mouse monoclonal antibody for p53 (Nichirei, Tokyo,
Japan; not diluted), and Ki-67 (DAKO, Glostrup, Denmark;
1:300). The cut-off value of the labeling index was 10 % for
p53 staining. The Ki-67 labeling index was quantified by
counting the number of positive cells among 1000 cells in
the regions with the most immunoreactivity. For the FISH
analysis of 1p/19q co-deletion, 2 pum thick paraffin-embed-
ded sections were deparaffinized and hybridized with locus-
specific probes for 19q13 (SpectrumOrange; Abbott
Molecular, Des Plaines, IL, USA), 19p13 (SpectrumGreen;
Abbott Molecular), 1p36 (SpectrumOrange), and 1g25
(SpectrumGreen). Nuclei were counterstained with 4/,6-
diamino-2-phenylindole and mounted in antifade solution.

Statistical analysis

Continuous variables were compared with Student’s ¢ test,
and categorical variables were compared with the chi-
squared test or Fisher’s exact test. Kaplan—-Meier curves
were generated for the progression-free survival rate after
initial surgery and the overall survival rate after recurrence.
We compared curves for the two groups with the log-rank

~ test. A probability value of less than 0.05 was considered

statistically significant. All statistical analyses were per-
formed with Dr. SPSS (SPSS, Chicago, IL, USA).

Results

Demographics of the cases with recurrent
oligodendroglial tumors

The 13 male and 5 female patients were aged 29-78
(median 50.5) years at initial treatment. The intervals
between surgeries for primary and recurrent tumors ranged
from 1 to 234 (median 28) months. For histological diag-
nosis, debulking surgery was performed in 15 cases and
biopsy in 3. The histological diagnosis of primary tumors
was OD in 6, OA in 2, AOD in 6, and AOA in 4 (Fig. 1).
The strategies for postoperative treatment were described
previously [13]. Postoperatively, only radiation therapy
was performed in 5 patients, only chemotherapy in 1, a
combination of radiation and chemotherapy in 9, and no
additional treatment in 3. Radiation therapy consisted of
1.2 Gy twice daily for a total of 72 Gy in 60 fractions to
the tumor bed for AOD and AOA, and 2.0 Gy once daily
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Fig. 1 Changes in the histological diagnoses of primary (upper row)
and recurrent (lower row) oligodendroglial tumors among WHO
grade II tumors (a) and WHO grade III tumors (b). The cases who did
not receive any adjuvant therapy are indicated in gray. OD
oligodendroglioma, OA oligoastrocytoma, AOD anaplastic oligoden-
droglioma, AOA anaplastic oligoastrocytoma

in=21 n=a

for a total of 60 Gy in 30 fractions for OD and OA. Che-
motherapy consisted of nimustine hydrochloride (ACNU)
in 7 patients, combination chemotherapy of procarbazine,
ACNU, and vincristine in 2, and temozolomide in 1.

The histological diagnosis of the recurrent tumors was
OD in 3 cases, AOD in 6, and AOA in 9 (Fig. 1). As
radiation may induce cellular atypia, astrocytoma-like
morphology in oligodendroglioma, and endothelial cell
atypia mimicking microvascular proliferation [20], we
diagnosed a malignant transformation when newly devel-
oped glomeruloid or epithelioid microvascular prolifera-
tion or brisk mitosis (>6 mitosis/10 high power fields) was
found. Malignant transformation occurred in 5 of 8 cases
(63 %) with WHO grade II tumors (Fig. 1a). These 5 cases
had newly developed definitive microvascular prolifera-
tion. All of the cases had brisk mitosis. The changes in the
histological diagnosis of primary and recurrent tumors
were OD to AOD in 2 cases, OD to AOA in 1, and OA to
AOA in 2 (Fig. la). Initial treatment after surgery was no
treatment in 3 cases (Fig. 2) and only radiation therapy in 2

Fig. 2 Representative case with malignant transformation in a
41-year-old woman with right oligodendroglioma in the right frontal
lobe. T2-weighted (left) and TI-weighted with gadolinium (right)
magnetic resonance (MR) images at first presentation (a), demon-
strating that the tumor had a distinct border and slight enhancement.
Primary tumor tissues obtained from resection of the tumor consisted
of round to oval neoplastic cells with a perinuclear halo but without
microvascular proliferation or necrosis, and the diagnosis was
oligodendroglioma (c). Analysis for IDH1 mutation revealed the

tumor had the IDH1 R132H mutation. She did not receive any
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adjuvant treatments, T2-weighted (leff) and Tl-weighted with gad-
olinium (right) MR images obtained 45 months after the first surgery
(b), demonstrating that local recurrence developed with slight
enhancement. She underwent salvage surgery. Histological examina-
tion of recurrent tumor tissues obtained from resection of the tumor
revealed that nuclear atypia and cellularity had not increased at
recurrence, but new microvascular proliferation (d) and tumor
necrosis (e) had developed. The recurrent tumor was diagnosed as
anaplastic oligodendroglioma. x200. Bar = 100 pm
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Fig. 3 Representative case with malignant transformation in a 53-year-
old woman with oligodendroglioma in the right frontal lobe and corpus
callosum. T2-weighted (/eff) and T1-weighted with gadolinium (right)
magnetic resonance (MR) images at first presentation (a), demonstrating
that the tumor had an ill-defined tumor border extending to the corpus
callosum without enhancement. Primary tumor obtained from open
biopsy consisted of round cells with a perinuclear halo but without
microvascular proliferation or necrosis, and the diagnosis was oligoden-
droglioma (c¢). Analysis of IDHI mutation revealed that the tumor had

(Fig. 3). Time to progression was 14, 26, 45, 129, and
236 months, respectively. Newly developed findings of
tumor necrosis were present in 4 cases and microvascular
proliferation in 5 (Figs. 2, 3). Similar to WHO grade III
tumors, it is difficult to diagnose the recurrent tumors after
adjuvant therapy as glioblastoma. Our criteria for glio-
blastoma at recurrence include the existence of astrocytic
tumor cells with marked atypia, typical pseudopalisading
necrosis. In contrast to the high incidence of malignant
transformation in WHO grade II to grade III oligoden-
droglial tumors, no tumors progressed to glioblastoma or
GBMO among the WHO grade III tumors (Fig. Ib). Eight
of the 10 WHO grade III tumors had the same histological
diagnosis, except for 2 cases with emergence of an astro-
cytic component (Fig. 1b).

Clinical characteristics of recurrent tumor
with or without IDH1 mutation

Analysis for mutation of the IDH1 and IDH2 genes

revealed that 13 of the 18 tumors carried mutation in
the IDHI gene. The clinical characteristics are shown

@ Springer

wild-type IDHI and IDH2 genes. She received 60 Gy of radiation
therapy to the tumor bed. T2-weighted (leff) and T1-weighted with
gadolinium (right) MR images obtained 14 months after the first surgery
(b), demonstrating a strongly enhanced lesion in the right frontal lobe
and corpus callosum. Histological examination of recurrent tumor tissues
revealed new microvascular proliferations (d) without significant
changes in cellularity and nuclear atypia. The recurrent tumor was
diagnosed as anaplastic oligodendroglioma. Treatment-related coagula-
tion necroses were also observed (e). x200. Bar = 100 um

Table 1 Clinical characteristics of 18 recurrent oligodendroglial
tumors with or without IDHI/2 mutation

IDHI mutation
tumors (n = [3)

IDH1/2 wild-type p value
tumors (n = 5)

Age at initial 29-70 (41) 52-78 (53) 0.062
presentation
(median)
Sex (male:female) 9:4 4:1 0.67
Salvage therapy 0.99
after recurrence
Radiation 1 0
therapy or GKS
Chemotherapy 9 4
Both 3 1
Second recurrence 0.575
Local 5 2
Dissemination 3 2

GKS gamma knife radiosurgery

in Table 1. The age of onset was younger in the cases
with IDHI mutation (p = 0.062). Kaplan—Meier analysis
revealed that time to progression was statistically longer in
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Fig. 4 Kaplan—-Meier analysis
demonstrating the progression- 1068
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Table 2 Changes in histological findings for recurrent oligoden-
droglial tumors with or without IDH1/2 mutation

IDH1/2 wild-type

IDH! mutation tumor

(n=13) tumor (n = 5)
Primary  Recurrent Primary  Recurrent
Histological diagnosis
oD 3 1 3 2
OA 2 0 0 0
AOD 5 4 1 2
AOA 3 8 1 1
Necrosis
Tumor necrosis 3 7 1
Coagulation 0 2 0 3
necrosis
Absent 10 4 S 1
Microvascular proliferation
Present 6 11 2 2
Absent 7 2 3 3
Ki-67 labeling 1.1-42.5  3.3-62.6 45-13.6 1.3-348
index (mean) (%)  (17.5) (363"  (13.4) 9.2

0D oligodendroglioma, OA oligoastrocytoma, AOD anaplastic oli-
godendroglioma, AOA anaplastic oligoastrocytoma

ab ) < 0.05

IDHI1-mutation tumors than in wild-type tumors (median
41 vs. 14 months, p < 0.005) (Fig. 4a). After recurrence,
all patients received salvage surgery and salvage chemo-
therapy and/or radiation therapy (Table 1). The patterns of
second failure were similar for the IDHI-mutation and
IDH1/2 wild-type tumors (Table 1). However, the IDHI-
mutation tumor still had the tendency for better prognosis
(median 51 vs. 28 months, p = 0.16) (Fig. 4b). Six of 13
patients with IDH1-mutation tumor survived for more than
3 years after recurrence, as compared to none with IDH1/2
wild-type tumor (Fig. 4b).
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To investigate the better prognosis for recurrent tumors
with IDH1 mutation, the histological characteristics and
immunohistochemistry for Ki-67 were examined. Contrary
to expectations, malignant transformation occurred in 4 of
5 WHO grade II tumors with IDH1 mutations, and in 1 of 3
WHO grade II tumors with wild-type IDH1/2 (Table 2).
Newly developed microvascular proliferation and/or tumor
necrosis were found in 5 recurrent tumors with IDHI
mutation (Fig. 2; Table 2). Coagulation necrosis, caused
by radiation therapy and/or chemotherapy, was predomi-
nantly found in 3 of 5 recurrent tumors with wild-type
IDH1/2 (Fig. 3; Table 2). Immunohistochemical analysis
showed that the Ki-67 labeling index was significantly
higher in recurrent tumors with IDH1 mutation than IDH1-
mutated primary tumor (p = 0.012) and IDH1/2 wild-type
recurrent tumors (p = 0.016) (Table 2).

Clinical characteristics of recurrent tumor
with or without 1p/19q co-deletion

Alternatively, we analyzed the correlations between 1p/19q
co-deletions and prognosis in all of the tumors examined
and in tumors with IDH1 mutation. Kaplan—Meier analysis
revealed that time to progression was longer in 1p/19q
co-deleted tumors than in 1p/19q retained tumors (median
63 vs. 12 months, p < 0.05, all tumor; median 63 vs.
30 months, p = 0.077, tumor with IDH1 mutation). How-
ever, when the prognostic value of 1p/19q co-deletions was
analyzed in relation to overall survival after recurrence,
there was no significant difference between 1p/19q
co-deleted and 1p/19q retained tumors (median 51 vs.
28 months, p = 0.43, all tumor; median 51 months vs. not
reached, p = 0.90, tumor with IDH1 mutation). In contrast
to the mutation status of IDHI, the rate of malignant
transformation and changes in Ki-67 labeling index were
not different between 1p/19q co-deleted and 1p/19q
retained tumors in all tumors and in tumors with IDHI
mutation.
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Changes in nuclear expression of p53 and 1p/19q
co-deletions in IDH1-mutation and IDH1/2 wild-type
tumors

To explore the genetic changes leading to tumor progres-
sion, nuclear expression of p53 and 1p/19q co-deletion was
examined in primary and recurrent oligodendroglial
tumors. Nuclear expression of p53 and 1p/19q co-deletion
were found only in primary tumors with IDH1 mutation in
a mutually exclusive fashion, whereas tumors without
IDH1 mutation did not have either of them (Fig. 5).
Changes of negative to positive nuclear expression of p53
in recurrent tumors occurred in 2 of 6 IDHI-mutation
tumors with 1p/19q co-deletions and without nuclear
expression of p53 in the primary tumors (Figs. 5, 6, 7). One
case had a newly developed astrocytic component at
recurrence (Fig. 6), and the other had predominant growth
of the oligodendroglial component (Fig. 7). 1p/19q
co-deletion was found in 6 of the 18 primary tumors. All
cases had the same profile for 1p/19q status (Figs. 5, 6, 7).

Discussion

We reported previously that a significant number of
patients with oligodendroglial tumors developed dissemi-
nated recurrent disease [13]. Salvage debulking surgery
could be performed in 18 of the 36 patients with recurrent
oligodendroglial tumors, whereas 14 patients developed
disseminated disease at first recurrence. In this study, we
focused on the cases of resectable local recurrent disease
and reviewed the changes in the histological and genetic
findings for recurrent oligodendroglial tumors.

Fig. 5 Changes in the genetic a
mutations of primary and

Malignant transformation occurred in 63 % of WHO
grade IT tumors. Similar incidences of malignant transfor-
mation have been reported in WHO grade II tumors [2].
The prospective European Organisation for Research and
Treatment of Cancer 22845 study compared the efficacy
and safety of postoperative early radiation therapy against
WHO grade II tumors to those of postoperative policies of
“wait and see” [14]. In that cohort, malignant transfor-
mation occurred in 66 % of the wait and see group and in
72 % of the early irradiated group (no significant differ-
ence between the groups), and no apparent associations
were found between early radiation therapy and malignant
transformation. Similarly, 3 of the 5 of our patients with
malignant transformation at recurrence did not receive
radiation therapy at initial treatment.

Malignant transformation to glioblastoma has been
controversial. In contrast to our findings, 18.1 % of AOA
and 22.5 % of OA, but none of AOD or OD, were reported
to transform to glioblastoma at recurrence [2]. Such dif-
ferences could be attributed to the diagnostic criteria of
AOA and glioblastoma. A new entity of GBMO has been
proposed [12, 15, 16], defined as glioblastoma with foci
that resemble OD [12]. Based on observations suggesting
that the presence of necrosis is associated with worse
prognosis in AOA [17], AOA with necrosis was classified
as GBMO in the WHO classification {12]. GBMO has
better prognosis than “classic” glioblastoma and worse
prognosis than AOD, anaplastic astrocytoma, and AOA
without necrosis [17]. Although AOA with necrosis could
be an entity independent of other tumors, no definite cri-
teria have been established to differentiate GBMO, AOA
with or without necrosis, and glioblastoma [18] in primary
tumors. Furthermore, the differential diagnosis of this
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Fig. 6 Representative case of nuclear expression of p53 changing
from negative to positive at recurrence in a 70-year-old man with
anaplastic oligodendroglioma in the left frontal lobe. T1-weighted
magnetic resonance (MR) image with gadolinium at first presentation
(a), demonstrating heterogeneous enhancement of the tumor. Primary
tumor tissues obtained from resection of the tumor consisted of round
to oval neoplastic cells with a perinuclear halo, significant nuclear
atypia, and increased cellularity. Microvascular proliferations were
also found (b). Immunohistochemistry for p53 revealed that tumor
cells were negative for p5S3 (c). Analysis for IDH] mutation and
fluorescent in situ hybridization for chromosomes 1p and 19q
revealed that the tumor had both IDHI mutation and 1p/19q

entity was more confusing in recurrent tumors because
prior treatment could cause coagulation necrosis due to
ischemia through chemotherapy and radiation therapy
associated vascular damage. We agree that it is sometimes
difficult to distinguish the ischemic coagulation necrosis
associated with vascular damage from the so-called “tumor
necrosis” that occurs spontaneously due to the relative
hypoxia caused by high proliferative potential. In this
study, we considered “tumor necrosis” to consist of “dirty-
looking” necrobiotic neoplastic cells surrounded by the
tumor cells with high viability, and “coagulation necrosis”
to consist of homogeneously necrotic ghost cells that do
not appear to be surrounded by viable tumor cells. Based
on this classification, 5 cases had recurrent disease of AOA
with newly developed tumor necrosis. Two of them did not
receive any adjuvant therapy, and the remaining 3 under-
went radiochemotherapy. The primary tumors were OD in
1, OA in 2, AOD in 1, and AOA without necrosis in 1.
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co-deletion. The diagnosis was anaplastic oligodendroglioma. He
received 72 Gy of hyperfractionated radiation therapy to the tumor
bed. Tl-weighted MR image with gadolinium obtained 45 months
after the first surgery (d), demonstrating that local recurrence
developed with slight enhancement. He underwent salvage surgery.
Emergence of an astrocytic component, as well as higher cellularity
and the development of tumor necrosis, was found (e). Immunohis-
tochemistry revealed that nuclear expression of p53 had changed from
negative to positive at recurrence (f), whereas the recurrent tumor had
1p/19q co-deletion. The diagnosis was anaplastic oligoastrocytoma.
x200. Bar = 100 pm

Whether AOA with newly developed tumor necrosis
should be regarded as a malignant transformation or not is
an important consideration when assessing the effects of
prior treatments and scheduling salvage treatments in such
cases. On the contrary, we found coagulation necrosis in 5
recurrent tumors, and all of them received radiation therapy
before recurrence. Initial diagnosis was OD in 2 and AOD
in 3. One case with OD developed glomeruloid microvas-
cular proliferation with coagulation necrosis at recurrence,
and was diagnosed as a malignant transformation from
WHO grade II to III tumor—not to glioblastoma, because
we did not find pseudopalisading or tumor necrosis, or an
astrocytic component. Similarly, the remaining 4 cases did
not have these features either, so these cases received the
same histological diagnosis as the primary tumors: not
glioblastoma or GBMO.

Oligodendroglial tumors carrying IDH1 or IDH2 muta-
tions have longer progression-free survival and overall
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Fig. 7 Representative case of nuclear expression of p53 changing
from negative to positive at recurrence in a 40-year-old woman with
anaplastic oligoastrocytoma in the right frontal lobe. Tl-weighted
magnetic resonance (MR) image with gadolinium at first presentation
(a), demonstrating heterogeneous enhancement of the tumor with cyst
formation. Primary tumor tissues obtained from tumor resection
consisted of round cells with a perinuclear halo and gemistocytic
neoplastic astrocytes. Microvascular proliferation was also found
(b arrow). Immunohistochemistry for p53 revealed that the tumor
cells were negative for p53 (c). Analysis for IDHI mutation and
fluorescent in situ hybridization for chromosomes 1p and 19q

survival rates [8—10]. We found recurrent tumors with
IDH1 mutation to have a long latency to progression, a
higher rate of malignant transformation, and elevated
proliferation activities. Despite such histological features,
recurrent tumors with IDH1 mutation tended to have better
outcome. In contrast, IDH1/2 wild-type tumors frequently
showed mixtures of coagulation necrosis and degenerated
tumor or normal cell tumor, and low proliferation activi-
ties, possibly because IDH1/2 wild-type recurrent tumors
progressed early after initial treatment, before the effect
disappeared. Considering the absence of apparent differ-
ences in salvage therapies and patterns of failure, tumors
with IDHI mutation could remain less aggressive or more
sensitive to treatment, even at recurrence.

We explored the changes in the representative genetic
aberrations, including nuclear expression of p53 and
1p/19q co-deletions, to clarify the molecular mechanisms
leading to tumor progression in IDHI-mutation or IDH1/2
wild-type tumors. Previously, changes in chromosomal
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revealed that the tumor had both IDHI mutation and 1p/19q
co-deletion. The diagnosis was anaplastic oligoastrocytoma. She
received 72 Gy of hyperfractionated radiation therapy to the tumor
bed and administration of nimustine hydrochloride. T1-weighted MR
image with gadolinium obtained 95 months after the first surgery (d),
demonstrating that local recurrence had developed with enhancement.
Increase in the oligodendroglial component was found (e). Immuno-
histochemistry revealed that nuclear expression of pS3 changed from
negative to positive at recurrence (f), whereas the recurrent tumor had
1p/19q co-deletion. The diagnosis was anaplastic oligoastrocytoma.
%x200. Bar = 100 um

aberrations have been reported [3, 4]. Tumor with 1p/19q
co-deletion demonstrated the same aberrations in recurrent
tumor, whereas recurrent tumor frequently showed
increased polysomies, rather than any specific chromo-
somal changes, and deletions of p16 loci [3]. In our series,
no changes in 1p/19q status were found at recurrence.
However, nuclear expression of pS3 changed from negative
to positive in 2 IDHI-mutation tumors. WHO grade II
gliomas carrying IDH mutation had either 1p/19q or
aberrant nuclear expression of p53, and these aberrations
were mutually exclusive. We found that 11 of 13 primary
tumors with IDH1 mutation carried one of these aberra-
tions exclusively. Interestingly, 2 tumors with both IDHI
mutation and 1p/19q co-deletion also showed aberration of
nuclear expression of p53 at recurrence. This finding sug-
gests that de novo pS3 mutation or the proliferation of a
small subset of cells with nuclear expression of p53 could
lead to tumor progression in some IDHI-mutation oligo-
dendroglial tumors. The biphasic type of AOA consists of
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distinct areas with 1p/19q co-deletion and nuclear expres-
sion of p53 [19]. We found that a small subset of tumors
‘contain cells with nuclear expression of p53, as shown in
Figs. 5 and 6. Therefore, we presume that small numbers of
the cells with aberrant function of p53 proliferated in the
process of IDH1-mutation tumor recurrence.

In conclusion, this study found that a high rate of
malignant transformation occurred in WHO grade II oligo-
dendroglial tumors at recurrence, which may involve p53 in
tumors with IDHI mutation and 1p/19q co-deletion.
Recurrent tumors with IDH1 mutation had a more aggres-
sive histological phenotype despite their better prognosis.
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