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Background. Diagnosis of WHO grade III anaplastic gliomas does not always correspond to its clinical outcome because of the
isocitrate dehydrogenase (IDH) gene status. Anaplastic gliomas without IDH mutation result in a poor prognosis, similar to grade
1V glioblastomas. However, the malignant features of anaplastic gliomas without IDH mutation are not well understood. The aim
of this study was to examine anaplastic gliomas, in particular those without IDH mutation, with regard to their malignant features,
recurrence patterns, and association with glioma stem cells.

Methods. \We retrospectively analyzed 86 cases of WHO grade III anaplastic gliomas. Data regarding patient characteristics, re-
currence pattern, and prognosis were obtained from medical records. We examined molecular alterations such as IDH mutation,
1p19q loss, TP53 mutation, MGMT promoter methylation, Ki67 labeling index, and CD133, SOX2, and NESTIN expression.

Results. Of the 86 patients with anaplastic gliomas, 58 carried IDH mutation, and 40 experienced recurrence. The first recurrence
was local in 25 patients and distant in 15. Patients without IDH mutation exhibited significantly higher CD133 and SOX2 expression
(P=.025 and .020, respectively) and more frequent distant recurrence than those with IDH mutation (P=.022).

Conclusions. Patients with anaplastic gliomas without IDH mutation experienced distant recurrence and exhibited glioma stem
cell markers, indicating that this subset may share some malignant characteristics with glioblastomas.
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Diagnosis of gliomas is based on histological features. Glioblas-
tomas, WHO grade IV tumors, are highly malignant tumors of

can be further subdivided into those carrying TP53 mutation
and those carrying 1p19q loss,>’ ' and their prognosis is fa-

the brain characterized by the presence of microvascular prolif-
eration and/or necrosis. Anaplastic gliomas, WHO grade III tu-
mors, are less malignant than glioblastomas but show
anaplasia and mitotic activity and are histologically subdivid-
ed into anaplastic astrocytoma (AA), anaplastic oligodendro-
glioma (AO), and anaplastic oligoastrocytoma (AOA). Somatic
mutations in isocitrate dehydrogenase (IDH) 1 and 2°°*
genes occur at a very early stage of gliomagenesis;” thus, pa-
tients with gliomas can be subdivided into those with and with-
out IDH mutation.®~® Overall, 59%-83% of patients with
anaplastic gliomas carry IDH mutation, whereas 17%-41%
do not.>® Patients with anaplastic gliomas with IDH mutation

vorable.>?~11 On the other hand, those without IDH mutation
carry a 7p (EGFR) gain®'° and a 10q (PTEN) loss,>'**! and
their prognosis is poor. Therefore, the question arises whether
anaplastic gliomas with and without IDH mutation should be
classified as the same grade III tumor.®'%1213 The clinical
course of these 2 subtypes of anaplastic gliomas is not well un-
derstood; thus, their progression and recurrence mechanisms
need to be elucidated.

The origin of glioblastomas is a controversial topic, but the
presence of glioma stem cells has gained wide acceptance as
a factor contributing to development of glioblastoma.***° Glio-
ma stem cells are small subsets of tumor cells characterized by
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their potential for self-renewal that drives tumorigenesis.'®
Among several markers reported, the cell surface protein
CD133,1°S0X2,*” and NESTIN'® are cited frequently. Previous
studies reported that high CD133 expression is associated with
poor prognosis,??° early distant recurrence,?! dissemination,
malignant progression,”® and a higher grade glioma.?® Further-
more, SOX2 and NESTIN are associated with poor prognosis and
a higher grade glioma.*®2*~2® Although most of these reports
indicated that stem cell markers are often found in glioblasto-
mas, their expression was also found in some anaplastic glio-
mas.71820.23-27 Nonetheless, the correlation between stem
cell markers and anaplastic gliomas, in particular anaplastic gli-
omas with and without IDH mutation, is not fully understood.

These findings led us to hypothesize that anaplastic gliomas
may show a different recurrence pattern and a different stem
cell marker expression pattern, depending upon their IDH sta-
tus. In this study, we examined the recurrence pattern and
stem cell marker expression pattern in anaplastic gliomas
with and without IDH mutation to further elucidate the charac-
teristics of anaplastic gliomas.

Materials and Methods

Patients and Samples

We previously reported the IDH status of 115 cases with grade
111 anaplastic gliomas.*® Among these, data from patients with
protein of good quality were included in this study. Thus, all
cases were reported previously. All patients were treated in
the Department of Neurosurgery at Tohoku University. Clinical
profiles and radiological features of each case were obtained
from medical records. Tumor specimens were immediately
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frozen in liquid nitrogen and stored at —80°C until the extrac-
tion of genomic DNA and protein. The initial gadolinium
(Gd)-enhanced MRI was used to determine radiological appear-
ance. Tumors with well-demarcated borders were defined as
focal, whereas those with diffuse appearance were defined as
diffuse. Tumors exhibiting partial or strong Gd enhancement
were defined as Gd-enhanced tumors. This retrospective
study was conducted with the approval of the ethics commit-
tee of Tohoku University School of Medicine, and written in-
formed consent was obtained from all patients.

Definition of Recurrence Patterns

All patients underwent Gd-enhanced MRI within 3 days of their
initial surgical procedure. Patient observation was performed
using Gd-enhanced MRI every 2 months for the first 2 years,
and every 3-6 months thereafter. Those with emergence of
any new enhanced lesions on Gd-enhanced MRI were followed
every 1-2 months thereafter. Some patients underwent
1C-methionine PET; once the enlargement of an enhanced le-
sion was confirmed, we recorded the first day of recurrence. We
excluded from the list of recurrence cases those patients who
underwent a second surgical procedure with a histopathologi-
cal diagnosis of radiation necrosis or those in which there was
no evidence of recurrence. If after repeated follow-up, regres-
sion of the enhanced lesion was observed, we also excluded
such patients from recurrence cases. Recurrence patterns
were subdivided into local recurrence and distant recurrence.
Modifying the previously reported criteria for recurrence pat-
terns,’®2° local recurrence was defined as a new enhanced le-
sion at, adjacent to, or contiguous with the primary site
resection cavity (Fig. 1A), whereas distant recurrence was

-
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Fig. 1. Definition of a recurrence pattern. Representative gadolinium-enhanced MRI of anaplastic gliomas. (A) Local recurrence is illustrated in this
case of anaplastic oligoastrocytoma with IDH mutation. Ninety-five months after the surgical procedure, local recurrence was found adjacent to
the resection cavity (arrow). (B) Distant recurrence is illustrated in this case of anaplastic oligoastrocytoma without IDH mutation. Twenty-three
months after the surgical procedure, an enhanced lesion was observed at a location distant from the initial lesion (arrow). Thirty-four months after,
the enhanced lesion showed enlargement; thus, the case was confirmed as distant recurrence.
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defined as a new enhanced lesion at a site remote from the re-
section cavity of the primary site, at a site not contiguous with
the initial tumor location, or more than one lesion site with
each lesion having a well-defined border and normal brain sig-
nal on imaging (Fig. 1B). The radiation field was also examined
to determine whether a recurring lesion was infield or outfield.

Molecular Analysis: IDH1 and IDH2, MGMT Promoter
Methylation, TP53 Mutation, and 1p19q Loss

Genomic DNA was extracted using the QIAamp DNA Mini Kit
(Qiagen Science) according to the manufacturer’s protocol.
Data on molecular changes in IDH1 and IDH2, exons 4-9 of
TP53, MGMT promoter methylation, and 1p19q loss were ob-
tained from our previous study of grade III gliomas.*® In
brief, PCR amplification, methylation-specific PCR, and multiple-
ligation-dependent probe amplification were performed to as-
sess molecular alterations. The detailed methods were previ-
ously reported,'®3°3% and all primer sequences are shown in
Supplementary Table 1.

CD133 Expression: Western Blotting

CD133 expression was analyzed using Western blotting, as
reported previously.?* In brief, protein extracted from fresh-
frozen tissue specimens was visualized on 8% polyacrylamide
gels (Invitrogen) using the primary antibodies anti-CD133
(Miltenyi Biotec) and anti-B-actin (Santa Cruz Technology).
The intensity of bands on Western blots was analyzed using
ImageJ software (National Institutes of Health), and the ratio
of CD133 to B-actin was determined for each tumor sample.

Immunohistochemical Analysis: CD133, SOX2, and
NESTIN Expression and Ki-67 Labeling Index

To validate CD133 expression as analyzed using Western blot-
ting, we performed parallel immunohistochemical staining for
CD133, SOX2, and NESTIN. The results were compared with
those of CD133 expression obtained using Western blotting.
The methods for immunostaining were as reported previous-
ly.8?1:25 In brief, paraffin-embedded 2 wm-thick sections of
human grade III gliomas were stained with an anti-CD133 an-
tibody (CD133/1 AC133; Miltenyi Biotec), anti-SOX2 antibody
(Millipore), or anti-NESTIN antibody (Millipore). All staining
data were evaluated by 2 neuropathologists who were un-
aware of the clinical information and IDH status. The entire
tissue section, excluding the healthy brain tissue, was semi-
quantitatively reviewed, and the percentage of CD133-positive
cells was calculated.”® A semiquantitative score for SOX2 and
NESTIN expression was calculated, all cell nuclei were counted
in 3 randomly selected 400x magnification (high power) visual
fields in the tumor core, and the proportion of cells positive for
immunoreactivity in the nuclei (SOX2) or the cell membrane/cy-
toplasm (NESTIN) was calculated.'”?* Ki-67 labeling index was
established by counting the percentage of immunoreactive nu-
clei stained by an anti-Ki-67 antibody (Dako) in a manner sim-
ilar to the SOX2 and NESTIN assays described above.

Outcome

The start point for the overall survival (OS) was the day of the
surgical procedure, and the endpoint was the last follow-up or
death. As reported previously,’’ the interval between the day of
first surgical procedure and the day of recurrence detection on
MRI was defined as time to recurrence. In particular, time to re-
currence was further subdivided into time to distant recurrence
(TTD) and time to local recurrence (TTL). To set the cutoff value
for differentiating high and low CD133 expression in univariate
survival analysis, the CD133/B-actin ratio from Western blotting
was graded as >0.1 or <0.1, >0.2 or <0.2, >0.3 or <0.3, >0.4
or <0.4, and >0.5 or <0.5. Each cutoff was analyzed using lo-
gistic regression analyses, and the odds ratios (ORs) were
compared.

Statistical Analysis

A relationship between 2 variables was evaluated using the
Mann-Whitney U test and Fisher’ exact test. Probability of
TTD, TTL, and OS was calculated according to the Kaplan-
Meier method and compared with the log-rank test. For multi-
variate analysis, factors achieving P<.10 in univariate analysis
were used in backward stepwise Cox regression analysis for es-
timating hazard ratios (HRs) and 95% confidence intervals
(Cls). Distant and local recurrences were considered competing
events; thus, Fine-Gray proportional hazard models were used
to analyze competing risks. All calculations were performed
using Prism (GraphPad Software) and R version 3.0.2. Differenc-
es with P<.05 were considered significant.

Results

Patients

Protein of good quality was obtained from 86 participants with
anaplastic gliomas, and all of them were enrolled in this study.
This cohort comprised 46 males and 40 females with a median
age of 46 years (range, 10-77 years) and a median preopera-
tive KPS score of 90% (range, 20%-100%). Median follow-up
was 56 months (range, 4-262 months). The number of partic-
ipants with AA was 40, AO was 34, and AOA was 12. Among
these, paraffin-embedded sections for immunohistochemical
analysis were obtained from 54 participants. Table 1 summariz-
es participant characteristics. Postoperative treatment consist-
ed of radiation alone in 7 participants, nimustine
hydrochloride-based chemotherapy alone in 4, a combination
of radiation and nimustine hydrochloride-based chemothera-
py in 63, and a combination of radiation, and temozolomide-
based chemotherapy in 8; 4 participants did not receive any
chemotherapy.

IDH Mutation Frequency

Table 1 summarizes the frequency of clinical profiles based on
the IDH status. IDH mutation was detected in 58 (67%; 53 IDH1
and 5 IDH2 mutations) of the 86 participants with anaplastic
gliomas. The frequency of mutation in each tumor type was
67.5% (AA), 59% (AO), and 92% (AOA). Characteristics such
as age, sex, and preoperative KPS did not differ between partic-
ipants with IDH mutation and those without. Median follow-up
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Table 1. Summary of patient characteristics based on IDH gene status

Clinical Factor Total Mutated IDH Wild-type IDH P
n=286 n=58 (67%) n=28 (33%)
Median age at diagnosis, year 46 41 52 .22
Sex, female, n (%) 40 (46) 30 (52) 10 (34) .18°
Preoperative KPS >80%, n (%) 69 (80) 49 (84) 20(72) 16°
Radiological pattern, diffuse: focal 26:60 14:44 12:16 .086°
Gd enhancement, yes: no 63:23 L44:14 19:9 440
Number of recurrences, n (%) 40 (47) 18 (31) 22 (79) <.0001°
Recurrence pattern, local: distant 25:15 15:3 10:12 .022°
Recurrence areq, infield: outfield 30:10 17:1 13:9 .013°
Ki-67 labeling index, mean (%) 19.14+145 16.4+11.4 25.6+18.6 .020°
CD133/B-actin ratio (Western blots) 0.324+0.79 0.12+£0.19 0.74+1.3 .025¢
Percentage of CD133 (IHC) 5.8%+6.9% 3.0%+4.4% 11%+8.7% .0014°
Sox2 expression (IHC) 13.3%+17.3% 10.5%+15.3% 19.4%+39.6% .020¢
Nestin expression (IHC) 10.0%+7.9% 9.8% 4+ 8.0% 10.5%+8.0% .50°
MGMT methylation, n (%) 62 (72) 53 (91) 9 (32) <.0001°
1p19q loss, n (%) 24 (28) 22 (38) 2 (7.4) .004°
TP53 mutation, n (%) 37 (43) 26 (45) 11 (39) 65°

“Mann-Whitney test,
bFisher’ exact test.

Abbreviations: IHC, immunohistochemistry KPS; Karnofsky performance status.

was 69 months (range, 4-262 months) for participants with
IDH mutation and 22 months (range, 7-134 months) for
those without.

Molecular Alterations

MGMT promoter methylation, 1p19q loss, and TP53 mutation
were detected in 62, 24, and 37 of the 86 participants, respec-
tively (Table 1). MGMT promoter methylation and 1p19q loss
were significantly associated with IDH mutation (P <.0001
and P =.004, respectively).

Recurrence Pattern

Of the 86 participants, 40 experienced tumor recurrence; tu-
mors in 22 of 28 (79%) participants carried wild-type IDH,
and tumors in 18 of 58 (31%) participants harbored mutated
IDH, indicating that tumors with wild-type IDH had a signifi-
cantly higher recurrence rate (P <.0001, Table 1). The pattern
was local recurrence in 25 participants and distant recurrence
in 15. Of the 15 participants with distant recurrence, 12 had a
tumor with wild-type IDH (P=.022, Table 1). The remaining 46
participants did not experience recurrence. Of the 40 partici-
pants with recurrence, 30 showed infield recurrence, and 10
showed outfield recurrence. Among tumors with mutated
IDH, only 1 of 18 participants experienced outfield recurrence,
whereas 9 out of 22 participants having tumors with wild-type
IDH experienced outfield recurrence; the difference was signifi-
cant (P=.013, Table 1). Among tumors with wild-type IDH,
MGMT methylation was observed in 4 of the 13 participants
with infield recurrence and 3 of the 9 participants with outfield
recurrence (P = 1.0, data not shown). Based on MRI, diffuse ap-
pearance was observed in 26 and Gd enhancement in 63 out of

the 86 patients. Tumors with wild-type IDH tended to have a
diffuse appearance, but this difference did not reach signifi-
cance (P=.086, Table 1).

Expression of Stem Cell Markers

Figure 2A shows the representative Western blots for CD133
staining, and Fig. 2B-D shows the representative immunohisto-
chemical staining for CD133, SOX2, and NESTIN, respectively.
The mean CD133/B-actin ratio was 0.32+0.79. When this
ratio was combined with the results of the IDH status, partici-
pants with anaplastic gliomas without IDH mutation showed
significantly higher CD133 expression than those with IDH mu-
tation (0.74+1.3 and 0.12+0.19, respectively; P=.025;
Table 1 and Fig. 3A). The mean percentage of cells with
CD133 expression in the immunohistochemical assay was
5.8% +6.9%. When this parameter was combined with the re-
sults of the IDH status, participants with anaplastic gliomas
without IDH mutation showed significantly higher CD133 ex-
pression than those with IDH mutation (11%+8.7% and
3.0% + 4.4%, respectively; P=.0014; Table 1 and Fig. 3B).

We assessed other stem cell markers for gliomas in addition
to CD133. SOX2 expression was higher in participants without
IDH mutation than in those with IDH mutation (10.5% +
15.3% and 19.4% 4-39.6% respectively; P=.020; Table 1), but
NESTIN expression did not correlate with the IDH status (P=
.50; Table 1). Thus, anaplastic gliomas without IDH mutation
showed high CD133 expression, which was confirmed by 2
methods (Western blotting and immunohistochemistry), and
high expression of stem cell markers, which was confirmed
using 2 markers (CD133 and SOX2).

Next, we analyzed the differences in CD133/g-actin ratio in
relation to several factors. As shown in Table 2, the recurrence
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Fig. 2. (A) Representative Western blots. The upper and lower bands show CD133 and B-actin expression (130 and 47 kDa, respectively). (B-D)
Representative image of anaplastic glioma tissue sections immunohistochemically stained with an anti-CD133 antibody (B), anti-SOX2 antibody
(C), or anti-NESTIN antibody (D). Positively stained cells are shown in brown. The upper panels illustrate a case with positively stained cells, and the
lower panels illustrate a case with few positive cells. Scale bar, 40 wm. Abbreviations: mut, mutant IDH; wt, wild-type IDH.

pattern and molecular alterations were not associated with the
CD133/B-actin ratio, whereas tumors without Gd enhancement
exhibited a higher CD133/B-actin ratio than those with Gd en-
hancement (P=.0082).

CD133 Expression Based on Histological Types

We compared CD133 expression on the basis of the histological
types. In anaplastic gliomas, the CD133/B-actin ratio did not
differ among histological types even when IDH status was con-
sidered (Fig. 3C and D). In addition, we analyzed the CD133/
B-actin ratio of glioblastoma using data from our previous re-
port.”! This ratio was found to be 2.6 +3.0, which was signifi-
cantly greater than that in other anaplastic gliomas without
IDH mutation (P<.0001, Fig. 3D).

Outcome

The cutoff value for distinguishing high and low CD133 expres-
sion varied among studies.?®?*333% In our study, ORs were ex-
amined to determine the optimal cutoff value for patients with
anaplastic gliomas. Among the analyzed cutoff values from 0.1
to 0.5, the OR of CD133/B-actin ( >0.5 or <0.5) was the highest
(OR, 4.2; 95% (I,1.8-9.6; P=.00073). Therefore, 0.5 was se-
lected as the cutoff value for the CD133/g-actin ratio. In univar-
iate analysis, participants with high CD133 expression (CD133/
B-actin ratio >0.5) presented significantly shorter OS, TTD, and
TTL than those with low CD133 expression (CD133/B-actin ratio
<0.5; P=.0006, .0009, and .022 respectively; Table 3). Of 10
participants with high CD133 expression, 9 had a tumor with
wild-type IDH.

Next, we assessed OS, TTD, and TTL in relation to other pa-
rameters. In univariate analysis, factors associated with pro-
longed OS were low CD133 expression (P=.0006), total
resection (P=.014), IDH mutation (P <.0001), 1p19q loss
(P=.0088), MGMT methylation (P=.033), and focal radiologi-
cal appearance (P=.0035; Table 1). Factors associated with
early TTD were high CD133 expression (P=.0009), Ki-67 label-
ing index >15% (P=.0028), IDH wild-type (P<.0001), and
unmethylated MGMT (P=.0011; Table 1). The factors associat-
ed with early TTL were high CD133 expression (P=.022), wild-
type IDH (P=.0013), retained 1p19q (P=.0026), and diffuse
radiological appearance (P=.017; Table 1). In multivariate
analysis for OS, independent poor prognostic factors were wild-
type IDH (HR, 8.7; 95% (I, 3.1-24.0; P=.00003), absence of
total resection (HR, 2.5; 95% CI, 1.0-6.1; P=.040), unmethy-
lated MGMT (HR, 3.0; 95% CI, 1.2-7.4; P=.023), and retained
1p19qg (HR, 3.2; 95% (I, 1.2-8.9; P=.026; data not shown).

In multivariate analysis for TTD considering competing risks,
wild-type IDH (HR 6.6; 95% CI, 1.3-34.7; P=.025) and Ki-67 la-
beling index >15% (HR, 8.6; 95% CI, 1.3-58.7; P=.029) were
independent poor prognostic factors (Table 3). In multivariate
analysis for TTL considering competing risks, only retained
1p19qg (HR, 3.9; 95% (I, 1.3-11.7; P=.016) remained statisti-
cally significant (Table 4).

Discussion

We analyzed the recurrence pattern and molecular alterations
including stem cell markers of anaplastic gliomas. The main
pattern of initial recurrence in anaplastic gliomas was local re-
currence (25 of 40 participants; 63%); however, distant
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Fig. 3. (A and B) The difference in CD133 expression between
anaplastic gliomas with and without IDH mutation. (A) The CD133/
B-actin ratio analyzed by Western blotting was higher in patients with
anaplastic gliomas without IDH mutation (IDH wt) than patients with
IDH mutation (IDH mut, P=.025). (B) CD133 expression analyzed by
immunohistochemistry was higher in patients with anaplastic
gliomas without IDH mutation than patients with IDH mutation (P=
.0014). (C) The difference in CD133 expression among different
histological types of anaplastic gliomas. The CD133/B-actin ratio was
compared among patients with anaplastic astrocytoma (AA; n = 40),
anaplastic oligodendroglioma (AO; n=34), and anaplastic
oligoastrocytoma (AOA; n=12); however, no differences were
observed. (D) The CD133/B-actin ratio was compared among patients
with AA (n=13), AO (n=15), and AOA (n= 1) without IDH mutation
and glioblastomas without IDH mutation (n =109 ( data modified
from our previous report??). Glioblastomas showed significantly
higher CD133 expression (P <.0001).

Table 2. Summary of patients characteristics based on CD133
expression

Clinical Factor Total CD133/B-actin Ratio P
n=86 n=58 (67%)

Radiological pattern, 26:60 0.30+0.74:0.334+0.82 .66°
diffuse: focal

Gd enhancement, yes: no  63:23  0.224+0.58:0.59+1.2  .0082¢

Recurrence pattern, local: ~ 25:15  0.36+0.76:0.77+1.4  .46°
distant

Recurrence areq, infield: 30:10  0.28+0.54:0.43+0.54 .84°
outfield

Ki-67 labeling index, 35:51  0.14+0.24:0.45+1.0 48°
<15%: >15%

MGMT methylation 62:24  0.16+0.29:0.73+1.4 .14

1p19q, loss: retain 24:62 0.08+0.09:0.42+0.91 .072¢

TP53, mutated: wild-type ~ 37:49  0.46+1.0:0.224+0.55 .18¢

“Mann-Whitney test.

recurrence was observed in 15 participants (37%). A previous
report also showed that distant recurrence was frequently ob-
served (23 of 38 patients with high-grade gliomas),*> which
was in line with our results. Of 15 patients with distant recur-
rence, 12 had anaplastic gliomas with wild-type IDH. Thus, dis-
tant recurrence should be considered in the clinical course of
patients who have anaplastic gliomas with wild-type IDH. Bran-
des et al. reported that the recurrence pattern of glioblastomas,
whether inside or outside the radiation field, correlated strongly
with MGMT methylation status.®® Accordingly, we also exam-
ined this correlation, but distant recurrence of anaplastic gliomas
without IDH mutation did not correlate with either radiation field
status or MGMT methylation status. We next assessed the time
to recurrence. In univariate analysis, wild-type IDH is associated
with early TTD; in multivariate analysis, however, wild-type IDH is
an independent poor prognostic factor for TTD. These results
suggest that anaplastic gliomas without IDH mutation carry a
significant risk of distant recurrence, which corresponds to an ag-
gressive phenotype and results in poor prognosis.

At present, the diagnosis of anaplastic gliomas does not al-
ways correspond to its clinical outcome because of consider-
able interobserver variation®” and IDH status. Hartmann et al.
reported that patients with AA without IDH mutation exhibited
better survival than those with glioblastomas without IDH mu-
tation but had poorer survival than patients with AA and IDH
mutation and patients with glioblastomas and IDH mutation.*?
Thus, they proposed that aggressive treatment corresponding
to the current standard of care for glioblastomas may be ap-
propriate for patients with AA without IDH mutation, whereas
less aggressive treatment may be suitable for patients with pri-
mary glioblastomas and IDH mutation. Nevertheless, evidence
supporting this concept remains limited. In line with previous
reports,?%?32% our results also demonstrated the presence of
(D133 expression in anaplastic gliomas. Of note, we showed
that its expression is remarkably evident in tumors without
IDH mutation. Using another stem cell marker, SOX2, we also
confirmed that tumors without IDH mutation are likely to
have high SOX2 expression. Thus, patients with anaplastic glio-
mas without IDH mutation express CD133 and SOX2, as do pa-
tients with glioblastomas,?%?%?° indicating that anaplastic
gliomas without IDH mutation may share similar malignant
characteristics (ie, glioma stem cell resistance to radiochemo-
therapy).?®3° In terms of NESTIN expression, we did not ob-
serve differences between tumors with and without IDH
mutation.

We analyzed the CD133/B-actin ratio in relation to histolog-
ical types. A previous report showed that CD133 expression is a
prognostic factor in patients with high-grade oligodendroglioal
tumors.“? Thus, we hypothesized that patients with different
histological types may exhibit different CD133 expression.
Nonetheless, CD133 expression did not differ by histological
type, even considering the IDH status. Using data from our pre-
vious reports,’! we compared CD133 expression between ana-
plastic gliomas without IDH mutation and glioblastomas
without IDH mutation. CD133 expression of glioblastomas
was significantly higher than that of anaplastic gliomas with-
out an IDH mutation (Fig. 3D). This result may support the con-
cept that anaplastic gliomas without IDH mutation share some
malignant characteristics of glioblastoma, but these 2 tumor
types differ in malignancy of glioma stem cells.
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Table 3. Clinical and genetic parameters affecting time to distant recurrence, time to local recurrence, and overall survival in anaplastic glioma

Parameters Patients (n = 86) TTD

TTL (N

Median Months

P* Median Months P* Median Months P*

Age at diagnosis

<60 years 70 NR

>60 years 16 NR
Preoperative KPS

>80% 69 NR

<80% 17 NR
Surgery

Total resection 38 NR

Absence of total resection 48 NR
Radiological appearance

Diffuse 26 NR

Focal 60 NR
Gd enhancement

Yes 63 NR

No 23 NR
Ki-67 labeling index

<15% 35 NR

>15% 45 NR
CD133 expression

Low 76 NR

High 10 23
IDH1

Mutated 58 NR

Wild-type 28 23
MGMT

Methylated 62 NR

Unmethylated 24 NR
1p19q loss

No 62 NR

Yes 24 NR
TP53 mutation

No 49 NR

Yes 37 NR

75 187 15 NR 058
51 69

43 187 55 NR 25
NR 87

14 NR 13 NR 014
187 72

57 52 017 50 .0035
187 NR

57 187 66 136 75
NR NR

0028 NR 47 136 16
187 76

0009 187 022 NR .0006
32 29

<0001 187 0013 IR <.0001
22 22

0011 187 31 NR 033
NR 4

24 95 0026 69 .0088
187 NR

83 187 18 NR 35
NR 72

Abbreviations: KPS, Karnofsky performance status; NR, not reached; OS, overall survival; TTD, time to distant recurrence; TTL,time to local recurrence.

*Log-rank test.

Next, we assessed the correlation among molecular alter-
ations including IDH status, CD133 expression, and radiograph-
ical appearance. Diffuse appearance was not associated with
IDH status and CD133 expression. Gd enhancement was not
associated with IDH status but was associated with low
CD133 expression. An unknown mechanism may be responsi-
ble for these correlations, and further studies are needed. The
status of 1p19q, TP53, MGMT, and Ki67 labeling index did not
correlate with CD133 expression.

There are some limitations to the study. First, the number of
participants was relatively small, and not all participants received
the same treatment since this was a retrospective study. Thus, our
findings need to be confirmed prospectively with a larger number
of participants. Second, there are no universal methods for analy-
sis of stem cell markers. Western blotting,*”?%+2% PCR,}/:26:27:3%41
immunohistochemistry,”:18:20:26:27.42 gnd flow cytometry*?“3

are often used to assess CD133, SOX2, and NESTIN expression.
To overcome this limitation, we assessed expression of 3 stem
cell markers (CD133, SOX2, and NESTIN) and used 2 methods
(Western blotting and immunohistochemistry) in this study.

For the first time, we demonstrate that anaplastic gliomas
without IDH mutation carry a risk of distant recurrence and
are likely to have high CD133 expression. Thus, anaplastic glio-
mas without IDH mutation may differ in clinical characteristics
from anaplastic gliomas with IDH mutation. Furthermore, these
findings suggest that anaplastic gliomas without IDH mutation
may originate from glioma stem cells or have malignant char-
acteristics similar to those of glioblastomas. Anaplastic gliomas
without IDH mutation have poor prognosis, but the histological
features and the extent of CD133 expression of anaplastic gli-
omas and glioblastomas are different; thus, these tumor types
should not be considered identical. Collectively, because of their
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Table 4. Multivariate analysis of independent prognostic factors associated with time to distance recurrence and time to local recurrence. Result of

competing risk analyses.

Parameters TTD TTL
HR 95% (I P HR 95% (I P

Radiological appearance

Diffuse vs focal N/A 2.1 0.96-4.7 .064
Ki67 labeling index

>15% vs <15% 8.6 1.3-58.7 .029 N/A
CD133 expression

High vs low 1.0 0.30-3.6 .96 1.4 0.49-4.3 51
IDH

Wild-type vs mutated 6.6 1.3-34.7 .025 0.89 0.35-2.2 .80
MGMT

Unmethylated vs methylated 1.4 0.36-5.3 .64 N/A
1p19q

Retain vs loss N/A 3.9 1.3-11.7 .016

Abbreviations: CI, confidence interval; HR, hazard ratio; N/A: not applicable; TTD, time to distant recurrence; TTL,time to local recurrence.

aggressive characteristics, anaplastic gliomas without IDH mu-
tation may require aggressive treatment and should be consid-
ered separately from anaplastic gliomas with IDH mutation and
from glioblastoma in future clinical trials. To confirm our find-
ings, larger studies of clinical and molecular features of ana-
plastic gliomas without IDH mutation are needed.
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Supplementary material is available online at Neuro-Oncology
(http://neuro-oncology.oxfordjournals.org/).
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