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ABSTRACT
Most IDH mutant gliomas harbor either 1p/19q co-deletions or TP53 mutation;
1p/19q co-deleted tumors have significantly better prognoses than tumors harboring
TP53 mutations. To investigate the clinical factors that contribute to differences in
tumor progression of IDH mutant gliomas, we classified recurrent tumor patterns
based on MRI and correlated these patterns with their genomic characterization.
Accordingly, in IDH mutant gliomas (N = 66), 1p/19 co-deleted gliomas only
recurred locally, whereas TP53 mutant gliomas recurred both locally and in remote
intracranial regions. In addition, diffuse tensor imaging suggested that remote
intracranial recurrence in the astrocytomas, IDH-mutant with TP53 mutations may
occur along major fiber bundles. Remotely recurrent tumors resulted in a higher
mortality and significantly harbored an 8q gain; astrocytomas with an 8q gain resulted
in significantly shorter overall survival than those without an 8q gain. OncoScan®
arrays and next-generation sequencing revealed specific 8q regions (i.e., between
8q22 and 8q24) show a high copy number. In conclusion, only tumors with TP53
mutations showed patterns of remote recurrence in IDH mutant gliomas. Furthermore,
an 8q gain was significantly associated with remote intracranial recurrence and can
be considered a poor prognostic factor in astrocytomas, IDH-mutant.

INTRODUCTION

IDH mutant gliomas with 1p/19q co-deletions [6, 8].
In the revised WHO classification, an IDH mutation
and 1p/19q co-deletions are crucial for a diagnosis
of adult supratentorial glioma. WHO grade II and III
oligodendrogliomas harbor an IDH mutation and 1p/19q
co-deletions [12]. Therefore, IDH and TP53 (or ATRX)
mutant gliomas are categorized into diffuse (WHO grade
II) or anaplastic (WHO grade III) astrocytomas, IDHmutant in the revised WHO classification.
In IDH mutant gliomas, it is well known that 1p/19q
co-deleted gliomas (oligodendrogliomas in the revised
WHO classification) have better prognoses; our previous

Glioma is one of the most common brain tumors
and has been classified according to its histological
appearance. However, genetic and chromosomal markers
that are strongly associated with patient prognosis such
as isocitrate dehydrogenase (IDH) 1/2, TERT promoter,
1p/19 co-deletions, TP53, and ATRX, have been reported,
and their validity has been shown previously [1-11].
Based on these studies, most adult supratentorial gliomas
can be genetically classified into IDH wild-type gliomas,
IDH mutant gliomas with TP53 or ATRX mutations, or
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study revealed that IDH mutant gliomas with wild-type
TP53, which are almost identical to 1p/19q co-deleted
gliomas, showed significantly better prognoses than IDH
and TP53 mutant gliomas (astrocytomas in the revised
WHO classification) [8]. Recently, studies of recurrent
IDH mutant gliomas have been increasing. We previously
reported that copy number aberrations (CNAs) +8q, −9p,
−11p, and +12p were frequently detected in recurrent
tumor samples, suggesting that these chromosomal regions
contain key molecules for rapid tumor progression in
IDH mutant gliomas [8]. Another study of recurrent IDH
mutant gliomas showed that the myelocytomatosis (MYC)
signaling pathway is associated with tumor progression
[13]. However, the differences in radiological recurrent
patterns between these two subtypes are currently
unknown.
To better understand the high recurrent subtype,
(i.e., the TP53 mutant group in IDH mutant gliomas), we
investigated the differences between TP53 mutant and
1p/19q co-deleted gliomas, using MRI-based recurrent
pattern. We subsequently investigated correlations
between recurrent patterns in TP53 mutant gliomas
and CNAs using metaphase comparative genomic
hybridization (CGH), OncoScan® array, and nextgeneration sequencing (NGS). Our investigations provide
new insights into radiological recurrent patterns and
their association with genetic information in diffuse and
anaplastic astrocytomas, IDH-mutant.

1A). Table 1 shows the radiological recurrent pattern for
each genetic subgroup. Interestingly, IDH mutant gliomas
with 1p19q co-deletions showed only local recurrences,
whereas IDH mutant gliomas with TP53 mutations
showed both local and remote recurrences (Table 1); the
Fisher’s exact test revealed that differences between these
two subtypes were significant (p = 0.001). Mortality in
remotely recurrent tumors was significantly higher than
that in locally recurrent IDH mutant gliomas (p = 0.04).

Investigation of remote recurrences of IDH and
TP53 mutant gliomas
Because IDH and TP53 mutant gliomas
(astrocytomas in the revised WHO classification) showed
remote intracranial recurrences, we retrospectively
investigated the primary and recurrent sites of the tumors.
Six of nine cases were from a frontal lobe to the other
frontal lobe, and one case (M1) was initially located in
a region in the frontal lobe and recurred in contralateral
parietal lobe (Figure 2A and B). In another case (M8), the
primary tumor was located in the right frontal lobe, and the
tumor recurred in the ipsilateral cerebellum, metastasized
to the midbrain, and subsequently found bilaterally in the
basal nuclei (Figure 1F-H). These findings led us to the
hypothesis that remote intracranial recurrence in IDH and
TP53 mutant gliomas may occur via major fiber bundles.
Since the corpus callosum interconnects the bilateral
frontal lobes, we analyzed whether major fiber bundles
lay between the primary and recurrent tumor sites using
diffusion tensor imaging (DTI) for distantly recurrent
cases (M1 and M8). Fiber tracking images showed that the
major fiber bundles did connect the primary and recurrent
areas in these two cases (Figure 2C and D). In addition,
comparing images generated by fluid-attenuated inversion
recovery (FLAIR) and DTI in M1, high-intensity regions
in FLAIR images were consistent with the area of the
fiber bundles (Figure 2B). These results suggest that the
recurrence of IDH and TP53 gliomas may occur via major
fiber bundles.
In the other remotely recurrent case (M16),
the tumor was located in the left frontal lobe, but
then metastasized to the ipsilateral temporal lobe and
cerebellum. However, these two recurrent tumors were
located around the inferior horn of the lateral ventricle and
fourth ventricle, in which ventricular dissemination was
detected on MRI, suggesting that these recurrent tumors
may move to other lobes via the cerebrospinal fluid rather
than the major fiber bundles.

RESULTS
Investigation of patterns in recurrent IDH mutant
gliomas
Sixty-six patients with IDH mutant gliomas were
investigated in the present study. Based on the revised
WHO classification, tumor samples from their first
surgery were diagnosed as 22 diffuse astrocytomas,
IDH-mutant, 9 anaplastic astrocytomas, IDH-mutant,
17 oligodendrogliomas, IDH-mutant and 1p/19q codeleted, 12 anaplastic oligodendrogliomas, IDH-mutant
and 1p/19q co-deleted, and 5 oligodendrogliomas, NOS,
indicating that all IDH mutant gliomas enrolled in this
study were categorized as lower grade gliomas. According
to sequence and copy number analyses, IDH mutant
cases were divided into wild-type TP53 and 1p/19q codeletions (29 patients), wild-type TP53 and other CNAs or
without copy number data (8 patients), and mutant TP53
(29 patients) (Table 1). Of these genetic subgroups, the
numbers of recurrent cases were 13 (44.8-%), 1 (14.3%), and 17 (58.6-%) cases, respectively. Mortality was
13.8-%, 0-%, and 27.6-%, respectively. We subsequently
classified each recurrent case into five radiological
patterns, excluding a contraindicated case for MRI (Figure
www.impactjournals.com/oncotarget

Clinical features of diffuse and anaplastic
astrocytomas, IDH-mutant with an 8q gain
As mentioned above, IDH and TP53 mutant gliomas
recurred in both remote and local regions. We investigated
84730
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Table 1: Recurrent patterns for genetic subtypes.
Pattern
of Wild-type TP53 and 1p/19q Wild-type TP53 and other CNAs Mutant TP53
recurrence
co-deletion (N = 29)
or no CGH data (N = 8)
(N = 28)
1. local
7 (14.3 %)
1 (0 %)
5 (0 %)
2. local
6 (50.0 %)
0
2 (50.0 %)
3. remote
0
0
2 (50.0 %)
4. remote
0
0
7 (71.4 %)
5. dissemination
0
0
2 (50.0 %)
Numbers in parenthesis indicate the percent mortality. Out of 66 patients, 1 patient was omitted from this classification because
of a contraindication for MRI. 2 cases of dissemination overlapped with cases of patterns l and 4, respectively.
whether specific CNAs were associated with radiologically
distinct patterns of recurrence. Interestingly, an 8q gain
was frequently detected in patients with only a remote
recurrence, but not in patients with a local recurrence
(Table 2 and Figure 3A). The Fisher’s exact test revealed
that this difference was statistically significant (p = 0.007).
Although we performed this analysis for all chromosomal
arms, no other CNAs demonstrated a significant difference
between locally and distantly recurrent groups.
An 8q gain was detected in 13 tumors harboring
IDH and TP53 mutations from 7 patients; tumors
with an 8q gain consisted of 5 diffuse astrocytomas,
4 anaplastic astrocytomas, and 2 glioblastomas, IDHmutant, whereas tumors without an 8q gain consisted
of 17 diffuse astrocytomas, 10 anaplastic astrocytomas,
and 3 glioblastomas, IDH-mutant (Table 2 and Figure
3A). The difference in WHO grades between tumors
with and without an 8q gain was not significant. In 4 of 7
patients, tumor specimens from the first surgery harbored
an 8q gain. In 2 patients, tumors from the second surgery
harbored an 8q gain, although those from the initial
surgery did not. In another patient, the tumor sample from
the first surgery was not available, but the one from the
second surgery harbored an 8q gain (Table 2 and Figure
3A). In all patients, the detection of an 8q gain preceded
a remote recurrence: 43 (M5), 61 (M8), 24 (M12), 11
(M13), and 20 (M16) months before remote recurrence,
suggesting that an 8q gain could be a driver of such a
recurrence.
Tables 1 and 2 reveal that remote recurrences of
IDH and TP53 mutant gliomas result in poor prognoses;
therefore, we hypothesized that an 8q gain may be a
poor prognostic factor in IDH and TP53 mutant gliomas.
Because the revised WHO classification genetically
defines astrocytomas, IDH-mutant as gliomas with IDH
mutations and an intact 1p/19q, the overall survival curves
were analyzed adding 3 IDH mutant gliomas with wildtype TP53 and an intact 1p/19q. Accordingly, Figure
3B suggests that astrocytomas, IDH-mutant without an
8q gain had significantly better prognoses than those
harboring an 8q gain (N = 30; p = 0.005). Because all IDH
mutant gliomas with an 8q gain harbor TP53 mutations
(Table 2 and Figure 3A), these results suggest that remote
recurrence depends on a TP53 mutation, is significantly
associated with an 8q gain, and that the CNA contributes
www.impactjournals.com/oncotarget

to a poor prognosis in diffuse and anaplastic astrocytomas,
IDH-mutant.

Clinical significance of a high number copy gain
in 8q terminal regions
We first performed an OncoScan® array for a paired
set of primary and recurrent tumor samples to explore
malignant or recurrent factors of IDH and TP53 mutant
gliomas. We performed this array on M6, M10, and M11
from a local type and on M5 and M8 from a remote type
(Table 2b). Although this array provided us with much
information, high copy number gain in 8q terminal regions
was detected only in remotely recurrent tumors. Therefore,
we focused on only high copy number gain regions and
switched to copy number analysis using NGS, which also
provided us information on the high copy number. We
first conducted NGS for M5, M6, M8, M10, and M11, and
compared these data from the OncoScan® array with those
from NGS. Analyzed data, including copy number loss,
gain, and high copy number gain, from OncoScan® and
NGS were quite similar, although the array could detect
much shorter CNAs than could NGS.
We performed an NGS copy number analysis of
all tumor samples from IDH and TP53 mutant gliomas,
obtaining reliable data from 28 samples (17 patients).
Figure 4 revealed NGS-based copy number data from
7 patients who had remote tumor recurrence during
their clinical course. Accordingly, specific regions of 8q
between 8q23.3 and 8q24.23 showed the highest copy
number in four patients (Figure 4). In M1 and M16,
recurrent tumors had relatively high copy numbers of 8q:
2.31 and 2.75, respectively, suggesting that these tumors
have short gains in the 8q region. Only one patient (M14)
did not have a high copy number in 8q terminal regions in
remotely recurrent tumors. No other patients in the IDH
and TP53 mutant group harbored an 8q gain. In distantly
recurrent tumors, regions 2p25 to 2p24 (M13, M14, and
M16), 10p15 to 10p14 (M8, M12, M13, M14, and M16),
and 12p (M8, M12, M14, and M16) were frequently
detected as high copy number chromosomal regions.
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Figure 1: A. Five radiological recurrent patterns of gliomas: Type 1: local recurrence at the site of the primary lesion inside a single

lobe; Type 2: diffuse enlargement from a primary lesion into different lobes; Type 3: an independent mass located in a different lobe,
cerebellum, or brainstem that is continuous with the primary lesion in a T2/FLAIR high-intensity area; Type 4: a completely independent
mass in a different lobe, cerebellum, or brain stem apart from the original lesion; and Type 5: intraventricular dissemination. B and C. A
representative case of recurrent 1p/19q co-deleted glioma of Types 1 and 2 (W5). An MRI image (Gd-T1) taken 90 months after the first
surgery (B); a recurrent contrast-enhanced tumor located around the cavity of the resected original tumor. At the time, the recurrent tumor
was categorized as Type 1. MRI images (Gd-T1) after 115 months show a recurrent enlarged tumor located within the frontal and occipital
lobes (C). D and E. A representative case of a TP53 mutant glioma of Type 3 (M14). A Gd-enhanced independent tumor was detected from
a primary lesion (D). A FLAIR image reveals two lesions that are continuous with a high-intensity area (E). F-H. A representative case of a
TP53 mutant glioma of Type 4 (M8). MRI images (FLAIR and Gd-T1) taken 61 months after the first surgery (F); an independent recurrent
tumor, located in the right cerebellum, was detected apart from the primary tumor located in the right frontal lobe. An MRI image (Gd-T1)
after 95 months shows that the recurrent tumor metastasized to the midbrain and cerebral peduncles (G). An MRI image (Gd-T1) after 100
months reveals that the recurrent tumors metastasized bilaterally to the basal nuclei (H). Abbreviation: Gd gadolinium.
www.impactjournals.com/oncotarget
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Table 2a: A list of patients who experienced recurrence of IDH mutant gliomas.
a. IDH mutant gliomas with 1p/19q co-deletions
Case

W1-1

W1-2

W2-1

W2-2

W3-1

W3-2

W4-1

W4-2
W5-1
W5-2

W5-3

W5-4

W6-1

W6-2

W7-1

W7-2

W7-3

W8-1

W8-2

W9-1

W9-2

W10-1

W10-2
W10-3
W11-1

W11-2

W12-1
W12-2

W13-1

W13-2

Age, sex

WHO

Location

Recurrent pattern

PFS (mo)

OS (mo)

F/U (mo)

O Gr3

Bi frontal

-

44

64

(dead)

63

(alive)

65

104

(alive)

134

52

(alive)

120

69

121

(dead)

105

(alive)

133

33

87

(dead)

3

76

(dead)

49

(alive)

88

25

(alive)

52

17

(alive)

49

16

(alive)

32

15

(alive)

29

CNAs
43M

−1p, +1q12−32.1, −1q32.2-ter, +11, +17, +19p, −19q
49M

HGG

Bi frontal

1

O Gr2

Lt frontal

-

O Gr3

Lt frontal

1

O Gr2

Lt frontal

-

Lt frontal ~ parietal

2

O Gr2

Rt frontal

-

O Gr3

Rt frontal

1

O Gr2

Lt temporal

-

O Gr3

Lt temporal ~ insula

2

−1p, −15q13-22.3, −19q
34M
−1p, −14, −19q
39M
−1p, −14q, −19q, +21q
53M

−1p, +7, −15q, −19q, +22q
64M

O Gr3

−1p, +2, +7, −9p, +9q, −15q, −19q
35F
FF−1p, −19q
40F
NA
24M
−1p, −19q
32M

−1p, −4, +7q21.3-ter, +8, +11, −14q22-23, −18, −19q
33M

O Gr3

Lt temporal, insula, occipital

2

−1p, +3, −4, +5, +7, +9q, +10p, −10q, −13q, −15q11.2-22.3, +15q22.2-ter, −19q
34M

O Gr3

Lt temporal, insula, frontal, occipital

2

−1p, −4, −10q, −13q, −14q, −15qcen-21, +15q24-ter, −19q
40F

O Gr3

Lt frontal

-

−1p, +1q, +3, −9, +12q14, −15q, +17, +18, −19q, +20
49F

not clear

Lt frontal

1

O Gr2

Lt temporal

-

O Gr3

Lt temporal ~ parietal

2

Lt temporal ~ parietal

2

A Gr3

Lt frontal

-

O Gr3

Lt frontal, temporal, rt frontal

2

O Gr3

Lt frontal

-

O Gr3

Lt frontal

1

OA Gr2

Lt temporal

-

O Gr3

Lt temporal

1

O Gr2

Lt temporal ~ parietal

2

O Gr3

Lt frontal

-

O Gr3

Lt frontal

1

NA
57M
−1p, −14q13-24, −19q
63M

−1p, +7, −14q21-24.3, −15q15-22.1, −19q
64M

O Gr3

−1p, +7, −14q21-24.3, −15q15-22.1, −19q
41M
NA
45M

−1p, +7q, +8, +18p, −18q, −19q, +22q
29M
−1p, −19q
34M
−1p, −19q
33M
−1p, +2p, −9p, −19q
36M
−1p, −17p, −18q, −19q
38M
NA
36F
−1p, −19q
37F

−1p, +1q, −2, +6, +7, +8, −9, +11, −16, +17, −18, +19p, −19q, +21, −22
38F

O Gr2

Lt frontal

-

Lt frontal ~ rt frontal

2

Lt frontal

-

Lt frontal

1

−1p, −19q
39F
NA
44M

O Gr3

−1p, −19q
45M
NA
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Table 2b: A list of patients who experienced recurrence of IDH mutant gliomas.
b. IDH mutant gliomas with TP53 mutation
Case
M1-1
M1-2

M1-3
M2-1
M2-2
M3-1
M3-2
M3-D
M4-1
M4-R
M5-1
M5-2
M5-R
M6-1
M6-2
M7-1
M7-2
M8-1
M8-2
M8-3

Age, sex

WHO

TP53 mutation
48F

Recurrent pattern

PFS (mo)

OS (mo)

F/U (mo)

-

177

(alive)

183

CNAs
A Gr3

R175H (exon 5)
63F

Location
Lt frontal

+1pter-34.2, +2q36-ter, +7, +9q34.1-ter, −13q14.3-21.3, +16pter-12, +19qcen-13.3, −21q
GBM

Lt frontal

1

+1p, +1q, −2q24.3-31, +2q33-ter, +3pter-23, −4q21.3-ter, +4qcen-13.1, +7, −9p, +9q21.2-21.3, −10q, −13q14.1-22,
+17p13-cen, +17qcen-21.2, +18p11.2-cen, +18qcen-21.1, −18q22-ter, −19q, −21q,
63F

GBM

Rt parietal

4

+1q, −2q24.3-32.1, +3p, +4qcen-13.1, −4q21.1-ter, +7, −9p, −11q, −13q14.2-22, −17q25-ter, −18q21.3-ter, −19q, −21q,
−22q
22F

A Gr2

H193Y (exon 6)
28F

Rt insula

-

A Gr3

Rt insula, temporal, frontal

46F

A Gr2

R306* (exon 8)
49F

Lt frontal

-

A Gr3

Lt frontal

50F

No OP

Ventricular dissemnaiton

5

34M

A Gr3

Lt frontal

NA

35M

No OP

Rt frontal

4

44F

A Gr2

Rt frontal

-

R273H (exon 8)
46F

A Gr3

Rt frontal

(dead)

27

65

(dead)

78

(alive)

108

20

36

(dead)

12

(alive)

100

20

(alive)

74

41

(alive)

67

47

(alive)

78

1

−4q28-ter, +7q, +8q23-ter, +12p, −Xq
47F

No OP

Lt frontal

4

22F

A Gr2

Lt frontal

-

R248W (exon 7)
29F

−11q22-23.1
GBM

Lt frontal

1

−3pter-3q24, −5p, +7, −11p, −11q22-23.1, −13q, −19q, −22, −X
22M

A Gr2

IHC
23M

Rt frontal

-

NA
A Gr2

Rt frontal, Lt frontal

4

+7q, +8q, −19q
33M

A Gr2

R273H (exon 8)
34M

Rt frontal

-

+8q22.3-ter, −12q13-24.1
A Gr3

Rt frontal

1

+4p, −4q, −5qcen-13, −5q21-ter, +8q13-ter, −9pter-21.3, −11p, +12p, −12q22-23
38M

HGG

Rt cerebellum

4

−5q31.1-ter, +8q22.3-ter, +10p, −10q, +12p
4

Bi basal nucleus

4

61F

A Gr2

Rt frontal

-

M12-1

14

−3p22-21, +7q, +8q22-ter, +11q23.3-ter, +12p, −13q21-31, −19q

midbrain

M11-3

10

IHC

No OP

M11-2

37

1

No OP

M11-1

(alive)

+2p, −3q21-ter, +4pter-13.1, −4q21.1-ter, −7p, +7q, −8pter-23.1, −9p, −10q, −11p, −13qcen-22, +13q32-ter, −14q, −17q,
−18q

42M

M10-2

26

+3p, −5p, +8 −11p, −13q12.1-21.3, +13q22-ter

41M

M10-1

115

2

M8-R

M9-2

(alive)

−13q22, +18p, +19, −X

M8-R

M9-1

72

none

Y163C (exon 5)
64F

+7q31-ter, −X
A Gr2

Rt frontal

1

+7q31.1-ter, +12q22-ter, −X
30F

A Gr2

D281G (exon 8)
35F

Rt frontal

-

−6q, −9p, −14q22-ter, −19q
GBM

Rt frontal

1

−3p, −6q, −9p. −12p, −14q, −15q, +18, −19q
41M

A Gr2

R175H (exon 5)
45M

Lt frontal

-

+7q, +10q24-ter
A Gr2

Lt frontal

1

−5p, +7q, −18q21.1-ter
47M

A Gr3

Lt frontal

1

−5p, +7q, −8pter-23.1, −9p, −10pter-13, +10q26.1, −11p, −13qcen-22, −21q21, −22q, −X
26M
Y236D (exon 7)

ND

Rt frontal

-

18

67

(dead)

+7q, +8q22.1-ter, +11q23.3-ter, +12p, +19
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M12-2
M12-3
M13-1
M13-2
M13-3
M14-1
M14-2
M14-R
M15-1
M15-2
M16-1
M16-2
M16-RD

30M

GBM

Rt frontal, lt frontal

4

−4q28-ter, +5pter-q23.3, +7q, +8q, −9p, −9q, −11pter-15.1, −11q23.1-ter, +12p, −13q21.1-22,
+13q31-ter
31M

HGG

Rt frotanl , lt frontal

4

+7q, +8q, −9p, −X
37F

A Gr2

Y220C (exon 6)
44F

Lt insula

-

29

102

(dead)

9

(alive)

19

51

67

(dead)

+7
A Gr3

Lt insula, frontal

2

+2p, −3p21.3-11.2, +7, +8q23-ter, +10pter-12.3, −19q13.2-ter
45F

A Gr3

Rt frontal

4

NA
30M

A Gr2

G287E (exon 8)
31M

Lt frontal

-

+7q, −9p, +10p, +19p
A Gr3

Lt frontal

1

NA
32M

No OP

Rt frontal

3

48M

A Gr3

Lt frontal

-

R175H (exon5)
52M

−4q13-21, +7q, +13q31-ter, +X
A Gr3

Lt frontal ~ parietal

2

+2pter-22, +3pter-23, +4q21-24, +4q26-33, −6pter-22, −6q21-ter, +7q, −9pter-21, −12p13, +20q
25M

A Gr2

IHC
27M

Lt parietal

-

15

25

(dead)

−4q22-ter, +5pter-23.3, −5q31.2-ter, +7, +8q, +13, −19q, −22
GBM

Lt Parietal

1

−3q11.2-24, +3q24.1-ter, +4p, −4q, +5pter-5q23.3, −5q31.2-ter, −6pter-22.1, +6p22.2-18.3, −6q21-26, +7, +8q, −9p, +13,
−14q, +16q, +17q, −18, −19q, +21, −22
27M

No OP

Lt parietal, temporal, cerebellum

4

This table includes age at diagnosis, gender, histology, tumor location, radiological recurrence pattern, PFS, OS, follow-up time in months,
location of the TP53 mutation (TP53 mutant tumors only), and CNAs obtained by metaphase CGH for 1p/19q co-deleted gliomas and
TP53 mutant gliomas. The letters ‘R’ and ‘D’ indicate that remote recurrence and intraventricular dissemination were detected, respectively,
although additional surgery was not performed. Abbreviation: CNA copy number aberration, PFS progression-free survival, OS overall
survival, F/U follow-up, A diffuse or anaplastic astrocytoma, IDH-mutant, O (anaplastic) oligodendroglioma and 1p/19q-codeleted, IDHmutant, HGG high-grade glioma, Gr grade, IHC immunohistochemistry

Figure 2: A-C. MRI images of case M1. A FLAIR image indicates that the tumor metastasized from the left frontal lobe to the opposite

parietal lobe (A). FLAIR and DTI images at almost the same level indicate that the FLAIR high-intensity areas overlap with a major fiber
bundle detected by DTI (B). A fiber tracking image indicates that fiber bundles connect the primary and recurrent tumor areas (C). D. Fiber
tracking images show fiber bundles connect the primary tumor area to the right cerebellum via the right thalamus and brain stem. Other fiber
bundles were detected from the brain stem to right basal nucleus. MRI images of this patient are shown in Figure 1F-1H.
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DISCUSSION

gain analyzed by FISH was associated with c-MYC
expression in astrocytic tumors [16]. Recently, Bai et
al. reported that the MYC signaling pathway is strongly
associated with tumor progression in IDH1 mutant
gliomas [13]. Previous studies have reported that single
nucleotide polymorphisms located in 8q24.21 were
strongly associated with tumor development [17, 18].
Apart from gliomas, the chromosomal region 8q24.21
has been a region of interest in human cancers. Recently,
long noncoding RNA transcripts, CCAT2 and PVT1
located on 8q24.21, were reported to be associated with
MYC dysfunction [19-22]. Our study also indicated that
a high copy number increase in 8q24.21 was associated
with tumor progression and/or intracranial metastasis in
astrocytoma defined by the revised WHO classification.
Although our findings may provide novel insights into
how gains of 8q terminal regions affect the prognoses
of patients with diffuse and anaplastic astrocytomas, we
need to explore how an 8q gain causes remote intracranial
recurrence.
The present study has some limitations. First,
although fiber tracking images were used to show that
major fiber bundles were detected between the primary
and recurrent tumors in remotely recurrent tumors, such
information alone cannot be used as proof of tumor
migration via the major fiber bundles. Previous work
focused on tumor migration indicated that Rho-GTPase
is associated with tumor migration and invasion in GBM
cells [23]. However, the mechanisms of tumor migration
in IDH and TP53 mutant gliomas are unclear. Therefore,
we will next focus on how a tumor migrates to a different
lobe. Second, the quantity and quality of some samples
were not high enough for laboratory work, particularly
in biopsy cases or cases where only formalin-fixed
paraffin-embedded (FFPE) specimens were available;
thus, we could not analyze all tumor samples using
the same methods. In some cases, we examined TP53
mutation status using immunohistochemical staining for
TP53 and ATRX (Table 2b). In addition, treatments for
IDH and TP53 mutant gliomas are not uniform: Some
patients undergo chemotherapy as their initial adjuvant
therapy and others undergo concurrent chemotherapy and
radiotherapy. However, in recurrent cases of IDH and
TP53 mutant gliomas in this study, all patients underwent
both radiotherapy and chemotherapy during their clinical
course.
In conclusion, we provide evidence of the
characteristics of astrocytomas harboring IDH and TP53
mutations, including their radiological recurrent pattern,
prognoses, and malignant factors. These findings may
help to design therapeutic strategies for this genetic type
of glioma, as current treatments are controversial [24].
However, it is unknown how the high copy number gain
of 8q terminal regions promotes malignancy and/or remote
intracranial recurrence; these questions should be clarified
in the future.

In the present study, we focused on the recurrence
of IDH mutant gliomas, particularly those harboring
TP53 mutations and found three major results: First, we
clarified that only tumors with TP53 mutations showed
remote intracranial recurrence and that the recurrence
might occur via major fiber bundles. Second, we reported
that an 8q gain was significantly associated with distant
recurrence and, according to a survival curve, can be used
as a poor prognostic marker in astrocytomas, IDH-mutant.
Third, NGS copy number analysis revealed that an 8q gain
is a high copy number gain in many cases. Although the
number of examined cases were relatively low, they all
consisted of patients who were admitted to a single center
(Fujita Health University); thus, these patients were
followed continuously, enabling us to demonstrate novel
radiological patterns in recurrent IDH mutant gliomas and
their association with genetic information.
In IDH mutant gliomas, TP53 mutant gliomas
recurred in remote intracranial regions, whereas 1p/19q
co-deleted gliomas only recurred locally, findings
that have not been reported previously. A rare case of
anaplastic astrocytoma, IDH-mutant that showed transtentorial metastasis was previously reported [14]. In this
case, the location of the primary lesion was the right
temporal lobe and the recurrent tumor was detected in the
right cerebellum. Genetic analysis indicated that the tumor
harbored an IDH1 mutation but did not harbor the 1p/19q
co-deletions, suggesting that this case was probably a
TP53 or ATRX mutant and consistent with our results.
Because TP53 mutant and 1p/19q co-deleted gliomas
are thought to be astrocytic and oligodendroglial tumors,
respectively, the difference in the radiological recurrent
patterns may depend upon cell type. Moreover, specific
molecular changes, such as an 8q gain, may provide the
tumors with an ability to metastasize to a different lobe. 8q
gains were detected only in IDH mutant gliomas harboring
a TP53 mutation, and remote recurrence occurred a few
years after their initial detection (Table 2b). These results
suggest that TP53 mutations cause CNAs in specific
chromosomal areas, such as 8q, and the high copy number
increase in the 8q terminal region works as a driver for
the remote recurrence of IDH mutant gliomas; thus, the
key molecules for remote recurrence may be found in this
chromosomal area.
We also revealed that an 8q gain is a poor prognostic
factor in astrocytomas, IDH-mutant and the calculated
copy number score in 8q, especially between 8q22 and
8q24, was high (Figures 3 and 4). Previous studies have
focused on 8q, particularly 8q24 and c-MYC, which
resides in the 8q24.21 region, in searches of human
cancers, including gliomas. Kitange et al. reported that an
8q gain was significantly associated with shorter survival
in cases of oligodendrogliomas and oligoastrocytomas
[15]. Faria et al. reported that a c-MYC copy number
www.impactjournals.com/oncotarget
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Figure 3: The clinical significance of an 8q gain in astrocytomas, IDH-mutant. A. The copy number analysis obtained by

metaphase comparative genomic hybridization (CGH) for TP53 mutant gliomas reveal that a partial 8q gain was detected only in distantly
recurrent tumors (N = 26). Red and blue boxes show partial chromosomal loss and gain, respectively. Light red and light blue boxes
reveal total chromosomal loss and gain, respectively. A mixture of red and blue indicates that both partial gain and loss are detected in a
single chromosomal arm. On the right side, the WHO grade of each sample is indicated. Light green, green, and deep green boxes show
diffuse astrocytomas, IDH-mutant (grade II), anaplastic astrocytomas, IDH-mutant (grade III), and glioblastomas, IDH-mutant (grade IV)
respectively. A mixture of green and deep green indicates tumor samples that were histologically diagnosed as high-grade gliomas. B. The
Kaplan-Meier curve indicates that astrocytomas (N = 30; 26 cases harboring TP53 mutations and 4 cases without TP53 mutations) with an
8q gain demonstrate shorter survival than astrocytomas without an 8q gain.
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MATERIALS AND METHODS

we focused on only IDH mutant gliomas in the present
study. We retrospectively analyzed 66 patients with
IDH mutant gliomas that had been surgically resected
at Fujita Health University between 2001 and 2016.
MRI was preoperatively performed for glioma patients
except for MRI contraindicated cases. After tumor
resection, specimens were histologically diagnosed by a
neuropathologist as (anaplastic) astrocytomas, (anaplastic)

Patients and tumor samples
Since IDH wild-type and mutant gliomas show
different characteristics, including genetic background,
patient background, and radiological features [25, 26],

Figure 4: Calculated copy numbers obtained by NGS in paired samples from patients with astrocytomas with remote
recurrences (M1, M5, M8, M12, M13, and M16). Green, yellow, and purple lines indicate the first, second, and third surgeries for

patients, respectively. An area of chromosome 8 is highlighted, and the highest copy number of 8q is shown, because remotely recurrent
IDH and TP53 mutant gliomas are significantly associated with an 8q gain. The highest copy number is underlined in each sample.
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Metaphase CGH

oligodendrogliomas, and glioblastomas. Resected glioma
samples were preserved as frozen tissues and/or FFPE
samples.

Using metaphase CGH, we detected CNAs whose
chromosomal sizes were greater than 10 Mb. The
metaphase CGH analysis was performed, as previously
described [33]. Resected tumor tissues were removed
from FFPE samples based on histological appearance,
particularly MIB-1 density. Tumor DNA was amplified
using degenerate oligonucleotide-primed PCR (DOPPCR). Blood lymphocyte DNA from healthy donors
was used as a control. DNA was labeled with biotindeoxyuridine triphosphate (Roche, Switzerland) after
amplification. The labeled DNA from tumors and normal
tissues was subsequently hybridized to normal metaphase
spreads. After unhybridized probes were washed away,
the spreads were counterstained with 4,6-diamino-2phenylindole, and the fluorescence intensity for each
chromosome was evaluated using CytoVision software
(Applied Imaging, MI, USA). This analysis was performed
for 78 tumor samples from 58 patients.

MRI-based recurrent classification
Based on MRI, we classified tumor recurrence into
the following five patterns: Type 1: local recurrence at
the primary lesion inside a single lobe; Type 2: diffuse
enlargement from the primary lesion to into a different
lobe; Type 3: an independent mass located in a different
lobe, cerebellum, or brainstem that is continuous with the
primary lesion in a T2/ FLAIR high-intensity area; Type
4: a completely independent mass in a different lobe,
cerebellum, or brain stem apart from the original lesion;
and Type 5: intraventricular dissemination (Figure 1A).
An independent mass was evaluated using the following
sequences: T1-Gd, if it was contrast-enhanced; T2; and/or
FLAIR. Intraventricular dissemination was radiologically
defined if contrast-enhancement on MRI was detected in
the ventricles. We defined Types 1 and 2 as a local type,
and Types 3 and 4 as a remote type. Intraventricular
dissemination can be complicated by the other types.
Representative cases for Types 2, 3, and 4 are shown in
Figure 1B and C, 1D and E, and 1F-H, respectively.
We utilized DTI for surgical preparation in cases
where tumors were located close to important long neural
fibers. We analyzed DTI images using a fiber tracking
method to examine correlations between tumor locations
and major fiber bundles. We set up regions of interest
(ROIs) between primary and recurrent lesions, allowing
us to visualize the major fiber bundles within the ROIs.

OncoScan® FFPE assay
The OncoScan® array (Affymetrix, CA, USA) was
used to analyze fragmented genomic DNA (gDNA) from
FFPE samples using molecular inversion probes. Eighty
micrograms of gDNA from tumor samples were used for
the analysis. Genomic probes were amplified by PCR
via the process of annealing, gap-fill probe ligation, and
linearization. After amplification, the amplicons were
fragmented and hybridized to the arrays for 18 hours.
Arrays were subsequently washed, stained, and loaded
onto the fluidic station. Arrays were then scanned, and
the files were analyzed by OncoScan® Nexus Express
software (Nexus). Overall genomic information for paired
tumor samples was deposited in GEO; the accession
number for our data is GSE94652 (http://www.ncbi.nlm.
gov/geo/query/acc.cgi?acc=GSE94652). The analysis of
array data was performed using 10 paired tumor sample
from 5 patients in the IDH and TP53 mutant tumor group.

DNA preparation and mutation analyses
Genetic analysis of resected gliomas was approved
by the Ethics Committee of Fujita Health University
(Approval number: 11-106). Written informed consent
was obtained from each patient. DNA was extracted from
freshly frozen tissue using DNeasy blood and tissue kits
(QIAGEN, Netherlands), and DNA from FFPE samples
was extracted using DNA FFPE tissue kits (QIAGEN)
or REPLI-g kits (QIAGEN). DNA was quantified using
absorptiometric methods. Mutation analyses of IDH1/2
and TP53 mutations were conducted using Sanger’s
method, as previously described [8]. Because previous
studies showed that most missense mutations were found
in exon 5 to 8 [27-29], we investigated TP53 mutations in
these areas. Primers for each gene and exon were selected
from those described in previous studies [29-32]. In
some cases, including biopsy cases, we could not obtain
a sufficient quantity of DNA for the direct sequencing
of TP53. In such cases, we substituted ATRX and TP53
immunohistochemistry for the TP53 mutation analysis.

www.impactjournals.com/oncotarget

High copy number analysis by NGS
We performed comprehensive copy number analysis
including high copy number gain from resected tumor
samples using NGS, according to the manufacturer’s
protocol (Illumina, CA, USA). Extracted DNA was
amplified by whole genome amplification using SurePlex.
One nanogram of each sample was tagged and fragmented,
and then prepared for NGS analysis. After purification
and normalization of the DNA libraries, the libraries
were sequenced using the VeriSeq PGS Kit MiSeq. The
sequencing data were analyzed using BlueFuse Multi
Software. In this analysis, the mean copy number value
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was calculated for each 1-Mb window, with 2,500
windows covering the entire chromosomal region. We
defined data as low quality if the score of the overall noise
was greater than 0.3. We performed copy number analysis
using NGS for patients in the IDH and TP53 mutant
group. Reliable data were obtained from 28 samples from
17 patients.
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were calculated according to their overall survival (OS).
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