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FREQUENCY  OVERALL  GROUP Group  GrROuUP  GROUP
(%5) CASES A B C B+C

Mitoses (+) % <0.0001

Simpson Grades <0.0001 <0.0001 NS N5 NS
Simpson | or Ii 78 <(.0001 <0.0001 NS NS NS
Perifocal edema on MR images (+) 46 NS 0.009 NS NS NS
Hard tumors 48 NS NS NS NS NS
Arachnoid penetration {+) 26 NS NS NS NS NS
Well-demarcated tumors 96 0.01 0.006 NS NE NS
Tumor stain on angiograms (+) 75 N3 003 NS NS NS
Feeding from pial arteries on angiogram 28 NS NS NS NE NS
Tumor locations 0.03 0.0002 NS NS NS
Tumors located on skull base 48 0.01 <0.0001 NS NS NS

Frequency is calculated in overall cases.

Cases with no mitoses, those with 1-4 mitoses per 10HPF, and 4 or more mitoses per 10 HPF are present in each of the 3 groups.
NS = not significant, NE = not examined because of insuffictent numbers of cases.

B and C combined, p < 0.0001). Group B and C did
not significantly differ with respect to PFS (p =
0.3945).

The frequencies of radiologic, operative, and
pathologic findings and their univariate associa-
tions are summarized in Table 1. In the analysis of
overall cases and of Group A patients, parameters
such as the Simpson grade, tumor demarcation, and
tumor location contributed to variability in the
Kaplan-Meier PFS curves assessed by the log-rank
test. In contrast, none of the variables examined
significantly affected the PFS curves of Group B and
C, nor of Groups B and C combined.

Figure 1B shows the Kaplan-Meier PFS curves for
all 326 Group A patients classified according to the
Simpson resection grades. The estimated 5-year
PFS rates for Simpson Grades [, II, IIl, and IV were
100%, 97%, 81%, and 77%, respectively; the 10-year
PFS rates were 95%, 93%, 76%, and 38%; and the
mean PFS was 121, 150, 132, and 85 months. Accord-
ing to the log-rank test, in Group A, the Simpson
grade had a significant effect on PFS: the greater the
extent of resection, the longer was the PFS and the
lower the progression ratio (p < 0.0001). On the
other hand, in Groups B and C, the extent of resec-
tion had no significant impact on PFS (p = 0.71)
(Figure 1C). The estimated 2-year PFS rates for the
23 patients in Groups B and C who had undergone
Grade I, 11, 11, or IV resection were 42%, 50%, 57%,
and 75%, respectively; the median PFS was 19, 18,
49, and 6 months. In Group B alone and Group C
alone, there was also no significant association of
the Simpson'’s grade with PFS (p = 0.97 and p =
0.58, respectively).

KI-67 S1 AND M1

In 29 of the 42 patients with recurrence we deter-
mined the Ki-67 Sl in tumor samples from the initial
surgery. The mean Ki-67 SI values + SD were 1.5 *
1.2 in Group A (n = 14), 6.7 = 43 in Group B (n =
9), and 12.8 = 6.5 in Group C (n = 6). Based on the
Pearson correlation coefficient, there was a signifi-
cant correlation between the Ml and the Ki-67 SI (r
= (.81, p < 0.0001). Figure 2 shows that all cases
with a Ki-67 SI below 1% were from Group A. An S|
exceeding 5% was indicative of the presence of mi-
toses (Groups B and C). Patients from all groups
could be found in the 1 to 5% Si range.
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2 Correlation of mitotic index with Ki-67 staining in-

dex. Open circles, Group A (no mitotic figures);
closed circles, Group B (more than ( and fewer than 4
mitotic figures per 10HPF); open triangles, Group C (more
than 4 mitotic figures per 10HPF).
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COMPARISON BETWEEN THE MI AND
PATHOLOGIC DIAGNOSIS

The 331 patients with a pathologic diagnosis of
benign meningioma manifested an estimated 5-year
PFS rate of 91% with a mean PFS of 144 months. On
the other hand, in the 18 patients with atypical or
anaplastic meningiomas, the estimated 5-year PFS
rate was 32% with a median PFS of 52 months.
Kaplan-Meier analysis showed that the difference in
PFS between benign and atypical/anaplastic menin-
giomas was significant (p < 0.0001). The Simpson
grade had a significant effect on PFS only in the 331
patients with benign meningiomas (p < 0.001); the
estimated 5-year PFS rates for Grades |, [1, I, and IV
were 97%, 95%, 95%, and 90%, respectively; the
10-year rates were 76%, 70%, 80%, and 35%; and the
mean PFS was 117, 148, 126, and 82 months.

In Group A, none of the 4 meningiomas desig-
nated atypical according to WHO criteria (Ml = 0)
recurred during a mean follow-up of 61 months. On
the other hand, all 9 benign meningiomas in Group
B recurred after a mean of only 38 months (range
18-64 months), a shorter interval than we expected
for ordinary benign meningiomas.

DISCUSSION

Although meningiomas are generally benign, slow-
growing tumors with apparent demarcation, they
have a tendency to recur after a period of more than
10 years [14,28]. Putative prognostic factors are
age, attachment to intracranial structures (loca-
tion), the extent of resection [7,8,28], grade of ma-
lignancy {9,25], and proliferation indices [6,10-
15,17,18,20,21]. The pathologic grade of malignancy
has been proposed as the most relevant overall
predictor of recurrence [14]. However, there are
patients whose tumors are not pathologically iden-
tifiable as benign or atypical because the grade of
malignancy cannot be unequivecally determined.
The WHO classification proposes primarily qualita-
tive criteria for defining grades of malignancy; ex-
cept for the MI, it does not provide more precise
guantitative indicators that could be assessed ac-
cording to numerical scoring systems. For the pur-
pose of diagnosing atypical meningiomas, the WHO
criteria define increased mitotic activity as the
presence of 4 or more mitoses per 10 HPF. However,
with respect to assigning a malignant grade to me-
ninglomas, the WHO classification system does not
consider a finding of fewer than 4 mitoses of impor-
tance [14].

Proliferation indices such as the Ki-67 51 are useful
for predicting tumor recurrence and survival, While
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previous studies documented that the Ki-67 SI signif-
icantly correlates with the pathologic grade of menin-
giomas, there is considerable variation in the Ki-67 SI
values reported in different studies and by different
institutions. In fact, the reported mean values for
benign-, atypical-, and anaplastic meningiomas range
widely between 0.7 and 3.8%, 2.1 and 7.1%, and 10.9
and 14.7%, respectively [1,10,14,15,21,26,27]. More-
over, some reports suggested significant overlapping
of Ki-67 values among various pathologic grades of
malignancy [1,6,12,13]. Perry et al [25} who per-
formed statistical analyses of 62 meningioma cases,
suggested that a Ki-67 SI of 4.2% represented a
threshold and that an Sl in excess of 4.2% was
indicative of high tumor proliferation activity., Al-
though we agree that values markedly above or
below this threshold may signal unfavorable and
favorable outcomes respectively, in view of the
wide range of reported Ki-67 Sl values, we favor the
establishment of stricter Sl criteria to predict clin-
ical outcomes.

In efforts to develop a system whereby quantita-
tive indicators can be used to predict the PFS of
meningioma patients, we performed the current ret-
rospective study. We assessed whether the combi-
nation of an MI that confirms the presence of even
fewer than 4 mitoses per 10 HPF and the KI-67 Sl is
of prognostic significance. Surgically removed me-
ningioma tissues in 326 of 349 patients (93.4%) ex-
hibited no evidence of mitosis. In most of the re-
maining 23 tissue samples the Ml was around 4 per
10 HPF; none of the patients had an Ml of more than
20. We found that compared to the other 2 groups,
in patients with no mitoses (Group A), the 5-year
incidence of tumor progression was lower (7%) and
the mean PFS longer (148 months), and that the
Simpson grade had a significant effect on PFS.
Group B (more than 0 and fewer than 4 mitoses)
and Group C patients (Ml of 4 or more)} had higher
5-year recurrence rates at 90% and 87%, respec-
tively, and shorter PFS (median 43 and 16 months,
respectively). A Ki-67 SI of less than 1% corre-
sponded with the absence of mitoses in the tumor
samples (Group A), while an SI exceeding 5% re-
flected the presence of mitotic figures (Groups B
and C). Therefore, we propose that Sl values of 1%
and 5% be used as threshold values for predicting
favorable and unfavorable outcomes, respectively,
in meningioma patients. Patients from all 3 groups
were found in the Sl value range irom 1 to 5%,
therefore, a Ki-67 Sl in this range is not a reliable,
independent predictive indicator of the outcome.
Assessment of the Ki-67 Sl is relatively easy com-
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pared to the calculation of a low MI whose deter-
mination is complex. Although the Ki-67 SI alone is
generally used for predicting the outcome in menin-
gioma patients, we stress the need for determining
the M|, especially in patients whose Ki-67 Sl is in the
1 to 5% range.

Patients with atypical and anaplastic meningio-
mas diagnosed according to the current WHO cri-
teria had higher recurrence rates and shorter PFS
than did patients with benign tumors. This finding
coincides with the difference we observed in the MI
of Group A patients and the M! in Groups B and C.
It is important to note that none of the 4 atypical
meningiomas in Group A manifested recurrence
during a mean follow-up period of 61 months
whereas all 9 benign meningiomas in Group B re-
curred after a mean of only 38 months (range 18-64
months). The time to recurrence of these benign
tumors was shorter than we would have expected.
In some of our patients the clinical outcome was at
variance with the expected outcome based on the
malignancy grade determined by WHO criteria. We
found that in such patients, the Ml reflected the
likelihood of short-term recurrence much better
than did the malignant grade. In addition, although
an MI of 4 or more per 10 HPF is the consensus
criterion for atypical meningiomas, our results sug-
gest that a small number of mitoses, even fewer than
4 per 10 HPF, is also an important indicator for pre-
dicting the short-term progression of meningiomas.

Atypical and anaplastic meningiomas tend to re-
cur within a short period even after gross total
removal. Patients with these meningioma types re-
quire repeated operations and some have been
treated with postoperative extrabeam radiation
therapy (EBRT) although high-grade meningiomas
are usually refractory to EBRT [2-4,19,23]. In these
meningiomas, stereotactic radiosurgery (SRS) as a
boost to EBRT, as salvage therapy after EBRT, or
instead of EBRT, has yielded disappointing results.
In atypical meningiomas the 5-year local control-
and d-year overall survival rates were 32 to 48% and
83 to 95%, respectively; in anaplastic meningiomas
they were 0 to 34% and 21.5 to 60% [5,22,23]. As the
tumor control rate following SRS was better in pa-
tients with small (< 8 em®) malignant meningiomas
[22], we stress that early diagnosis and immediate
treatment of small recurrent tumors is imperative
for improving the outcomes of patients with atypi-
cal and anaplastic meningiomas. We need a method
that allows us to predict the PFS in all meningioma
patients so that postoperative therapy can be se-
lected on a case-by-case basis.
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CONCLUSION

Our retrospective study of 349 patients with surgi-
cally treated meningiomas revealed that numerical
scoring systems, i.e., the Ki-67 8] and the MI, deter-
mined at the time of the initial operation, make
possible the prediction of long or short PFS. Based
on our results, we propose that tumors with a Ki-67
SI of less than 1% be followed as benign meningio-
mas and subjected to annual MRI study (Figure 3).
On the other hand, surgical specimens with a Ki-67
SI greater than 5% should be monitored as atypical
or anaplastic meningiomas and undergo follow-up
MRI study at intervals of a few months. In cases
where the Ki-67 Sl is between 1 and 5%, we suggest
that the Ml of tumor tissue samples be carefully
determined. If there is no evidence of mitoses, an-
nual MRI study should be performed. However, pa-
tients with even a few mitotic figures should be
followed by MRI at shorter intervals.

Our retrospective analysis of 349 surgically
treated meningioma patients revealed that the pres-
ence of mitotic figures in tumor tissues obtained at
the first operation correlated with shorter PFS
when compared to patients whose specimens con-
tained no mitotic figures. We also determined that
the threshold for predicting favorable and unfavor-
able treatment outcomes with the Ki-67 Sl are 1%
and 5%, respectively. In meningiomas with a Ki-67 Sl
between 1% and 5%, the presence of mitoses, even
less than 4 in 10 HPF, is indicative of an increased
risk for recurrence. The combination of the Ki-67 SI
and the Ml represents a convenient and quantita-
tive tool for predicting PFS. We posit that in cases
where a diagnosis of malignant meningioma is
based on current WHO criteria, these combined
assays make possible a more precise prediction of
the prognosis.
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Abstract

Objective: Magnetic resonance (MR) imaging and computed tomography (CT) findings of neurohypophyseal germinoma have not previously
been described in detail. The purpose of the present study was to establish the spectrum of MR imaging and CT findings in neurohypophyseal
getminomas. Materials and methods: MR and CT images of 13 consecutive patients (seven males, six females; mean age: 15 years; range:
6-31 years) with neurohypophyseal germinoma were retrospectively analyzed. The diagnosis had been made either histologically (n = 8) or
clinically according to established criteria (n = 5). All patients had been examined using MR imaging and CT before treatment. Results: On
MR imaging, infundibular thickening (up to 16 mm} was observed in all 13 cases. Hyperintensity of the posterior pituitary on T1-weighted
image was absent in all 13 cases (100%) and 12 of the 13 displayed central diabetes insipidus. Ten germinomas (77%) were isointense to
cerebral cortex on T1-weighted image, but variable intensities were exhibited on T2-weighted image. MR images revealed intratumoral cysts
in six cases (46%), most of which demonstrated intra-third ventricular extension. Eleven of the 13 cases (85%) revealed hyperdense solid
components on unenhanced CT. Calcification was absent in all cases (100%). Conclusion: Infundibular thickening, absence of the posterior
pituitary high signal on T1-weighted image, lack of calcification and hyperdensity on unenhanced CT are common imaging features of

neurchypephyseal germinoma.
© 2003 Elsevier Ireland Ltd. All rights reserved.

Keywords: Germ cell neoplasm; Magnetic resonance imaging; Computed tomography; Neurohypophysis

1. Introduction

Germ cell tumnors are relatively rare in Western countries,
and constitute only 0.3-0.5% of all primary intracranial
tumors [1-3]. However, these tumors are far more common
in Northeast Asia, accounting for ~3.0% of all primary
intracranial tumors [4). Approximately 90% of germ cell tu-
mors occur in patients under 20-years-old. The pineal gland
is the most common site of origin (=50%}), followed by the
suprasellar region (20-30%). Other sites include the basal
ganglia, thalamus, brainstem and spinal cord {1-3,5-7].
Germ cell tumors can be divided into germinomatous and
non-germinomatous germ cell tumors, The former type is

* Corresponding authot. Tel.: +81-75-751-3790;
fax: +81-75-751-4353,
E-mail address: mikiy@kuhp.kyoto-u.acjp (Y. Miki).

further classifted into pure germinoma and germinoma with
syncytiotrophoblastic giant cells (STGC), while the latter
comprises teratcma, embryonal carcinoma, yolk sac tumor
and choriocarcinoma [8].

According to pathological examination of autopsy cases,
germinomas of the suprasellar region (suprasellar germino-
mas) involve the hypothalamo-neurohypophyseal axis (hy-
pothalamus, infundibulum and posterior lobe of the pituitary
gland), which is related to the development of diabetes in-
sipidus [2,9]. MR findings also suggest that supraseliar ger-
minomas primarily arise from the posterior pituitary to the
infundibulum [10,11]. On the basis of these pathological
and imaging findings, suprasellar germinoma is also called
neurchypophyseal germinoma [10,12].

Although germinomas are fatal if untreated, they dif-
fer from other supraseliar neoplasms in that the tumors
are highly susceptible to irradiation and chemotherapy and

0720-048X/$ — see front matter © 2003 Elsevier Ireland Ltd. Al rights reserved.
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are potentially curable. If the possibility of germinoma can
be determined prior to surgical intervention, biopsy and
histopathological diagnosis would allow the avoidance of
dissemination or hematogenous metastasis of tumor due to
aggressive surgery [13]). Knowledge of the full spectrum of
MR imaging and computed tomography (CT) findings of
neurohypophyseal germinoma is therefore vital,

To the best of our knowledge, detailed evaluation of both
MR imaging and CT findings of neurchypophyseal germi-
noma has yet to be reported. The purpose of the present
study was to establish the spectrum of MR imaging and CT
findings of neurohypophyseal germinoma correlating with
climical information, particularly central diabetes insipidus.

2. Materials and methods

Thirteen consecutive patients with neurchypophyseal
germinoma hospitalized in the neurosurgical department
of our institution from January 1987 to December 2002
were retrospectively enrolled in this study. Patients included
seven males and six females with a mean age of 15 (range:
6-31 years). Diagnosis of neurohypophyseal germinoma
was made histologically in eight cases. In the remaining
five cases, diagnosis was made on the basis of clinical fea-
tures including age, serum and/or cerebrospinal fluid (CSF)
tumor markers and rapid tumor response to irradiation or
chemotherapy, according to established criteria {14].

Cases diagnosed histologically as non-germinomatous
germ cell tumor, cases positive for e-fetoprotein (AFP) and
cases with markedly elevated serum and/or CSF concen-
trations of human chorionic gonadotropin (HCG) (>2000
mlIU/ml} were excluded from the study. Elevated AFP is
generally restricted to yolk sac tumors and some special
types of teratoma [15], Marked increases in serum or CSF
HCG above 2000 mIU/ml are characteristic of choriocarci-
noma, while moderate increases in serum or CSF HCG can
be associated with germinoma containing HCG-producing
STGCs {germinoma with STGC) with no definite evidence
of choriocarcinoma [7]. The majority of germinomas with
STGC can be clinically diagnosed when serum HCG con-
centration is elevated but below 2000 mIU/ml [16]. Seven of
the 13 cases in the present study met this criterion, display-
ing moderately elevated concentrations of HCG suggestive
of germinoma with STGC.

All patients had been examined using CT and MR imag-
ing before treatment. Axial or coronal unenhanced CT
scans were obtained with slice thicknesses of 5-10 mm.
MR imaging studies were performed using a 1.5-T super-
conducting magnet. Both sagittal and corona! T1-weighted
images (spin-echo; repetition timefecho time/excitations:
400-630/8-35/1-2) and axial and coronal T2-weighted im-
ages (spin-echo or fast spin-echo; 2000-7800/80-126/1-2)
were obtained. Additional MR imaging parameters included
3-5 mm slice thickness, 20-24 ¢m field of view and a
192-256 x 256 matrix. Sagittal, in addition to axial or coro-

nal contrast-enhanced T1-weighted images, were obtained
in 11 patients (85%) after intravenous injection of either
gadodiamide {(Gd-DTPA-BMA) or gadopentetate dimeglo-
mine (Gd-DTPA) at a dose of 0.1 mmol/kg bodyweight.

The results of MR imaging and CT were reviewed in a
non-blinded manner by three experienced neuroradiologists.
Tumor location, CT density, MR signal intensity and en-
hancement patterns were evaluated, as was the presence of
calcification, infundibular thickening, posterior lobe hyper-
intensity and cystic components.

Tumor location was evaluated regarding the following
four regions: (1) intrasellar; (2) infundibulum; (3) third ven-
tricle; and (4) basal ganglia or lateral ventricles. Intrasel-
lar involvement was determined by anterior displacement
of the anterior pituitary or enlargement of the sella turcica.
Infundibular involvement was defined when the maximum
diameter of the infundibulum was equal to or >4 mm [17].
Intra-third ventricular extension was defined as protrusion
of the tumor into the third ventricle.

According to medical charts, central diabetes insipidus
was present in 12 of the 13 patients (92%). These 12 patients
required desmopressin acetate (DDAVP) to control urinary
volume. In the remaining case, clinical evaluation for dia-
betes insipidus was not possible due to the presence of blad-
der disturbance.

3. Results
MR imaging and CT findings are summarized in Table 1.
3.1. MRI findings

Infundibular thickening (up to 16 mm) was observed in
all cases (Fig. 1c, Fig. 3b, Fig. 4b). Six of the 13 cases
(46%) also displayed an intrasellar component (Fig. lc).
Intra-third ventricular extension was identified in five cases
(38%) (Fig. 2b). Three tumors (23%) had infiltrated the basal
ganglia, one of which had invaded the wall of the lateral
ventricle (Fig. 4a). Four of the six cases displaying an in-
trasellar component revealed anterior pituitaries that were
compressed anterior to the tumor (Fig. 1¢). Three cases dis-
played enlargement of the sella turcica.

Hyperintensity of the posterior pituitary on T1-weighted
images was absent in ali cases (100%) (Fig. 1a, Fig. 3a).

On T1-weighted images, signal intensity of the solid por-
tion was slightly hyperintense to cerebral cortex in two cases
(15%), isointense in ten (77%) (Fig. 1a) and hypointense
in one (8%). Five cases showed inhomogeneous signal
intensity on the T2-weighted images. On T2-weighted im-
ages, signal intensity of the dominant solid portion was
hyperintense to cerebral cortex in three cases (23%), isoin-
tense in eight (62%) (Fig. 1b) and hypointense in two
(15%).

Contrast-enhanced T1-weighted imaging was performed
for 11 patients. All tumors displayed significant contrast
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Fig. 1. Case 8. Neurohypophyseal germinoma in an 11-year-old girt. Intra- and suprasellar tumor components are homogeneous and iscintense to cerebral
cortex on both Tl-weighted (SE 400/15) (a) and T2-weighted (FSE 5000/130) MR images (b). Sagittal T1-weighted MR image (SE 400/15) (a) shows
absence of normal signal hyperintensity in the posterior pituitary (arrow). Sagittal post-gadolinium T1-weighted MR image (SE 400/15) () shows
heterogeneously enhancing tumor involving the intrasellar region and infundibulum. Thickened infundibulum is observed (arrow). The anterior pituitary is
compressed anteroinferiorly (arrowhead) [10,18,25]. The tumor is less enhancing than the anterior pitvitary. Unenhanced CT reveals a hyperdense tumnor

with no caleification {(d).

enhancement: six (55%) revealed homogeneous enhance-
ment (Fig. 3b) and five (45%) showed heterogeneous en-
hancement (Fig. 1¢, Fig. 2b, Fig. 4a). Four of the five cases
with heterogeneous enhancement demonstrated involve-
ment of the third ventricular floor or infiltration to the basal
ganglia, while only one of the six cases with homogeneous
enhancement displayed intra-third ventricular extension or
infiltration to the basal ganglia.

Intratumoral cysts were seen in six of the 13 cases (46%),
and five of these displayed intra-third ventricular extension
(Fig. 2a, Fig. 4a). None of the remaining seven tumors with-
out intratumoral cysts demonstrated intra-third ventricular
extension.

Multifocal lesions were observed in four of the 13 cases
(31%) and pineal lesions were observed in all four cases.
In addition to the pineal lesions, two cases demonstrated
ventricular wall dissemination and one displayed a spinal
cord lesion.

3.2. CT findings

In 11 of the 13 cases (85%), the solid portion of the
tumor was hyperdense to cerebral cortex on unenhanced CT
(Fig. 1d, Fig. 2c). In the remaining two cases (15%), CT
density could not be evaluated due to the small size of the
lesion. Calcification was absent in all cases (100%).
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Fig. 2. Case 12. Neurohypophyseal germinoma in a 26-year-old man. Axial T2-weighted MR image (FSE 4100/80) displays multiple intratumoral cysts
(arrowheads) (a). Coronal post-gadolinium T1-weighted MR image (SE 400/14) shows tumor protruding into the third ventricle (b). Tumor is hyperdense

to cercbral cortex on unenhanced CT (arrows) (¢).

4. Discussion

To the best of our knowledge, few papers have evalu-
ated infundibular thickening of neurohypophyseal germi-
noma [10,18]. All 13 cases in the present study displayed
infundibular thickening, Fujisawa et al. {10} reported that
six of their seven cases showed infundibular thickening and
Liang ¢t al. [18] described thickening of the infundibulum
as the only abnormal imaging finding for small tumors. This
high frequency of infundibular thickening is not unexpected
given the predominant localization of neurohypophyseal ger-
minoma in the hypothalamo—-neurohypophyseal axis [10,11].
We consider infundibular thickening as a typical finding for
neurchypophyseal germinoma.

The hyperintense signal of the posterior pituitary was ab-
sent in all 13 cases (100%) in our series, confirming the re-

sults of previous reports [10,19,20]. This absence of normal
hyperintensity in the posterior pituitary is closely related to
the loss of hypothalamo-hypophyseal function, particularly
diabetes insipidus [21-23]. In the present series, 12 of the
13 patients (92%) showed evidence of dizbetes insipidus.

MR signal intensity of the solid portion is non-specific
on both T1- and T2-weighted images. Ten of the 13 ger-
minomas (77%) were isointense to cerebral cortex on
T1-weighted images, but intensities on T2-weighted images
were variable. Typically, germinoma is iso- or slightly hy-
pointense on T1-weighted images and iso- or hyperintense
on T2-weighted images [18,24-26].

In our series, all 11 tumors examined under gadolinium
administration revealed intense enhancement. Marked con-
trast enhancement is a common finding for neurchypophy-
seal germinoma [18,25]). Five of the 11 cases displayed
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Fig. 3. Case 9. Neurohypophyseal germinoma in a 15-year-old boy. Sagittal T1-weighted MR image (SE 400/20) (a) shows the absence of normal signal
hyperintensity in the posterior pituitary (arrow). Sagittal post-gadolinium Ti-weighted MR image (SE 400/20) (b) shows a small tumor involving the

upper portion of the infundibulum (arrow).

heterogeneous enhancement. A recent study reported that
heterogeneous enhancement is commonly seen in relatively
large neurohypophyseal germinoma [18]. Large tumors tend
to exhibit heterogeneous enhancement, probably due to in-
homogeneous blood supply, microcyst formation or presence
of necrosis [18].

To the best of our knowledge, frequency of intratumoral
cysts in neurohypophyseal germinoma has not been evalu-
ated, Intratumoral cysts were seen in six of our 13 cases
(46%). Of these six cases, five displayed intra-third ventric-
ular extension, while none of other seven cases without in-
tratumoral cysts demonstrated either intra-third ventricular

extension or infiltration to the basal ganglia. Germinomas
arising from the basal ganglia or thalamus reportedly tend to
contain multiple cysts of varying size [27-29). Large tumor
size and presence of brain parenchymal involvement could
be related to intratumoral cyst formation also in neurohy-
pophyseal germinoma.

Multifocal germ cell tumors usually involve the pineal
and suprasellar compartments simultaneously or sequen-
tially, and account for 6-13% of all intracranial germ cell
tumors {1,3,30]. In our series, four of the 13 cases (31%) dis-
played a synchronous pineal lesion. If restricted to cases of
neurohypophyseal germinoma, this rate is within the range

Fig. 4. Case 7. Neurohypophyseal germinoma with STGC in a 16-year-old girl. Axial post-gadolinium T1-weighted MR image (SE 630/15) reveals a
tumor with multiple intratumoral cysts extending into the third ventricle, basal ganglia and lateral ventricle (a). Another axial post-gadolinium image

shows the thickened infundibulum (arrow) (b).



210 M. Kanagaki et al./European Journal of Radiology 49 (2004) 204-211

of those reported previously [18,25,31,32). In general, syn-
chronous mass lesions in these regions can be diagnosed as
primary germ cell tumors. The origins of multifocal lesions
as either metastatic spread from one location to another or
as lesions of true multicentric origin remain controversial
[30].

In our series, 11 of the 13 tumors (85%) were hyperdense
to cerebral cortex on unenhanced CT. In the remaining two
cases, CT density could not be evaluated due to the small size
of the lesion. Hyperdensity on unenhanced CT is probably
attributable to their hypercellularity [24,33,34]. No cases in
the present study displayed calcification, again confirming
the results of previous studies [24,34].

Infundibular thickening and absence of normal signal hy-
perintensity in the posterior pituitary on T1-weighted MR
images and relative hyperdensity without calcification on
unenhanced CT are characteristic but not specific for neu-
rohypophyseal germinoma. Fifteen to 40% of patients with
Langerhans cell histiocytosis (LCH) manifest with diabetes
insipidus due to histiocytic infiltration of the neurchypoph-
ysis and may show pituitary stalk thickening in the absence
of the posterior pituitary bright signal [35,36). Diabetes
insipidus may present as first manifestation in patients with
LCH, but the majority of these patients develop diseases
outside of the hypothalamo-neurohypophyseal axis during
the follow-up course [37]. Lymphoeytic infundibuloneuro-
hypophysitis (LIN), an autoimmune-mediated inflamma-
tory disorder which causes central diabetes insipidus, may
also shows thickening of the pituitary stalk and absence
of normal hyperintense signal of the posterior pituitary on
T1-weighted images [38]. LIN can be differentiated from
neurchypophyseal germinoma by the following: it usu-
ally occurs in adults; the natural course of this disorder is
self-limited; and thickening of the pituitary stalk will disap-
pear con follow-up course [23,38]. It might be difficult to dif-
ferentiate lymphoma, leukemia and metastasis, which may
localize in the neurohypophyseal region [39], from neurohy-
pophyseal germinoma on the basis of radiological imaging
alone. Many other clinical features of these diseases may aid
in differentiating them from neurohypophyseal germinoma;
lymphomas are predominantly seen in adults and their
only involvement of the neurohypophysis is extremely rare
[40], metastases are also common in adults and leukemias
are usually seen with bone marrow lesions, Besides these,
some other granulomatous diseases, such as tuberculosis,
sarcoidosis, Wegener’s granulomatosis and granulomatous
hypophysitis may mimic neurchypophyseal germinomas
[41-44]. Central nervous system (CNS) involvement of tu-
berculosis almost always occurs secondary to a non-CNS
focus of infection and usually shows basal meningeal en-
hancement or enhancing nodules in the brain parenchyma
[45]. Approximately 5% of patients with sarcoidosis may
present with intracranial involvement and some may have
infundibulo-neurohypophyseal axis involvement [46]. Most
of patients with CNS sarcoidosis develop manifestations at
non-CNS regions and demonstrate distinctive findings on

chest X-ray, high titer of ACE, as well as the presence of
uveitis [42]. '

5. Conclusion

Although MRI findings of neurohypophyseal germino-
mas except those involving the pineal gland are rather non-
specific, infundibular thickening and absence of normal sig-
nal hyperintensity in the posterior pituitary on T1-weighted
MR images and relative hyperdensity without calcification
on unenhanced CT represent common imaging features for
neurohypophyseal germinomas.
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EBM of Neurosurgical Disease in Japan

Randomized Controlled Trial on Malignant Brain Tumors
—Activities of the Japan Clinical Oncology Group-Brain Tumor Study Group—

Soichiro Suisul, M.D.

Neurosurgery Division, National Cancer Center Hospital, Tokyo
Abstract

The Japan Clinical Oncalogy Group (JCOG}-Brain Tumor Study Group was organized with the support of the Health and Labour Sciences
Research Grants of the Ministry of Health, Labour and Welfare. The group is now preparing a multi-institutional randomized controlled
phase II{I1I study of chemoradiotherapy using ACNU versus procarbazine and ACNU fer astrocytoma grades 3 and 4. The overall
survival and response rates will be compared between the patients treated with ACNU and those treated with ACNU plus procarbazine.
This study, under the surveillance of the JCOG, aims to set a standard protocol for treating patients with malignant glioma. Moreover, the

study will establish a proper methodology for performing randomized studies in the {ield of neuro-oncology.

Key words: Japan Clinical Oncology Group, randomized controlied trial, malignant glioma, ACNU, procarbazine,

Ot-methylguanine deoxyribonucleic acid-methyltransferase

Introduction

The Japan Clinical Oncology Group (JCOG) is a
multi-institutional cooperative oncology group
conducting clinical research for cancer and related
problems.? JCOG consists of 13 oncology groups as
of 2003. The Brain Tumor Study Group {JCOG-
BTSG) was organized in April 2002 with support
from the Health and Labour Research Grants of the
Ministry of Health, Labour and Welfare in order to
establish a standard therapy for malignant brain
tumors.

This study describes a randomized controlled
phase II/III study of chemoradiotherapy using
ACNU versug procarbazine and ACNU for
astrocytoma grades 3 and 4.

Materials and Methods

Patients with newly diagnosed supratentorial
astrocytoma grade 3 or 4 will be enrolled and ran-
domly divided into two groups. Patients in Group A
will be treated with ACNU (80 mg/m? iv) during the
postoperative radiotherapy (60 Gy local}l, whereas
patients in Group B with procarbazine (80 mg/m? for
10 days per os} preceding and in addition to the
administration of ACNU. Each regimen will be
repeated every 8 weeks for 2 years if tolerated by the
patients. The primary endpoint is the overall sur-
vival rate and the secondary endpoints are the
response rate on magnetic resonance imaging and
the frequency of adverse events. This study starts as
a randomized phase II trial and proceeds to the
phase III study. if the efficacy of the Group B
regimen in phase II warrants a study continuation.

The study protocol was developed under guidance
of the JCOG and approved by the institutional
review board of the institution to which each JCOG-
BTSG member belongs. The study will be performed
under surveillance by the J[COG.

Results

This study starts at the beginning of 2004. The
expected number of patient enrollments is 310 in 5
years. The collected data will be monitored and
statistical analyses carried out by the JCOG Data
Center. The results will be evaluated by the Steering
Committee.

Discussion

A standard therapy for malignant gliomas has not
been established and various trials have been carried
out. In most neurosurgical institutes in Japan,
nimustine hydrochloride (ACNU) is administered in
conjunction with conventional radiotherapy after
surgical removal of the tumor. However, this com-
mon treatment regimen has never been scientifically
justified by a randomized controlled study, and so
should be considered “community standard.”

The efficacy of ACNU in malignant glioma
patients was evaluated in a group who received post-
operative administration of ACNU in conjunction
with radiation therapy and another group was
received only radiation therapy.? This controlled
study revealed an improved response rate for the
patients treated with ACNU, however, no sig-
nificant difference in overall survival was observed
between the two groups.

ACNU is one of the most effective chemother-
apeutic agents to date for malignant gliomas. ACNU
passes through the intact blood-brain barrier and
alkylates deoxyribonucleic acid (DNA) causing the
anti-tumor effect. Most malignant gliomas neverthe-
less recur after ACNU chemotherapy and radiother-
apy. Malignant gliomas frequently express high ac-
tivities of Of-methylguanine DNA-methyltransferase
(MGMT), a DNA repair enzyme, which is consi-
dered to be one of the causes of the chemoresistance
to ACNU, Procarbazine is another alkylating agent
that yields OS-alkylguanine.® If procarbazine is
administered prior to ACNU as in our current
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protocol, we expect the abundant O%-alkylguanine to
deprive MGMT, leading to increased efficacy of
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