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Fig. 1 Stimulation electrode for the lower lip.

The SSEPs were recorded at least twice to assess reproducibility.
Recordings from bipolar chains of electrodes were used for the
lower lip SSEPs. The reference electrode was placed at the nasion
for the median nerve SSEPs.

RESULTS

The first cortical component for contralateral lower lip stimulus
(N15), with a peak latency around 15 ms,® was obtained in seven
of the nine patients. A mass lesion involving the hand and/or face
area of the somatosensory cortex was found to abolish the median
nerve and/or lower lip SSEPs. Neither lower lip nor median nerve
SSEPs could identify the central sulcus in case 9, where identifi-

cation of the motor cortex by direct stimulation was used with the
aid of the neuronavigation system. The lesion in case 7 was also
located in the hand-digit-face sensory area, but polarity inversion
of the lower lip SSEPs was obtained because the inferior extension
of the tumour was more limited than in case 9, preserving the
lower lip somatosensory area. The area of the hand representation
was not exposed by the craniotomy in case 4.

Representative case report

Case 1: A 38-year old male presented with a protoplasmic astro-
cytoma manifesting as left facial seizures in August 2000. He
underwent partial tumour resection and five courses of three-drug

Fig. 2 Case 1. Arrows indicate the central sulcus: (A) Preoperative unenhanced computed tomography (CT) scan showing a hypodense glioma close to the
central sulcus; (B) Preoperative axial T2-weighted magnetic resonance (MR) image showing the hyperintense glioma; (C) Postoperative CT scan; (D) Follow-up

axial T2-weighted MR image.
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chemotherapy. However, seizure activity increased in May 2002
and he was admitted to our hospital in July 2002. Left facial sei-

_zures occurred approximately 10 times per day. T2-weighted mag-
netic resonance (MR) imaging demonstrated a hyperintense lesion
in the right precentral gyrus, The lesion was hypodense on CT and
did not enhance with contrast (Fig. 2(A) and (B)). The tumour was
located in the face motor area based on anatornical' landmarks,
including the inverted omega-shaped central sulcus on axial and
functional MR imaging. Neurological and neuropsychological
examinations were normal.

A frontoparietal craniotomy was performed under general
anaesthesia. After incision of the dura, a silicone sheet containing
eight electrodes was placed on the brain perpendicular to the cen-
tral sulcus to record cortical SSEPs (Fig. 3(A) and (B)). Phase re-
versal of the lower lip SSEPs at about 15 ms was observed
between electrodes 1-2 and 2-3 (Fig. 3(D)). Thus, the central sul-
cus was identified to be under electrode 2. Polarity inversions of
the median nerve SSEPs across the central sulcus at about
20 ms were observed between electrodes 2 and 3 (Fig. 3(E)).
The distance between these two points along the central sulcus
was 35 mm. The tumour was totally removed up to the hand-digit
motor area, using direct cortical and subcortical stimulation tech-
niques and a neuronavigation system (Fig. 2(C), (D), and 3(D)).

Postoperatively, no neurological or neuropsychological deficits
were observed. Left facial seizure activity disappeared. Histopath-
ological examination revealed that the tumour had transformed to

i ) I ] L [} ] 1 | | I— |
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an anaplastic astrocytoma. As adjuvant therapy, the patient re-
ceived 72 Gy of hyperfractionated radiation to an extended local
field and chemotherapy using nimustine hydrochloride (ACNU).
Careful, repeated observation for 46 months has not indicated
any recurrence. Karnofsky score was 100% at last follow up.

DISCUSSION

The method presented for recording SSEPs using lower lip stim-
ulation is straightforward with low risk. Seizures do not occur dur-
ing evoked potential recording and anaesthetic variability is less
prominent than during cortical stimulation. Evoked potential
localisation can also be used in young children, in whom the ex-
posed cortex is typically electrically poorly excitable.
Recording of SSEPs has several limitations. Loss of N20 or P20
occurs in 9% of patients, thus phase reversal is not identified, pre-
sumably because electrodes are not exactly aligned over the sen-
sory and motor hand areas.! Such “off axis” alignment of
electrodes may also provide misleading results during localisation
of the central sulcus.® SSEP phase reversal of N20-P20 was suc-
cessful in 92% of 230 patients with tumours of the sensorimotor
region, but recording of a typical N20-P20 phase reversal may
be difficult in cases of large central and postcentral lesions.” In
these situations, combined cortical SSEP recording for median
nerve and trigeminal nerve lower lip stimulation can localise the
central sulcus, and also trace its course between two points.

0 10 20 30 40 50
D [ms]

10 20 30 40 50
[ms]

Fig. 3 Case 1. (A) and (D) Direct cortical somatosensory evoked potential recordings from stimulation of the lower lip. Electrodes 1, 2, 5, and & are posterior
{parietal) and electrodes 3, 4, 7, and 8 are anterior (frontal). Recordings from bipolar chains of electrodes were used. Phase reversal is seen between electrode
1~2 and 2-3, marking the position of the central sulcus (black arrow, D). The continuous white line (A) indicates the location of the tumour. The white arrow

indicates the central sulcus. F = frontal lobe; P = parietal lobe. (B) and (E) Direct cortical somatosensory evoked potential recordings from stimulation of the media
nerve. Electrodes 1, 2, 5, and 6 are posterior (parietal) and electrodes 3, 4,7, and 8 are anterior (frontal). Phase reversal is seen between electrodes 2-3 and 6-7
marking the position of the central sulcus (black arrows, E). The white arrow indicates the central sulcus. (C) intraoperative photograph after gross total resection ¢

the tumour. Arrowheads indicate the resection cavity.
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Previously reported methods of SSEP recording? using stimula-
tion of the chin, lips, tongue and palate have localised the face
area of the human sensorimotor cortex. The upper and lower lip
representations overlap adjacent to the hand area, and have been
reported to provide little additional localising information if the
hand area has been identified. The representation of. the lower
lip is slightly more lateral than the upper lip, but separate stimu-
lation of the upper and lower lip provides no practical advantage.
Polarity inversion of potentials across the sulcus has been reported
to be a less reliable criterion for trigeminal SSEPs, partly because
most recordings are made with 10 mm inter-electrode spacing, and
inconsistent recording of polarity inversions may simply be due to
lack of optimal recording sites, or because the dipole generators
may have a more radial orientation, with little or no polarity inver-
sion across the cortical surface.’

In contrast, our study indicates that lower lip SSEPs can localise
the face representation areas of the somatosensory and motor cor-
tex under general anaesthesia using polarity inversion. Our stimu-
lating apparatus was tightly attached to the lower lip, resulting in
constant stimulation and we used higher intensity and lower fre-
quency stimuli than the 0.4 and 4 Hz frequency, and intensities
of two or three times the sensory threshold used in previous stud-
ies of trigeminal SSEPs.*'2 The most suitable intensity of nine
times the sensory threshold was indicated by a previous magneto-
encephalography (MEG) study and was well tolerated, even when
the patient was awake. Our experience is that the stable pressure
of the clip electrode is particularly useful to maintain constant
resistance and electrode contact and to achieve a constant stimulus
intensity, which helps to minimise subject apprehension. Longer
inter-stimulus intervals evoked a larger amplitude of N15m. The
present study used biphasic waveforms for electrical stimulus
and recordings from bipolar chains of electrodes, which reduces
artefacts.

We could not establish the normal distance between the phase
reversal points of median nerve and lower lip SSEPs, because
pin-point definition of the phase reversal was difficult in cortical
SSEPs using strip electrodes, and because some patients had no
clear-cut phase reversal of median nerve SSEPs. Our MEG study
of normal subjects found that the distance between the N15m
source of the lower lip somatosensory evoked fields (SEFs) and
the N20m source of the median nerve SEFs is 23.0+7.2 mm
(mean = sd) in the left hemisphere and 18.6 = 2.1 mm in the right
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hemisphere.' This distance may increase and/or the SSEP sources
may shift upward in patients with gliomas in and around the oro-
facial central region. Combination stimulus of the median nerve
and the lip would be particularly useful in such cases.

CONCLUSION

Recording of SSEPs using median nerve and lower lip stimulation
as described above can be used to localise the central sulcus and
the hand and orofacial area laterally and adjacent to the Sylvian
fissure.
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Surgical Aspects for Improving the Prognosis of Malignant Astrocytic Tumors
by
Toshihiro Kumabe, M.D., Yoshihisa Takai, M.D.*, Takamasa Kayama, M.D.* * and Teiji Tominaga, M.D.
Jfrom

Departments of Neurosurgery and *Radiation Oncology, Tohoku University Graduate School of Medicine, and
**Department of Neurosurgery, Yamagata University School of Medicine

This study retrospectively examined the median survival times in 370 patients with malignant astrocytic
tumors treated in our institute between 1982 and 2003 ; follow-up review of these patients continued through the
end of April, 2004. The study period was divided into three treatment eras as follows : 1982 to 1988, when patients
underwent no preoperative magnetic resonance (MR) imaging evaluation (pre MR era) ; 1989 to 1996, when
patients underwent preoperative MR imaging (post MR era) ; and after 1997, when patients underwent preopera-
tive MR imaging with functional brain mapping and intraoperative neuronavigation system monitoring (post MAP
era). Patients with glioblastoma (GB) treated after 2000 were separately classified as the 21st century era because
of the large number of patients compared with other eras, and changes to radiation treatment protocols. One hun-
dred and eighty-one patients had anaplastic astrocytoma (AA) and 189 had GB. The patients were also divided into
younger (under 60 years) and elderly (60 years or over) groups, and total resection and partial resection or biopsy
groups. Survival rates were determined using the Kaplan-Meier method. The statistical significance of differences
between life table curves was determined using the logrank test. The median survival time of 62 patients with GB
in the 21st century era was 23.1 months. The median survival time in the elderly group was significantly shorter
than in the younger group in both patients with AA (p=0.0004) and GB ($<0.0001). The median survival time
of patients with AA or GB in both younger and elderly groups tended to improve according to treatment advances.
The total resection group had significantly longer median survival time than the partial resection or biopsy group,
in both patients with AA (»<<0.0001) and GB (p=0.0002) and in the younger (AA:»=0.0001, GB: p=10.0040)
and elderly (AA: $p=0.0230, GB: p=0.0265) groups. Therefore, the outcomes for patients with malignant astro-
cytic tumors improved according to treatment advances, especially following total resection, despite inhomogeneity
in diagnostic criteria, determination of the extent of tumor removal, and treatment protocols.

(Received Jun 30, 2004 ; accepted September 27, 2004)

Key words * anaplastic astrocytoma, decade of diagnosis, extent of tumor resection, glioblastoma,
survival
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LdL, 20k 2FEMEEREOES IS - IGERE
DREX, WERBRLLTHREIN TR, £K0
26% O A0 % @ $E ¥ % Surveillance Epidemiology and
End Results Program (SEER Program) = & 35V ¢i3,
B 30 EROBEMEE O BEREIIREEDICH 2
%, glioblastoma (GB) KL T3 o7 {HEINT
Wik LHRE LTS, BARMEEREO XS L,
GB @2 F4&FRLE 3ELEFRIL, 1985~1990 4F T ik
20.5%, 12.9%, 1991~1996 £ T 19.6%, 114% & %
FHBEEIN TR,
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I LERELEV,
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1982 DL, 2003 4 12 B £ clic4BHcTREL %«
181 #1 % anaplastic astrocytoma (AA) & 189 #Fld GB @

BRBBEOEB R IR L7, R, EEZLE, MEle
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%. AA DFIGERIZ 4455175 1%, GB OFIHERIE
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100B1 %o T3l L LREHRIBEAFEZEZEL
7= &5, 2000 FLER 21 S, L UOkREFL 7.
TEBEREEE, F&, FRRHERLBEOREWIHRE
RFTHo I LpsV2970 KiEEI L FAMGHE, 4
I X BIRERER AA & GB BI& TS L7, @i
60 B L% TEEER ), 60 iy THEER, L F
2L, ML ICBERBEOHYS, FHREECLS
RERE LS L 72,2004 4F 4 A 30 HOBR ©tet L,
4753 Kaplan—Meier ¥1c CEH L, logrank 12T
BEELBEL 2,

AR A R ERETH 57D, FHIFEHE DR
BLOBBEASHE—TRZRWENKSREEE 25,

FHREHEIIME 2 2 X BEOEFEGIC L - T
fliL7=. MRI AT CT iZ X - CEHli E /- LhgH &,
B & b 72 BERILINICEE MRI & I8 FRE 5 %
BELC, BECHHEZHELLS ZTcoefle T
BB SN BREVPRLZZDEHSH»TH 2. 4H
DIEEI T, @EPERINBIRERZ0ERE, B
FIOEREINS, HLREEINRWEERR T1 BH
EGRCEER 2 RTHEBEIES LWL <, MiBEEL
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L IERMie LToE L, SERIER SR, TIR
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T AR R I GBI LT3, 1985 £ ik 1 [ 2
Gy ¥ ES BB T O4EM 30 Gy & IKFFT 30 Gy,
1988 4 ¥ CRAHESEIEE T2 27 Gy LI RERT
27 Gy, 1995 % & TR AYESEIRE T KERT~ 63
Gy, 1999 £ T3 1 B 1.5 Gy %2 1 H 2 BIRRES ¥ 2 &
B EI B E I RBATA 60 Gy, 2000 “EBIFEIZ 1 6] 2 Gy
DYFELEIRE T DA 30 Gy 2474 5 H B M Btk
L, SEWTIEESEIRE CIAKBRTAN30Gy, S5
BIFEREBY B - 12354, 6 Gy 2R H T 4 ENEMEH
o THRET 252 & 57, AA KL TiX, 1985
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KREAT~ 63 Gy, 1996 FELI#%ix 1E 1.2Gy 2 1 H 2 [
a5 2By EIRE T AR~ 72 Gy DEH 2T -
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Table 1 Survival in patients undergoing surgery for glioblastoma

Median survival time

Survival (%)

. ®
Category No. of patients (months) 2-year 3-year 5-year p Value
Era
pre MR (1982~1988) 47 10.6 10.6 0.0 0.0 0.0002* *
post MR (1989~1996) 42 176 27.0 24.3 7.1 '
post MAP (1997~1999) 38 16.0 26.3 15.8 5.3 0.0401* **
21st (2000~2003) 62 23.1 41.7 247 ’
Extent of tumor resection
Total 102 17.9 334 24.5 7.8 0.0002
Partial or biopsy 87 11.9 19.2 6.6 2.2 )
Age 7
Under 60 years 111 18.2 36.3 22.8 8.7
60 years or over 78 11.7 11.9 5.1 0.0 <0.0001
*The statistical significance of differences was determined using the logrank test. )
**Between pre MR era and post MR era
***Between post MAP era and the 21st century era
MAP : brain mapping
Table 2 Survival in younger patients (under 60 years) undergoing surgery for glioblastoma
. Median survival time Survival (%) N
Category No. of patients (months) 2-year 3-year 5-year p Value
Era
pre MR (1982~1988) 30 12.0 50.0 0.0 0.0 0.0034%*
post MR (1989~1996) 25 20.0 37.0 32.4 111 '
post MAP (1997~1999) 21 17.4 33.3 23.8 9.5 0.0226* * *
21st (2000~2003) 35 26.4 57.6 39.2 '
Extent of tumor resection
Total 65 19.8 43.9 33.9 13.2 0.0040
Partial or biopsy 46 16.7 26.5 9.1 3.0 )

*The statistical significance of differences was determined using the logrank test.

**Between pre MR era and post MR era
* % *Between post MAP era and the 21st century era

7z, {LZEEEIEIE nimustine hydrochloride (ACNU) # #A
AL LCHEALE, FBRRESETHERATES XS
I 0T 5, 100 mg/m?% FATHARIPIC 2 E#EL,
ZogskicTc2 A AK 1 EoREERS 2 £/01T7-
TWw5b,

B R

GB-
TMR E AR, 47 $1o> MST 1% 10.6 4 BTH 57228,
MR EAHA, 42 1> MST & 17.6 » A & fEKRE 0.0002

14.4% (16 #1), ThxigaE~ v Y 7 H1, 30.9+11.6% (34
), T21 42, 37.2+£14.9% (62 41) &, wWTFnRIBE
HEREERLTED, GB DRERBEOR EIZ, Hk<
ELHBENIC I VRO DBE L ot b Tk
v, R »MTbNz 102 o MST 12179 A BT, H
SRS L ZEBATIci&b o7 8780 11.9 A Bickh
BT 3L, BRE0.0002%b->TREFTH 57 (Table
1), THEHERE) 111 6o MST 13 182 A H T, MEi#hE
B 78l MST i 11.7 7 BTh b, &K 0.0001
HBEb-o T ERER OFRIIRRTH -7 (Table 1).

RITEEANIRERE OB 2 A L7z, TEEER

TH.EL T, Tt~ v © 3 78, 38 filod MST i3 Tk, "MR BEARTH, 30D MSTIR 12 7 ATho7
16 A HT TMREAH, LZBTED oo/, M21 A%, TMREAHL, 25 B TiZ 20 7 B & &= 0.0034 T

) O 62#D MST 12231 AHTHY, THilkis< v
Yy JH EERER 0.0401 2 b > TIRERENRALEL T
W27z (Table 1), 738 MIB1 B3, TMR B AH 306+

BREIBESENH L Tw, T~y v 78
219> MST 12 174 A BT "TMREALL, & OEBTED
Lo 7203, 21 12, 35 D MST 12 264 A HT
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Table 3 Survival in elderly patients (60 years or over) undergoing surgery for glioblastoma

Median survival time

Survival (%)

. *
Category No. of patients (months) 2-year 3-year 5-year p Value
Era
pre MR (1982~1988) 17 6.0 0.0 0.0 0.0 0.0014* *
post MR (1989~1996) 17 12.7 12.5 12.5 0.0 )
post MAP (1997~1999) 17 14.1 17.6 5.9 0.0 ok
21st (2000~2003) 27 20.3 155 0.0 00 ™
Extent of tumor resection
Total 37 16.2 13.8 6.9 0.0
Partial or biopsy 41 9.9 10.2 34 0.0 0.0265
*The statistical significance of differences was determined using the logrank test.
**Between pre MR era and post MR era
***ns: not significant (between post MAP era and the 21st century era)
Table 4 Survival in patients undergoing surgery for anaplastic astrocytoma
Catecor No.of  Median survival Survival (%) 5 Value™
gory patients  time (months) 2-year  3-year 5-year 10-year
Era
pre MR (1982~1988) 60 15.0 36.7 26.7 15.0 6.7 0.0014* *
post MR (1989~1996) 58 275 54.7 44.1 30.6 26.5 ’ 0.0152% * *
post MAP (1997~2003) 63 73.9 67.7 51.3 '
Extent of tumor resection
Total 64 62.2 74.2 69.1 52.1 33.8 <0.0001
Partial or biopsy 117 22.6 44.4 32.6 19.1 15.2 ’
Age
Under 60 years 139 33.8 58.9 50.0 354 276 0.0004
60 years or over 42 17.2 42.1 31.8 18.2 0.0 ’

*The statistical significance of differences was determined using the logrank test.

**Between pre MR era and post MR era
***Between post MR era and post MAP era

Y, "Ry v ) EERE0.0226 2 b o T
RERAED I EL T/ (Table2). 2 X7 65
D MST % 198 # AT, ZNBISND 46 I 16.7 H Bic
HE ¥ 2 & fERRE 0.0040 2 b > CRIFTH 57 (Table
2). :
'EEER, °b, MR EARME, 17610 MST 6 »
AICHE LT, "TMR EAHA, 17 Bl MST 12.7 4 B3 fE
BR2E 0.0014 2 b > THBIKEL T, Tk v
Yy S, 1760 MST 13 141 4 B, 21 4, 27 4l
D MST 13203 WA CEBER R Db -7 (Table 3),
M I NI 37D MST 12 162 A BT, 2hllao
41610 9.9 A BIc BT 2 L ERE 0.0265 2 b > TR
FT®H o7 (Table3).

AA
MR B AHIER) 60 1> MST 1 15 2 BCH - 7278,
™R B AHA, 58 Hld MST X 27.5 A B & &= 0.0014
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THEL, TRy vy S8 B HlTIIERR
0.0152 TI 6 ICHIED I L 2HEFR S 1/ (Table 4). 24
HAMT iz 64 1) MST i3 62.2 4 B¢, ToHEHEDL L
CIRAEBRMICKD 57 117 o 22.6 7 BT 3 &
0.0001 KIFDEIRER b > TRIFCH 57 (Table 4).
GBITHIRT 5 & AA T3 "EBRMER) OLEELZD
D7 (B8, FERIIPIR D REBFRIRERTFTH D,
FEEHTE 139 B0 MST 13:33.8 4 HTH - 7 DI ik
LT, TERER QA0 MSTIZ1722BTHD, f&
MR 0.0004 2 b o C TBEHER OFRIITETH-
(Table 4),

KICERINIBBREO W MR L. TEEER
T, "MREBAHHA, 40 5> MST 12 15 A B TH o
23, TMR BAHA, 47 HlCix 36.7 5 B L EkE 0.0012 ©
BRICBEREG M L LTk, T~y v 711,
52 BICIE, IBEREERINEERD I H 2 b EEERTO S
Nz o7 (Tables), £HFHI & N7z 55 4 © MST 1%
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Table 5 Survival in younger patients (under 60 years) undergoing surgery for anaplastic astrocytoma

- No.of ~ Median survival

© Survival (%)

CE ,C?‘?‘?g‘?‘ry patients  time (months)  2-year  3-year 5-year 10~year = p,\_’alu‘erv

Era

pre MR (1982~1988) 40 15.0 35.0 275 17.5 10.0 0.0012* *

post MR (1989~1996) 47 36.7 63.3 50.2 35.7 33.2 ' A

post MAP (1997~2003) 52 74.4 69.6 52.4 ns
Extent of tumor resection

Total 55 81.3 73.6 69.5 53.3 37.8 0.0001

Partial or biopsy 84 23.5 49.2 36.9 22.8 20.5 :

*The statistical significance of differences was determined using the logrank test.

**Between pre MR era and post MR era

**%nst not significant (between post MR era and post MAP era)

Table 6 Survival in elderly patients (60 years or over) undergoing surgery for anaplastic astrocytoma

No. of - Median stirvival

7 Survival (%) -

. Category patienis  time (months)  2-yéar 3-yvear S-year 10-year -+ * Vahe "
Era
pre MR (1982~1988) 20 10.3 40.0 25.0 10.0 0.0 ns**
post MR (1989~1996) 11 13.8 18.2 18.2 9.1 0.0 0.0094* * *
post MAP (1997~2003) 11 36.0 71.6 59.7 47.7 ‘
Extent of tumor resection
Total 9 39.4 77.8 66.7 444 22.2 0.0230
Partial or biopsy 33 10.3 32.2 21.7 9.7 0.0 '

*The statistical significance of differences was determined using the logrank test.

**ns: not significant (between pre MR era and post MR era)

***Between post MR era and post MAP era
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Summary

In our immunohistochemical study of 25 human primary intracranial germinomas and germinomas with syncy-
tiotrophoblastic giant cells (STGC), we stained the same sections for c-kit and placental alkaline phosphatase
(PLAP). Immunohistochemical expression was graded using a semi-quantitative scoring system where 3+ = 51—
75%, and 4+ = 76-100%. Of the 25 cases, 7 (28%) were graded 3+ and 18 (72%) 4 + for c-kit; 8 (32%) were 3+ or
4+ for PLAP. All 3 cases negative for PLAP-staining were strongly positive and all embryonal carcinomas,
immature teratomas, and yolk sac tumors were negative for c-kit staining. The soluble isoform of c-kit (s-kit) is
reportedly detectable in cerebral spinal fluid of patients with germinomas and-germinomas with STGC. C-kit and s-
kit may be powerful tumor markers for germinomas with or without STGC.

Introduction

In Japan, central nervous system (CNS) germ cell tumors
(GCTs) account for 1.8-3% of all primary brain tumors
and for 9-15% of pediatric brain tumors {1]. GCTs are
divided into pure germinomas, non-germinomatous
GCTs (NGGCTs), and mature teratomas. The prognosis
of patients with NGGCTs remains dismal; their median
survival is less than 2 years [2]. On the other hand,
germinomas, the most frequent type of intracranial
germ-cell tumor, can be cured by chemotherapy and
radiotherapy and mature teratomas are curable by sur-
gery. As the early diagnosis of GCTs has important
therapeutic implications, reliable tumor makers are
needed for GCTs. High levels of a-fetoptotein (AFP),
human chotionic gonadotropin (HCG),or f-subunit
HCG (B-HCG) in serum or cerebrospinal fluid (CSF)
alert to the possible presence of cells comprising
NGGCTs. These tumors need not be histologically
confirmed before surgery, in fact, surgical intervention
before the administration of adjuvant therapy may in-
crease the risk of tumor cell dissemination. We obtained
good results by subjecting NGGCT patients to neo-
adjuvant therapy (NAT) [3]. On the other hand, in the
absence of reliable tumor markers, germinomas are
confirmed histologically after biopsy or other surgical
procedures. While placental alkaline phosphatase
(PLAP) is considered a good tumor-marker candidate
for germinomas, many patients with these tumors are
serum-negative for PLAP. Shinoda et al. [4] suggested
that the immunohistochemical PLAP-negativity of some
germinoma cells may be due to changes in the antigenicity
of PLAP in the course of tumor-cell differentiation.

The proto-oncogene c-kit encodes a transmembrane

tyrosine kinase receptor (KIT) for stem cell factor.

(SCF) [5]. KIT is expressed in a number of cell types
such as germ cells, melanocytes, mast cells, interstitial
cells of Cajal, and in a subset of malignant neoplasms.
SCF/KIT-mediated signaling plays an important role in
normal spermatogenesis and primordial germ cell
migration and survival [6-8]. Moreover, c-kit mutations
identified in several types of tumor cells are thought to
play an important role in tumor formation [9-12] and
they may be an additional parameter for predicting the
metastatic risk of gastrointestinal stromal tumors
(GISTs) [13]. The soluble form of the c-kit receptor (s-
kit), a product of c-kit cleavage, was detected in CSF of
patients with intracranial germinomas [14]. The CSF
concentration of s-kit may be a useful marker to diag-
nose germinomas and predict recurrence or dissemina-
tion in patients with germinomas or germinomas with
STGCs [15). We compared the reactivity for c-kit and
PLAP of immunohistochemically stained adjacent tissue
sections from patients with germ cell tumors.

Materials and methods

Specimens from 235 patients operated at the Department
of Neurosurgery of Kumoamoto and Kagoshima Uni-
versity Medical School for pure germ cell tumors were
used. All patients had undergone surgical tumor removal
or biopsy during the years from 1992 to 2004. The sur-
gical specimens were of adequate size, however, some of
the biopsy specimens were too small for evaluation by
semi-quantitative staining analysis and could not be
used. Samples were fixed in 10% formalin, embedded in
paraffin, 4-5 pm sections were cut, deparaffinized with
xylene, rehydrated in a graded series of ethanol, and
immersed in 0.3% methanolic hydrogen peroxide to
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eliminate endogenous peroxidase activity. The sections
were then incubated overnight with 1:200 dilutéd poly-
clonal antibody against human c-kit (DAKO JAPAN
CO. Ltd, Kyoto) or human PLAP (Biomedia Corp.,
Foster City, CA). Identical sections were stained for both
c-kit and PLAP. We used the avidin-biotin complex
method; for detection we used 0.05 % diaminobenzine
tetrahydrochloride. To provide a negative control,
tumor sections were incubated with normal rabbit serum
instead of primary antibody. Slides were counterstained
with hematoxylin. Tissue sections from testicular semi-
nomas were used as a positive control.
Immunohistochemical expression was graded using a

semi-quantitative scoring system where - = 0%,
1+ = 1-25%, 2+ = 26-50%, 3+ = 51-75%, and
4+ = 76-100%. For the semi-quantitative analysis of

c-kit we used at least 10 high-power fields. Usually the
samples were small, however, all included samples were
large enough to allow the inspection of 10 different
fields.

Results

A summary of the 25 patients is presented in Table 1.
None had received radio- or chemotherapy before sur-
gery. The same sections from surgical specimens were
stained for both c-kit and PLAP. As a positive control
for PLAP staining we used full-term placental tissue. We
confirmed a clear reaction on the outer and occasional
inner surfaces of syncytiotrophoblasts (data not shown)
to ascertain that the results were not attributable to the

antibody or staining techniques we used. All 25 speci--

mens exhibited a strong immunoperoxidase reaction for
c-kit3+,n = 7;4+,n = 18). On the other hand, only
8 of the 25 cases (32%) were graded as 3+ or 4+ for
PLAP staining and 3 cases were PLAP-negative (Ta-
ble 2). In case 1, the surface membrane of all tumor cells
was strongly stained for c-kit, however, these cells were
PLAP-negative (Figure 1). Case 2 was unusual in that
there was strong positivity for both c-kit and PLAP
(Figure 2). Among the 25 cases, only 2 (8%) were graded
as strongly positive (4+) for PLAP although all 25
exhibited strong (3+ or 4+) positivity for c-kit. As
these findings were not attributable to either the quality
of the antibody used or to our staining technique, we
postulate that they are due to differerices in antigenic
expression by the germinoma cells. Moreover, we found

Table 1. Characteristics of the patients with germinoma and germi-
noma with STGC

Age 4-32 (Median = 18)
Gender Male: 18

Female: 7
Diagnosis Germinoma: 18

Germinoma with STGC: 7
Pineal: 12

Suprasellar: 7

Pineal and suprasellar: 3
Basal ganglia: 3

Location of tumor

Table 2. The semi-quantitative scoring of the immunohistochemical
staining of c-kit or PLAP

- 1+ 2+ 3+ 4+ Ave. Total
C-kit 0 0 0 7 18 3.7% 25
PLAP 3 5 11 6 2 [.9% 25

PLAP: Placental alkaline phosphatase, Ave.: Average, *P < 0.0001
Wilcoxon signed-rank test.

that among the NGGCTs we examined (2 immature
teratomas, 2 yolk sac tumors, and 1 embryonal carci-
noma), none contained cells positive for c-kit (Figure 3).
To exclude the possibility that their location in pineal or
suprasellar regions contributed to their c-kit positivity,
we subjected other pineal or suprasellar region tumors

Figure 1. Photomicrographs of tumor samples from a 12-year-old boy
with germinoma. (a) H&E staining demonstrates the typical two-cell
pattern ol germinoma. (b) The tumor cells are strongly positive for
c-kit. (c) Compared to c-kit, staining for PLAP is weak.
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Figure 2. Photomicrographs of tumor samples from a 21-year-old
male with germinoma. (a) H&E staining demonstrates the typical two-
cell pattern of germinoma. (b) The tumor cells are strongly positive for
c-kit. (c) Staining for PLAP is also positive.

(one each pineocytoma, pineoblastoma, pituitary ade-
noma and suprasellar meningioma) to c-kit staining;
‘none were positive (Figure 4). As NGGCTs and other
pineal or suprasellar tumors were negative for PLAP
staining, germinomas did not exhibit different specificity
for c-kit and PLAP. However, the sensitivity of germi-
nomas for c-kit and PLAP staining was significantly
different (Table 2), indicating that c-kit is more reliable
than PLAP as a tumor marker for primary intracranial
germinomas and germinomas with STGC.

Discussion

C-kit and its ligand SCF, a 21-kDa glycoprotein, are
especially important for the proliferation of stem cells,
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mast cells, melanocytes, and germ cells. The binding of
SCF to c-kit results in the dimerization of receptor
molecules and activation of receptor kinase activity. The
phosphorylated intracellular domain of c-kit recruits
several signal molecules and mediates the interaction
with the SH2 domain of the translocated protein. Sev-
eral binding proteins have been described, e.g. p85 of PI-
3-kinase, SHP-1, and SH-2 [16-18]. Active mutations of
c-kit have been reported in testicular germ-cell tumors,
GISTs, and intracranial germinomas. Our immunohis-
tochemical study showed that all intracranial germino-
mas examined were strongly positive for c-kit and that
all NGCCTs were c-kit-negative. While c-kit is thought
to be crucial in the development and proliferation of
intracranial germinomas, the underlying mechanism(s)
remains unclear. Some molecules downstream of the
c-kit signal are important for cell proliferation, e.g. PI-3
kinase, AKT, and MAP-kinase; they may be related to
tumorigenesis or proliferation in intracranial germino-
mas [19-21]. At present it is not known why c-kit is
highly expressed in germinomas but not in NGGCTs
although in testicular seminomas, c-kit activity is
thought to be important for maintaining the germ-cell
character. As SCF is expressed ubiquitously in human
tissues, it is readily available for use by tumor cells.
Germinomas are often found in young individuals and
they are rare in adults older than 30 years, moreover,
their incidence is higher in boys than girls. The c-kit/
SCF system may play a yet not well-understood role in
these features.

Our immunohistochemical study revealed that while
all specimens from 25 patients operated for primary
intracranial germinomas or germinomas with STGC
were strongly positive for c-kit, the same sections stained
only weakly or not at all for PLAP. We offer the fol-
lowing considerations for this observation. While c-kit is
a cell-membrane protein, the PLAP protein is located
mainly in the cytoplasm and PLAP antigenicity may be
delicate and difficult to preserve for immunohisto-
chemical staining. Also, intracranial germinoma cells
may be at different stages of differentiation and during
some of these stages, the cells may not manifest PLAP
antigenicity. Miyanohara et al [14]. reported that s-kit is
expressed at significant levels in CSF from patients with
germinomas and germinomas with STGC. They also
performed immunohistochemical staining studies on
germ cell tumors and their results coincided with ours.
However, while they demonstrated positive staining in
some well-differentiated teratomatous structures in
immature teratomas, we found that these tumors did not
stain. In conclusion, we suggest that c-kit may be a
useful a clinical marker for germinomas and germino-
mas with STGC and that the staining sensitivity is
higher for c-kit than PLAP.
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L3 % el :
Figure 3. Photomicrographs of tumor samples from non-germinomatous germ cell tumors. (a) H&E staining of embryonal carcinoma. Dense
and clear tumor cells demonstrate the papillary pattern. An atypical mitosis is seen in the center of this photograph. (b) The section shown in (a)is

negative for c-kit staining. Several mitotic cells are present. (c) a-Fetoprotein (AFP) staining of yolk sac tumor. The cytoplasm of tumor cells is
positive for AFP staining. (d) The section shown in (c) is negative for c-kit staining.

, a , ,
Figure 4. Photomicrographs of samples from tumors in the pineal of suprasellar region. (a) H&E staining of pineocytoma. Some of the tumor
cells are aligned in a rosette pattern. (b) The section shown in (a) is negative for c-kit staining. (c) H&E staining of pituitary adenoma. Round and

homogeneous tumor cells are present. There are no findings of malignancy such as mitoses or pleomorphism. (d) The section shown in (c) is
negative for c-kit staining.
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Abstract

The effectiveness of ramosetron tablets and granisetron injection was compared for reducing the
frequency of nausea, vomiting, and anorexia in patients with malignant glioma undergoing ACNU
chemotherapy. Patients with malignant glioma to be treated with ACNU chemotherapy were randomly
assigned to receive oral ramosetron (20 patients) or intravenous granisetron (19 patients) prior to ACNU
injection. Gastrointestinal toxicity within 48 hours of ACNU injection was compared to that in patients
who had received ACNU chemotherapy with dopamine D2 receptor-blocker as a historical control
group. Within 24 hours of the administration of ACNU, 15 of the 20 patients treated with ramosetron
and 16 of the 19 treated with granisetron were nausea-free, and 14 of the former and 14 of the latter
regained their normal appetite. There was no significant difference in the anti-emetic effects. Ten of the
17 controls experienced no vomiting within 6 hours of the injection of ACNU, five were nausea-free
within 24 hours, and two retained their normal appetite within 24 hours. Oral ramosetron has the same
anti-anorectic and anti-emetic effects as intravenous granisetron. Ramosetron tablets are less expensive
and are easy to take, so should be on the list of first-choice anti-emetic drugs for patients treated with
ACNU chemotherapy.

Key words: glioma, chemotherapy, anti-emesis

Introduction

Many patients receiving anticancer drugs ex-
perience severe gastroenterologic symptoms such
as nausea and vomiting that reduce their quality of
life. The currently used chemotherapeutic agents,
nimustine  hydrochloride (ACNU), lomustine
{CCNU), and carmustine (BCNU), are highly active
emetic agents. More than 70% of patients suffer
nausea and vomiting during the first 24 hours
after ACNU infusion despite the administration of
high-dose dopamine D2-receptor antagonists.? One
mechanism by which anticancer drugs induce
nausea and vomiting involves peripheral serotonin
(5-HT3) receptor of the afferent vagus nerve.V
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Specific 5-HT3 receptor antagonists significantly
reduce such emetic side effects. Ramosetron
hydrochloride reduces cisplatin-induced emesis and
can be administered as orally disintegrating tablets,
which is less expensive than administration by
injection.?

The present study investigated the effect of
ramosetron tablets on the frequency of nausea,
vomiting, and anorexia in patients with malignant
glioma undergoing ACNU chemotherapy and com-
pared the results to those obtained in patients
receiving granisetron infusions.

Patients and Methods

1. Patients
Patients with malignant glioma (anaplastic as-

trocytoma [n = 23] or glioblastoma [n = 16]) aged
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Table 1 Characteristics of patients receiving
ramosetron or granisetron before the first
ACNU administration

Ramosetron Grarisetron p Value

No. of patients 20 19
Median (range) age, years 55 (21-72) 48 (20-75)
Average ACNU dose, mg/m? 78.5 78.4 0.921
Sex
male 11 14 0.320
female 9 5
Tumor grade
anaplastic astrocytoma 11 12 0.519
glioblastoma 9 7
Tumor site
frontal 8 10. 0.981
temporal 5 4
parietal 2 1
occipital 1 1
basal ganglia 2 2
insula 1 1
suboccipital 1 0
Performance status
0 13 11 0.865
1 7 7
2 0 1
Irradiation on the same day
+ 16 13 0.480
- 4 6

20 to 75 years were scheduled to receive their first
course of chemotherapy consisting of only ACNU
(80 mg/m? or ACNU {70 mg/m?) in combination with
other agents with or without radiotherapy. Patients
receiving simultaneous administration of cisplatin
were excluded. During the study period, the patients
received only the ACNU regimen and no other drugs
that could influence the study outcome such as other
anti-emetic, antipsychotic, or sedative drugs. In-
formed consent was obtained from all patients. The
study protocol was approved by the Human Subjects
Committee of our institute.

II. Study design

Patients were randomly assigned to receive either
ramosetron or granisetron before the first ACNU
injection. Patients in the ramosetron group (n = 20)
took one ramosetron tablet (0.1 mg) 1 hour before the
intravenous (i.v.) administration of ACNU. Patients
in the granisetron group (n = 19) received i.v. drip
infusion of granisetron (3.0 mg) diluted with saline
to a total volume of 100 ml starting 1 hour before
ACNU injection. Radiation therapy was ad-
ministered on the same day to 16 patients in the
ramosetron group and 13 in the granisetron group.
Their baseline characteristics were not statistically
different (Table 1). No patients in this study needed
additional anti-emetic drugs following ACNU
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injection for at least 48 hours.

The degree of gastrointestinal toxicity was
estimated according to the National Cancer Institute
Common Toxicity Criteria.? Vomiting was recorded
as grade 0 (no vomiting), grade 1 (one episode in the
course of 24 hours), grade 2 (2-5 episodes within
24 hours), grade 3 {=6 episodes within 24 hours),
and grade 4 (=6 episodes with the patient requiring
intensive care). The severity of nausea was recorded
as grade 0 {no nausea), grade 1 {mild nausea with
tolerance for solid foods and fluids), grade 2
{moderate nausea with tolerance for fluids but not
solids), and grade 3 (severe nausea with tolerance for
neither solids nor fluids). Anorexia was recorded as
grade 0 (normal appetite), grade 1 (ability to eat a
third of a meal), grade 2 (ability to eat half a meal),
grade 3 (inability to eat and requiring i.v. fluids), and
grade 4 (requiring i.v. hyperalimentation).

The optimal dosage was also assessed in the
ramosetron group. Our results were compared with
the clinical records of 17 patients with malignant
glioma treated with ACNU who had received no
anti-emetic drugs except for dopamine D2 receptor
blockers during the period from 1991 to 1993.

III. Statistical analysis

Student’s t-test, the chi-square test, or the
Wilcoxon test was used to analyze the efficacy of
ramosetron and granisetron depending on data
characteristics. The significance level was p < 0.05.

Resulis

No vomiting occurred during the first 24 hours of
ACNU administration in 19 of the 20 patients in the
ramosetron group and 17 of the 19 in the granisetron
group (Table 2). There was no significant difference
in the prevention of vomiting.

Nausea was prevented within 6 hours of ACNU
administration in 16 of the 20 patients in the ramose-
tron group and 17 of the 19 in the granisetron group,
and within 24 hours in 15 of the 20 patients in the
ramosetron group and 16 of the 19 in the granisetron
group (Table 3). There was no significant difference
in the prevention of nausea.

Anorexia was blocked within 6 hours of ACNU
administration in 17 of the 20 patients in the ramose-
tron group and 15 of the 19 in the granisetron group,
and within 48 hours in 16 of the 20 patients in the
ramosetron group and 14 of the 19 patients in the
granisetron group (Table 4). There was no sig-
nificant difference in the prevention of anorexia.

Five of six patients asked to assess the ease of
taking the ramosetron tablets were able to take them
easily and without water, the other took the tablet
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Table 2 Effectiveness of ramosetron and granisetron for the prevention of vbmiting within 48 hours of ACNU

administration
Time after o No. of No. (%) of patients by NCI grades®

ACNU (hr) Tug patients 0 1 9 3 4
0-6 Ramosetron 20 20 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 {0.0)
Granisetron 19 18 (94.7) 1 (5.3) 0 (0.0} 0 (0.0) 0 (0.0)
6-24 Ramosetron 20 19 (95.0) 1 (5.0 0 (0.0) 0 (0.0 0 (0.0
Granisetron 19 18 (94.7) 1(5.3) 0 (0.0) 0 (0.0 0 (0.0
24-48 Ramosetron 20 19 (95.0) 1 (5.0) 0 (0.0} 0 (0.0) 0 {0.0)
Granisetron 19 19 (100.0) 0 (0.0) 0 {0.0) 0 (0.0) 0 (0.0)

*According to the National Cancer Institute (NCI) Common Toxicity Criteria®: grade 0, no vomiting; grade 1, one
episode within 24 hours; grade 2, 2-5 episodes within 24 hours; grade 3, =6 episodes within 24 hours; grade 4, =6
episodes with the patient requiring intensive care.

Table 3 Effectiveness of ramosetron and granisetron for the prevention of nausea within 48 hours of ACNU

administration
: *
Time after Drug No, of No. (%) of patients by NCI grades
ACNU (hr) patients 0 1 9 3
0-6 Ramosetron 20 16 (80.0) 2 (10.0) 0.(0.0) 2 (10.0)
Granisetron 19 17.(89.5) 1 (5.3) 1(5.3) 0 (0.0
0-24 Ramosetron 20 15 (75.0) 2 (10.0) 1(5.0) 2 (10.0)
Granisetron 19 16 (84.2) 1(5.3) 1(5.3) 1(5.3)
24-48 Ramosetron 20 16 (80.0) 1 (5.0) . 1(5.0) 2 (10.0)
Granisetron 19 16 (84.2) 1 (5.3) 0 (0.0) 2 (10.5)

*According to the National Cancer Institute (NCI) Common Toxicity Criteria®: grade 0, no nausea; grade 1, mild
nausea with tolerance for solids and fluids; grade 2, moderate nausea with tolerance for fluids only; grade 3, severe
nausea with intolerance for solids and fluids.

Table 4 Effectiveness of ramosetron and granisetron for the prevention of anorexia within 48 hours of ACNU

administration
Time after e No. of No. (%) of patients by NCI grades*
ACNU (hr) 8 patients 0 | 5 3 2
0-6 Ramosetron 20 17 (85.0) 2 (10.0) 1 (5.0 0 (0.0) 0 (0.0
Granisetron 19 15 (78.9) 3 (15.8) 1(5.3) 0 (0.0) 0 (0.0)
0-24 Ramosetron 20 14 (70.0) 4 (20.0) 1 (5.0) 1 (5.0) 2 {10.0)
Granisetron 19 14 (73.7) 2 (10.5) 0 (0.0) 0 (0.0) 3 (15.8)
24-48 Ramosetron 20 16 (80.0) 0 {0.0) 1 (5.0) 1 (5.0) 2 (10.0)
Granisetron 19 14 (73.7) 0 (0.0) 2 (10.5) 0 (0.0) 3 (15.8)

*According to the National Cancer Institute (NCI) Common Toxicity Criteria®: grade 0, normal appetite; grade 1,
ability to eat one-third of a meal; grade 2, ability to eat half a meal; grade 3, inability to eat and requiring intravenous

fluids; grade 4, inability to eat and requiring hyperalimentation.

with water and reported that it was too hard to
swallow.

To evaluate the effects of 5-HT3 receptor blockers,
the records of 17 malignant glioma patients treated
with the same ACNU protocol who had not received
anti-emetic drugs were analyzed (Table 5). Ten

patients had no vomiting episodes within 6 hours
of ACNU administration. Only one patient ex-
perienced iterative vomiting (grade 2) during the
first 24 hours, and 12 of the total of 14 episodes
occurred during the first 6 hours. Nausea occurred
in 12 patients during the first 24 hours, but 12
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Table 5 Occurrence of vomiting, nausea, or anorexia after ACNU treatment without anti-5-HT3 receptor

blocker
A: Vomiting
Time after No. of No. (%) of patients by NCI grades®
ACNU (hr) patients 0 1 9 3 4
0-6 17 10 (58.8) (17.6) 4 (23.5) 0 (0.0) 0 (0.0)
6-24 17 16 (94.1) (0.0) 1(5.9) 0(0.0) 0 (0.0)
24-48 17 0 (0.0) (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
B: Nausea
Time after No. of No. (%) of patients by NCI grades*
ACNU (hr) patients 0 1 9 3
0-6 17 7 (41.2) 6 (35.3) 2 (11.8) 1 (5.9)
0-24 17 5 (29.4) 5 (29.4) 6 (35.3) 1 (5.9)
24-48 17 12 (70.6) 2 (11.8) 2 (11.8) 1(5.9)
C: Anorexia
Time after No. of No. (%) of patients by NCI grades*
ACNU (hr) patients 0 1 9 3 4
0-6 17 6 (35.3) 4 (23.5) 3 (17.6) 4 (23.5) 0 (0.0)
0-24 17 2 (11.8) 6 (35.3) 6 (35.3) 3 (17.6) 0 (0.0)
24-48 17 6 (35.3) 5 (29.4) 3 (17.6) 3 (17.6) 0 (0.0)

*For NCI grading, see the legends to Tables 2-4. The patients received only dopamine D2 receptor antagonists for the

prevention of gastroenterological side effects.

patients were nausea-free at 24-48 hours. Only two
of the 17 patients could eat normally during the first
24 hours. Eleven patients were anorexic at 24-48
hours.

Discussion

In our control population, vomiting and nausea
were most severe during the first 6 hours after
ACNU administration and only one third of patients
were able to eat normally after 48 hours.

Anticancer drugs such as cisplatin produce oxy-
gen-free radicals in the enterochromaffin cells and
the free radicals induce the release of serotonin
which binds to 5-HT3 receptors on the afferent
vagus nerve terminals, and consequently signal the
vomiting center.? Both ramosetron and granisetron
are 5-HT3 receptor blockers and potentially power-
ful anti-emetics.

Ramosetron is a specific 5-HT3 receptor blocker
developed in Japan. Ramosetron tablets are half the
price of injected drugs and can be taken without
water. The intravenous concentration reaches the
maximum within 2 hours and then decreases to half
maximum at 6 hours.”” Ramosetron inhibits the
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binding of serotonin to 5-HT3 receptors more po-
tently than granisetron in vitro and in animal
models.” Comparison of the anti-emetic effects of
i.v. ramosetron and granisetron in patients treated
with cisplatin showed that while the effects were not
significantly different at 6 hours, although ramose-
tron but not granisetron continued to be effective at
18-24 hours.®

Fifteen of our 20 patients treated with ramosetron
were nausea-free at 24 hours after ACNU adminis-
tration compared to five of the 17 historical controls.
However, four patients treated with ramosetron
were anorexic at 24-48 hours. Ramosetron and
granisetron were more effective in suppressing the
emetic effects of ACNU than cisplatin, as 70% of
patients receiving ramosetron and 73.7% of patients
receiving granisetron were able to eat normally at 24
hours after ACNU administration compared to 48%
and 33.7%, respectively, of patients after cisplatin
administration.” The effect of i.v. ramosetron was
longer than that of i.v. granisetron.®) The present
study found no significant difference between the
effects of oral ramosetron and those of i.v.
granisetron.

Our patients reported that the ramosetron tablets
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