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OBJECTIVE WHO Grade Ill gliomas are relatively rare and treated with multiple modalities such as surgery, chemo-
therapy, and radiotherapy. The impact of the extent of resection (EOR) on improving survival in patients with this tumor
type is unclear. Moreover, because of the heterogeneous radiological appearance of Grade Ill gliomas, the MRI se-
quence that best correlates with tumor volume is unknown. In the present retrospective study, the authors evaluated the
prognostic significance of EOR.

METHODS Clinical and radiological data from 122 patients with newly diagnosed WHO Grade IlI gliomas who had un-
dergone intraoperative MRI-guided resection at a single institution between March 2000 and December 2011 were ana-
lyzed retrospectively. Patients were divided into 2 groups by histological subtype: 81 patients had anaplastic astrocytoma
(AA) or anaplastic oligoastrocytoma (AOA), and 41 patients had anaplastic oligodendroglioma (AQO). EOR was calculated
using pre- and postoperative T2-weighted and contrast-enhanced T1-weighted MR images. Univariate and multivariate
analyses were performed to evaluate the prognostic significance of EOR on overall survival (OS).

RESULTS The 5-, 8-, and 10-year OS rates for all patients were 74.28%, 70.59%, and 65.88%, respectively. The 5-
and 8-year OS rates for patients with AA and AOA were 72.2% and 67.2%, respectively, and the 10-year OS rate was
62.0%. On the other hand, the 5- and 8-year OS rates for patients with AO were 79.0% and 79.0%; the 10-year OS rate
is not yet available. The median pre- and postoperative T2-weighted high-signal intensity volumes were 56.1 cm?® (range
1.3-268 cm3) and 5.9 cm? (range 0-180 cm3), respectively. The median EOR of T2-weighted high—signal intensity le-
sions (T2-EOR) and contrast-enhanced T1-weighted lesions were 88.8% (range 0.3%-100%) and 100% (range 34.0%—
100%), respectively. A significant survival advantage was associated with resection of 53% or more of the preoperative
T2-weighted high—signal intensity volume in patients with AA and AOA, but not in patients with AO. Univariate analysis
showed that preoperative Karnofsky Performance Scale score (p = 0.0019), isocitrate dehydrogenase 1 (/DH7) mutation
(p=0.0008), and T2-EOR (p = 0.0208) were significant prognostic factors for survival in patients with AA and AOA. Mul-
tivariate analysis demonstrated that T2-EOR (HR 3.28; 95% Cl 1.22-8.81; p = 0.0192) and /DH1 mutation (HR 3.90; 95%
Cl11.53-10.75; p = 0.0044) were predictive of survival in patients with AA and AOA.

CONCLUSIONS T2-EOR was one of the most important prognostic factors for patients with AA and AOA. A significant
survival advantage was associated with resection of 53% or more of the preoperative T2-weighted high—signal intensity
volume in patients with AA and AOA.
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HO Grade III gliomas are categorized as ana-
s’s/ plastic astrocytoma (AA), anaplastic oligoas-
trocytoma (AOA), and anaplastic oligodendro-
glioma (AO) in the 2007 WHO Classification of Tumours
of the Central Nervous System.* WHO Grade I1I gliomas
are uncommon neoplasms: AA represents 1.7% and AO
represents 0.5% of primary brain tumors.?! Microsurgical
resection is one of the main treatment options for gliomas.
Emerging evidence suggests that more extensive resec-
tion of the tumor leads to better prognosis for all grades
of gliomas. Although the number of studies on the extent
of resection (EOR) of WHO Grade II and IV gliomas is
increasing, few reports on WHO Grade III gliomas have
been published, especially regarding the use of volumetric
analysis.12:13.18.2829.32 Because of the relatively lower preva-
lence of WHO Grade III gliomas, previous studies often
merged such lesions with the much more common WHO
Grade IV gliomas (glioblastoma multiforme) and consid-
ered them all “high-grade gliomas.”

In this study, we focused only on patients with WHO
Grade III gliomas and conducted volumetric analysis us-
ing intraoperative MRI. In previous reports, tumor vol-
ume was calculated with T2-weighted® or FLAIR im-
ages® of WHO Grade II gliomas and contrast-enhanced
T1-weighted images of WHO Grade IV gliomas.!?!3%
However, the literature is sparse regarding which MRI se-
quence best correlates with tumor volume in WHO Grade
III gliomas.

Despite combined multimodal treatment, including re-
section and chemoradiotherapy, WHO Grade III gliomas
still have a poor prognosis. However, overall survival (OS)
differs among histological subtypes. AO has a better prog-
nosis than AA: the 5- and 10-year OS rates for AA and
AO are 27.9% and 19.8%, and 52.5% and 38.9%, respec-
tively.! AOA has an intermediate prognosis between AA
and AO.*! Therefore, in this study, patients were divided
into 2 groups according to the presence or absence of an
astrocytic component: patients with AA and AOA were
in the one group, and patients with AO were in another
group.

The present retrospective volumetric analysis assessed
the influence of EOR on outcome, including OS in patients
with WHO Grade 111 gliomas, and attempted to establish a
threshold for EOR.

Methods

Patient Population

Clinical and radiological data of consecutive patients
with newly diagnosed WHO Grade I1I gliomas who were
treated between March 2000 and December 2011 were
retrospectively extracted from our institutional database.
Data for a total of 164 patients were initially collected.
Twelve patients with other histological subtypes (neuro-
fibromatosis Type 1, anaplastic ependymoma, and glio-
matosis cerebri), 3 patients with multiple lesions, and 27
patients who had no or insufficient intraoperative MRI
data were excluded. Finally, 122 patients (76 male and 46
female patients) were included in the study. Tumor grading
and pathological diagnosis were confirmed based on the
2007 WHO Classification of Tumours of the Central Ner-

2 J Neurosurg September 8, 2017

vous System. Patients were divided into 2 groups: AA and
AOA (81 patients) or AO (41 patients). Clinical data were
collected from the medical records and through telephone
interviews. This study was approved by the institutional
review board of Tokyo Women’s Medical University. The
requirement for informed consent of the participants was
waived.

Image Acquisition

MR images were acquired using a 0.3-T intraopera-
tive open MRI system (AIRIS II, Hitachi Medical Co.).
Intraoperative MRI was performed at least 2 times, before
and after resection of the tumor. Additional MRI was per-
formed at intervals determined by the surgeon throughout
surgery, if necessary. In this article, pre- and postoperative
tumor volumes are described as the volumes measured on
intraoperative MRI before and after resection, respective-
ly. With respect to tumor location, the eloquent region was
defined as 1 or more of the following areas: internal cap-
sule, basal ganglia, language cortex, sensory cortex, motor
cortex, visual center, thalamus, hypothalamus, brainstem,
and dentate nucleus.'?-

Treatment

Since 2000, our institution has performed “informa-
tion-guided surgery” using intraoperative MRI and up-
dated navigation, which enables maximum resection of
gliomas.®"” Maximum resection of T2-weighted high—sig-
nal intensity and contrast-enhanced T1-weighted lesions,
if any, was performed using an updated navigation sys-
tem and intraoperative MRI. Intraoperative monitoring
such as motor and somatosensory evoked potentials was
used routinely. Intraoperative mapping techniques such as
awake speech/language mapping and direct cortical mo-
tor stimulation were also used, mainly in patients with le-
sions in the eloquent areas. Surgery was performed before
chemotherapy and radiation therapy (RT) in all cases.

Postoperative treatments were conducted in almost
all cases, except 5 patients who did not undergo chemo-
therapy and 3 patients who did not undergo RT. The ni-
mustine hydrochloride—based regimen was mainly used
for adjuvant chemotherapy. Ten patients were treated with
temozolomide. One hundred fourteen patients received
extended local fractionated RT (range 46—60 Gy), 2 pa-
tients received local radiotherapeutic methods, and 1 pa-
tient died while receiving RT.

Volumetric Analysis

Manual segmentation was performed with region-of-in-
terest analysis to the measure tumor volumes (cm?) based
on axial T2-weighted and contrast-enhanced T1-weighted
intraoperative MR images (Fig. 1). Tumor volumes were
calculated by exporting DICOM images from intraopera-
tive MRI to Leksell GammaPlan software (Elekta). EOR
was defined as follows: (preoperative tumor volume -
postoperative tumor volume)/preoperative tumor volume.
EOR and residual tumor volume were calculated for both
T2-weighted high—signal intensity lesions and contrast-
enhanced T1-weighted lesions and dichotomized to evalu-
ate the threshold.
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Patient 2

FIG. 1. Representative images of volumetric measurements in 2 patients. Segmentation of axial contrast-enhanced T1-weighted
and T2-weighted volumes on preoperative (A and B [Patient 1]; C and D [Patient 2]) and (E and F [Patient 1]; G and H [Patient 2])
MR images. This overlay shows the preoperative contrast-enhanced volume (purple) and preoperative T2-weighted hyperintense

volume (red).

Statistical Analysis

OS—defined as the time between initial surgery and
death—was assessed. The probability of OS was estimat-
ed using the Kaplan-Meier method. The log-rank test was
used to evaluate the importance of prognostic factors that
may affect survival. Cox proportional hazards modeling
was used for the univariate and multivariate analyses of
OS. HRs and 95% CIs are reported. Two-tailed probabil-
ity values are used, and p < 0.05 is considered statistically
significant. To identify the threshold, EOR and residual
tumor were divided into 2 groups. All statistical analyses
were performed using JMP statistical software (SAS Inc.).

Results
Patient Characteristics

Patient characteristics are described in Table 1. The me-
dian age was 40 years (range 17-78 years), and the median
preoperative Karnofsky Performance Scale (KPS) score
was 100 (range 40—100). The numbers of patients with AA,
AOA, and AO were 42 (34.4%), 39 (32.0%), and 41 (33.6%),
respectively. The most common area of tumor location was
the frontal lobe (71 patients [56.6%]). Forty-eight percent
of tumors were located in an eloquent region of the brain.
Twenty percent of tumors were deep lesions, which were
defined as those located in the insula, thalamus, basal gan-
glia, or posterior fossa, as described by Lacroix et al.!> The
median MIB-1 labeling index was 12.9% (range 3.5%-—
59.2%). RT was administered to 119 patients (97.5%), and
nimustine hydrochloride—based chemotherapy was given
to 116 patients (95.9%). Isocitrate dehydrogenase 1 (IDHI)
mutation (R132S) was found in 82 (69.5%) of 118 patients
analyzed. Codeletion of 1p/19q was detected in 44 (44.4%)

of 99 patients investigated. The 5- and 8-year OS rates for
all patients were 74.28% and 70.59%, respectively, and the
10-year OS rate was 65.88% (Fig. 2A). The 5- and 8-year
OS rates for patients with AA and AOA were 72.2% and
67.2%, respectively, and the 10-year OS rate was 62.0%.
On the other hand, the 5- and 8-year OS rates for patients
with AO were 79.0% and 79.0%; the 10-year OS rate is not
yet available (Fig. 2B). No statistically significant differ-
ence in the OS rates was found between the 2 groups ac-
cording to tumor subtype (p = 0.45). The median follow-up
period was 44 months (range 1.5-150 months).

Preoperative and Postoperative Tumor Volumes and EOR

Tumor volumes and EOR are summarized in Table
2. The median and mean volumes of preoperative T2-
weighted high—signal intensity lesions were 56.1 cm?®
(range 1.3-268.3 cm?®) and 719 cm?, respectively. The
median and mean volumes of postoperative T2-weighted
high—signal intensity lesions were 5.9 cm® (range 0-180.5
cm’) and 19.0 cm?, respectively. Fifty-one (41.8%) of
the 122 patients exhibited contrast enhancement on T1-
weighted images. The median and mean volumes of pre-
operative contrast-enhanced T1-weighted lesions were 4.2
cm? (range 0.1-77.6 cm?®) and 10.6 cm?, respectively. The
median and mean volumes of the postoperative contrast-
enhanced T1-weighted lesions were 0 cm?® (range 0-10.0
cm?) and 0.7 cm?, respectively. All patients underwent
intraoperative MRI-guided microsurgical resection. Me-
dian and mean EOR of T2-weighted high—signal intensity
lesions (T2-EOR) were 88.8% (range 0.3%—-100%) and
77.7%, respectively (Fig. 3). The median and mean EOR of
contrast-enhanced T1-weighted lesions were 100% (range
34.0%-100%) and 96.0%, respectively.
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TABLE 1. Clinical and tumor characteristics of 122 patients with

WHO Grade Il gliomas

Tumor Group
Characteristic AA + AOA AO p Value
No. of patients 81* 4
Sex 017
Male 47 (58.0)  29(70.7)
Female 34 (42.0) 12 (29.3)
Age at diagnosis 0.534
<50 yrs 54 (66.7)  25(61.0)
=50 yrs 27 (33.3) 16 (39.0)
KPS score at diagnosis 0.771
<80 5(6.2) 2(4.9)
80 8(9.9) 2(4.9)
90 14 (17.3) 12 (29.3)
100 54 (66.6)  25(60.9)
Radiotherapy 0.992
Yes 79 (97.5) 40 (97.6)
No 2(2.5) 1(27)
Chemotherapy 0.368
Yes 76 (93.8)  40(97.6)
No 5(6.2) 1(27)
Side of tumor 0.004t
Left 37 (45.7) 31 (75.6)
Right 44 (54.3) 10 (24.4)
Tumor location 0.211
Frontal lobe 45 (55.6) 26 (63.4)
Insula 7 (8.6) 7(171)
Temporal lobe 9(11.1) 5(12.2)
Parietal lobe 13 (16.0) 3(7.3)
Occipital lobe 3(3.7) 0
Infratentorial 4(4.9) 0
Eloquent tumor locationt 41 (50.6) 18 (43.9)
p53 status <0.001t
Positive 43 (44.2) 8 (20)
Negative 34 (55.8) 32 (80)
Not available 4 1
IDH1 status 0141
Mutant 50 (64.9) 32(78.0)
Wild type 27 (35.1) 9 (22.0)
Not available 4 0
1p/19q status <0.001%
Codeletion 15 (25) 29 (74.4)
Non-codeletion 45 (75) 10 (25.6)
Not available 21 2
Contrast enhancement 0.658
Positive 35(43.2) 16 (39.0)
Negative 46 (56.8) 25 (61.0)

All values are shown as number (%) of patients.
* Forty-two patients had AA, and 39 patients had AOA.

t Statistically significant at p < 0.05.

1 Tumor was located in 1 or more of the following regions: internal capsule,
basal ganglia, language cortex, sensory cortex, motor cortex, visual center,
thalamus, hypothalamus, brainstem, or dentate nucleus.
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Univariate and Multivariate Analysis

T2-EOR was statistically significant at several cutoff
values in the univariate analysis of the 122 patients with
AA, AOA, and AO (Table 3). However, a threshold could
not be established. Then, T2-EOR for each histological
subtype was analyzed. T2-EOR was not statistically sig-
nificant for OS at any cutoff value in patients with AO. On
the other hand, in patients with AA and AOA, resection of
53% or more of the preoperative T2-weighted high—signal
intensity volume was associated with a significant prog-
nostic benefit (Fig. 4).

As for the EOR results, the residual tumor volume of
T2-weighted high—signal intensity lesions (T2-RTV) was
statistically significant at several cutoff values in the uni-
variate analysis of the 122 patients with all subtypes, but
a threshold was not determined. T2-RTV for each histo-
logical subtype was also analyzed. T2-RTV was not sta-
tistically significant for OS at any cutoff value in patients
with AO. On the other hand, in patients with AA and
AOA, T2-RTYV of less than 25 cm? was associated with a
significant prognostic benefit. Subsequent univariate and
multivariate analyses were conducted in 81 patients with
AA and AOA.

Significant (p < 0.05) parameters for OS in the univari-
ate analysis included preoperative KPS score, IDHI mu-
tation, and T2-EOR (Table 4). The multivariate analysis
was performed using the following parameters: age, KPS
score, IDHI mutation, and T2-EOR or T2-RTV (Table
5). The parameters identified as significant for OS were
T2-EOR (HR 3.58; 95% CI 1.32-9.37; p = 0.014) and
IDHI mutation (HR 4.15; 95% CI 1.63-11.42; p = 0.003).
T2-RTV did not show a statistically significant benefit for
OS in the multivariate analysis (HR 1.99; 95% CI 0.18—
1.51; p=0.211).

Discussion

Previous reports that specifically focused on WHO
Grade III gliomas are limited to only a few series. The
present study investigated the prognostic significance of
EOR in patients with WHO Grade III gliomas. T2-EOR
showed a strong correlation with survival in patients with
AA and AOA in the univariate and multivariate analyses.
In those patients, T2-EOR = 53% was associated with im-
proved survival.

Although some studies such as that by Tortosa et al.
did not find an association between EOR and survival, >33
several other studies demonstrated the prognostic sig-
nificance of EOR in patients with Grade III gliomas. In
those studies, patients with AA were mainly studied, and
patients with AOA were often excluded.*?*?23! Accord-
ing to Sanai and Berger’s review, 4 volumetric studies of
high-grade gliomas have been published, including only 1
volumetric study of AA that was performed using conven-
tional MRI between 1990 and 2008.28 In the present study,
all subtypes of WHO Grade III gliomas were analyzed
with the volumetric method using intraoperative MRI.

In previous reports, the residual volume of contrast-
enhancing lesions and the pattern of contrast enhance-
ment were associated with decreased survival. #2435 To
the best of our knowledge, Pessina et al. were the first to
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FIG. 2. Kaplan-Meier OS curves for all 122 newly diagnosed patients with WHO Grade IIl gliomas (A) and patients divided into 2

groups by histological subtype (B).

demonstrate that an EOR threshold > 76% and a residual
tumor volume < 3 cm? were significant factors associated
with improved survival in WHO Grade I1I gliomas.?* Sev-
eral differences are present between their study and ours.
First, EOR in their report was a mixed value because it
was calculated using contrast-enhanced T1-weighted im-
ages for contrast-enhancing tumors and FLAIR images
for nonenhancing tumors. In contrast, EOR in our study
was only calculated for T2-weighted hyperintense lesions
regardless of whether contrast enhancement was present.
Because WHO Grade III gliomas have a heterogeneous
radiological appearance, only 50%-70% show contrast
enhancement. Moreover, contrast-enhancing lesions may
not accurately correlate with tumor burden because an
infiltrative tumor could present in the surrounding T2-
weighted hyperintense area. Second, almost half of the
cases in their study were those of malignant transforma-
tion. These facts may result in a lower EOR threshold in
our study compared with their study. Our study is the first
report to establish an EOR threshold, which was only cal-
culated for T2-weighted hyperintense lesions in primary
WHO Grade 11 gliomas.

Regarding the MRI sequence and threshold of EOR,
Smith et al. suggested that an improved outcome is pre-
dicted by the greater resection (= 90%) of FLAIR hyper-
intense lesions in WHO Grade II gliomas.* Li et al. re-
ported that the additional resection of = 53.21% of FLAIR
hyperintense lesions, which surround contrast-enhanced
lesions, may be associated with better prognosis and es-
tablished this threshold for WHO Grade IV gliomas.!>!?
Our data are complementary to these studies and establish
the threshold of EOR for T2-weighted/FLAIR hyperin-
tense lesions of all grades of gliomas.

With respect to residual tumor volume, some reports
contend that residual tumor volume is the more significant
predictor of survival compared with EOR.** Moreover,
Pessina et al.>* concluded that the presence of contrast-
enhancing residual tumor volume was an unfavorable
prognostic factor compared with the residual tumor vol-
ume of WHO Grade III gliomas on FLAIR images. In our

TABLE 2. Summary of preoperative and postoperative tumor
volumes and EOR

Contrast-Enhanced

T2-Weighted T1-Weighted
Variable Imaging Imaging
No. of patients 122 51
Preoperative tumor volume, cm®
0 0 0
1-24 25 46
25-50 29 2
51-100 38 3
101-300 30 0
Median 56.1 42
Mean 71.9 10.6
Range 1.3-268.3 0.1-77.6
Postoperative tumor volume, cm?
0 17 38
0.1-10 56 12
10.1-50.0 43 1
50.1-200.0 6 0
Median 59 0
Mean 19.0 0.7
Range 0-180.5 0-10.0
EOR, %
0-40 12 1
41-60 15 1
61-89 38 3
90-99 40 8
100 17 38
Median 88.8 100
Mean 7.7 96.0
Range 0.3-100 34.0-100

J Neurosurg September 8, 2017 5



Y. Fujii et al.

50

40

30

20

10

Number of patients

‘I—,—'i

0 10 20 30 40 50 60 70 80 90 99 100
EOR of T2 hyperintense lesions (%)

FIG. 3. Bar graph showing the distribution of 122 patients with WHO
Grade IlI gliomas according to the different EORs of T2-weighted hyper-
intense lesions (median 88.8%; range 0.3%-100%).

series, although T2-RTV < 25 cm?® was associated with
a significant prognostic benefit in patients with AA and
AOA in the univariate analysis, the multivariate analysis
indicated that EOR was a stronger predictor than T2-RTV.
This discrepancy between previous reports and ours may
arise from 2 reasons. First, as mentioned above, the MRI
sequence used to measure EOR in our study was differ-
ent from that used in previous studies. Second, our study
involved biases toward a high EOR distribution and low
T2-RTV distribution. This biased distribution was caused
by extensive resection, which may be due to the use of
intraoperative MRI, and it was also seen in patients with
glioblastoma in our institute.’

In the present study, we calculated T2-EOR using in-
traoperative MRI. This sequence and timing of MRI may
contribute to accurate EOR of the tumor burden. This is
because early (mainly defined as < 48 hours) postopera-
tive MRI, which was often used for calculation in previous
studies,>*713.2429 gyerestimates the residual tumor volume
in either T2-weighted sequences or FLAIR-weighted se-
quences.” This overestimation may be due to edema or
contusion of the brain tissue surrounding the resection
cavity and ischemia induced by surgical devasculariza-
tion. Moreover, according to Pala et al., intraoperative
T2-weighted/FLAIR abnormalities showed no significant
differences in residual tumor volumes compared with late
postoperative images, which were obtained 3—4 months
after surgery.?> Thus, the use of intraoperative MRI after
final resection of the tumor may correct the overestimation
and define tumor borders more precisely than convention-
al early postoperative MRI.

Intraoperative MRI has another benefit because it
contributes to greater EOR during glioma surgery. This
advantage was shown by Kubben et al. in a systematic
review!! and by Senft et al. in a randomized controlled
trial*® Whereas Senft et al. focused on contrast-enhancing
gliomas that were mainly WHO Grade IV, Mohammadi
et al.'® evaluated both enhancing and nonenhancing glio-
mas. They concluded that intraoperative MRI is also use-
ful for nonenhancing gliomas, which mainly consisted of
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TABLE 3. OS shown according to EOR*

T2-EOR, % HR  95%Cl pValue
All'WHO Grade Il patients (n = 122)
<24 vs 224 341 0.81-9.80 0.087
<25vs 225 440 1.28-11.50 0.022%
<30 vs 230 451 1.50-11.14 0.010f
<40 vs 240 2.24 0.75-5.46 0.136
<50 vs 250 2,04 0.80-4.58 0.27
<60 vs 260 280 1.27-5.92 0.012%
<89 vs 289 2.28 1.06-5.30 0.034t
<90 vs 290 1.99 0.93-4.63 0.078
<92 vs 292 1.96 0.90-4.74  0.094
<93 vs 293 2.27 1.01-5.78 0.046%
<94 vs 294 242 1.04-6.58 0.039f
<95 vs 295 2.29 0.99-6.24 0.053
AA+AOA patients (n = 81)
<24 vs 224 1.98 0.10-9.07 0.546
<25vs 225 3.64 0.58-12.71 0.143
<30 vs 230 3.93 0.90-11.99 0.065
<40 vs 240 142 0.33-4.20 0.593
<50 vs 250 1.94 0.63-4.95 0.226
<52 vs =52 251 0.95-6.05 0.062
<53 vs 253 3.03 1.20-721  0.021%
<60 vs 260 2.88 117-6.82 0.022t1
<70 vs =70 278 1.18-6.84 0.020t
<80 vs 280 3.50 1.45-9.24  0.005t
<90 vs 290 269 1.09-756 0.031%
<95 vs 295 461 1.56-19.68 0.0041
<98 vs 298 3.77 1.09-23.66 0.034t
AO patients (n = 41)
<40 vs 240 6.99 0.99-33.00 0.051
<50 vs =50 249 0.36-11.72 0.313
<70 vs 270 299 0.58-13.72 0174
<80 vs 280 1.38 0.27-6.29 0.680
<90 vs 290 1.01 0.22-512 0.994
<93 vs 293 0.66 0.14-3.39 0.595
<95 vs 295 0.50 0.11-2.56 0.379
<98 vs 298 0.69 0.15-4.84 0.665

*Analysis of all patients vs AA+AOA patients vs AO patients.
t Statistically significant at p < 0.05.

low-grade gliomas.'® Our data are compatible with these
results, showing a high percentage of EOR in both en-
hancing and nonenhancing tumors: the median T2-EOR
and EOR of contrast-enhanced T1-weighted lesions were
88.8% and 100%, respectively.

Postoperative therapy, including chemotherapy and RT,
is variable among institutions. As mentioned above, al-
most all patients with WHO Grade 111 gliomas at our insti-
tution received uniform postoperative chemotherapy and
RT. This fact may result in less variability and a greater
effect on EOR.

In some previous reports, AO and AOA were grouped
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FIG. 4. Kaplan-Meier OS curves in relation to the EOR threshold for
patients with AA and AO. EOR is correlated with patient outcome. Aster-
isk indicates a significant p value.

as “glioma with an oligodendroglial component.”> How-
ever, some studies comparing the prognosis of AO with
AOA showed different results, with AOA having an inter-
mediate prognosis between AA and AO.3' Thus, grouping
AA and AOA as “glioma with an astrocytic component”
seems reasonable. In the present study, the 5- and 8-year
OS rates for patients with AA and AOA were 72.2% and
67.2%, and the 10-year OS rate was 62.0%. On the other
hand, the 5- and 8-year OS rates for patients with AO were
79.0% and 79.0%; the 10-year OS rate is not yet available.
Although we found no statistically significant difference
between the 2 groups, patients with AO showed a trend
toward improved OS compared with patients with AA and
AOA.

In the univariate analysis, T2-EOR was not significant-
ly different in patients with AO at any cutoff value. This
result may be explained by the observation that 72.5% of
patients with AO in our study showed 1p and 19q codele-
tions, which are correlated with response to chemotherapy.
Moreover, 6 of 7 deceased patients with AO did not show
this genetic change. Regarding the limited follow-up pe-
riod, chemotherapy seemed to be more strongly associated
with survival than resection. Even longer follow-up times
will be necessary for this analysis. In the present study,
T2-EOR = 53% was associated with improved survival in
patients with AA and AOA. However, after subdividing
these patients into 2 cohorts (42 patients with AA and 39
patients with AOA), T2-EOR was statistically significant
at some cutoff values in both cohorts and a threshold was
not established (data not shown). This may be due to the
relatively small number of patients with each subtype and
the non-uniform distribution of T2-EOR, which is biased
toward a high percentage in our series.

IDHI mutations are present in 60%—-70% of WHO
Grade III gliomas and associated with a better overall
prognosis compared with wild-type /DH] tumors.° In ad-
dition, /DHI mutant malignant astrocytomas are associ-
ated with extensive resection and better prognosis.! Our
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TABLE 4. Univariate analysis of the survival outcomes for 81
patients with AA and AOA

Factor HR 95% Cl p Value

Age

=50 vs <50 yrs 212 0.88-5.06 0.091
Sex

Female vs male 1.07 0.44-2.53 0.880
KPS score

<80 vs 280 6.84 2.23-17.60 0.002*
Tumor subtype

AAvs AOA 1.64 0.68-4.34 0.276
Contrast enhancement

Positive vs negative 1.32 0.55-3.13 0.529
Chemotherapy

No vs yes 0.57 0.03-2.75 0.551
MIB-1 index

215% vs <15% 2.40 0.99-5.96 0.052
IDH1 status

Wild type vs mutant 4.82 1.92-13.07 0.001*
EOR

<53% vs 253% 3.03 1.20-7.21 0.021*
T2-RTV

<25vs 225 cm? 2.82 1.15-6.67 0.025*

* Statistically significant at p < 0.05.

data are compatible with these reports, although few stud-
ies have shown the prognostic significance of IDHI muta-
tion in a multivariate analysis.

Given the present results, we propose a surgical strat-
egy for WHO Grade III gliomas. In our series, T2-EOR
showed a strong correlation with survival in patients with
AA and AOA, and an especially significant advantage was
seen with T2-EOR = 53%. Thus, surgeons should aim for
maximum tumor resection if the patient does not have
oligodendroglial features as part of their preoperative
radiological findings such as calcification on computed
tomography?’ or high uptake on ""C-methionine positron
emission tomography.®

Several limitations of this study should be acknowl-
edged. First, because of the retrospective analysis using
intraoperative MRI, selection bias of the patients may be
present. This study included few biopsy cases and cases
with lower KPS scores. In addition, a few cases were ex-
cluded because of inadequate quality of the intraoperative
MR images available for review. However, we tried to cre-
ate a uniform patient population by examining consecutive
patients. Although the size of the contrast-enhanced T1-
weighted lesions in our patients was relatively small com-
pared with previous reports,’ the size of the T2-weighted
high—signal intensity lesions (median 56 cm?), for which
we established the threshold of EOR, was larger than other
grades of gliomas in previous reports (median 36.6 cm?
for Grade II gliomas; median 30.5 cm? for Grade IV glio-
mas).>* Moreover, in our study, 48% of tumors were elo-
quent lesions and 20% of tumors were deep lesions. These
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TABLE 5. Multivariate analysis of the survival outcomes of 81
patients with AA and AOA

Factor HR 95% Cl p Value
EOR
Age
250 vs <50 yrs 1.44 0.54-3.76 0.458
KPS score
<80 vs 280 3.23 0.91-9.06 0.067
IDH1 status
Wild type vs mutant 415 1.63-11.42 0.003*
EOR
<53% vs 253% 3.58 1.32-9.37 0.014*
T2-RTV
Age
=50 vs <50 yrs 1.95 0.74-5.05 0.174
KPS score
<80 vs 280 244 0.59-8.65 0.204
IDH1 status
Wild type vs mutant 3.39 1.31-9.47 0.012*
T2-RTV
<25 vs 225 cm? 1.99 0.18-1.51 0.211

* Statistically significant at p < 0.05.

data are similar to data in previous studies (58% and 44%
of Grade II and IV eloquent lesions, respectively,'>3? and
9% of Grade IV deep-seated lesions'?). Thus, we can say
that we did not intend to select resectable tumors. Gener-
ally, randomized control studies are preferred, but such a
study would be unethical and impractical. Therefore, only
1 randomized study on EOR that was limited to elderly
people was reported.** Second, measuring bias may exist.
Because we measured T2-weighted hyperintense lesions
in this study, preoperative edema, ischemia, and contu-
sions may have been part of the calculation to some degree.
Third, the patients in this study were classified by tumor
grade and pathological diagnosis based on the 2007 WHO
Classification of Tumours of the Central Nervous System.
Because examination of 1p/19q codeletion began in 2004
at our institution, the total number of patients was smaller
and not sufficient for reanalysis of the data using the latest
WHO classification. Instead, we subdivided the patients
into 2 cohorts: those with and those without a “pure” oli-
godendroglial tumor. We presumed these “pure” oligoden-
droglial tumors were AO tumors with /DH mutant status
and 1p/19q codeletions in the latest WHO classification."”
In fact, 71% of AO tumors in our cohort were /DH mutants
with 1p/19q codeletions. We are now collecting new data,
and hope to report the analysis in the future.

Conclusions

Volumetric analysis using intraoperative MRI in pa-
tients with WHO Grade III gliomas at a single institute
was performed. Our data indicated that T2-EOR has a
strong correlation with survival in patients with AA and
AOA, but not in patients with AO. In addition, T2-EOR =

8 J Neurosurg September 8, 2017

53% was associated with improved survival. Further in-
vestigation of other patient populations will be necessary
to validate the effect of T2-EOR on patients with WHO
Grade 111 gliomas.
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