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in patients with newly diagnosed MGs (Fig. 4).
When this group was subdivided, the PFS rate at
12 months was 55.6% (95% CI. 20.4-80.5%) in
the GBM group and 71.4% (95% CIL: 25.8-92.0%)
in the non-GBM group. For patients with recurrent
MGs, the PFS rate at 6 months was 37.5% (95%
Cl: 8.7-67.4%), the PFS rate at 12 months was 25.0%
(95% CI: 3.7-55.8%), and the median PFS was 170
days (Fig. 4). When this group was subdivided, the
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Fig. 4 Kaplan-Meier curve of progression-free survival
period/rate (judged by the efficacy and safety evaluation
committee). MGs: malignant gliomas, PFS: progression-
free survival rate, m: months, 6m-PFS: progression-free
survival rate at 6 months, 12m-PFS: progression-free
survival rate at 12 months.

PFS rates at 6 months and 12 months were both
25.0% (95% CI: 0.9-66.5%) in the GBM group and
50.0% (95% CI: 5.8-84.5%) in the non-GBM group.
Figure 5 shows gadolinium contrast-enhanced T, MRIs
before insertion, within 3 days of insertion, and
6 months and 12 months after insertion of BCNU
implants in a patient with recurrent GBM (first
relapse). A tumor, 5 cm in size, was noted in the
left frontal lobe, and 8 sheets of the BCNU implant
were inserted. Subsequently, TMZ alone (220-260
mg/day} was applied for 9 cycles. Even at 12 months
after insertion, there was no tumor growth or any
other changes observable on MRI images.

During this study, non-responders to TMZ received
either BEV therapy (1 newly diagnosed GBM patient and
1 recurrent GBM patient) or IMRT therapy (1 recurrent
anaplastic astrocytoma patient). BEV therapy for the
newly diagnosed GBM patient involved 5 cycles of
treatment (330 mg/day) after recurrence at 8.4 months
after insertion of BCNU implants. The patient died
12 months (362 days) after insertion of the BCNU
implants. BEV therapy for the second recurrence GBM
patient involved 10 cycles of treatment (500 mg/day)
at 5.7 months after insertion of the BCNU implants.
The patient died at 18.2 months (546 days) after
insertion of the BCNU implants. IMRT therapy was
applied at a dose of 60 Gy to the enhanced area
and 50 Gy to the area around the lesion after the
second recurrence at 7.3 months after insertion of
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Fig. 5 Time course of magnetic resonance (MR) imaging findings (1st relapse of recurrent glioblastoma), axial
gadolinium contrast-enhanced T,-weighted MR images (upper row), and T,-weighted MR images (lower row).
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the BCNU implants. The patient died at 16.1 months
(483 days) after insertion of the BCNU implants,

IT. Safety

Adverse events were noted in 24 of 24 (100%)
patients who received BCNU implants and adverse
events attributable to BCNU implants were 13 of 24
patients (54.2%). Major adverse events (over 20%,
Table 2) listed in descending order of incidence
were fever (18 cases, 75.0%); alopecia (16 cases,
66.7%); constipation (14 cases, 58.3%); headache
(13 cases, 54.2%); nausea (12 cases, 50.0%), wound
complication and leukocytopenia (11 cases each,
45.8%); brain neoplasm (10 cases, 41.7%); vomiting,
malaise, brain edema, and lymphopenia (9 cases
gach, 37.5%); anorexia and hemiparesis (8 cases
each, 33.3%); insomnia (7 cases, 29.2%); aphasia,
seizure, and increase in blood creatine phospho-
kinase (CPK; 6 cases each, 25.0%); and pruritus,
facial swelling, radiation-induced skin injury, and
weight loss (5 cases each, 20.8%). Of these adverse
events, severe events (grade 3) included brain
neoplasm (7 cases, 29.2%), hemiplegia (6 cases,
25.0%), brain edema (4 cases, 16.7%), and aphasia
(3 cases, 12.5%). Adverse, life-threatening events or
those causing disabilities (grade 4) included tumor
progression (3 cases, 4.2%).

Within 12 months (360 days) of BCNU implant
insertion, 3 patients died from tumor progression.
None of the deaths had causal relationships with
the investigational drug. Within 24 months of BCNU
implant insertion, 6 patients died in addition to the
above-mentioned 3 patients (9 deaths in total). The
cause of death was progressive disease (PD) in 5
cases (2 newly diagnosed MGs and 3 recurrent MGs)
and respiratory failure in 1 case (newly diagnosed
MG). None of these deaths had causal relationships
with the investigational drug.

Frequently noted adverse events attributable to
BCNU implants (adverse reactions, Table 3) were brain
edema (6 cases, 25.0%); fever and lymphocytopenia
(3 cases each, 12.5%); and nausea, vomiting; head-
ache, hemiparesis, anorexia, and increase in alanine
aminotransferase (ALT; 2 cases each, 8.3%). None
of these adverse reactions were rated -as grade 4 or
worse. There were 6 cases of grade 3 events in 5 of
24 patients (20.8%) including brain edema (2 cases),
hemiparesis (2 cases), increase in ALT (1 case), and
increase in CPK (1 case). None of the patients expe-
rienced convulsion, poor wound healing, infection,
meningitis, or hydrocephalus as an adverse reaction.
The adverse reactions listed above appeared within
3 months of BCNU implant insertion.

Among the patients who did not respond to TMZ
and who received BEV therapy (1 newly diagnosed

Table 2 Number of patients (%) who experienced adverse
events according to Common Terminology Criteria for
Adverse Events (CTCAE) grade (events with an incidence
over 20%)

Cases (%) (n = 24)

System organ class/event

Grade 3 or
name
All grades higher
All adverse events 24 (100.0) 19 (79.2)
Gastrointestinal disorders
Nausea 12 (50.0) -
Constipation 14 (58.3) -
Vomiting 9 (37.5) -
General disorders and
administration site
conditions
Malaise 9 (37.5) -
Fever 18  (75.0) 1 {4.2)

Injury, poisoning, and
procedural complications

Wound complication 11 (45.8) -
Nervous system disorders
Aphasia 6 (25.0) 3 (12.5)
Headache 13 (54.2) -
Brain edema 9 (37.5) 4 (16.7)
Hemiparesis 8  (33.3) 6 (25.0)
Seizure 6 (25.0) 1 (4.2)
Psychiatric disorders
Insomnia 7 (29.2) -
Metabolism and nutrition
disorders
Anorexia 8 (33.3) -
Skin and subcutaneous
disorders
Pruritus
Facial swelling 5 (20.8) -
Alopecia 5 (20.8) -
Radiation-induced skin 16  (66.7) -
injury 5 (20.8) -
Neoplasms (benign,
malignant, and unspecified)
Brain neoplasmi 10 (41.7) 7 (29.2)
Investigations
Lymphopenia 9  (37.5) 2 (8.3)
Blood creatine 6 (25.0) 2 (8.3)
phosphokinase increased
Weight loss 5 (20.8) -
Leukocytopenia 11 (45.8) 2 (8.3)

MedDRA/J Version 14.0. Event name: The same event name
seen in the same patient was counted as one case. If severity
differed between multiple episodes of the same event, then
the most severe episode was selected. System organ class:
If there were multiple event names within the same system
organ class in the same patient in one line, the patient was
counted as one. Incidence (%) = No. of patients developing
the event/ All patients studied x 100.
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Table 3 Number of patients (%) who attributable to BCNU
implants according to Common Terminology Criteria for
Adverse Events (CTCAE) grade

Cases (%) (n=24)

Systern organ

class/event name All grades Grl:i(;% ;Of
All adverse reactions 13 (54.2) 5  (20.8)
Gastrointestinal disorders
Nausea 2 (8.3) -
Abdominal discomfort 1 (4.2) -
Vomiting 2 (8.3) -
General disorders and
administration site
conditions
Hypothermia (4.2) -
Fever 3 (12.5) -
Edema 1 4.2) -
Nervous system disorders
Hyperesthesia 1 (4.2) -
Memory disorder 1 (4.2) -
Aphasia 1 4.2) -
Heterotropia 1 (4.2) -
Headache 2 (8.3) -
flomonymeus Coea -
Urinary incontinence 1 (4.2) -
Brain edema 6 (25.0) 2 (8.3)
Monoparesis 1 4.2) -
Hemiparesis 2 (8.3) 2 (8.3)
Hemiplegia 1 (4.2) -
Reproductive system
and breast disorders
Irregular menstruation 1 (4.2) -
Metabolism and nutrition
disorders
Anorexia 2 (8.3) -
Investigations
C-reactive protein 1 (4.2) _

increased

Alanine aminotransferase 2 (8.3) 1 (4.2)

increasd
Lymphocyte decreased 3 (12.5) -
Platelet decreased 1 (4.2) -

Blood creatine
phosphokinase increased

Leukocyte increased 1 (4.2) -

1 (4.2) 1 {(4.2)

MedDRA/J Version 14.0. Event name: the same event name
seen in the same patient was counted as one case.
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GBM patient and 1 recurrent GBM patient) or IMRT
therapy (1 recurrent anaplastic astrocytoma patient),
leukocytopenia (grade 2) was noted in a patient
who underwent BEV therapy and alopecia (grade 2)
and malaise (grade 2) were noted in a patient whao
underwent IMRT therapy.

III. Pharmacokinetics

BCNU levels in whole blood were measured in 6
of the patients who received BCNU implants. The
age of these 6 patients (mean * SD) was 45.5 =
15.7 years (21-61 years), body weight was 59.2 =
14.2 kg {42.9-77.1 kg), median number of BCNU
implant sheets inserted was 8 sheets (5-8 sheets:
8 in 4 cases, 7 and 5 in 1 case each}, and the
administration of BCNU at a median dose level
were 61.6 mg (38.5-61.6 mg). As shown in Fig. 6,
BCNU levels reached a peak approximately 3 hours
after insertion and ranged from 6.49 ng/mL to 19.4
ng/mL (10.19 = 4.77 ng/mL). After 24 hours, levels
were in the vicinity of or below the lower limit of
quantification (2.00 ng/mL).

Discussion

This study (NPC-08 study) was designed to evaluate
the efficacy, safety, and pharmacokinetics of BCNU

implants with chemotherapy (including TMZ)} and

radiotherapy for Japanese patients with newly diag-
nosed MGs or recurrent GBM (under conditions
indicated for BCNU in USA and Europe). Of the
24 patients who received BCNU implants (newly
diagnosed MG, 16 cases; recurrent MG, 8 cases),
the survival rate for patients with newly diagnosed
MGs was 100.0% at 12 months and 68.8% at 24
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Fig. 6 Time course of BCNU levels in whole blood.
Six Japanese patients with malignant gliomas received
the maximum blood concentration of BCNU at about
3 hours after implant placement was 19.4 ng/mL. The
lower limit of quantitation (2.00 ng/mL).
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months, making it impossible to calculate the
median survival time in this group. These results
were superior those of placebo-controlled double-
blind comparative studies®¥ conducted in USA and
Europe in which the OS rate at 12 months was
59.2% (95% CI; 50.4—68.0%) and the mOS was 13.8
months (95% CI: 12.1~15.1 months). However, these
studies from USA and Europe were not combined
therapy involving TMZ plus radiotherapy for newly
diagnosed MGs cases. In NPC-08 study, combined
TMZ plus radiotherapy was applied to all patients
with newly diagnosed MGs after insertion of BCNU
implants. According to previous reports®*¥ exam-
ining combined TMZ plus radiotherapy after inser-
tion of BCNU implants, the OS rate at 12 months
and 24 months was 56.8-81.0% and 13.0-47.0%.
Furthermore, the OS rate at 6 months with recur-
rent MG was 87.5% in NPC-08 study. According
to a clinical study by Brem et al., the OS rate at
6 months in patients with recurrent MG was 60%.
Thus, although the number of patients studied was
small, the results of the NPC-08 study were compa-
rable to the results of USA and European studies.

Potential adverse effects of BCNU implants were
noted in 13 of 24 patients (54.2%). Severe adverse
reactions were noted in 5 of 24 patients (20.8%),
although none were live threatening. Important
adverse events requiring close attention include
brain edema, seizure, poor wound healing, infection,
headache, hemiparesis, meningitis, and hydrocephalus
according to clinical reports from USA and Europe.
We compared the adverse event data in NPC-08
study with the data from three placebo-controlled
double-blind comparative studies conducted in USA
and Europe (Table 4).

The incidence of Brain edema was higher in the
NPC-08 study (25.0%, 6/24 patients) than that in
the double-blind studies (4.9%, 12/246 patients).
However, there was no significant difference between
the BCNU implant group and the placebo group
regarding brain edema on grade 3 or worse in the
double-blind studies. Brain edema can also be
caused by tumor resection, MGs themselves, dose
of steroid and so on, therefore, the expression of
the brain edema is necessary to be careful, it is
necessary to consider the administration of steroid
drug. In this study, brain edema of any CTCAE
grade occurred in 6 of 24 patients. There were no
patients with brain edema of CTCAE grade 4. Two
patients developed brain edema. of CTCAE grade 3.
These twao patients were not from a specific facility.
We examined the occurrence rate of brain edema by
each patient’s background in the Japanese studies,
but were unable to find any tendency due to the
small sample size. Nearly 700 patients were enrolled

in foreign studies, Among those patients, 3.8%
(26/676) developed brain edema of any CTCAE
grade, and 1.9% (12/676) developed brain edema
of CTCAE grade 3 or 4. On the other hand, the
total number of patients enrolled in the Japanese
study was small (24 patients). We consider that this
small number of patients (denominator) may have
contributed to a large difference; i.e., in the present
case, higher rate of brain edema occurrence than
in foreign studies. In addition, we infer that one
of the reasons that brain edema were more often
observed in Japan than in foreign countries is as
follows: the protocol for the Japanese study has
described “brain edema, convulsion, cerebrospinal
fluid (CSF) leakage, and limited hypofunction” as
notable adverse events that were reported in foreign
studies, and requested investigators and clinical
research coordinators to carefully watch for these
adverse events. This may have encouraged physi-
cians to conduct CT/MRI testing more frequently
than is required in the protocol, leading to obser-
vation of higher occurrence rate of brain edema.
In summary, although the occurrence rate of brain
edema was higher in the Japanese study than in the
foreign studies, it is difficult to determine whether
the Japanese patients are more likely to develop
brain edema. than the foreign patients because of
the small number of the Japanese patients enrolled
in this study. This question should be addressed in
future studies. Seizure is one of the complications
of brain tumors and neurosurgical interventions, and
its incidence differed little between NPC-08 study
and the combined double-blind studies. There was
no difference between the BCNU implant group and
the placebo group in terms of overall incidence or
incidence of seizure grade 3 or worse. One of the 3
double-blind studies, Brem et al.? reported that the
median day of onset of seizures was faster in the
BCNU implant group (3.5 days) than in the placebo
group (55.5 days) (Wilcoxon test: P = 0.01). In the
NPC-08 study, the median day of onset of seizures
was 91.5 days.

Since the number of patients studied was small,
these results were not clear that the day of onset of
seizures was tended to be faster by BCNU implant.
However, it is necessary to consider the administra-
tion of anticonvulsant drugs. None of the patients
was experienced poor wound healing after crani-
otomy as-adverse reactions in the NPC-08 study. In
the combined double-blind studies, the incidence
of poor healing was slightly higher in the BCNU
implant group (7.3%, 18/246 patients) than in the
placebo group (3.2%, 8/248 patients). Therefore, the
expression of poor wound healing is necessary to
be careful. Infection and meningitis were not observed
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Table 4 Comparison of the number of patients (incidence) who experienced major adverse reactions in the NPC-08 study and in the combined double-blind

comparative studies

The NPC-08 study

Double-blind studies®¢*?

(Szl}'cilztsel%lv(;ﬁagame All grades All grades Placebo
All grades Grade 3 Grade 4 All grades Grade 3 Grade 4 All grades Grade 3 Grade 4

Total patients 246 248
Brain edema 6 (25.0) 2 (8.3} - 12 (4.9) 2 (0.8) 3 (1.2) 12 (4.8) 4 {(1.6) 2 (0.8)
Seizure - - - 31 (12.8) 7 (2.8) 2 {0.8) 39 (15.7) 11 (4.4) 2 {0.8)
Major seizure - - - 1 (0.4) - - 2 (0.8} - 1 (0.9)
Poor healing - - - 18 (7.3) 4 {1.6) - 8 (3.2) 1 (0.4) -
Infection - - - 13 (5.3) 2 {0.8) 3 (1.2) 16 (6.5) 2 (0.8) -
Headache 2 (8.3) - - 28 (11.4) 8 (3.3) - 22 (8.9) 8 (3.2) 1 (0.4)
Hemiplegia 1 (4.2) - - 24 (9.8) 5 (2.0) - 3¢ (13.7) 15 (6.0) -
Monoparesis 1 (4.2) - - - - - - - -
Hemiparesis 2 (8.3) 2 (8.3) - - - - - - -
Meningitis - - - 5 (2.0 2 (0.8) - 1 (0.4) - -
Hydrocephalus - - - 2 (0.8) 1 (0.4) 1 (0.4) 1 (0.4) - -

MedDRA/J Version 14.0. Event name: The same event name seen in the same patient was counted as one case. If severity differed between multiple episodes of the same
event, then the most severe episode was selected. Incidence (%) = No. of patients who experienced adverse reaction/all patients studied x 100.
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in the NPC-08 study. In the combined double-blind
studies, the overall incidence of this event and the
incidence of grade 3 or worse differed little between
the BCNU implant group and the placebo group, and
the incidence was also high in the placebo group.

The incidence of headache was not high in the
NPC-08 study (8.3%) and differed little between
the BCNU implant group and the placebo group. The
incidence of hemiparesis was slightly higher in the
combined double-blind studies. Hydrocephalus did
not develop in any patient in the NPC-08 study. In
the combined double-blind studies, the incidence
of hydrocephalus was approximately 0.8% in the
BCNU implant group, which was comparable to its
incidence in the placebo group. All of the important
adverse events discussed above were symptoms
accompanying a brain tumor or surgical resection
of the tumor.

For pharmacokinetic analysis, BCNU levels in the
blood were measured at multiple time points after
surgery. The administration of BCNU at a median
dose level of 61.6 mg (38.5-61.6 mg) to 6 patients
caused a mean peak BCNU level of 10.18 ng/mlL.
BCNU has been administered intravenously and
inserted into the removal cavity for the treatment
of brain tumors in USA and Europe. According
to a report* describing the pharmacokinetics of
intravenous BCNU injection, the peak BCNU level
in the blood averaged 6.2 pg/mL, whereas the peak
level following insertion in the brain averaged
0.01 pg/mL.

Thus, the BCNU level in the blood after insertion
into the brain was much lower (1/600) than that
after intravenous injection, and BCNU disappears
from the blood almost completely within 24 hours
of insertion into the brain.

Systemic administration of BCNU often induces
severe adverse events such as leucopenia and
thrombocytopenia. Insertion of BCNU implants
into the brain is expected to markedly reduce
systemic adverse events as compared with intra-
venous BCNU.

Taken together, these results indicate that
when insertion of BCNU implants into the brain
(maximum of 8 sheets containing a maximum of
61.6 mg BCNU) was followed by chemotherapy or
radiotherapy in patients with newly diagnosed or
recurrent MGs, there are no major safety concerns
associated with the use of BCNU implants. The
BCNU implant is now recommended as a treatment
option along with the surgical resection of MGs
on the basis of established treatment guidelines.
The data from this clinical study was comparable
to previous data from USA and Europe with
respect to efficacy and safety. Therefore, from a

risk/benefit viewpoint, the use of BCNU implants
is recommended.
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Comparison of Multiple Parameters Obtained on 3T Pulsed
Arterial Spin-Labeling, Diffusion Tensor Imaging, and MRS and
the Ki-67 Labeling Index in Evaluating Glioma Grading
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ABSTRACT

BACKGROUND AND PURPOSE: Pulsed arterial spin-labeling, DTI, and MR spectroscopy provide useful data for tumor evaluation. We
evaluated multiple parameters by using these pulse sequences and the Ki-67 labeling index in newly diagnosed supratentorial gliomas.

MATERIALS AND METHODS: All 32 patients, with grade Il (3 each of diffuse astrocytoma, oligodendroglioma, and oligoastrocytoma),
grade lll {3 anaplastic astrocytomas, 4 anaplastic oligodendrogliomas, and 1anaplastic oligoastrocytoma), and grade IV (14 glioblastomas and
1 glioblastomna with an oligodendroglioma component) cases underwent pulsed arterial spin-labeling, DT1, and MR spectroscopy studies by
using 3T MR imaging. The following variables were used to compare the tumors: relative cerebral blood flow, fractional anisotropy; ADC
tumor/normal ratios; and the Cho/Cr, NAA/Cho, NAA/Cr, and lactate/Cr ratios. A logistic regression and receiver operating characteristic
analysis were used to assess parameters with a high sensitivity and specificity to identify the threshold values for separate grading. We
compared the Ki-67 index with various MR imaging parameters in tumor specimens.

RESULTS: Significant correlations were observed between the Ki-67 index and the mean, maximum, and minimum ADC, Cho/Cr, and
lactate/Cr ratios. The receiver operating characteristic analysis showed that the combination of the minimum ADC and Cho/Cr ratios
could differentiate low-grade and high-grade gliomas, with a sensitivity and specificity of 87.0% and 88.9%, respectively. The mean and
maximum relative cerebral blood flow ratios were used to classify glioblastomas from other-grade astrocytomas, with a sensitivity and
specificity of 92.9% and 83.3%, respectively.

CONCLUSIONS: Our findings indicate that pulsed arterial spin-labeling, DTI, and MR spectroscopy are useful for predicting glioma grade.
Additionally, the parameters obtained on DTl and MR spectroscopy closely correlated with the proliferative potential of gliomas.

ABBREVIATIONS: AsL = arterial spin-fabeling; Cl error = average observed sensitivity and specificity; C2 error =-observed number of instances of tumor-grade
misclassification; FA = fractional anisotropy; Lac = lactate; NPV = negative predictive value; PASL = pulsed arterial spin-tabeling; PPY = positive predictive value;
rCBF = relative cerebral blood flow; ROC = receiver operating characteristic

veals the appearance of new lesions. Advanced MR imaging,
pulsed arterial spin-labeling (PASL), DTI, and MR spectroscopy
provide useful data for evaluating tumors preoperatively. The
PASL techniqué allows cerebral blood flow to be measured non-
invasively without exogenous contrast agents. The usefulness of
perfusion MR imaging with arterial spin-labeling (ASL) for as-
sessing brain tumor angiogenesis and grading gliomas has been
evaluated.?”” DTI provides information on anisotropy, including

rading gliomas is necessary to determine the appropriate
Gtreatment strategy and assess prognosis. Classifying lesions
into 4 grades based on histologic analyses requires tumor speci-
mens obtained via biopsy or surgical resection.’
On conventional MR imaging with gadolinium contrast, the
presence of FLAIR abnormalities or gadolinium enhancement re-
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fractional anisotropy (FA), and ADC. A recent study investigating
DTl of gliomas showed that the FAand ADC tumor/norinal tissue
ratios are possible indicators of glioma proliferation and/or grad-
ing.>'° MR spectroscopy is also a noninvasive method that allows
the measurement of various metabolites in vivo, such as Cho, Cr,
NAA, and the pathologic levels of lactate (Lac), and has been
reported useful for investigating gliomas.'"'* The use of a com-
bination of these noninvasive parameters has been reported to
increase the diagnostic acctiracy of glioma grading,”-%*11%14-18
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Very few reports describe comparisons of multiple parameters,
including the relative cerebral blood flow (rCBF)-measured PASL
sequence on 3T MR imaging, and glioma grading. Immunohisto-
logically, the Ki-67 labeling index on histologic examinations is
known to correlate with malignancy, and it also functions as a
marker of proliferation in gliomas.® According to the previous
literature, this index is correlated with various advanced MR im-
aging parameters.>?%?!

In this study, we performed a comparative review of multi-
ple parameters obtained with pulse sequences evaluated by us-
ing 3T MR imaging and glioma grading in newly diagnosed
patients with glioma. Our purpose was to evaluate whether the
parameters provide useful, complementary information and
whether this combination of parameters shows the best perfor-
mance for grading cerebral gliomas. The results of the present
study are clinically valuable for evaluating sensitivity, specific-
ity, positive predictive value (PPV); and negative predictive
value (NPV) and determining the threshold values by analyz-
ing receiver operating characteristic (ROC) curves. Under the
same conditions, we evaluated the correlations between vari-
ous MR imaging parameters and the proliferation marker, the
Ki-67 labeling index.

MATERIALS AND METHODS

Patients

Thirty-two patients ranging in age from 16 to 82 years with newly
diagnosed supratentorial glioma, to avoid confounding findings
related to posttherapeutic effects, were entered into this study. All
patients underwent PASL, DTI, and MR spectroscopy studies by
using 3T MR imaging. We reviewed all PASL, FA, ADC, and MR
spectroscopy studies of supratentorial cerebral gliomas per-
formed between March 2010 and October 2012. No patientshad a
clinical history of previous surgery, chemotherapy, or radiation
therapy.

The histologic analysis was performed, according to the World
Health Organization brain tumor classification revised in 2007, of
tissue samples obtained at the time of either surgical rfesection or
image-guided biopsies.!

All patients provided their informed consent to participate in
this study, which was conducted in accordance with the ethical
principles of the Declaration of Helsinki. The study protocol was
approved by the Ethics Committee of the Oita University Faculty
of Medicine.

MR Imaging Protocol

Conventional MR imaging included T1-weighted spin-echo, T2-
weighted fast spin-echo, fluid-attenuated inversion recovery, and
contrast-enhanced T1-weighted axial imaging (0.1-mmol/kg me-
glumine gadoterate, Magnescope; Guerbet Japan, Tokyo, Japan)
performed at a field strength. of 1.5T. After 2-5 days, we per-
formed the advanced MR imaging examination. All participating
patients underwent an advanced MR imaging protocol that in-
cluded PASL, DTI, MR spectroscopy, and SWI by using a super-
conducting magnet at a field strength of 3T (Magnetom Verio;
Siemens, Erlangen, Germany). Tl-weighted structural images
were acquired with a 3D MPRAGE device in the sagittal plane.
The imaging parameters were as follows: TR/TE = 1900/2.53 ms,
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TI = 900 ms, flip angle = 9°, FOV = 21.0 cm, section thickness =
1 mm, section gap = 0.5 mm, number of sections collected = 176,
matrix = 192 X 192 X 256. An SWI sequence was performed to
detect calcification and hemorrhagic areas. On the basis of ad-
vanced MR imaging, rCBF, FA, ADC, and MR spectra were cal-
culated by the MR imaging console software program (syngo MR
B17; Siemens).

Pulsed Arterial Spin-Labeling

We performed pulsed arterial spin-labeling perfusion MR imag-
ing by using QUIPSS II with thin-slice TI1 periodic saturation
(Q2T1PS).?* The Q2TIPS technique is a pulsed arterial spin-label-
ing method that enables the acquisition of multiple sections. The
inversion and saturation pulse parameters of Q2TIPS were set as
follows: TI1 = 700 ms, TI1S = 1600 ms, and TI2 = 1800 ms. The
other imaging parameters were as follows: TR/TE = 2800/13 ms,
flip angle = 90°, FOV = 25.6 cm, section thickness = 8 mm, voxel
size = 4 X 4 X 8 mm, section number = 9. Crusher gradients
were not used. The total acquisition time was 4 minutes 19 sec-
onds. Motion correction was interpolated according to the 3D
k-space method, with a spatial filter setting of 2.0.

Diffusion Tensor Imaging

Axial DTI was performed by using single-shot spin-echo echo-
planar imaging sequences. The parameters were as follows: TR/
TE = 9200/96 ms, FOV = 23.0 ¢m, matrix = 128 X 128, b=0
s/mm? as reference imaging and b= 1000 s/mm?, diffusion-sensi-
tive dimensions = 12, average = 3, scanning time = 6 minutes 28
seconds.

PASL and Diffusion Tensor Images

After reconstruction, the PASL, FA, and ADC images were con-
verted into the DICOM format and inserted into the database. To
minimize confounding factots in the analysis, we kept the size of
the ROIs in the lesion and contralateral normal brain constant
(diameter = 8.0 mm) on both the PASL and diffusion tensor
images. Two observers placed 5 ROIs each within the solid tumor
component and.1 region of interest each in the contralateral nor-
mal brain.® Whenever possible, the ROIs were placed in mirrored
white matter regions; when this placement was not possible, the
ROIs were positioned in representative riormal white matter in
the same transaxial plane.** Care was taken to ensure that the
ROIs were entirely within the solid part of the lesion to avoid
contamination of the region of interest from normal tissue, areas
of necrosis, cysts, hemorrhage, or intratumoral mineralization.
We placed the ROIs at the site of the enhanced lesions on the
contrast-enhanced T1-weighted MR images. In patients with
nonenhancing tumors, the tumor parenchyma was identified as
the area of hyperintensity on T2-weighted and FLAIR images. The
ROIs were evaluated for eligibility independently by 2 authors
(H.F. and T.S.), and any disagreements were resolved by
consensus.

The rCBF, FA, and ADC ratios were calculated as follows:
TCBE (FA or ADC) ratio = rCBF (FA or ADC) {tumor] / rCBE
(FA or ADC) [contralateral normal tissue]. The average values of
the minimum, maximum, and mean of the rCBF, FA, and ADC
ratios were then selected for the analysis.
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MR Spectroscopy
A single-voxel water-suppressed point-resolved spectroscopy se-
quence and muitivoxel chemical shift imaging were performed.
The single-voxel water-suppressed point-resolved spectroscopy
sequence was performed by using the following parameters: TR/
TE = 2000/270 ms, flip angle = 90°, voxel size = 20 X 20 X 20
mm (normal-sized lesion) or 15 X 15 X 15 mm (small lesion:
lesions measuring less than approximately 20 mm in diameter),
acquisition average = 192 (normal-sized lesion) or 256 (small
lesion). The total acquisition time was 6 minutes 32 seconds (nor-
mal-sized lesion) or 8 minutes 40 seconds (small lesion). Multi-
voxel chemical shift imaging was performed by using the follow-
ing parameters: TR/TE = 1700/270 ms, flip angle = 90°, FOV =
16.0 cm, section thickness = 8 mm, voxel size = 10 X 10 X 8 mm,
acquisition average = 5. The total acquisition time was 9 minutes
26 seconds. The single-voxel water-suppressed point-resolved
spectroscopy sequence was primarily performed; however, mul-
tivoxel chemical shift imaging was performed in cases of deep and
centrally located tumors measuring >3 cm in diameter because
for some temporal lobe and inferior frontal lobe tumors, adequate
shimming can be problematic, while for intraventricular tumors
and/or very peripheral tumors, CSF or scalp fat contamination
may adversely affect MR spectroscopy acquisition. We selected
the region of interest of the multivoxel area in the center region to
prevent the influence of magnetic susceptibility and to optimize
the shimming procedure. To the extent possible, we selected the
multivoxel technique because the previous literature suggests that
- multivoxel MR spectroscopy is more useful for distinguishing gli-
- oma recurrence from posttreatment effects than single-voxel MR
spectroscopy.”

The spectra were automatically analyzed for the relative signal
intensity (area under the fitted peaks in the time domain) of the
following metabolites: Cho, Cr, NAA, and Lac. The ratios of Cho/
Cr, NAA/Cho, NAA/Cr, and Lac/Cr at TE 270 ms were calculated.
The postprocessing steps, including the frequency shift, baseline
correction, phase correction, and peak fitting/analysis, were per-
formed first automatically and then manually. All spectral analy-
ses were conducted within a window from 0.50 to 4.30 ppm (by
using the standard method of assigning a shift value of 4.7 ppm to
the measured unsuppressed water peak). The metabolite peak ar-
eas were assigned as follows: Cho, 3.20 ppm; Cr, 3.02 ppm; NAA,
2.00 ppm; Lac, 1.29 ppm. To avoid contamination of the voxel
from normal tissue or areas of necrosis or cysts based on conven-
tional MR imaging, we obtained the metabolite ratios within the
solid portion of the lesion by consensus without knowledge of the
final histologic tumor diagnosis.

immunohistologic Assay

For Ki-67 immunostaining, the specimens were sliced from
formalin-fixed, paraffin-embedded tissues. We stained the sec-
tions with a mouse anti-Ki-67 monoclonal antibody (MIB-1;
Dako Cytomation, Carpinteria, California; 1:50 dilution). The
Ki-67 labeling index, defined as the number of positive tumor
cells / the total number of tumor cells X 100%, was calculated
for at least 10 fields selected at random under a magnification
X 400.

Statistical Analysis

We compared the MR imaging parameters and the Ki-67 labeling
index in each of 3 groups (grade II versus grade III versus grade
IV) by using the Tukey-Kramer test. The sensitivity, specificity,
PPV, and NPV were calculated by using an ROC analysis to cor-
rectly identify high-grade gliomas (grade Ill and IV) and glioblas-
tomas (grade IV), to differentiate the 2 groups, such as patients
with high- and low-grade gliomas and those with glioblastomas
and other-grade gliomas (grade IT and I1I). Because oligodendro-
glial tumors tend to demonstrate hyperperfusion relative to astro-
cytic tumors, we also analyzed the CBF data only for purely astro-
cytic tumors that did not contain oligodendroglial regions, such
as diffuse astrocytomas, anaplastic astrocytomas, and glioblas-
tomas. The optimal threshold values were those that did the fol-
lowing: 1) minimized the observed number of instances of tumor-
grade misclassification (C2 error = fraction of misclassified
tumors), and 2) maximized the average observed sensitivity and
specificity (C1 error) resulting in C1 = 1 — (sensitivity + speci-
ficity) / 2. To determine the combination of the most discrimina-
tive parameters, we used a stepwise multiple logistic backwards
regression. The logistic regression was selected by using a cutoff
level of .05 for significance. The correlations between the MR
imaging parameters and the Ki-67 labeling index were analyzed
statistically by using a Spearman correlation coefficient analysis.

RESULTS

Among 32 patients, 9 tumors were grade II (3 each of diffuse
astrocytoma, oligodendroglioma, and oligoastrocytoma), 8 tu-
mors grade I1I (3 anaplastic astrocytomas; 4 anaplastic oligoden-
drogliomas, and 1 anaplastic oligoastrocytoma), and 15 tumors
grade IV (14 glioblastomas and 1 glioblastoma with an oligoden-
droglioma component). The patients included 13 men and 19
women, with a mean age of 59.8 = 16.8 years. The conventional
MR imaging characteristics of the tumors are shown in the On-
line Table. Patient 27 was unable to undergo an examination by
using contrast agent due to her current treatment with dialysis.
‘We performed multivoxel MR spectroscopy in 9 cases and single-
voxel MR spectroscopy in 23 cases. Examples of low-grade and
high-grade glial neoplasms are provided in Figs 1 and 2,
respectively.

Both the mean ADC ratio (r = ~0.455, P = .0113) and max-
imum ADC ratio (r = —0.352, P = .0497) exhibited a negative
correlation with the Ki-67 index. In particular, there was.a signif-
icant negative correlation between the minimum ADC ratio and
the Ki-67 index (r = —0.470, P = .0089). A positive correlation
was also observed between the Cho/Cr ratio and the Ki-67 index
(r = 0.461, P = .0103) and between the Lac/Cr ratio and the Ki-67
index (r = 0.418, P = .0199). In contrast, no significant correla-
tions were noted between the other parameters and the Ki-67
index.

The maximum rCBF ratio of the grade IV gliomas was higher
than that of the grade III gliomas, while the Ki-67 labeling index of
the grade II gliomas was lower than that of the grade Il and grade
1V gliomas (P < .05). The maximum FA ratio associated with
grade II gliomas was lower than that associated with the grade IV
gliomas, while the mean and minimum ADC ratios of grade II
gliomas were higher than those of grade IV gliomas (P < .05).
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FIGL A 62-year-old man with a grade Il oligoastrocytoma. The contrast-enhanced Ti-weighted image shows a nonenhancing mass in the right
hippocampus {A). The lesions presented high-intensity signals on FLAIR images (B). The rCBF map on PASL shows no areas of hyperperfusion (C).
The FA map shows low FA values (D). The ADC map shows increased tumor diffusion values (E). The tumor MR spectrum shows decreased NAA
and slightly increased Cho and Lac {F). The Ki-67 labeling index is 5.0% {original magnification X 400) (G).

Other comparisons did not reveal any statistically significant
differences.

Regarding the parameters calculated from PASL, DTI,and MR
spectroscopy, the threshold values were obtained separatély for
the minimum C1 and C2 errors, as shown in Tables 1 and 2. With
réspect to individual parameters for separating high-grade from
low-grade gliomas, a threshold value of 1.789 for the Lac/Cr ratio,
which exhibited the best performance for a minimum C1 error,
provided sensitivity, specificity, PPV, and NPV of 73.9%, 100.0%,
100.0%, and 60.0%, respectively. Meanwhile, a threshold value of
1.789 for the Cho/Cr ratio, which exhibited the best performance
for a minimum C2 error, provided sensitivity, specificity, PPV,
and NPV of 91.3%, 77.8%, 91.3%; and 77.8%, respectively. Re-
garding individual parameters for separating glioblastomas from
other-grade gliomas, a threshold value 0f 2.845 for the maximum
rCBF ratio, which exhibited the best performance for minimum
Cl and C2 errors, provided sensitivity, specificity, PPV, and NPV
of 86.7%, 82.4%, 81.3%, and 87.5%, respectively. In particular,
for evaluating purely astrocytic tumors, both the mean and max-
imum rCBF ratios demonstrated sensitivity, specificity, PPV, and
NPV of 92.9%, 83.3%, 92.8%, and 83.4%, respectively.

According to multivariate logistic regression analysis, the
combinations of parameters for differentiating high- and low-
grade gliomas included the minimum ADC and Cho/Cr ratios,
while those for differentiating glioblastomas and other-grade
gliomas included the maximum rCBF and mean ADC ratios. The
results of the ROC analyses by using these combinations are
shown in Tables 3 and 4. The combination of the minimum ADC
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ratio and the Cho/Cr ratio provided sensitivity, specificity, PPV,
and NPV of 87.0%, 88.9%, 95.2%, and 72.7%, respectively, for
minimum C1 and C2 errors for differentiating high- and low-
grade gliomas. Meanwhile, the combination of the maximum
rCBF ratio and the mean ADC ratio provided sensitivity, specific-
ity, PPV, and NPV of 73.3%, 94.1%, 91.7%, and 80.0%, respec-
tively, for minimum C1 and C2 errors for differentiating glioblas-
tomas.and other-grade gliomas. This combination appears to be
inferior compared with the minimum CI and C2 errors of the
maximum rCBF ratio; however, its accuracy was 84.4%, which is
as high as that observed for the maximum rCBF ratio.

DISCUSSION

Cerebral gliomas are important and the most common primary
brain tumors. MR imaging plays a critical role in the preoperative
assessment and grading of gliomas. The classification and grading
of gliomas on conventional MR imaging are sometimes unreli-
able. The sensitivity, specificity, PPV, and NPV for identifying
high-grade gliomas on conventional MR imaging are 72.5%,
65.0%; 86.1%, and 44.1%, respectively.!® The current study dem-
onstrated contrast enhancement in 66.7%, 75.0%, and 100% of
grade II, 111, and IV gliomas, respectively, which suggests that it is
difficult to perform glioma grading by only using structural gad-
olinium-enhanced MR imaging.'” Physicians must perform a bi-
opsy or surgical resection to make a pathologic diagnosis and
evaluate the need for postoperative chemoradiotherapy. How-
ever, lesions for which the risks of biopsy are high cannot be ac-
curately diagnosed and graded. The noninvasive evaluation of
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FIG 2. A 60-year-old woman with a grade |V glioblastoma. The lesion on the left frontotemporal lobe exhibits strong enhancement on
gadolinium Tl-weighted image {A). The neoplasm is clearly hyperperfused compared with the healthy parenchyma on the PASL image (B). The
FA map shows slightly low FA values (C). The ADC map shows heterogeneous tumor diffusion values {D). The tumor MR spectrum shows
decreased NAA with a marked increase in Cho and Lac (E). The Ki-67 labeling index is 27.0% {original magnification X 400} (F).

Table 1: Threshold values for multiple parameters for differentiating high- and low-grade gliomas

Note:—min indicates minimum; max, maximum.
® rCBF ratios derived from purely astrocytomas.

gliomas results in a more precise assessment for selecting the sur-
gical approach or chemoradiotherapy.

In the present study, the combination of the minimum ADC
ratio and the Cho/Cr ratio exhibited a high sensitivity and speci-
ficity for distinguishing high- and low-grade gliomas. The mean
ADC and minimal ADC values have been reported to be corre-
lated with the tumor cell attenuation and thus used to grade as-
trocytomas.’®* In addition, the ADC ratio has been reported to
be useful for grading gliomas.”® Past studies have revealed that the
Cho/Cr ratio tends to increase as glioma malignancy pro-
gresses.'>'® Purthermore, Server et al'® reported a minimum

ADC ratio threshold value of 1.41 and a Cho/Cr threshold value of
1.35 for dividing high- and low-grade gliomas, similar to the re-
sults of our analysis. Published data regarding intracranial tumors
indicate that a high ADC s attributable to a low level of cellularity,
necrosis, or cysts, while a lower ADC is attributable to the pres-
ence of an attenuated, highly cellular tumor. The typical spectrum
corresponding to a tumor shows an increased Cho peak, which
corresponds to increased cell attenuation and membrane turn-
over in neoplastic tissue. With respect to glioma grading, our re-
sults consistently reflect the mitotic activity and presence of mi-
crovascular proliferation.
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2¢CBF ratio derived from purely astrocytomas.

0.889 0.952 0727 0.121 0.029

0.870 0.889 0.952 0727 0121

0.029

Table 4: Combination of the maximum rCBF ratio and mean ADC ratio for differentiating glioblastomas and other-grade gliomas

0.941

0.917

0.800 0.163 0.075

0.733 0.941 097 0.800 0.163 0.075

On the other hand, the maximum rCBF ratio, in addition to
being helpful in combination with the mean ADC ratio, is most
useful for differentiating glioblastomas and other-grade gliomas.
The minimum ADC ratio was excluded in the logistic analysis,
though the minimum ADC ratio of the glioblastomas was signif-
icantly lower than that of the other-grade lesions (P < .05). Per-
haps, this is due to the inclusion of oligodendroglial tumors and
astrocytic tumors in the assessment. It is surprising that the pa-
rameters obtained on MR spectroscopy did not demonstrate a
high utility in differentiating glioblastomas from the remaining
tumors. In particular, we did not expect that the sensitivity and
specificity of the NAA/Cho ratio would be so low because prior
studies have suggested that a prominent élevation of the Cho/
NAA ratio is a hallmark of glioblastomas.'>** In the present
study, we only evaluated astrocytomas, except for oligodendro-
glial tumors, and found that the maximum and mean rCBF ratios
can be used to discriminate glioblastomas and other lesions, with
C1 and C2 errors of 11.9% and 3.3%, respectively. Perfusion MR
imaging is one of the most effective noninvasive methods for
quantifying the grade of neoplastic neovascularization.>*>* Fur-
thermore, neovascularization is one of the most important crite-
ria. of malignancy for glioma grading. There has been extensive
perfusion research related to predicting the glioma grade, much of
it by using the DSC MR imaging technique.?””*® On the other
hand, ASL is a promising tool for assessing tumor angiogenesis
and glioma grading.27?%%° ASL has several advantages, including
being a nonionizing and completely noninvasive MR imaging
technique that uses magnetically labeled arterial blood water pro-
tons as an endogenous tracer. For this reason, ASL is very suitable
for diagnosing individuals with renal insufficiency and providing
repeat follow-up,

2096 Fudaba Nov.204 www.ajnr.org

Histologically, glioblastomas statistically have a larger mi-
crovessel attenuation than grade I11 lesions.?® Previous studies
have reported a positive correlation between rCBF-derived
continuous ASL and vascular attenuation in gliomas.>® Weber
et al'® attempted to elucidate the relationships between the
rCBF on PASL and histopathologic findings, including the cell
proliferation index and vessel attenuation, as defined by the
number of microvessels. Our results indicated a high level of
vascularity in glioblastomas and suggest that rCBF is a poten-
tial indicator of malignancy in gliomas based on vascular
attenuation.

A multiparametric MR imaging approach has been attempted
in past reports. Roy et al'” studied 56 patients by using conven-
tional MR imaging, DTI, dynamic contrast-enhanced perfusion
imaging, and volumetric whole-brain MR spectroscopy and con-
cluded that relative cerebral blood volume can be used to individ-
ually classify gliomas as low- or high-grade, with a sensitivity and
specificity of 100% and 88%, respectively. On combining this pa-
rameter with the maximum relative cerebral blood volume, FA,
ADC, and minimal NAA + Cr, dlassification was achieved with a
2% error and a sensitivity and specificity of 100% and 96%, re-
spectively.’” Unfortunately, the findings of the present study do
not reach these levels of sensitivity and specificity; however, we
used the ASL technique, which can measure the rCBF without a
contrast agent. Weber et al'® investigated the functional MR im-
aging methods DSC and PASL, dynamic contrast-enhanced MR
imaging, and MR spectroscopy at 1.5T and suggested that the
rCBF derived by using the PASL technique offers superior diag-
nostic performance in predicting the grade of gliomas. In another
study of 1.5T, the combination of PASL and ADC significantly
improved the sensitivity and predictive value of the preoperative
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grading of gliomas compared with conventional imaging.* Only 1
study of the multiparametric MR imaging technique in combina-
tion with the ASL perfusion technique at 3T has been reported.
Chawla etal” showed that the rCBF evaluated by using continuous
ASL cannot be used to differentiate low-grade from high-grade
gliomas, though the rCBF-guided voxel assessed by using a voxel
analysis of multivoxel MR spectroscopy is useful for grading such
tumors.

Histologically, we examined the Ki-67 labeling index as a
marker of proliferation. Previous studies have shown that a higher
rate of Ki-67-positive cells corresponds to greater malignancy and
a worse survival rate in patients with gliomas.*® Our studies dem-
onstrated that the Ki-67 labeling index is correlated with MR im-
aging parameters, such as the ADC ratio, Cho/Cr ratio, and
Lac/Cr ratio, consistent with the findings of previous litera-
ture.”®*!" These noninvasive imaging modalities can be used to
reliably assess the potential for proliferation among brain tumors
without a surgical procedure.

This study has several limitations. For example, the design
included a relatively small population. In addition, when using
diagnostic methods based on histologic biopsies, sampling bias
should be considered. Although we used the same size region of
interest for the multiple parameters of PASL, FA, and ADC, the
region-of-interest diameter was relatively larger than that used in
past reports and the effects of tumoral heterogeneity and regional
differences were difficult to assess. Our method is based on the
findings of an article by Hirai et al® however, the placement of 5
ROIs on the ipsilesional side with only 1 region of interest on the
contralateral side appears to be problematic for determining the
ideal ratio. Regarding the limitation of the PASL sequence, a sec-
tion thickness of 8 mm is relatively thick compared with that used
in previous literature. We carefully placed the region of interest
and minimized the potential for such errors. In the present study,
we evaluated the data obtained by using both single-voxel and
multivoxel techniques to secure the patients, though there may be
a potential weaknesses in analyzing the combined single- and
multivoxel MR spectroscopy data. Furthermore, the same TE
conditions were used in each MR spectroscopy study to reduce the
potential for error.

CONCLUSIONS

Our findings indicate that PASL, DTI, and MR spectroscopy pro-
vide useful parameters for predicting malignant grades of cerebral
gliomas. In particular, the rCBF ratio calculated by using PASL at
a high field strength is useful for distinguishing glioblastomas
from grade I or III gliomas. The ADC, Cho/Cr, and Lac/Cr ratios
have the potential to predict glioma proliferation.
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Abstract Cerebellar liponeurocytoma is a rare tumor that
usually develops in adult patients, and is categorized as
World Health Organization grade II. Because of the small
number of reports on its radiological and pathological
features, the disease remains poorly characterized. The
current case involved a 59-year-old man with tumor in the
upper cerebellar vermis. Preoperative positron emission
tomography (PET) showed high uptake on 'C-methionine
PET, but low uptake on 18F—ﬂuorodeoxyglucose PET.
These findings resemble those of central neurocytoma and
oligodendroglioma, but are incompatible with other brain
tumors. Subtotal tumor removal was performed by suboc-
cipital craniotomy. Histopathological examinations showed
sheets of small, isomorphic cells with round nuclei and
clear cytoplasm, and focal vacuolated cells resembling
adipose cells. On immunohistochemistry, tumor cells were
positive for synaptophysin and NeuN. Vacuolated cells
were ‘immunoreactive for perilipin. Based on these find-
ings, cerebellar liponeurocytoma was diagnosed. Genetic
analyses revealed absences of both chromosome 1p/19q
loss and isocitrate dehydrogenase 1 mutation, further ruling
out oligodendroglioma. These radiological and genetic
aspects of cerebellar liponeurocytoma, which are mostly in
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common with central neurocytoma, should prove helpful in
differentiating this rare tumor from other tumors with
similar morphology.

Keywords Cerebellar liponeurocytoma - IDH -
Immunohistochemistry - PET

Introduction

Cerebellar liponeurocytoma is a rare neoplasm that was first
introduced to the World Health Organization (WHO) clas--
sification in 2000 as a distinct clinicopathological entity
among the central nervous system tumors [11]. In the 2007
WHO classification, cerebellar liponeurocytoma is defined as
WHO grade II [14]. This neoplasm develops predominantly
in the cerebellar hemispheres and vermis, and is characterized
morphologically by focal lipidization within sheets of small,
isomorphic round cells expressing both neuronal and glial
matkers [2, 9]. Cerebellar liponeurocytoma resembles neu-
rocytoma microscopically, and expression profile analyses
have also identified a close relationship to central neurocy-
toma [9]. Although findings from computed tomography
(CT) and magnetic resonance imaging (MRI), pathological
and immunohistochemical characteristics, and clinical
behaviors have been reported in the literature {1, 4, 10], the
characteristics of this tumor are still poorly understood.
Because previous reports have demonstrated that patients
with cerebellar liponeurocytoma usually show a favorable

clinical course without adjuvant therapy after surgical
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removal [4, 10], accurate differential diagnosis of this rare
pathology from other brain tumors is important in order to
avoid unnecessary aggressive adjuvant therapies. However,
differentiating neurocytoma and liponeurocytoma from other
tumors such as oligodendroglial tumors, clear cell
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ependymomas, dysembryoplastic neuroepithelial tumors
(DNTs) and medulloblastomas is sometimes difficult under
light microscopy, given the similar histological patterns such
as perinuclear halo with round nuclei and cells [14]. We
report herein an additional case, focusing on positron emis-
sion tomography (PET) findings and genetic perspectives that
may prove useful in identifying this rare neoplasm.

Case report

A 59-year-old man visited the hospital after experiencing
sporadic headaches and vertigo. Physical examination
showed no neurological abnormalities. CT revealed an
isodense to slightly hyperdense mass within the upper
cerebellar vermis. The diameter of the mass was approxi-
mately 3.5 cm. MRI showed iso-intensity on T1-weighted
imaging, heterogeneous intensity on T2-weighted imaging,
high intensity on diffusion-weighted imaging, and slight
hyperintensity on fluid-attenuated inversion recovery
(FLAIR) imaging. Slight enhancement was observed after
gadolinium administration (Fig. 1a—f). No feeding arteries
were apparent on angiographic studies. To evaluate the
metabolic activity of the tumor, radioisotope examinations
were performed. Lower tumor accumulation was seen with
13E. fluorodeoxyglucose (FDG) PET compared with normal
cerebellar cortex, showing a lesion-to-normal cerebral
cortex accumulation ratio (L/N) of 0.62, whereas the tumor
showed higher accumulation on ¢ methionine PET (L/N,
2.73) (Fig. 2a, b).

Preoperative differential diagnoses included anaplastic
astrocytoma, oligodendroglial tumor, ependymoma,
malignant lymphoma, and extraventricular neurocytoma.
Since the tumor was relatively large in the posterior fossa,
methionine PET demonstrated relatively high uptake, and
diagnosis was difficult based solely on imaging examina-
tions, we proceeded with surgical removal of the tumor by
suboccipital craniotomy using a supra-cerebellar approach.

Under operative microscopy, the tumor showed gener-
ally whitish coloration, with moderate vascularity and
mixed consistency. A clear cleavage plane was evident on
the side of the cerebellar cortex, but no clear plane was
seén on the side of the vermis, which was considered as the
site of tumor origin. The patient was administered 5-am-
inolevulinic acid (5-ALA) preoperatively, resulting in no
fluorescence at the tumor under violet-blue excitation light
intraoperatively. Since the inferior vermian vein limited the.
operative approach, only subtotal resection could be
achieved.

Histologically, the tumor comprised small, monomor-
phous cells with round nuclei and lightly eosinophilic to
clear cytoplasm (Fig. 3a). Rare tumor cells showed intra-
cytoplasmic vacuoles, reminiscent of lipid droplets
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(Fig. 3b). Mitosis was rarely observed. Immunohisto-
chemical analysis was performed using a BenchMark XT
automated immunostainer (Ventana Medical Systemws, Inc.,
Tucson, AZ). Tumor cells were diffusely immunoreactive
for synaptophysin (monoclonal, MRQ-40, Roche, Fig. 3c).-
Vacuolated cells were immunoreactive for perilipin, a
lipid-droplet associated protein (polyclonal, Progen Bio-
technik, Fig. 3d). Tumor cells were moderately stained for
NeuN (monoclonal, MAB377, Merck Millipore, Fig. 3e).
Immunoreactivity to GFAP was observed, largely on non-
neoplastic astrocytes (monoclonal, 6F-2, Dako, Fig. 3f).
Tumor cells were totally negative for Olig2 (polyclonal,
IBL, Fig. 3g). Ki67-labeling index was 2 % (monoclonal,
MIB-1, DAKO, Fig. 3h). On the basis of these histopa-
thological findings, cerebellar liponeurocytoma was
diagnosed.

To further confirm the differential diagnosis, genetic
analyses were performed. Chromosome 1p and 19q co-
deletion was not detected in the microsatellite analysis
performed as described previously [29]. The presence of
IDH] mutation was also denied by direct Sanger
sequencing targeting codon 132 [17]. This genetic infor-
mation indicated that oligodendroglial tumor was unlikely.

Although localized residual tumor was present on
postoperative MRI, since the clinical course of cerebellar
liponeurocytoma is generally reported to be slow and
pathological features were benign in the current case, the
patient was not treated with adjuvant therapy. At outpatient
follow-up 2 years postoperatively, the small residual tumor
showed no enlargement and the patient remained without
any neurological disability.

Discussion

This case report suggests that preoperative PET and post-
operative genetic analyses of tumor tissue might be useful
for diagnosing liponeurocytoma.

Although PET findings for central neurocytoma have
been documented in a small number of cases, findings for
cerebellar liponeurocytoma have not been reported.
Central neurocytoma generally shows low uptake on
FDG-PET, reflecting low glucose metabolism [16, 27].
An exception was reported by Mineura et al., who
described high uptake on FDG-PET for a tumor that
showed regrowth 7 months after partial removal. Their
report suggests that increased FDG uptake can be inter-
preted as predicting rapid tumor progression and a
malignant prognosis [16]. On C.methionine PET, cen-
tral neurocytoma usually shows higher accumulation than
normal cortex [16]. In a study of two cases of central
neurocytoma by Takao et al. [27], L/N ratios as high as
1.68 and 2.80 were reported. In the current case, the
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Fig. 1 Computed tomography (CT) and magnetic resonance imaging
(MRI). a Axial CT, b T1-weighted axial MRI, ¢ T2-weighted axial
MRI, d diffusion-weighted axial MRI, e coronal fluid-attenuated
inversion recovery MRI, f gadolinium-enhanced T1-weighted axial

Fig. 2 Results for '*F-fluoro-deoxy-glucose (FDG) (a) and 'C-
methionine (b) positron emission tomography (PET). Compared with
normal cerebellar cortex, lower (L/N, 0.62) and higher (I/N, 2.73)
accumulations are observed, respectively

tumor showed lower uptake on FDG-PET, but higher
uptake on ''C-methionine PET; these uncorrelated PET
findings were consistent with previous observations of
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MRI. These images show a lesion measuring 3.5 cm in diameter in
the upper cerebellum, with an indefinite boundary and without
surrounding edema. Contrast enhancement is only slightly observed
in the tumor

central neurocytoma, indicating that these two patholog-
ical entities may have similar metabolic traits.

Oligodendrogliomas also show somewhat similar find-
ings on FDG and ''C-methionine PET. In the study by
Giammarile et al. [7], all 8 cases of oligodendroglioma
showed a tumor/mormal tissue ratio of around 1 (range
0.9-1.8) and higher accumulation (range 1.4-5.9) on FDG
and methionine PET, respectively. Ependymomas and
medulloblastomas tend to show higher uptake on both FDG
and methionine PET [3, 8, 19, 28], whereas DNTs show
lower and normal to slightly higher uptake compared with
normal cortex on those studies, respectively [22]. These
differences on FDG and methionine PET studies according
to the differing histologies would help in preoperative
diagnosis.

With regard to histopathological features, liponeurocy-
toma is a neurocytic neoplasm showing focal lipomatous
change and astrocytic differentiation, evidenced by focal
immunoreactivity to GFAP, which is also observed in most
cases [14]. Immunohistochemical studies have indicated
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