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TABLE 1: Summary of reported cases of LCC*

Age {yrs),  No.ofCysts
Authors & Year Sex at Diagnosis De Novo Cyst Operation

Berry-Cahd

single
multiple ne

Corboy et al,, 2006 44 F multiple no

Gulati et al., 2011

single ne

Kleinschmidt-Demasters et al., 2008 42, M multiple no
multiple no
multiple na

Linnankivi et al., 2006 4 F
5M
10,F  single or multiple yes {(in some cases)
20,F
43, M

Nagae-Poetscher et al., 2004 12,M single no
single no
single no

present case 25, M single yes open surgical removal, stereotactic aspiration, Ommaya

reservoir

* CVP = cystoventriculoperitoneal; LP = lumboperitoneal; VP = ventriculoperitoneal.
T This case was previously reported by Corboy et al., 2006.

eration, the patient presented with left hemiparesis, and voir puncture, serial CT images showed that the cysts in
CT and MRI showed a de novo cyst in the right thalamus the left frontal lobe and right thalamus contained a small
(Fig. 4). Stereotactic aspiration was performed without amount of fluid, while the other cysts remained decom-
placement of an Ommaya reservoir because no cyst re- pressed. There were no symptoms related to the progres-
currence was observed after the previous 2 operations. sion of the cysts. Additionally, no further de novo. cyst
However, contrary to our expectations, the cyst recurred formation was observed.

1 mouth after the third operation. . .
Discussion

Fourth Operation. We performed stereotactic aspira-
tion again and placed an Ommaya reservoir. Two weeks
later, the cyst recurred and left hemiparesis again devel-
oped. We punctured the Ommaya reservoir and removed
the viscous fluid.

In the present report, we describe the case of a pa-
tient with LCC who underwent surgery for repeated cyst
formation. The first operation was performed to remove
a large cyst and to obtain a histopathological diagnosis.
The second and third operations were performed to de-
Follow-Up. Two years after the last Ommaya reser- compress de novo cysts. The fourth operation was per-
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formed to treat a recurrent cyst. In the cases reported to
date (including the present one), 11 of 28 patients required
surgery to treat progressively expanding cysts; we there-
fore conclude that surgery is often required in patients
with L.CC (Table 1).

The surgical strategies used in different patients
varied and included open surgical removal, open surgi-
cal fenestration, stereotactic aspiration, ventriculoscopic
fenestration, and CSF shunt placement.-247911 31516 Hoypy-
ever, the present case and previous reports highlight the
possibility that LCC patients sometimes develop addi-
tional de novo cysts requiring surgery.t*!.22 Therefore,
less invasive and more repeatable procedures are worth
congsidering when selecting surgical strategies. We felt
that stereotactic aspiration would meet these criteria and
chose it as an appropriate procedure for the treatment of
de novo cysts.

Histopathologically, L.CC is characterized by myelin
loss, foci of rarefaction, gliosis, Rosenthal fibers, calcifi-
cation, and excess increased water content,5%-1116 which
suggests the presence of secondary changes in the dis-
ruption of the blood-brain barrier following angioma-like
microangiopathy.6°-121416 Prominent angiomatous chang-
es in the cyst wall and a high concentration of proteins
in the cyst cavity may be conducive to cyst expansion. In
such cases, a single stereotactic aspiration may be insuf-
ficient to resolve the cyst, and the placement of an Om-
maya reservoir may allow the patient to avoid additional
surgery.

Conclusions

The present report calls attention to the possibility of
repeated cyst formation in patients with LCC and recom-
mends the use of stereotactic aspiration with placement of
an Ommaya reservoir. Open surgery may be necessary to
remove cysts and confirm the histopathological diagnosis
of LCC; however, stereotactic aspiration with Ommaya
reservoir placement is considered to be a less invasive and
more repeatable procedure for the treatment of repeated
cyst formation in patients with LCC.
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Abstract The purpose of the present study was to define
the clinical and pathological significance of nitric oxide
synthase (NOS) in human pituitary adenomas, and to
compare these values with those of the MIB-1 labeling
index (LI) using an immunohistochemical method. Tissue
specimens from 82 cases of surgically-treated pimitary
adenomas were immunostained for hormone production for
the MIB-1 LI and for the three NOS isoenzymes and five
normal pituitary glands were immunostained for the three
NOS iscenzymes as a control. The correlation between the
clinical variables (age, functional status, tumor size,
Hardy’s grading, cavemnous and/or sphenoid invasiveness,
and progression) and mean MIB-1 LI, or between the same
clinical variables and NOS immunoreactivity (IR) were
analyzed. There was a statistically significant difference in
the MIB-1 LI between macroadenomas and microadeno-
mas, and between invasive adenomas and noninvasive
adenomas. On the other hand, there was a statistically
significant difference in the inducible NOS (INOS) IR
between invasive adenomas and noninvasive adenomas.
Furthermore, the iNOS IR had a significant correlation with
the MIB-1 LI Invasive adenomas have a higher iNOS IR,
and this correlated with the MIB-1 LI These findings may
be due to the function of iNOS, which plays an important
role in tissue injury and repair.
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Introduction

Nitric oxide (NO) has been identified as a source of free
radical oxidants in relation to the physiological and path-
ological events in the nervous system. NO is generated
from vr-arginine and molecular oxygen by three NO syn-
thase (NOS) isoforms, named for the tissue in which they
were originally described. Neuronal NOS (nNOS) was
identified in the central nervous system, and is highly
expressed in the cerebellum. Inducible NOS (iNOS) was
first identified in inflammatory cells, such as monocytes,
macrophages, and neutrophils, and endothelial NOS
(eNOS) was discovered in the endothelial blood vessels
[11.

Recently, it was reported that NO is involved in the
regulation of the blood flow and the release of pitnitary
hormones [1-9]; however, the reports have been limited,
and the role of NO in pitmitary adenomas remains
unclear. Furthermore, there has been no report of the
relationship between NO and the progression of pituitary
adenomas.

Although pituitary adenomas are commonly benign
tumors, they are sometimes progressive and invade the
surrounding tissues. The MIB-1 labeling index (LI), a
marker of cellular proliferation, has been extensively
studied in the progression of pituitary adenomas.

The purpose of the present study was to examine the
clinical and pathological significance of NOS in the
progression of human pituitary adenomas, and to compare
it with the MIB-1 LI using an immunochistochemical
method.
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Fig: 1 anNOS-positive GH-secreting adenoma cells, with 2 NOS immunoreactivity (IR) grading of 2 (x400). b-iNOS-positive nonfunctioning
adenoma célls with a NOS IR grading of 2 (x400}. ¢ eNOS-positive GH-secreting adenoma. cells with 2 NOS IR grading of 2 (<400}

Methoeds

Normal human pituitary gland and pituitary adenoma
samples

Eighty-two pituitary adenoma tissues (from 31 males and
51 females) were obtained . during surgery. from 2000 to
2012 at Oita University Hospital (Oita, Japan), and five
normal human adenchypophyses were obtained during an
autopsy from five patients without endocrine dysfunction,
and were used as controls. The tumors included 16 growth
hormone (GH)-producing adenomas, 12 prolactin (PRL)-

producing adenomas, six adrenocorticotropic hormone
(ACTH)-producing adenomas, and 49 non-functioning
adenomas. The tumor size (macroadenomas: >10 mm in
diameter, microadenomas: <10 mm-in dia]nctcr),, Hardy’s

‘grading (A; symmetrical extension to the suprasellar cis-

third ventricle,

iern, B; symmetdcal extension to the recessed thlrd ven-
tricle, C; symmetrical extension to the whole anterior
D; intracranial intradural parasellar
extension, E; lateral cavernous invasion), and the inva-
siveness into the cavernous sinus and/or sphencid sinus
were defined on the basis of preoperative magnetic reso-
nance imaging (MRI).

Table 1 Clinical and patfxological characteristic ‘of 82 pituitary adenomas used for immunohistochemistry

Case. Tumor size Hardy’s grading Invasiveness
Macro Micro AB ¢, D,E Tnvasive Non invasive

Patients (n, %) 82 74 (90.2) 8.(9.8) 33 (44.6) 41 (55.4) 20044 62 (75.6)
Gender (n, %)

Male 31 30 (96.8) 1(3.2) 12 (40) 18 (60) 6(19.4) 75 (80.6)

Female 51 44 (86.3) 7137 214477 23(52.3) 14 (27.5) 37 (72.5)
Clinical diagnosis

Nonfunctioning 49 49 (100) 00 18 (36.7) 31 (63.3) 14 (28.6) 35 (71.4)

Acromegaly 16 12 (75) 4 (25) 7 (58.3} 5417 1(6.3) 15 (93.7)

Cushing’s 6 3 (50) 3 (50) 3 {100) 0{0) 0 (0) 6.(100)

Prolactinoma 11 10 (90.9) 1.0 5 (50) 5 (50) 5(454) 6.(54.6)
@ Springer
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Immunchistochemistry

All specimens were fixed in 10 % buffered formalin, rou-
tinely processed, paraffin-embedded, and cut into 3 pm
sections. In addition to hematoxylin and eosin (H&E)
staining, all tumors were immunostained for the full
spectrum of pituitary hormones (ACTH, GH, and PRL;
Dako Cytomation, CA, USA), thyroid stimulating hormone
(TSH), luteinizing (LH) (Spring Bioscience, CA, USA),
follicle-stimulating hormone (FSH) (Novocastra, Newcas-
tle wpon Tyne, UK), and MIB-1 (Dako Cytomation, CA,
USA) and for the three NOS isoenzymes; nNOS (CHM,
CA, USA), INOS (BOX, CA, USA), eNOS (ABR, CO,
USA) using the labeled streptavidin—biotin method.

The MIB-1 LI was determined by counting the number
of positive cells in a total of 500-1,000 tumor cells
observed in the highest staining regions of 10 high-power
fields (x400). The results were expressed as the percentage
of tamor cells with positive nuclei.

Data analysis

The NOS immunoreactivity (IR) of the analyzed antibody
was scored independently by two observers who didn’t
know which NOS was stained, and they graded arbitrarily
from 0 to 3 according to the proportion of cells stained. A
value of 0 indicated the absence of staining, 1 indicated
sporadic staining, 2 indicated heterogeneous staining and 3
indicated staining of the majority of the cells examined.
The presence of a granular brown reaction product located
in the cytoplasm of adenomas and endothelial cells was
taken as a positive response (Fig. 1).

The correlation between the mean MIB-1 LI and clinical
variables (age, functional status, tumor size, Hardy’s
grading, cavernous and/or sphenoid invasiveness, and
progression) was analyzed by the Mann—Whitney U test.
The correlation between NOS IR and the clinical variables
was analyzed by the Chi square test. The progression was
investigated in 11 patients who could be followed with
MRI for more than 1 year after or before the operation. The
progression was defined as volume growth by more than
5 % in 1 month. The correlation between the MIB-1 LI and
NOS IR was analyzed by the Spearman correlation test. A
value of P < 0.05 was considered to be significant.

Results

The clinical and pathological characteristics of the 82
pituitary adenomas used for immunohistochemistry are
shown in Table 1. Most of the cases were macroadenomas,
the majority of which were nonfunctioning adenomas and
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prolactinomas. The nonfunctioning adenomas and prolac-
tinomas tended to be more invasive than the other tumors.

Figure 2 shows the MIB-1 LI in the pituitary adenomas
according to the clinical diagnosis. The tumors with a
MIB-1 LI > 1.0 % were all nonfunctioning adenomas and
prolactinomas. Figure 3 shows the NOS IR in the pituitary
adenomas according to the clinical diagnosis. Many non-
functioning adenoma and acromegaly cases expressed
nNOS, iNOS and eNOS IR, which was stronger than grade
2 compared with the other tumor types and control cases.
Nonfunctioning adenomas had especially strong iNOS IR.

The mean MIB-1 LI had no significant associations with
the age, functional status, Hardy’s grading or progression
(Table 2). On the other hand, there was a statistically sig-
nificant difference in the MIB-1 LI between macroadeno-
mas and microadenomas (P < 0.05), and between invasive
adenomas and noninvasive adenomas (P < 0.05) (Table 2).

In the comparison between the NOS IR and clinical
variables, there was a statistically significant difference

“ MIB-LLI (36§

773 =08

Cushing's

Moy,

functioning Asromegaly ?mfar;t OO

Fig. 2 The distributions of the MIB-1 LI in the pituitary adenoma
cases

Non
funetioning
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Fig. 3 The distributions of the NOS immunoreactivity (IR) in the
pituitary adenoma cases. nNOS: neuronal NOS, iNOS; inducible
NOS, eNOS; endothelial NOS, eNOS(v); endothelial cell eNOS
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Table 2 Comparison between

moean MIB-1 L1 and clinical Variable Variable groups Cases MIB-1 LI (% + SEM) P value )
variables Mann-Whitney
Age(years) <45 19 0.35 4 0.16 0.06
>45 63 0.66 £+ 0.23
Functional status Functional 33 0.76 £ 043 0.13
Nonfunctional 45 0.93 £+ 0.45
Macro 74 0.62 £+ 0.20 0.03
Micro 8 0.04 £+ 0.02
Hardy’s grading A B 33 0.28 &+ 0.06 0.2
C,D,E 41 0.89 £+ 0.35
Invasive 23 1.35 + 0.61 0.005
Noninvasive 50 0.25 + 0.06
Progression <5 % 4 0.13 = 0.08 0.08
(volume/mo) >5% 7 0.83 + 0.31

only in the iNOS IR between invasive adenomas and
noninvasive adenomas (P < 0.05) (Table 3). The iNOS IR
had a significant correlation with the MIB-1 LI (P < 0.05)

(Fig. 4).

Discussion

This study shows that all isoforms of NOS, especially
iNOS IR, were significantly upregulated in relation to the
invasiveness and MIB-1 LI in nonfunctioning adenomas
and acromegaly cases, compared with the other types of
tumors and control tissue.

Previous studies have reported that invasive and larger
pituitary adenomas [10], or recurrent nonfunctioning ade-
nomas with rapid progression have a high MIB-1 LI [11],
while other studies have shown that the invasiveness and
tumor size have no relationship with the MIB-1 LI [12].

Our present results showed that the larger and more inva-
sive nonfunctioning adenomas and prolactinomas were
associated with a higher MIB-1 LI. There was no signifi-
cant difference with regard to the relationship between the
MIB-1 LI and tumor progression. These results may be due
to the small number of cases. On the other hand, there have
been some reports about NOS expression in human pitui-
tary adenomas [1, 7-9]. For example, nNOS was shown to
be upregulated in both pituitary adenomas and in the nor-
mal pituitary gland, especially in pituitary adenomas, and
iNOS is mildly upregulated in both types of tissues [1].
eNOS is upregulated in both adenoma cells and endothelial
cells [8], or in only endothelial cells [1]. Our study also
showed the same results as above. eNOS was also upreg-
nlated in both adenoma cells and endothelial cells,
although the number of cases was modest.

The clinical significance of NOS expression in pituitary
adenomas is still unclear, although there have been some

Table 3 Comparison between nitric oxide synthase IR and clinical variables

Variable Variable nNOS IR Chi iNOS IR Chi eNOS IR Chi eNOS IR(v) Chi
groups 0 =1 square -1 square -1 square —21—-— square
Age(y) <45 17 3 20 054 16 4 20 002 17 3 20 1 19 0 19 057
>45 48 14 62 29 32 6l 53 9 62 55 4 59
Functional status  Functional 25 7 32 088 18 13 31 072 27 5 32 08 28 2 30 0.64
Nonfunctional 41 9 50 27 23 50 43 7 50 46 2 48
Macro 60 14 74 035 41 32 73 097 63 11 74 1 66 4 70 1
Micro 5 3 8 4 4 8 7 1 8 g8 0 8
Hardy’s grading A, B 25 8 33 045 17 15 32 064 26 7 33 029 29 1 30 063
C,D, E 35 6 41 24 17 41 37 4 41 37 3 40
Invasive 19 4 23 02 6 16 22 0.004 21 2 23 049 21 1 22 1
Noninvasive 46 3 49 3¢ 20 59 45 10 59 53 3 56
Progression <5 % 4 0 4 049 2 2 4  0.58 4 0 4 1 4 0 4 1
(volume/mo) >5% 5 2 7 2 5 7 6 1 7 7 0 7
@ Springer

364



Endocrine

Fig. 4 The correlation between = nNOS INOS
the MIB-1 labeling index and g gl ' 3L }
NOS immunoreactivity. Inset, 85 *
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studies that have speculated that NOS may regulate the
blood flow and endocrine activity in adenomas [7].

Our study did not suggest any role of NOS in the
endocrine activity, because no relationship was found
between NOS expression and functional and nonfunctional
adenomas. However, there was a relationship between
iNOS expression and the invasiveness of adenomas. iNOS,
which originates from macrophages, plays an important
role in tissue injury and repair. Some reports have shown
that iNOS has a relationship with the growth and inva-
siveness of other tumors [13]. Therefore, iNOS may be
upregulated in adenomas with high invasiveness, as was
noted in our results. There was a significant correlation
between the MIB-1 LI and iNOS IR in the present study,
further supporting a potential role for iNOS in adenomas.

Half of our cases with upregulated eNOS showed
hemorrhage or a cyst after hemorrhage in the preoperative
MRI. The upregulation of eNOS in these hemorrhagic
adenomas may have been due to the fact that eNOS con-
tributes to regulating the blood flow.

Future studies are needed to further analyze the
expression of the NOS isoforms in adenomas by quanti-
tative assessments, such as in situ hybridization.
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Introduction: Mutations in H3F3A, which encodes histone H3.3, commonly occur in pediatric glioblastora. Additionally, H3F3A K27M
substitutions occur in gliomas that arise at midline locations (eg, pons, thalamus, spine); moreover, this substitution occurs mainly in
tumors in children and adolescents. Here, we sought to determine the association between H3F3A mutations and adult thalamic glioma.

Metheds: Genomic H3F3A was sequenced from 20 separate thalamic gliomas. Additionally, for 14 of the 20 gliomas, 639 genes—
including cancer-related genes and chromatin-modifier genes—were sequenced, and the Infinium HumanMethylation450K BeadChip
was used to examine DNA methylation across the genome.

Results: Of the 20 tumors, 18 were high-grade thalamic gliomas, and of these 18, 11 were from patients under 50 years of age {median
age, 38 y; range, 17-46), and 7 were from patients over 50 years of age. The H3F3A K27M mutation was present in 10 of the 11 (91%)
younger patients and absent from all 7 older patients. Additionally, H3F3A K2 7M was not detected in the 2 diffuse astrocytomas. Further
sequencing revealed recurrent mutations in TP53, ATRX, NF1, and EGFR. Gliomas with H3F3A K2 7M from pediatric or young adult patients
had similar, characteristic DNA methylation profiles. In contrast, thalamic gliomas with wild-type H3F3A had DNA methylation profiles
similar to those of hemispheric glioblastornas.

Conclusion: We found that high-grade thalamic gliomas from young adults, like those from children and adolescents, frequently had
H3F3AKZ7M.

Keywords: thalamic glioma, young adult, H3F3A mutation.

thalamic GBM. Wu et al® also reported a high frequency of H3F3A
mutations in pediatric gliomas and that 78% of diffuse intrinsic

Gliomas of the thalamic region are relatively rare and constitute
~1% of all brain tumors.*~3 Thalamic gliomas are generally diffi-

cult to treat because the tumors are located deep within the
brain and, therefore, are rarely amenable to radical surgical resec-
tion.* Thus, development of a novel anticancer drug is needed to
treat these tumors. Schwartzentruber et al® recently reported
that more than 30% of pediatric glioblastoma multiforme (GBM)
tumors carry a mutation in the H3F3A gene, which encodes the
replication-independent histone 3 variant H3.3. There are 2
common mutations (K27M and G34R/V) in human H3F3A that
each result in an amino acid substitution within the histone tail.
In a study of 784 glioma samples of all grades and histological
diagnoses and from patients of all ages, the H3F3A K27M mutation
was highly specific to GBM and was found mainly in younger patients
(median age, 11 y; range, 5-29), including several patients with

pontine gliomas (DIPGs) and 22% of nonbrainstem pediatric GBM
carry a mutation in H3F3A or in a related gene, HISTIH3B, which
encodes the histone H3.1; each of these mutations causes a K27M
amino acid substitution in the respective protein. Sturm et al’
further showed that these mutant tumors havedistinct methylation
profiles and that the H3F3A K27M mutation most often occurs in
tumors located in the midline of the brain, such as in the thalamus,
brainstem, or spine. In contrast, G34R/V mutations were found in
hemispheric gliomas. Although 71%-78% of DIPGs are known to
have a K27M mutation,®? to our knowledge no study has focused
on the H3F3A K27M mutation in thalamic gliomas. Here, we ana-
lyzed the prevalence and significance of the K27M mutation, espe-
cially for adult patients with thalamic glioma.
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Materials and Methods

Patients and Samples

From April 1997 to March 2013, 27 adult patients (>16 y of age) with
primary thalamic glioma were treated at Tokyo University Hospital or the
National Cancer Center Hospital (Table 1). Histological diagnoses were
made by a senior neuropatholegist from the respective treatment centers
and according to World Health Organization guidelines. There were 15
GBM, 9 anaplastic astrocytomas (AAs), and 3 diffuse astrocytomas (DAs).
Of the 3 low-grade gliomas, 2 were located bilaterally; in contrast, most
high-grade gliomas were not bilateral (left, 12; right, 11; bilateral, 1). We
were able to obtain samples of freshly frozen tumnor tissue for 16 of the
27 cases; and for 14 of these 16 cases, paired, normal blood samples
were available; moreover, formalin-fixed, paraffin-embedded samples of
tumor tissue were available for 4 of the other 11 cases. In all, tissue
samples were available for 20 of the 27 cases. The study was approved
by the ethics committees of the University of Tokyo Hospital and the Nation-
al Cancer Center Hospital. Each patient provided writteninformed consent.

Table 1. Patient characteristics and H3F3A status

DNA Extraction

The AllPrep DNA/RNA Micro kit (Qiagen) was used according to the manu-
facturer’s instructions to extract genomic DNA from freshly frozen tumor
tissue. Formalin-fixed, paraffin-embedded samples were deparaffinized
with xylene, and a QIAamp DNA Mini kit (Qiagen) was then used to
extract genomic DNA from these tumor samples. For the 14 cases for
which tumor tissues and a paired, normal blood sample were available, a
DNA extraction kit (Qiagen) was used to extract control genomic DNA
from the paired blood sample.

Sanger Sequencing

For the 20 cases in which DNA from tumor tissue was available, the Sanger
method was used to sequence the DNA. Oligo primers were designed to
amplify a target region within H3F3A (sense 5'- TCAATGCTGGTAGGTAAG
TAAGGA -3, antisense 5- GGTTTCTTCACCCCTCCAGT -3’; product size:
152 bp). The high-fidelity DNA polymerase KOD-plus (Toyobo) and opti-
mized thermal conditions were used to perform PCR, and the PCR products

Sample ID Age Location 0OS (mo) Surgery Treatment H3F3A . MGMT Promoter
GBM1°® 17 Right 8.9 PR RT+ TMZ K27M u
AA1 19 Bilateral 30.6 Biopsy RT+ACNU - -
AA2SD 20 Left 9.9 Biopsy RT+TMZ K27M u
GBM2°° 27 Multiple® 3.8 PR RT+TMZ K27M u
GBM3%P 34 Right 12.6 STR RT +ACNU K27M u
AA3 37 Right 26.1 Biopsy RT+ TMZ K27M -
GBM&>P 38 Left 9.8 Biopsy RT+TMZ K27M u
AAL 38 Left 17.7 Biopsy RT+ACNU WT -
GBM59P 39 Right 10.4 PR RT+TMZ K27M u
AASP 41 Left 20.6 PR RT+ TMZ K27M u
AAEP 43 Left 15.6 Biopsy RT+TMZ K27M m
GBM6 45 Left 30.8 Biopsy RT+ACNU - -
GBM7%P 46 Right 1.6f GTR RT+T™MZ K27M u
AAT7 47 Right 243 Biopsy RT+ACNU - -
GBM8 48 Left 65.8 Biopsy RT 4 TMZ - -
GBMgP 50 Right 3.9 Biopsy RT+TMZ WT u
GBM10 53 Left 7.3 Biopsy RT+TMZ - -
AABDE 57 Multiple® 1102 Biopsy RT+ACNU WT m
GBM11%P¢ 62 Left 19.4 Biopsy RT+TMZ WT u
GBM12%P 64 Left 30.4 STR RT+TMZ WT m
GBM13° 71 Left 3.5 Biopsy RT+TMZ WT -
GBM14 73 Left 17.9 Biopsy RT +TMZ - -
GBM15%° 73 Right 0.7 Biopsy RT+TMZ WT u
AA9 78 Right 0.3 Biopsy No therapy WT -
DAl 28 Bilateral 21.1 Biopsy - -
DA2° 29 Bilateral 9.2f Biopsy WT -
DA3 ' 30 Left 1244 Biopsy WT -

Abbreviations: 0S, overall survival; GTR, gross total resection; STR, subtotal resection; PR, partial resection; RT, radiotherapy; TMZ, temozolomide; ACNU,
nimustine hydrochleride; WT, wild-type; m, methylated; u, unmethylated; -, not available.

“Specimen subjected to targeted sequence analysis.
bSpecimen subjected to global methylation profile analysis.
‘Specimen of recurrence.

dRight thalamus, left temporal lobe, and fourth ventricle.

CRight thalamus, left cerebellopontine angle, cerebellum surface, and fourth ventricle.

'Still alive at last follow-up.
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were then evaluated on a 2% agarose gel and subsequently purified. The
Big Dye Terminator kit (Applied Biosystems) was used for each sequencing
reaction; both strands of each PCR product were sequenced, and each
sample was analyzed on an ABI 3130xl capillary sequencer {Applied
Biosystems).

Targeted Sequencing

For the 14 cases for which a tumor sample and a paired, normal blood
sample were available, we used the Haloplex system (Agilent) to amplify
and analyze the sequences of 639 selected genes (see Supplementary
Table S1). These selected genes included H3F3A, HISTIH3B, genes often
mutated in gliomas (such as IDH1/2, ATRX, TP53, NF1, EGFR, PDGFRA),
other frequently mutated cancer genes, and chromatin-modifier genes.
Target regions were enriched using Haloplex technology following the man-
ufacturer’s protocols. A Hiseq2 500 system (Illumina) set in rapid mode was
used to sequence the amplified targets as 150-bp paired-end reads. The
median coverage was 348-fold, and more than 93% of target regions
were covered by at least 10 reads (see Supplementary Table S2). The
Burrows-Wheeler Aligner algorithm v0.5.9% was used to map this se-
quence data onto the reference genome (hg19), and somatic mutations
were identified with the Genome Analysis Toolkit Unified Genotyper
v1.6.13.%° The tumor-specific mutations were identified by comparing
results from tumor DNA and blood DNA and were annotated with
Annovar (23 October 2012).1* Finally, we used the Integrative Genomics
Viewer v2.2%? to check these mutations, and we excluded artifact
mutations.

Methylation-specific PCR

The EZ DNA Methylation kit (Zymo Research) was used according to the
manufacturer’s protocol to conduct bisulfite reactions with each genomic
DNA sample (250 ng). DNA methylation status of the O%-methylguanine
methyltransferase (MGMT) promoter was then determined by methylation-
specific PCR as described by Esteller et al.*?

Global Analysis of DNA Methylation

The Infinium HumanMethylation450BeadChip (Illumina) was used accord-
ing to the manufacturer’s instructions tc examine the genome-wide DNA
methylation profiles of 14 high-grade thalamic gliomas. Previously pub-
lished” methylation data from additional glioblastorna samples (n = 136)
and from control samples (n = 6; 2 adult normal brain and 4 fetal normat
brain) were obtained from the National Center for Bictechnology Informa-
tion’s Gene Expression Omnibus (http:/www.ncbi.nlm.nih.gov/geo). The
followingfiltering steps were used to select probes for unsupervised cluster-
ing analysis. Probes targeting the X and Y chromosomes and probes con-
taining a single nucleotide polymorphism (dbSNP130 common) within 5
base pairs of and including the targeted cytosine-phosphate-guanine
(CpG) site were removed. The standard deviation of B-values for each
probe was calculated, and the top 8000 probes were selected.

Statisticat Analysis

Overall survival was analyzed using the Cox regression analysis or the
Kaplan-Meier method, and the log-rank test was used to make universal
assessments of Kaplan-Meier plots. The frequency of methylation of the
MGMT promoter and of other genes was analyzed by Fisher’s exact test,
and Welch's t-test was used to compare the average age of the H3F3A
K27M group with that of the wild-type H3F3A group. P < .05 was considered
significant. Statistical calculations were carried out using Rv2.15.2 (http:/
WWw_gran.r-project.org).

Results

Frequency and Characteristics of Patients Harboring
the H3F3A K27M Mutation

Among the 18 high-grade thalamic gliomas that we subjected to
sequence analysis, 10 (56%) tumors had an H3F3A K27M muta-
tion, while none of the 18 tumors harbored an H3F3A mutation
at G34. Remarkably, 10 {91%) of the 11 tumors that were from
patients under 50 years of age (median age, 38 y; range, 17-46)
had the H3F3A K27M mutation; in contrast, the H3F3A K2 7M muta-
tion was not found in any of the 7 tumors that were from patients
over 50 years of age (Table 1). The patients with the H3F3A K27M
mutation were significantly younger than those with wild-type
H3F3Aalleles(34.2 vs61.6y; P=.0003). The H3F3A K27M mutation
was not detected in DAs from patients who were 29 or 30 years
of age.

Targeted Sequence Anatyses for Selected Genes

Among the 14 cases that were subject to targeted sequence
analysis, tumor DNA samples from cases GBM4 and GBM11
each had mutations in mismatch repair genes and had a higher
than average number of mutations; the average number of nonsy-
nonymous mutations in DNA samples fromall tumorsexcept these
2 GBM specimens was 3.83 {0-8) {see Supplementary Table S3),
while the numbers of nonsynonymous mutations in the DNA
samples from GBM4 and GBM11 were 32 and 165, respectively.
GBM4 had a mutation in the mismatch repair gene MSH2 (MutS
homolog 2}. In the case of GBM11, which recurred after treatment
with the alkylating agent temozolomide, mutations were identi~
fied in 2 mismatch repair genes, PMS2 (postmeiotic segregation
increased 2) and MLH3 (Mutl homolog 3); moreover, 158 (96%)
of 165 mutations found in this tumor were G/C to A/T transitions.
Therefore, GBM11 apparently had a hypermutator phenotype.*
Because most of the mutations in these 2 cases (GBM4 and
GBM11) could have accumulated passively owing to the lack of
mismatch repair function, we excluded the mutation data from
these cases from the subsequent analyses. _

Consistent with previously reported data,” H3F3A-mutant high-
grade gliomas frequently also had mutations in TP53, ATRX (2/7
[28.6%] of H3F3A K27M-mutant tumors vs 0/4 [0%] of wild-type
H3F3A tumors; P=.49), and NF1 (3/7 [42.9%] vs 0/4 [0%)];
P=.24) (Fig. 1). In contrast, wild-type H3F3A tumors had EGFR
mutations more frequently than did H3F3A K27M-mutant
tumors {0/7 [0%)] vs 2/4 [50%]; P=.11). There were no recurrent
mutations other than H3F3A, TP53, ATRX, NF1, and EGFR. Wu
etal® reported that 18% of DIPGs had a HIST1H38 K27M mutation,
but we did not find HISTTH3B mutations in any of the 14 tissue
samples evaluated, even in samples from wild-type H3F3A
turmors. Additionally, none of the 14 tumors examined had an
IDH1 or an IDH2 mutation.

Recently, Fontebasso et al® found that mutations in the SETD2
gene, which encodes an H3K36 trimethyltransferase, occurred
in 15% of hemispheric pediatric GBMs, and mutations in SETD2
and H3F3A were mutually exclusive. Based on these findings, we
also sequenced genes that potentially affect histone modifi-
cation, such as the H3K27 methyltransferase EZHZ, the H3K27
demethylase KDM6A, the H3K27 acetyltransferase EP300, and
CREBBP. We identified a KDM6A mutation (p.R1213L), located in
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Fig. 1. Nonsynonymous mutations identified via targeted sequencing. Each row represents a specific gene, and each column represents cne sample. The

shaded boxes represent identified nonsynonymous mutations.

the JmjC domain, in one case of DA with wild-type H3F3A and a
CREBBP mutation in one case of GBM with the H3F3A K27M muta-
tion. However, we did not find mutations in any of these genes in
any of the 4 analyzed cases of high-grade glioma that lacked an
H3F3A K27M mutation.

In addition, we found an FGFR1 mutation (N546K) in one GBM
(GBM5) with H3F3A K27M. Schwartzentruber et al® also reported
an FGFR1 mutation (K656EF) in an H3F3A K27M-mutant tumor.?
Both of these FGFR1 mutations reportedly enhance kinase activity.*®

Methylation Status of the MGMT Promoter

We analyzed methylation at the MGMT promoter in samples from
14 adults with high-grade gliomas whose DNA was suitable for
such analysis; the MGMT promoter in 11 (79%) of these tumors
was unmethylated. In particular, the MGMT promoter was fre-
quently unmethylated in samples of thalamic glioma with an
H3F3A K27M mutation from young adults (8/9; 89%). The rate of
unmethylated MGMT promoter was higher in the group of
samples analyzed in this study than in a group of high-grade
gliomas from all locations that we analyzed previously (43/75;
57%),*® but the difference between these rates was not statistical-
ly significant (P=.23).

Global DNA Methylation Profiles of Thalamic Gliomas

The genome-wide Infinium methylation data demonstrated that
adult thalamic high-grade gliomas with the H3F3A K27M mutation

had methylation profiles distinct from those of adult thalamic
high-grade gliomas that lacked the H3F3A K27M mutation
(Fig. 2). In the hierarchal clustering analysis that included methyla-
tion profile data from previously categorized pediatric and adult
gliomas,’ the adult thalamic high-grade gliomas harboring the
H3F3A K27M mutation clustered within the same “K27” category
as did the pediatric gliomas harboring H3F3A K27M. In contrast,
adult thalamic high-grade gliomas with wild-type H3F3A, which
had a variety of methylation profiles, did not cluster into the K27
category, but clustered within several other categories, including
“mesenchymal” and “classic.” One recurrent anaplastic astrocy-
toma (AA8) that was wild-type for H3F3A had a profile that was
similar to those of the tumors in the K27 category, but this profile
seemed to be located outside the cluster in the K27 category.

Prognostic Value of the H3F3A K27M Mutation

For the 16 cases forwhich a primary tumor sample wasanalyzed, the
median overall survival of patients with GBM and those with AAwas
8.9 months and 15.6 months, respectively. The median overall sur-
vival of patients with high-grade gliomas (GBM or AA) was 9.9
months, and progression-free survival of these patients was 5.3
menths. In these cases of high-grade glioma, the median overall sur-
vival of patients with H3F3A K27M-mutant tumors was 10.4 months
(GBM, 9.8 mo; AA, 15.6 mo) and that of patients with wild-type H3F3A
tumors was 3.5 months (GBM, 3.5 mo; AA, 0.3 mo). There was no
statistical difference in overall survival (P=80) or progression-free
survival (6.0 vs 1.8; P=.44) between these 2 groups (Fig. 3).
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Fig. 2. Heatmap of methylation levels (B-value}in150high-grade gliomas, including 14 thalamic gliomas analyzed in this study. Supervised clusteringwas
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Fig. 3. Kaplan=Meier estimates of overall survival in cases of high-grade
‘thalamic gliomas. There was no statistical difference:in overall survival

between patients with H3F3A K27M-mutant tumors and those with:

wild-type H3F3A tumors:

The Coxregression analysis assessing 3 variables—H3F3AK27M
mutation status, MGMT methylation, and age—showed no signifi-

cant: difference in overall survival due to any one variable (H3F3A
mutation: hazard ratio- [HR]=0.11, 95% confidence interval
[C[1=0.0057-2.2, P=15; MGMT methyioti'oh; HR=0.088, 55%:

C1=0.0054-1.4, P=.088; and age: HR= 0.96, 95% CI=0.88-
1.1,P=38).

Discussion

Here, we showed that the H3F3A K2 7M mutation was common in
high- grade thalamic gliomas in young adults, asis the case for
GBM in children and adolescents.™ Reportedly, 80% of pedlotnc
thalamic' GBM tumors horbor the H3F3A K27M substitution, >’
as do 71%-78% of DIPGS‘, ® however, the occurrence of this sub-
stitution in adult thalamic glioma has not been examined. We
found ‘that the H3F3A K27M mutation ‘was ‘highly prevalent in
cases of thalamic GBM in young adults; moreover, this mutation
was found in 90% (9/10 cases) of high-grade thalamic gliomas in
patients between 20 and 46 yearsof age. In contrast to IDH muta-
tions, the H3F3A K27M mutation seemed infrequent in low-grade
gliomas; DAs from patients of 29 or-30 years of age did not-have
the H3F3A K2 7M mutation. For DIPGs, a small numberof low~gr0de
astrocytomas were reported to have the H3F3A K27M mutation,®
but in'general the H3F3A K27M mutation seemed to be specific
to hlgh grade gliomas.®

H3F3A encodes H3.3, a specialized histone: variant. H3.3 is
deposited on chromatin in a. replication-independent manner
and is enriched at actively transcribed genes and heterochromatic
regions, such as telomeres and pericentromeric regions.*? Histone
3 lysine 27 trimethylation (H3K27me3), which is mediated by the
histone-methyltransferase enhdncer of zeste homolog 2 (EZH2),
a'member of the Polycomb family, is associated with the silencing
of transcription.?® Reportedly, tumors with the H3F3A K27M
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mutation have little or no H3K27me3, and they have increased
acetylation of H3K27 (H3K27ac); conversely, tumors withwild-type
H3F3A have increased H3K27me3 and lowered H3K27ac
levels.*"*? Although the mutated histone variant H3.3 accounts
for only a small proportion of the entire histone H3 population, re-
duction of H3K2 7me3 occurs globally and affects other histone H3
molecules because the K27M peptide reduces the methyltransfer-
ase activity of Polycomb repressive complex 2 (PRC2) by inhibiting
the catalytic subunit EZH2, which contains a Su(var)3-9/
enhancer-of-zeste/trithorax (SET) domain.?? Moreover, inhibition
of PRC2 leads to increased levels of H3K27 acetylation, which is a
marker of active enhancers.”® In fact, gliomas with the H3F3A
K27M mutation were shown to form a class with a distinctive
methylation profile of CpG islands that probably resulted from epi-
genetic dysregulation.” However, the mechanisms by which this
dysregulation of histone modification leads to gliomagenesis is
unknown. We reasoned that the thalamic gliomas lacking the
H3F3A mutation might result from a similar mechanism of tumori-
genesis as tumors harboring the H3F3A K2 7M mutation; therefore,
we performed targeted gene sequencing of molecules that could
modulate H3K27 status. The targeted genes included EZH2,
KDM6A, EP300, and CREBBP. We identified a KDM6A mutation
(p.R1213L) in one case of DA. This mutation was located in the
JmjC domain, and might have similar tumorigenic potential as
the H3F3A K27M mutation. We also identified a CREBBP mutation
in a tumor with the H3F3A K27M mutation; however, we did not
find mutations in any of these genes in the high-grade tumors
that lacked the H3F3A K27M mutation. Therefore, high-grade thal-
amic gliomas with wild-type H3F3A might have resulted from a
tumorigenic mechanism that is not related to H3.3 K27 modifica-
tions. However, we did not identify any other driver mutation.
Genomic analysis on a larger scale might be required to reveal
novel mutations, but thalamic gliomas are rare and biopsy is the
standard surgical procedure; therefore, such a large-scale analysis
of these gliomas will be difficult.

To further evaluate the molecular characteristics of H3F3A
K27M-mutant thalamic gliomas, global methylation profiles
were examined; the adult thalamic high-grade gliomas with the
H3F3A K27M mutation had methylation profiles similar to those
of H3F3A K2 7M-mutant pediatric glioblastomas. This finding indi-
cated that patient age did not affect the pattern of methylation
in K27M-mutant tumors. In contrast, H3F3A wild-type adult thal-
amic high-grade gliomas, which occurred mostly in patients over
50 years of age, shared the molecular characteristics with hemi-
spheric glioblastomas; this finding was expected based on the
fact that molecules that could modulate H3K27 status were not
mutant in these tumors. These results raised the possibility that
treatment strategies in cases of adult glioblastomas should be
designed based on tumor location and H3F3A mutation status.

In this set of cases, the median overall survivals were only 8.9
months and 15.6 months for patients with GBM and those with
AA, respectively. These periods of survival were shorter than the
average overall survival among patients with GBM or AA.** These
gliomas, because of their location, were not amenable to radical
tumor resection, and this characteristic might be one reason for
thepoor outcomes, as the degree of surgical resectionis animport-
ant prognosticfactor.?® Indeed, diagnostic biopsy was the sole sur-
gical intervention in most of these cases. The absence of IDH1 and
IDH2 mutations, which were found in ~30% of AA and 10% of GBM
in our previous report¢ and are good prognostic markers of longer

survival, might also account for the poor prognosis of patients with
thalamic gliomas. We also suspected that the low frequency of
methylated MGMT promoters, which are the key indicators of
poor response to temozolomide and are among the most import-
ant prognostic factors,*® might explain the poor survival among
younger patients with thalamic glioma who underwent intensive
chemoradiotherapy. Indeed, the patients with methylated MGMT
promoters lived longer than those with unmethylated MGMT
promoters, but this difference was not statistically significant. In
addition, we suspected that H3F3A K27M mutation in thalamic
gliomas might be associated with poor survival, because H3F3A
K27M-mutant DIPGs were reportedly associated with worse overall
survival than were wild-type tumors.® However, in this study, there
was no significant difference in overall survival between patients
with H3F3A K27M-mutant gliomas, which occurred mostly in
younger patients, and those with wild-type H3F3A gliomas, which oc-
curred mostly in older patients. Nevertheless, our sample size was
small, and the prognostic significance of H3F3A K27M mutation for
thalamic gliomas must be examined further in larger studies.

In conclusion, thalamic gliomas in young adults, as well as
those in children and adolescents, often harbor the H3F3A K27M
mutation. Thalamic high-grade gliomas in young adults may as a
group share a particular mechanism of tumorigenesis that is
related to the H3F3A K27M mutation; therefore, development of
customized treatment strategies may be required for this patient
population.

Supplementary Material

Supplementary material is available online at Neuro-Oncology
{http:/neuro-oncology.oxfordjournals.org/).
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Abstract

Radiation therapy with concomitant and adjuvant temozolomide (TMZ) is the standard therapy for
nonelderly patients with glioblastoma. However, TMZ-based chemoradiotherapy for elderly patients with
glioblastoma is controversial. The aim of this study was to investigate the benefits and adverse effects of
this combined therapy in elderly patients with glioblastoma. Of the 76 newly diagnosed glioblastoma
patients who were treated with standard radiotherapy (60 Gy/30 fractions) and TMZ, treatment toxicity
and therapeutic outcome were evaluated in 27 elderly patients (age 65 years or older) and compared with
those of 49 nonelderly counterparts (age younger than 65 years). The incidence of common toxicity cri-
teria Grade 4 adverse events during the concomitant course was higher in the elderly group than that in
the nonelderly group (26% versus 8%; p = 0.046). Cognitive dysfunction was observed only in the elderly
group (p = 0.042). The median overall survival (OS) and median progression-free survival in the elderly
group were 15.2 months (95% confidence interval [CI]; 12.9-18.5) and 8.4 months (95% CI; 5.1-11.7),
respectively. OS was significantly shorter in the elderly group than in the nonelderly group (p = 0.021).
The recursive partitioning analysis score was a prognostic factor for 0S. TMZ-based chemoradiotherapy
was associated with an increased risk of Grade 4 adverse events in the elderly patients during concomi-
tant use. Thus, elderly patients who undergo a concomitant course of TMZ must be closely monitored
for adverse events. Treatment of glioblastoma in elderly patients must be optimized to reduce toxicity to
acceptable levels and to maintain efficacy.

Key words: glioblastoma, elderly, temozolomide, toxicity

Introduction

Glioblastoma multiforme (GBM) is the most common
primary brain cancer, and it occurs frequently in
elderly people.” The elderly population is growing
in many countries; therefore, the number of GBM
patients diagnosed at age > 65 years is expected to
continue to increase. Despite intensive treatment
that could include surgical resection, irradiation,
chemotherapy, or some combination of these,
patients with GBM have a poor prognosis and a
median overall survival (OS) of a little over a year.
Moreover, elderly patients are known to have even
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shorter survival than their younger counterparts.?
Based on the findings of a phase III randomized
trial, radiotherapy with concomitant and adjuvant
temozolomide (TMZ) is considered the standard of
care for those patients with GBM who are less than
70 years old.® However, subgroup analysis of this
study showed diminishing benefit with increasing
age, the hazard ratio being 0.80 for the 66—71 year
age group (p = 0.340)%; this finding indicated that
combined chemoradiotherapy with this regimen may
not represent the optimal approach to treatment of
GBM in elderly patients. Therefore, optimization of
radiotherapy and chemotherapy for elderly patients
with GBM has been an important clinical concern
in recent years.



2 K. Saito et al.

The decreased survival benefit of TMZ-based
chemoradiotherapy in elderly patients might be
attributed, in part, to the toxicity of the treatment.
Based on data from several reports, elderly patients
who undergo the standard 6-week course of radio-
therapy with concomitant TMZ chemotherapy suffer
adverse events.® " However, the toxicity profile of
this combined chemoradiotherapy in elderly patients
has not been evaluated thoroughly, particularly
in Asian populations. Furthermore, comparisons
between adverse events rates in elderly patients
and those in younger counterparts have generally
not been studied in the setting of ordinary clinical
trials. We think that more and better information
about the toxicity caused by TMZ-based chemora-
diotherapy in elderly patients will help to improve
post-operative therapy in this population; therefore,
we retrospectively reviewed cases of newly diagnosed
GBM that were treated with surgery and TMZ-based
chemoradiotherapy in the same institutions during
the same period, and we compared the adverse
events and therapeutic outcome in elderly patients
with those in younger counterparts.

Methods

The authors retrospectively analyzed 76 cases
of newly diagnosed GBM that were treated with
standard radiotherapy of 60 Gy in 30 fractions
with concomitant TMZ-based chemotherapy at the
University of Tokyo Hospital, the National Cancer
Center Hospital, and Komagome Metropolitan
Hospital between October 2004 and April 2010.
Of these 76 patients, 27 patients (aged 65 years or
older at diagnosis) were classified as elderly, and
49 patients (aged less than 65 years) were classi-
fied as nonelderly. The outcome and toxicity of the
therapy were compared between these two groups.
Patients treated with radiotherapy alone or supportive
care were excluded from the analysis. No patient
was treated with TMZ alone.

For each case included in the study, radiation
therapy started within 2 weeks after surgery, and
a total dose of 60 Gy was delivered over 6 weeks
on a once-daily schedule of 2.0 Gy per fraction.
Concomitant chemotherapy consisted of 75 mg/m?/day
TMZ from the first day of radiotherapy. Adjuvant
TMZ was started 4 weeks after the end of radio-
therapy and was delivered for 5 days every 28
days. The TMZ dose was 150 mg/m? for the first
cycle and was increased to 200 mg/m? after the
second cycle. Patients were closely monitored for
toxicity throughout TMZ treatment, and all adverse
events were recorded and graded according to the
common toxicity criteria (GTC) of the National

Cancer Institute, version 4.0. Hematology, complete
biochemistry, and other adverse events including
disturbance of cognitive function were assessed
more than once a week during the concomitant
course and once per cycle during the adjuvant
course. TMZ was given only if neutrophils were
> 1,500/l and platelets were > 100,000/pl; otherwise,
treatment was delayed until adequate recovery. If
nadir neutrophil counts < 1,000 pl, nadir platelets
counts < 100,000/pl, or a CTC Grade 3 nonhemato-
logic adverse event was observed during adjuvant
course, TMZ dose was reduced from 200 mg/m?
to 150 mg/m? or from 150 mg/m? to 100 mg/m? in
subsequent TMZ cycle. TMZ was discontinued in
case the treating physician judges to discontinue
for any reasons such as disease progression, severe
toxicity, patient refusal, and so on. Prophylactic
sulfamethoxazole-trimethoprim for Pneumocystis
jiroveci was given routinely.

Patients were evaluated for response using magnetic
resonance imaging neuroimaging, which was performed
every two cycles. Tumor progression was defined
based on the Macdonald criteria; specifically, the
emergence of a new lesion or an increase in tumor
size by at least 25% indicated tumor progression.!?

If a frozen tumor sample from a case was available,
a QIAGEN DNA extraction kit was used to extract
DNA from the tumor sample. Based on methods
described by Esteller et al.,*¥ methylation-specific
polymerase chain reaction (PCR) following sodium
bisulfite DNA modification was used to assess
promoter methylation of the O6-methylguanine methy-
ltransferase (MGMT) gene. The study was approved
by the ethics committee of the University of Tokyo
Hospital. All clinical samples were obtained with
written informed consent from patients.

The Kaplan-Meier method was used to calculate
OS and progression-free survival (PFS), and the
log-rank test was used to evaluate differences in
progression and in survival in relation to prognostic
factors. Comparison of subjects by descriptive or
clinical demographical variables was performed
by using Fisher’s exact test for discrete variables
and a Student’s f-test for continuous variables. The
significance level was set at p < 0.05. All calcula-
tions were performed using JMP version 9 software.

Results

I. Patients’ characteristics

Median follow-up periods were not significantly
different between the elderly group and the nonelderly
group (14.4 months versus 18.9 months; p = 0.12).
The characteristics of the elderly patients and the
nonelderly patients are summarized in Table 1. In
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Table1 Clinical characteristics of elderly and nonelderly
patients

265 (n=27) <65(n=49) pvalue
Age (mean + SD) 71.4 + 3.8 47.1+ 2.8
Sex
Male 16 (59%) 34 (69%) 0.45
Female 11 (41%) 15 (31%)
KPS
<70 8 (30%) 7 (18%) 0.37
70-100 19 (70%) 31 (82%)
RPA class
111 10 (20%) < 0.0001"
v 3 (11%) 25 (51%)
\'% 21 (78%) 9 (18%)
VI 3(11%) 5 (10%)
Extent of resection
GTR 6 (22%) 12 (24%) 0.65
PR 16 (59%) 24 (49%)
Biopsy 5 (19%) 13 (27%)
MGMT promoter
Methylated 8 (42%) 12 (41%) 1.0
Unmethylated 11 (58%) 17 (59%)

“Significant value. GTR: gross total removal, KPS: Karnofsky
performance status, MGMT: O6-methylguanine methyltrans-
ferase, PR: partial removal, RPA: recursive partitioning analy-
sis, SD: standard deviation.

the elderly group, the mean age was 71.4 = 3.8
years. Of the 27 elderly patients, 16 were male. The
Karnofsky performance status (KPS) of the elderly
group was under 70 in 8 patients (30%) and 70 or
more in 19 patients (70%). According to recursive
partitioning analysis (RPA),** significantly more
patients were classified into poor prognosis group
(Classes V and VI) in the elderly group than in the
nonelderly group (89% versus 29%; p < 0.0001).
Methylation-specific PCR was performed in 19 of 27
elderly patients and 29 of 49 nonelderly patients.
Among patients with methylation-specific PCR
assessment, promoter methylation of MGMT was
evident in approximately 40% of the patients in
both the elderly and nonelderly groups. There were
no significant differences between groups as to sex,
KPS, extent of resection, or MGMT methylation.

II. Toxicity

Adverse events of GTC Grade 3 and 4 that
occurred during the concomitant course (Table 2)
or the adjuvant course (Table 3) were classified as
hematologic or treatment-related nonhematologic.
During the concomitant course, lymphocytopenia
occurred frequently in both the elderly group (26%)
and the nonelderly group (63%). Thrombocytopenia
was more frequent in the elderly group than in the
nonelderly group (p = 0.042); conversely, lympho-
cytopenia was more common in nonelderly group

Table 2 CTC Grade 3 and 4 adverse events that occurred during the course of TMZ that was administered

concomitantly with radiotherapy

> 65 (n=27) < 65 (n = 49)
Adverse event p value
N % N %

Hematologic Leukocytopenia 6 (2) 22 (7) 6 (1) 12 (2) 0.33
Neutropenia 6(3) 22 (11) 4 8 0.15
Lymphocytopenia 7 (3) 26 (11) 26 (3) 53 (6) 0.03"
Thrombocytopenia 3(3) 11 (11) 0 0 0.042"
Overall Grade 3/4 10 37 26 53 0.23
Overall Grade 4 7 26 4 8 0.046"

Treatment-related  Constipation 0 0 1 2 1.0

nonhematologic Fatigue 1 1 2 1.0
Pneumonia 1 1 2 1.0
Liver enzyme 3 11 2 4 0.34
Hypoalbuminemia 1 4 0 0 0.35
Rash 0 0 1 2 1.0
Meningitis 1 0 0 0.35
Cognitive dysfunction 3 11 0 0 0.042"
Overall Grade 3/4 8 30 6 12 0.072

"Significant value. Figures in parentheses show the number or percentage of Grade 4 adverse events. CTC: common

toxicity criteria, TMZ: temozolomide.
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Table 3 CTC Grade 3 and 4 adverse events that occurred during the course of adjuvant TMZ that was

administered after radiotherapy

> 65 (n = 22) < 65 (n = 45)
Adverse event p value
N % N %

Hematologic Leukocytopenia 1 5 9(2) 20 (4) 0.15
Neutropenia 1 5 2 4 1.0
Lymphocytopenia 6 (2) 27 (5) 18 (2) 40 (4) 0.42
Thrombocytopenia 1 5 2(2) 4(4) 1.0
Overall Grade 3/4 8 36 20 44 0.6
Overall Grade 4 2 9 3 7 1.0

Treatment-related Nausea 0 0 1 2 1.0

nonhematologic Anorexia 0 0 1 2 1.0
Fatigue 1 5 0 0 0.33
Pneumonia 3 14 2 4 0.32
Liver enzyme 2 9 4 9 1.0
Rash 1 5 2 4 1.0
DVT/PE 0 0 1 2 1.0
Cognitive dysfunction 1 5 0 0 0.33
Viral infection 0 0 2 4 1.0
Overall Grade 3/4 8 36 10 22 0.25

Figures in parentheses show the number or percentage of Grade 4 adverse events. CTC: common toxicity criteria, DVT:
deep vein thrombosis, PE: pulmonary embolism, TMZ: temozolomide.

(p = 0.03). Although the incidence of overall Grade
3 and 4 adverse events was similar in both groups,
more patients in the elderly group suffered Grade
4 hematological adverse events than did those in
the nonelderly group (26% versus 8%; p = 0.046).
Total 12 Grade 4 hematologic adverse events (leuko-
cytopenia, 2; neutropenia, 3; lymphocytopenia, 4;
thrombocytopenia, 3) were observed during the
concomitant course in seven elderly patients. Two
of 7 (29%) elderly patients with Grade 4 hemato-
logical adverse event could not start the adjuvant
TMZ course because of prolonged myelosuppression.
With respect to nonhematologic toxicity, cognitive
dysfunction was observed in three elderly patients
during concomitant course, while it was not observed
in nonelderly patients (p = 0.042).

During the adjuvant course of TMZ, 4 of 22 elderly
patients (18%) and 2 of 45 nonelderly patients
(4.4%) required dose reduction (p = 0.46). The
frequency of overall Grade 3 and 4 adverse events
was comparable between the two groups. Grade 4
adverse events occurred in 9% of the elderly group
and in 7% of the nonelderly group (p = 1.0) during
the adjuvant course of TMZ.

II. TMZ cycle number and interval
The number and interval of TMZ cycles are
shown in Table 4. The mean number of adjuvant

Table 4 Number and interval of TMZ cycles

> 65 < 65 p value
Numbers of TMZ cycle 4.0+2.0 6315 0.066
Interval of TMZ cycle 32.4x25 31.8+1.67 0.69
(days)
Interval between 48.4+88 34559 0.01"

concomitant TMZ and
adjuvant TMZ (days)

“Significant value. Each number indicates mean + standard
deviation. TMZ: temozolomide.

cycles of TMZ was 4 in the elderly and 6.3 in the
nonelderly. The mean number and the interval of
adjuvant cycles were not significantly different
between the two groups (p = 0.066 and 0.69, respec-
tively), while the duration between the last day of
the concomitant course and the first adjuvant cycle
was significantly longer in the elderly group (48.4
versus 34.5 days; p = 0.01). Reasons for discontinu-
ation of the adjuvant course included recurrence,
deterioration of performance status, severe adverse
effect, and patient refusal.

IV. OS and PFS

Figure 1 shows the Kaplan-Meier analysis for
OS and PFS of the patients in the elderly and
nonelderly groups. The median OS was 15.2 (95%
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confidence interval [CI]; 12.9—18.5) months in the
elderly group and 21.6 (95% CI; 18.0-29.0) months
in the nonelderly group. OS was significantly longer
in the nonelderly group (log-rank test, p = 0.021).

PFS was 8.4 (95% CI; 5.1-11.7) months in the
elderly group, and 12.7 (95% CI 9.5—16.7) months
in the nonelderly group (p = 0.078); PFS tended to
be longer in the nonelderly group.

V. Prognostic factors and effect on OS and PFS
in the elderly group

Results of univariate analysis of prognostic
factors are shown in Table 5. RPA score (IV and V
versus VI; p < 0.01) was the prognostic factors for
OS. Median OS was 15.1 months in the age 65-69
bracket, 18.5 months in the age 70-74 bracket, and
15.3 months in the age 75-years-and-over bracket.

RPA score (IV and V versus VI) seemed to be a
prognostic factor for PFS with borderline significance
(p = 0.05). Extent of resection (gross total removal
versus partial removal and biopsy), KPS, and MGMT
promoter methylation were poorly correlated with
PFS. Median PFS was 5.3 months in the age 65-69
bracket, 9.8 months in the age 70-74 bracket, and
8.9 months in the age 75-years-and-over bracket.
Like OS, PFS did not differ significantly between
the age brackets within the elderly group.

Discussion

In this study, an increased incidence of Grade
4 adverse events and cognitive dysfunction was
observed in the elderly patients especially during
the concomitant course. Overall Grade 3 and 4
hematologic toxicity during concomitant and adju-
vant chemotherapy with TMZ in the elderly patients
was reported to range from 6% to 18% and 10%
to 22%, respectively.>**19 Meanwhile, the present
study showed a higher incidence of overall Grade
3 and 4 hematologic toxicity in elderly patients;
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Table 5 Prognostic factors for OS and PFS

o
(months) " (months) V2U°
Sex
Male 16 15.1 0.83 [§] 0.93
Female 11 16.2 8.9
Age
275 7 15.3 0.72 8.9 0.41
70-74 11 18.5 9.8
65-70 9 15.1 5.3
Extent of
resection
GTR 6 n.r. 0.57 8.9 0.31
PR, biopsy 21 15.1 6
KPS
> 70 19 15.3 0.63 8.4 0.95
<70 8 12.9 9.8
RPA score
V-v 24 16.2 <0.01" 8.9 0.05
VI 3 9.3 3.4
MGMT
Methylated 8 12.9 0.7 5.3 0.33
Unmethylated 11 18.5 9.8
Adverse event
(Grade 4)
(+) 8 15 0.15 8.4 0.75
() 19 15.3 8.9

“Significant value. GTR: gross total removal, KPS: Karnofsky
performance status, MGMT: O6-methylguanine methyltrans-
ferase, n.r.: not reached, OS: overall survival, PFS: progres-
sion-free survival, PR: partial removal, RPA: recursive parti-
tioning analysis.

37% and 36% during the concomitant and adjuvant
courses, respectively. Unexpectedly, this higher rate
of hematologic toxicity was not specific to elderly
patients, and the incidence of overall Grade 3 and
4 hematologic toxicity in the nonelderly group was



