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Abstract : Purpose Although adriamycin (ADR) exhibits potent anti-tumor effects against malignant
glioma cells in vitro, in vivo problems arise because drug delivery to tumor tissues is insufficient, due to
the presence of the blood-brain barrier (BBB). However, disruption of the BBB following hyperthermia
is well known. We report two cases of malignant glioma treated with intra-arterial chemotherapy during
hyperthermia, with concentration of ADR expected to increase following hyperthermia.

Materials and Methods Case | involved a 27-year-old female and Case 2 involved a 38-year-old male,
both with recurrent right frontal glioma. A cystin Case | and a surgical resection cavity in Case 2 were
located adjacent to the tumor, so reservoirs were placed in the cyst and resection cavity. One needle-type
electrode was positioned in the tumor utilizing stereotactic procedures in each case.

ADR at 0.5 mg/kg was administrated into the right common carotid artery, and ADR concentration
was measured sequentially for baseline values. One week later, the same dose of ADR was injected
during hyperthermia, and ADR concentration in the cyst or cavity was sequentially measured by
aspiration through the reservoir. ‘

Results ADR - concentration gradually increased 15-90 min after intra-arterial administration,
Concentration was 4.5-fold higher in Case 1 and 3.6-fold higher in Case 2 following hyperthermia,
compared to baseline. Neither case displayed major complications.

Conclusions Maximum concentration of ADR in solution during hyperthermia was higher than during
chemotherapy alone. Disruption of the BBB by hyperthermia can be expected to act synergistically with

chemotherapy.
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Introduction
Malignant glioma tends to infiltrate surrounding brain tissue, and surgical resection alone represents
inadequate treatment. Standard treatment for this disease combines surgical resection and

radio-chemotherapy, but prognosis remains dismal.
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At our institute, interstitial hyperthermia is applied for treatment of malignant glioma, particularly
with deep-seated tumors or high-risk patients ™4,

The weak effects of chemotherapy in malignant glioma are generally attributed to ineffective supply
of drug to the blood-brain barrier {BBB). However, BBB disruption due to hyperthermia is well
known 5-12% ‘We report two cases of malignant glioma treated with intra-arterial (IA) chemotherapy
during hypcrlhefmia, with the expectation of increased adriamycin (ADR) concentration due 10

disruption of the BBB by hyperthermia.

Materials and Methods

Hyperthermic treatment was planned under computer simulation usihg a two-dimensional finite
element method, as described elsewhere 12),

The interstitial hyperthermia 'system used in this study was constructed from a 13.56-MHz
radio-frcqueﬁcy (RF) generator and needle-shaped electrodes (Fig. 1), as described previously 4, Heat was
generated between an electrode inserted into the tumor and a discoid electrode placed on the chest.
Hyperthermic treatment was applied for 60
min.

Case ]| involved a 27-year-old female
with Jocal recurrence of right frontal
glioma. Histology indicated anaplastic

oligoastrocytoma. A cyst was located
\\\ adjacent to the tumor, and an Ommaya’s
' reservoir had been set in the cyst during a

previous surgery (Fig. 2-a).
Case 2 involved a 37-year-old male

with recurrent right frontal gliema.
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Fig. 1. Needle type electrodes with 1.0 mm diameter for our Histology was the same as in Case 1. An

hyperthermic system. Ommaya’s reservoir positioned in the

Tewng oL
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Fig. 2. CT (a) and computer simulation {b) images of case 1. The black dot shows the
pasition of needle-lype electrode. The arrow shows the tube of reservojr.
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Fig. 3. CT (a) and computer simulation (b) images of case 2. The black dot shows the
position of needle-type electrode.

cavity remaining after tumor resection, with recurrent tumor located adjacent to the resection cavity (Fig.
3-a).

In each case, one needle-type electrode was inserted into the preplanned position using stereotactic
procedures. After obtaining informed consent, 0.5 meg/kg of ADR was administered via the right
common carotid artery over two minutes, and ADR concentration was measured sequentially to
determine baseline values. One week later, the same dose of ADR was injected during hyperthermia, and

ADR concentrations in the reservoir were sequeniially measured by aspiration.

Resuits

1. Computer simulation
‘Figures 2-b and 3-b show computer simulation images of two cases. Simulation images show

thermal distribution extended to the cyst or

resection cavity due to reduced blood flow.

2. ADR concentrations " I ' '
In both cases, ADR concentrations in — .0 L _ :
_cyst fluid or resection cavity during the ~§D | Hyperthermia + 1A |
second chemotherapy session with heating NG g b |
were higher than those during the first é | ' |
chematherapy session. In Case 1, maximal £ " I |
ADR concentration was 69.0 ng/ml 30 min § I ]
after IA injection, compared to 15.5 at § 2 L IA only 1
baseline (Fig. 4). In Case 2, maximal ADR o L e S S 4
concentration was 13.3 ng/ml at 60 min 9.: un--"‘d 510 0 °
. 100 150

after A chemotherapy, compared to 3.66 _
ng/ml at baseline (Fig. 5). Time (minute)
Fig. 4. Seriat chunge of ADR concentration in case 1.
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3. Adverse reactions

No major adverse reactions, including
epileptic seizure, loss of vision,
jeucoencephalopathy or myelosuppression,
Hyperthermia + 1A were recognized in either case.

: 4. Efficacy and prognosis

After thermo-chemotherapy, computed

ADR concentration (ng/ml)

5 . temography (CT) revealed complete response
IAonly .- e was achieved in Case 1, and stable in Case 2.

In Case 1, recurrence was observed 5 months

0 bt . s"'. L later, and resection was performed.

D . b " However, 22 months after
Time (minute) thermo-chemotherapy, the patient died from

Fig. 5. Serial change of ADR concentration in case 2. multiple bone metastases. In " Case 2,

. regrowth was observed | month later, and

died 7 months after thermo-chemotherapy. .

Discussion

The strategy of our interstitial hyperthermic system is to heat the outer margin of the
contrast-enhanced (CE) lesion on CT or magnetic resonance imaging to 42.0-42.5 °C in an eloguent area
or 42.5-43,0 °C in a non-eloquent area. Under such conditions, the inside of the CE lesion is above 42.
5-43.0 °C, and direct thermal killing of glioma cells is expected. In surrounding brain tissue infiltrated
by tumor, the temperature remains below 42.0-42.5°C during heating. Computer simulation images for
the 2 cases in this study showed that the estimated area > 43 °C overlapped with the CE lesion and
estimated area of 40-42 °C was spread wide around CE lesion considered to be infiltrated by tumor cells
(Fig. 2., Fig. 3.).

With malignant glioma, treatment of tumor invading healthy tissue plays a significant role, as
survival depends on controlling local recurrence, and recurrence is often recognized in this area 1319,

Numerous reports have discussed hyperthermia-induced BBB disruptions 5. Many of these reports,
however, concluded that threshold temperatures of > 43 °C were required. Ohmoto et al. reported that
disruption of the BBB was observed in regions where temperatures reached > 43 °C in normal rat brain
tissue 10). Jkeda et al. also reported that breakdown of the BBB was observed in normal dog brain
heated to 43 °C for 60 min 7). Mdriyama et al. reported that extravasation of horseradish peroxidase was
observed in rat brain tissue heated to 42.5 °C for 60 min ¥,

Al these reports were based on normal brain tissues, and reports documenting BBB or tumor-blood
barrier disturbance in glioma patients during hyperthermia have been scare. To enhance drug delivery
1o the tumor invasion zone in the central nervous systemn, application of mild hyperthermia would be
highly desirable. .

Cho et al. investigated hyperthermia-induced permeability of BBB using bovine brain microvessel

endothelial cells, finding that mild hyperthermia (40 °C for 20 min) can enhance drug penetration through
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the BBB 16). Clinical and laboratory studies have also shown that hyperthermia enhances the cytotoxic
effects of several chemotherapeutic drugs!’-?". Among these is ADR, which alone displays
dose-dependent cytotoxic effects against glioma cells'®. These effects are further improved with
hyperthermia, even in ADR-resistant cells 2.

The antineoplastic effect of ADR relies on subsequent inhibition of DNA, RNA and protein
synthesis. Stan et al. reported that apoptosis could be induced in malignant glioma by ADR if
intracellular accumulation reaches cytotoxic levels??. Holst et al. studied uptake of ADR in 8
malignant gliomas with intra-venous injection of ADR and reported that tumor tissue concentration of
ADR was far below cytotoxic levels 2.

We previously reported the efficacy of combined IA chemotherapy and interstitial hyperthermia in
a Wistar rat mode! 2. Maximal uptake of ADR in rat Cé glioma was obtained when animals were treated
with hyperthermia and IA infusion of ADR. These animals also showed significantly longer overall
survival time compared to other treatments. _

Technically, IA administration for malignant giiorha is easy, due to the anatomical features. The
internal and/or vertebral artery feeds the tumor, and both are easily accessible by percutaneous puncture
or conventional catheterization. One of the well-known adverse effects of ADR is dose-dependent
damage to cardiac muscle. IA chemotherapy offers the advantage of increased uptake during first
passage of the drug through tumor vessels, thus reducing total systemic dose and minimizing systeric
drug toxicity.

In the two cases described herein, maximal ADR concentration during heating was much higher than
that achieved with chemotherapy alone. BBB or blood-tumor barrier disturbance due to hyperthermia
was considered the major cause of this increased concentration. However, Cases | and 2 displayed
substantial variation in ADR concentration despite identical doses. The cyst was located on both sides
of the tumor in Case I, and high temperature was achieved (Fig. 2-b). Conversely, the increase in
temperature around the resection cavity was kept mild in Case 2 (Fig. 3-b) to protect the motor area just
posterior to the tumor. These factors are probably involved in the differences in ADR concentration.
Time to tumor progression was 5 months in Case [ and 1 month in Case 2. These differences are also of
considerable interest.

ADR concentrations in tumor and surrounding brain tissues were not measured in this study, and
ADR concentration was not confirmed to reach cytotoxic levels. We are planning further studies to
measure ADR concentrations in tumor or tumor invading tissue. A chemotherapy during hyperthermia
is expected to offer effective treatment for malignant glioma, particularly for tumor invading tissue.
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Complications and Diagnostic Yield of_ Stereotactic Biopsy for the Patients
with Malignant Brain Tumors

Hideaki TAKAHASHI, Tsutomu SUGAL Takeo UzUKA, Mizuho Kano, Junpei HonMa, Igor GRINEY, Ryuichi TANAKA
Department of Neurosurgery Brain Research Institute, Niigata University

Purpose . The purpose of this study was to assess the complication risk rate and diagnostic yield in a series of 211
procedures performed by a consistent method at one institute. '

Material and method : Two hundred and one patients underwent 211 stereotactic hiopsy procedures for diagnosis
of malignant brain tumor at Niigata University between 1987-2001. Indication for stereotactic biopsy is decided on
the following factors : 1) the patient is elderty or unsuitable for craniotomy ; 2) the tumor location is in a deep, dif-
fusing, multiple, eloquent site ; 3) cytoreductive surgery is not needed to treat the suspected pathology. The speci-
men was obtained from the target point of CT scan by the aspiration method under local anesthesia except for in six
patients who were children or needed operation for a VP shunt under general anesthesia. The lesion was located in
114 cases of cerebral hemisphere, in 44 cases of basal ganglia, in 11 cases of cerebelium and in 11 cases of spreading
site. :
Result : Histological diagnosis was obtained in 188 of 211 procedures and the diagnostic yield was 93.5%. There
were 104 high grade gliomas, 16 low grade gliomas, 5 germ cell tumors, 37malignant lymphomas, 19 metastatic tu-
mors and 13 negative/inconclusive biopsies. Sixteen patients incurred complications (7.6%). Four patients {1.6%) suf-
fered intratumoral hemorrhage. Emergency craniotomy was performed in three patients and sterectactic aspiration
of hematoma was carried out in one patient. Furthermore, of 12 complications, 9 occurred with the patient-showing
symptoms of worsening neurological deficit, 2 occurred with general convulsion and 1 occurred with severe facial
pain.

Conclusion : This study provided evidence that stereotactic biopsy was a safe and reliable tool for patients with un--
resectable malignant brain tumors.

(Received : July 16, 2003)

Key words stereotactic biopsy, diagnostic yield, complication, and brain tumor
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Fig. 1 A: Row specimen from sterectoctic biopsy. B : H.E. stoining of specimen

L AR ARAEERERNIC B W CRTELNF
Wic X AEEEBRTOBG LB & &DIELR
V. stereotactic biopsy & EIR T2 5 X TOHEAK
OEBARESHHESR, HicthiEE L BEERT
BHEEZLEND TERAVTr—LFIE
VAT EIATRARGIEHRTH 3. —HERIC
B A —EOHEK L HEHAOHE, BERE
DOERE L THMMESRE OREICBVTHHLET
29, SEbLNHIE, BESHICELTER
EMBES - 5217 & 7z 201 ) D stereotactic biopsy &
BER L 70T, TOREBLUSHEICOVWTR
&t 3. -

0. x %

1987~2001 ££ ¥ THIGA L E A0 IE e b hid
AT B WVWT CT, MRl i TERMER*5E
bR EMMERN I & 2 ERArD TN 7 201 TEH
(Q11[ED) ZxdE& L. 201EFAO > B0 I0FIC
BT, BREMEEREFN,» OERDRD L,
BRBCEMHEASELDhALALD2EED
stereotactic biopsy 25T T 3. 12RUT D
JNBBI & VP shunt &R L 72 6 BIES G BETE
@Tm%#fCTﬁﬁﬁﬁwﬁﬁ%%m%%u#
EBRIEEVWAE7 o -G 3mm BOERT, CT
WTHREL Y ~4 » FOERSmmDETAT
WEAE| ks, #0FEs—4 v P TTHRER
HEWDE FORE SmioY )y IT2E0L 3md
RE| L oo/ B #ED S, -7 v MIKBLTH
HIBEIL o2& b, TORBIIEZRHEME LT
D —REHET S, ForVWEBLSEEEREC
EANEREINS (Fig1)., TNTHETELL

txiE, BARKSIB o —~<2HVWERT S
B, 3 AFRP EOBEREBITOFRT 75, £k

3~84 5%, FI55.4ET, Bt 121 fl, RS0
PITH 3. FAIKMEER 114 78, HER 4 5,
P11 B, B LT, vBELIIFITH .
FTETEE R W 12 germ cell tumor 6 #, high grade
ghioma 107 %, low grade glioma 20 f, malignant
ymphoma 39 #, metastatic tumor 20 fl, % @ fib
IFITH - /. FHERICHETRKE T IC TEREIC
BELAL7L-L5BSTHIMCT 2+ + ¥ 2 J
7L, BERLE S -9 b ELTHRELL.
BT low grade glioma 2 b ERAEFZEL
FEAEGRINT % & 5 trajectory bIEEL /2.
7 —~NORAFRR CT 2%+ VICTHREL T
BE, eloquent area Z WO BWXSEEL L, &
E T, SHMED glioma EEEICHEDS 5 glioma i<
BWTHE, MRI @ diffusion image T high intensity
ERTFBERDOE 5% target & L T specimen % T
BLTWwa (Fig.2).

m # R

AR X D ERFRA TERE L B/ Dl 201 70 188
FlTtd b, BB OLWHBEERTH - 1C
(Table1). JEJIIEE BOERAFRE-PHEBA O A5
A X B MRRERFIL 1341 (6.5%) T, £ D
EEER 2 W13 germ cell tumor 1 ffll, high grade glio-
ma 3 ¥, low grade glioma 4 ffl, malignant lymp-
homa 2 B, metastatic tumor 11, = O 4#h2H T
535, TO13PIOERLHE, BERE BEZE
% Table 2 (2779, Glioma 128 fll 2T H 2 &,
FESERSITERIL 94.5%, SBWIREERIL 7 #(5.5%) T
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Fig.2 A: Preoperafive MRl images (T2-weighted imoge). B : Diffusion image of preoperative MRI demonstrated a high intensity area in the
furnor, C : Post operative MR revealed the trojectory of the stereatactic. biopsy.

Table 2 Summary of 13 patients with negative result

Table 1 Summary of 201 potients with clinicol and histological diagnosis
Clinicol Histological Diagnostic yield -

"Germ cell tumor -6 5 83.3%
Glioma 127 120 94.5%

high grade 107 104 97.2%

low grade 20 16 80.0%
Malignant lymphoma 39 37 94.9%
Metastatic tumor 20 19 95.0%
Miscellaneous 9 7 77.8%
Diognostic yield 188/201 93.5%

Sex/age Clinical diognosis Location Histological diagnesis

1 5M germ cell tumor basal ganglia normal tissue

2 10F high grade glioma brainstem inodequate fissve

3 78M ~ high grade glioma cerebellum normal tissue

4 61F high grade glioma multicentric inodequate tissue

5 15M low grade glioma brainstem inodequate tissue
6 | 39M low grade glioma frontal normal fissve

7 30M low grade glioma uncus normal tissue

8 27M low grade glioma multicentric normal tissue

9 51M malignant lymphoma basal ganglio inadequate tissue

10 61M malignant lymphoma cerebeltum normal tissue

11 70F metastotic tumor - boscl gonglia inodeguate 1.issue

12 70M miscellaneous frontal normal fissue

13 72M miscellaneous cerebellum normal tissue

Jigh - 32 %25 - 200456 2 A
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Fig. 3 A : Preoperafive MRl imoge {T] welghied imoge}, B : Conirasi-enhonced T) welgh1ed imoge revealed fumor in the |e{1 boml gan-
glio. € : Posl operafive CT demonsiraied intratumaral hemorrhage with brain edemo.

Toble 3 Groding distinction in gliomos of 127 petients

Distinction 99
No distinction - 21
Inodequate tissue 7

127

H -7z, Grading BARERFlid, BEREZ M © high
grade glioma B¥ T 15 7] (14%), low grade glioma
PTH5H (25%) TH » 1. =¥ L, high grade
glioma @ 73 % T anaplastic astrocytoma & glichlas-
toma @ KBlliT specimen /NI T &4 5 BBIER
BoFohtidro7clidbdhd, AARTEIER
L TWiW (Table3).

AHEEL TR 211D 16 F (7.6%) B b,
Hmnss 4 (1.9%) @B oshi. 55 3FIIEE
AT TIEREZ, 1 A ERMER X oI
FBRSIZ1T - 7. HMF) OMEBEL glioma 2
malignant lymphoma 1 ) (Fig.3) & germinomal

FTh-T. TOMOEMELL T, BE2H,
HEEEERE 1 flof, WEERoE A —BiE

REDLNI-OBIFITH -7, LINHEG L
FEOWMIE L OTILBREDSNE Dl -/, £O
BRI 3N T glioma DEMFTH - 7. 16 HD
BRI Table4 ISR L 7o, HICIEBE ORI, B
., APHECREE, R, TOREBIULDIE
KoOENE & TORRIC>WTRL 2,
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RET, GHHEE L TOHRIMEERL 72 DI,
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Table 4 Complications among 211 stereotactic biopsies

No. Cose Age  Sex Diognosis Location Complication Sign Treatment Duration
1 YS 13 M GCT r-8G hemorrhage hemiparesis operation 3w
2 SW 79 F HGG -0 hemorrhage hemiporesis operation 3hr
3 8s 83 M HGG L-P hemorrhage unconsciousness  operotion M
4 ™H &6 M ML I-BG hemorrhage unconsciousness  operation &M
5 KH 49 M HGG I-F convulsion {-) no 1hr
6 AM 15 M HGG 1-8G - convulsion (-) no The
7 15 50 M HGG I-T anopsio {-) steroid 4w
8 SA 42 M HGG b-F symptom worsened ~  hemiparesis steroid W
g KF 64 M HGG multiple sympfom worsened hemiparesis. no 3d

10 MH 80 F HGG [-T symptom worsened aphasia no 5d
1 TH 51 M HGG r-B8G symptom worsensd hemiparesis steroid cont'd
12 SS 51 M HGG [-P symptom worsened  disorientation steroid W
13 K 78 M HGG r-F symptom warsened hemiparesis steroid confi'd
4 SK 64 M HGG L.P symptom worsened Gerstman steroid 4d
15 8 76 F ML multiple symptom worsened hemiparesis steroid conti'd
16 CA 78 M HGG -T facicl pain {—) steroid Thr

GCT @ germ cell tumor, HGG : high grade glioma, ML: malignont lymghoma, 8G : bosal ganglie, O : occipitel, P: porietal, F: frontal,
T: temporal, r: right, | : left, b : bilateral, hr: hour, d : doy, W: week, M month, conti’d : continued

HmomRETE LT, H#g, EERE BE
AELEEROFELE ZEF TV AP, il
T, glioma ©EM Y v B0 BHMEETE
L T 3258 bhbhoHDA T,
glioma 2 #, malignant lymphoma 1 #l & germino-
mal fIT&h » 7. Germinoma BEEFEICH Y,
FEREEL & W D K D Jocation DERMSHMIHET -
WTWE EEZ LN, FOMcHMOBEREL
TEENECEERFA£ERHT A ME? L
D, WEHOMBRELSEICTETHAS. &
2, SEIORNTRERL L TEFSID 7/
MECEESHMOEHICHET 5 &S
1, BEEH T 5 L #o stereotactic biopsy DBIL &
B TEDDE L, BIEDS BI5EOWE
bLETELLERSELE LW,
Z$845 1< Bl 37 transient neurological worsening
iE, B LESFWoTiR TEMS L WD OOME
ERPET 200TH 5. E EIRERECR
ERZOERMCBNTLLAONELEENRTY
BB N bR OH TR, T glioma T
HY, BELVS LDHZEOBERE L TR
Fohts, TOEBIEIREATH AP, 1 DORK
&L Tid glioma OEBHICHERTHTON, ER
PR LT AR EFh A EMEAOND,
WIS, BEIEERICOWTTH A, &ORE

e d 0~1008< S WDBITEMBENTED
s-s1L123820  MELIBIF B B5WIFEKL LA
EEA B, 7oL, HEARIH S high grade glioma
IZ B F A anaplastic astrocytoma & glioblastoma %
KBTI L3 +DTREVEEDRERSHD,
B TEINTERLWS DL EPEET S, &5
12, BHHZEIBED heterogeneity & 2 WV T b [l
T, bhbholERE T HZRAOH Tid, MRIO
diffusion image TIRERIRAI #AET 570 HAHT
WE A, SPECT % PET, MR spectroscopy 74 & @
HRABLIDDRENTHECLET>ETHRWN.
Rk, BHILBAS -2 13FlIco VT THS
b, BEEOLONEREF 7= AV HEDLL
TOERCHGTELLLENH S, RIEREE
MIEE RIS TR VW R D MR & », T
B L TLED> L5 bDTHY, BHETHE
BIARENS 4 7T, @ stereotactic biopsy DR
RELWVWINEERTH B, BEHEE, CTEED
ToRERRIC B R, WA & LB E OWE
DER, BRTOI~7 v b Ox 5 -HBIHEHR
ERB Choi}, BENOHEE B v
5= TIHOTRICLVBITRERD
CNBAERTHHS. Co13MD S5, MR 2
i, BG40, A3 F, JUSHEEER 1 H & v
SEEOXBESSATHE DY Y 7LD
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Abstract _

We studied the significance of lipids (Lip) to confirm the effectiveness of proton magnetic resonance
spectroscopy ('H-MRS) for brain tumors. Among the cases diagnosed as a brain tumor between April 2003
and June 2004 at our hospital, 24 cases underwent preoperative '"H-MRS. They were all primary cases and
confirmed by pathological diagnoses and required surgical extirpation. The obtained specimens underwent
'H-MRS, were analyzed and prepared as frozen sections. All the sections were compared and examined with
H&E staining, Ki-67 labeling index (MIB-1 index), and Sudan-II staining. There were 14 out of 24 (58.3%)
Lip positive cases in 'H-MRS, and the positive cell rate of Sudan-II staining and MIB-1 indexes were higher
in the cases with increased Lip, so it seemed that they indicated a rapid tumor growth rate. In contrast, there
were some cases with a high MIB-1 index, no increase in Lip, and a low positive cell rate as seen with
Sudan-1I staining, so it seemed that they indicated that the tumor growth was detected at a relatively early
stage.

With 'H-MRS, although there are problems such as a change of pattern due to settings and precision,
itis a useful and valid test to determine the diagnosis and evaluate the grade of malignancy from a metabolic
state. Furthermore, in this study, the developmental stage and growth rate of a tumor can be determined by
xnowing its biological behavior. This study may also be of help in predicting its prognosis and determiming
its therapeutic effects.

. Key Words
proton magnetic resonance spectroscopy, lipid droplets, necrosis, biological behavior, brain tumor

tive determination of the kind of tumor and

Introduction iy . .
whether it is benign or malignant'™.

Proton-magnetic resonance spectroscopy {('H-
MRS) uses the principal of MR and allows surgeons
to non-invasively determine the body’s metabolic
state and is currently employed for various disor-
ders. In neurosurgery, it is used as a supplémental
diagnostic tool, the effectiveness and importance of
which have been reported with the development of
recent imaging techniques. For Dbrain tumors,
among other applications, every facility uses it in
clinical applications because it allows the preopera-

In 'H-MRS for brain tumors, the relative sig-
nals of choline (Cho) related to the production and
disintegration of cell membranes, creatine (Cr) that
is an intermediary product of energy metabolism,
N-acetyl-aspartate (NAA) that is specifically con-
tained in neurons and neural processes, lactate
(Lac) that is a product of anaerobic glycolysis, and
lipids (Lip) that are implicated in most pathological
changes.” Protons and these factors are measured
and their patterns enable a correct diagnosis.

Department of Neurosurgery, St. Marianna University School of Medicine, 2-16-1 Sugao, Miyamae-ku, Kawasaki

216-8511. Japan

—287—



330

Though there are many reports on 'H-MRS related
to the histological diagnoses of tumors®?, there are
few reports on the evaluation of grade of malig-
nancy. And most of those reports are related 1o the
Ki-67 labeling index that indicates the grade of
histological malignancy and the change of Cho, Cr,
and NAA, and those related to Lip are only found
occasionally™'.-

Based on the examination of Lip obiained
from '"H-MRS of brain tumors operated on at our
hospital, of the 55 cases, the tumors confinmed by
pathological diagnoses with more histological ma-
lignancy tended to show Lip frequently™. In gen-
eral, there is not so much lipid in brain tissue as to
appear in signals on 'H-MRS and its appearance
reflects necrosis, and a tumor with more histological
malignancy shows signals easily.

The studies on the appearance of lipid in brain
tumors are usually carried out with rats™?, and
there are only a few surgical studies on humans. In
this study, we will evaluate the correlation between
the implication of the appearance of Lip in 'H-MRS
and the grade of biological malignancy and exam-
ine its effectiveness.

Methods

Subjects

We studied 24 patients diagnosed as having a
brain tumor from April 2003 to June 2004 who
underwent preoperative 'H-MRS. They were pri-
mary cases and confirmed by histopathological di-
agnosis and judged to require surgical extirpation,
including stereotacitic biopsy. However, the cases
with a history of irradiation and the cases undergo-
ing chemotherapy were excluded. Their ages ranged
from 2 1o 84 years {average age = standard devia-
tion: 59.8+18.4). including 14 male cases and 10
female cases. Regarding ihe specimens used in this
study, we obtained informed consent for the use of
extirpated specimens from the patients or their fam-
ily. This study was approved by the ethics commit-
tee of St. Marianna University Hospital.
Imaging conditions

In MR imaging, Gyroscan NT Intera/Master
1.5 T (Philips Medical Systems) was used, and the
MRI was used for routine preoperative TIWI1, T2
WI1, FLAIR, and Gd-EDTA. The imaging condi-
tion of '"H-MRS was as follows: the PRESS (point
resolved spectroscopy) method, TR/TE = 2000 ms/
136 ms, 3 Hz Gauss function, -1.5 Hz exponential
function. A part of the tumor lesion which showed
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an enhancing effect by Gd-EDTA was measured
with a single voxel of 1 to § cm®, If the imaged part
is simaller than 1he voxel, we tried not 1o include the
surrounding normal brain as much as possible and
aimed at inside a solid or cystic lesion. Signals were
setected as: 3.2 ppm for Cho, 3.0 ppm for Cr, 2.0
ppm for NAA, 1.3 ppm downwards for Lac, 1.3
ppm upwards and 0.9 ppm for Lip (Fig. 1). The
peak values of cach signal were measwed, and the
two peak values of Lac and Lip were totaled. The
Cho/Cr ratio was also calculated. Cho, Cr, NAA,
and the Cho/Cr ratio were determined as increasing
or decreasing by the comparison of the value of the
opposite side. Lac and lip were determined as posi-
tive if a signal was confirmed.

Pathological examination

A specimen was extracted from the area of the
voxel setting point as close as possible. The speci-
men was placed in an OTC compound and was
frozen and sliced with a crvotome at —20°C at a
thickness of 10 ym. Each section was stained with
hematoxylin and eosin (H&E), IKi-67 immunostain-
ing, and Sudan-I1.

H&E staining: For diagnosis and confirm-
ation of necrosis and its Jocalization.

Ki-67 immunostaining (M1B-1 index): Antthu-
man GFA mouse monoclonal antibody (DAKO
Corp.) was used as a primary antibody, and Ki-67
immunostaining was performed with the LSAB2
(Labeled Streptavidin Biotin 2) method. The posi-
tive cell rate of each section, for more than 1.000
cells, was measured 1o calculate the MIB-1 index.

Sudan-1I staining: A tumor cell which stained
with red oil stain was regarded as a lipid droplet,
and the tumor cells with such droplets were consid-
ered as positive. The positive cell rate of each sec-
tion for more than 1,000 cells was then calculated
for the MIB-1 index. Necrotic tissue was excluded
from this measurement.

Statistical tests ,

Data were classified according to pathological
diagnosis and analyzed. StatView 5.0 (SAS Insti-
tute) was used for data analvsis, and the Student’s
t-lest was used to determine the significant diffe-
rences among each group in which p<0.05 was
considered significantly different. For the compari--
son of 2 variables, the Pearson’s correlation co-
efhicient was used.

Results

The Lip positive cases in 'H-MRS were 14 cases
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Fig. 1. Typical proton-MR spectra (NO.3: Anaplastic qligoastrocytoma). Right is normal brain tissue.
Left is brain tumor. Each resonances are choline-related molecules (Cho) at 3.2 ppm, creatine
(Cr) at 3.0 ppm, N-acetyl-aspartate (NAA) at 2.0 ppm, lactate (Lac) at 1.3 ppm and lipid (Lip)
at 1.3 and 0.9 ppm. Lac and Lip are not detected in normal brain tissue. Cho is increased, Lac

and Lip are revealed in brain tumor.

of 24 (58.39%). Classified by the pathological diag-
nosis, Lip positive cases were as follows: 7 cases of
11 (63.6%) for malignant brain tumor (WHO classi-
fication grade I11, grade IV), 2 cases.of 2 (100%) for
malignant lymphoma, 3 cases of 4 (75%) for meta-
static brain tumor, 2 cases of 5 (40%) for men-
ingioma. However, there were no Lip positive cases
for pituitary adenoma and acoustic neurinoma (Ta-
ble 1).

The higher the histological malignancy, a
higher percentage of lipid droplets stained with Su-
dan-II appeared in the cells (Fig. 2). Necrotic areas
were stained with Sudan-11 as well as in tumor cells.
There were many positive cells adjacent to the ne-
crotic areas (Fig. 3).

Correlations were confirmed both between Lip
and the positive cell rate of Sudan-II staining, and
the positive cell rate of Sudan-11 staining and the
‘MIB-1 index (r=0.49, r=0.59) (Figs. 4, 5). Regard-
less of the necrosis in H&E stained sections and
high positive cell rate of Sudan-1I staining, there
were 5 cases (3 malignant glioma cases, 1 metastatic
brain tumor case, and 1 meningioma case) with no
increase in Lip. The pathological diagnoses were as
follows.

1. Glioblastoma multiforme (WHO classific-
ation, grade IV)
Three cases out of 6 were Lip positive (509%).
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The 3 cases showed a significantly higher
MIB-1 index compared to the other 3 cases {p
<0.03) (Fig. 6).
Ganglioneuroblastoma (WHO classification,
grade IV)
Lip positive and both the positive cell rate of
Sudan-II staining and the MIB-1 index were
high. . : '

" Anaplastic astrocytoma (WHO classification,
grade III)
Three cases out of 4 were Lip positive (75%).
One case {No. 20) with no Lip, showed a
ring-like enhancement on the MR1, the Cho/
Cr ratio was high as was the MIB-] index, but
the positive cell rate of Sudan-II staining was
low.
Metastatic brain tumor
Three cases out of 4 were Lip positive (75%).
One case (No. 1) with no Lip was a solid
tumor on MRI and showed necrosis in H&E
stained sections.
Malignant lymphoma (WHO classification,
grade IV)
Both cases were Lip positive. There was no
necrosis. Both the positive cell rate of Sudan-
11 staining and the MIB-1 index were high.
Meningioma
Two cases were Lip positive out of 5 (40%).
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Table 1. Summary of Patients and Results
MRI TH-MRS 1H-MRS Pathelogy
No. Age Sex Diagnosis WHO ¢lass. ring like Cho/Cr Lip reson. H-E Sudan-if Mib-1
enhancement : {1/1000) nECrosis %) (%)
8§ 55 M Glioblastoma W (+) 2.04 0.478 {+} 28.7 27.9
17 83 F Glioblastoma v {+} - 14,401 {+) 64.2 25.9
21 52 M Glioblastoma Iv (+} 2,72 1.229 ) 24,5 20.9
5 75 M Glichlastoma v (+) 3.21 - (+3} 24.2 13.7
22 78 M Glicblastoma W {~) 5.25 (+) 31.2 10.7
23 3B M Glioblastoma v (+) 5.02 (+) 19.3 16
11 2 F Ganglioneurablastoma v [+) 217 1.578 {+) 49,3 19.5
15 76 F Anaplastic 2strocytoma i {~} 3.97 0.539 (+) 14.3 11.8
3 589 ™ Anaplastic oligoastrocytoma 1t (=) 5.17 1,448 {+) 18.9 17.3
16 56 F Anaplastic astrocytoma H (—) 2.87 1.488 (+) 66 25.6
20 64 F Anaplastic astrocytoma U] (+) 17.84 (+) 4.9 16.3
6 71 F Metastatic brain tumor (+) 2.62 3.455 (+) 24.3 28.8
9 54 M Metastatic brain tumos - {+} - 6.658 (+) 33.6 313
19 G4 F Mmetastatic brain tumor . {4} - 6.272 {+) 15.5 28.8
1 62 M Metasiatic bran tumor - {—) 2.37 - (+) 42,6 381
13 71 M Malignant lymphoma W (=) - 4,182 =) 47.8 57.1
24 71 M Malignant lymphoma v (=) - 0.395 (- 12.3 1.8
12 61 F "mMeningioma | =) - 1,451 =) 5.4 12.7
18 55 F Meningioma | (—) 2.10 0.878 =) 1.7 0.7
4 71 M Meningioma n (=) - - (+) 4.8 3
7 74 M Meningioma H =) - - =) 5.2 4.3
14 73 M Meningioma 1 (+) - - =} 9.7 1.8
10 23 M Pituitary adenoma [ {—) - {—) 3.3 3.5
2 47 F Acoustic neurinoma | {—} - - (=) 3.6 7.1

There was no correlation between Sudan-I]
staining and the M1B-1 index. Both cases with
Lip positive (Nos. 12 and 18) showed low
valves in Sudan-11 staining. In contrast, there
was one case (No. 4) that showed no Lip but
necrosis in H&E staining.
7. Pituitary adenoma and acoustic neurinoma

Two cases showed no Lip and increased only
in Che.

Discussion

There are many reports on 'H-MRS as patho-
Jogical diagnosis of brain tumors. There are only a
{few veports on the evaluation of grading of histo-
logical malignancy, and most of them have com-
pared the MIB-1 index and the increase in Cho, the
decrease in Cr, the increase of the Cho/Cr ratio, the
increase of the Cho/NAA ratio, or the appearance
of Lac. Reporis on the signal of Lip are only occa-
sionally found®™'®,

The appearance of Lip in 'H-MRS 18 usunally
viewed that it reflects the necrosis of cells. However.
imaging enhanced by Gd-EDTA in MRI and the
appearance of Lip in areas that are not necrotic
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indicate the existence of micronecrosis and lipid
droplets®”'®, Lipid droplets are lipids absorbed into
a cell, which indicates the previous step of 1eCrosis,
i.e., the change of metabolism due to inadequate
blood flow. Therefore, when lipid droplets are
found m tumor cells, they are no doubt malignant
cells with a high biological activity and a strong
proliferation abiliny’. In the present study, the
higher the histological malignancy, the darker the
Jipid droplets in tumor cell substrate were stained
with Sudan-11. '

In general, necrosis often occurs in a solid
tunior, and tumor vessels are regularly arranged
around the necrotic area both in vifro and in vive'”.
Moreover, some tumors have vessels at their center
and form cylindrical cord-like structures consisting
of live cells surrounded by necrotic 1issue, or some
form a tumor nodule consisting of a central necrotic
area and a peripheral network of vessels. Necrosis
will occur when the nutrients leak from the fumor
vessels and decrease substantially and/or will occur
when the toxic cell degradation products increase™.
Blood stagnation in capillary vessels due to infarc-
tion in a tumor may also cause necrosis of a tumor.



