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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 =%,

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 513, We report two cases of malignant glioma treated with. intra-arterial (1A} chemotherapy
during hyperthermia, with the expectation of increased adriamycin (ADR) concentration due to

disruption of the BBB by hyp:rlhermia.

Materials and Methods

Hyperthermic treatment ‘was planned under computer simulation using a two-dimensional finite
element method, as described elsewhere 2,

The interstitial hyperthermia system used in this study was constructed from a 13.56-MHz
radio-frequency (RF) generator and needle-shaped electrodes (Fig. 1), as described previously #. 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 1 involved a 27-year-old female
with local 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 vight fronmtal glioma.
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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

Tpap ¢

Fig. 2. CT () and computer simulation (b) images of case i. The black dot shows the
position of needle-type elecirode. The arrow shows the tube of reservoir,
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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 mg/kg of ADR was administered via the right
common carotid artery over two minutes, and ADR concentration was measured sequentially to
determine baseline vaiues. One week later, the same dose of ADR was injected during hyperthermia, and

ADR concentrations in the reservoir were sequentially measured by aspiration.

Results
I. 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. o0

2. ADR concentrations

In both cases, ADR concentrations in o L

~cyst fluid or resection cavity during the “Hyperthermia + 1A

second chemotherapy session with heating
were higher than those during the first

60 i
chemotherapy session. In Case |, maximal Wk i
ADR concentration was 69.0 ng/ml 30 min
after JA injection, compared to [5.5 at
baseline (Fig. 4). In Case 2, maximal ADR

20 .

ADR concentration (ng/ml)

concentration was 13.3 ng/ml at 60 min
after 1A chemotherapy, compared to 3.66

ng/ml at baseline (Fig. 5). Time (minute)

Fig. 4. Serial change of ADR concentration in case 1.
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3. Adverse reactions

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

4. Efficacy and prognosis

_ After thermo-chemotherapy, computed
r . tomography (CT) revealed complete response
. 1A only -°’° was achieved in Case 1, and stable in Case 2.
In Case 1, recurrence was observed 5 months

ADR concentration (ng/ml)

0 s l later, and resection was performed.
’ 0 e 1w 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 1 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 1o 42.0-42.5 °C in an eloquent 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 137,
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). Ikeda et al. also reported that breakdown of the BBB was observed in normal dog brain
heated 10 43 °C for 60 min 7). Moriyama et al. reported that extravasation of horseradish peroxidase was
observed in rat brain tissue heated to 42.5 °C for 60 min ®. |
All these reports were based on normal brain tissues. and reports documenting BBB or tumor-blood
barrier distutbance in glioma patients during hyperthermia have been scare. To enhance drug delivery
10 the tumor invasion zone in the central nervous system, 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 drugs7-2". Among these is ADR, which alone displays
dose-dependent cytotoxic effects against glioma cells'®. These effects are further improved with
hyperthermié, even in ADR-resistant cells 2y

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 22, 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 model 29, Maximal uptake of ADR in rat C6 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 mahgnant oiioma 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 advaniage of increased uptake during first
passage of the drug through tumor vessels, thus reducing total systemic dose and minimizing systemic
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 1, 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 1 and | 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. IA 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 TaRAHASHI, Tsutomu SUGAL Takeo UzuKka, Mizuho Kano, Junpei FonMa, Igor GRINEV, 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 biopsy 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 elderly 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 ceicebral hemisphere, in 44 cases of basal ganglia, in 11 cases of cerebellum 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 craniotorny was performed in three patients ane -stereotactic 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 occwrred with general convulsion and 1 occurred with severe facial
pain. '

" Comelusion + This study provided evidence that sterectactic biopsy was a safe and reliable tool for patients with un-

resectable malignant brain tumers.
(Received : July 16, 2003)

Key words stereotactic biopsy, diagnostic yield, complication, and brain tumor
No Shinkei Geka 32(2) : 135-140, 2004

THRNEIE4S 854 C EMBEILBWTERT
HY, FHIEBD mass effect Zifid 2 BH» S5
EHINEEORBIC Y » T, BEBHNTO AR X B ERWTALBIREN B T &BE V. L
BEAEHORELPFEROMELEETHIER L, S > performance status O ARRF, R EE
Baoc tTH 540, 2 oERMEREcBY  HEER, SRUBEE V-7, FENC L 0HD
*(2003. 7. 16 %)
B RS TR FE AR R R 2R 0 B
GlEdgsk) BiETRA = N8 K IMIAZ R IR ST (B951-8585 Hi@mi@NTid b 1 - 757)
Address reprint requests to: Hideaki TakaHasil, M.D., Department of Neurosurgery. Brain Research Institute, Niigata
University, 1-757 Asahimachidori, Niigata City, Niigata 951-8585, JAPAN

I.3FLC &I

o

0301~ 2605/04/% 500/% 3 JCLS It - 32 %28 - 20044E 2 A 13

—274—



Fig. 1 A: Row specimen from stereotoctic biopsy. B : H.E. staining of specimen

75 L 2R ASRERE SR ic B W TR EARK
M X BEELERFOBINEEZ T EHDELL
), stereotactic biopsy % ZIRT 5 3 A TOKK
OFEBAIRSHHER, FICHIME & ZHEERT
brEELZONG, LKAy TIa—bFave
VIMETDEDATARAREERTH B, —HERK
B 5—EOHER L2EBHF0REIL, BERH
DRFELTHMMEREOHBEIIBOTHMET
H59, SEbhbhid, BREZEHICBLWTER
BREE & 22 W & 172 201 Il @ stereotactic biopsy %
BERL7AOT, TOREBIUSHEIR>VTHR
&T5. -

0. s %

1987~2001 ££ & TIHBAFEEZ M BH M
WEARICB WT CT, MRI ik TRERKER %5
HNEMMFRIC & BERTTHITH R 201 EF
(211ED =X¢ZH:EL . 201EFD > LD 104ic
BT, BRIEHREL»OERICLD L,
ERXBLEEEASEDN LD 2ERD
stereotactic biopsy BS{THN TV E, 12T O
/NRFIE VP shunt 2 8F L 7 6 FILIA I3 EERRE
BT IcEEN CTEEEMNFWERY cHui.
ERIBAWAE 7o —<R33mmBOBRET, CT
WWTHRELZ -4 » FOBERISmmDEI AT
NE%E| &k &, T0FE5—47 v b ETHES
EHB, FOE SmlOoY )y P T20L 3y
BEIL 2 oA ZEDE, 44 o P ITBVTH
MREIL->2#%b, TORESIEEZEBEMNSS
o - ~EHFET R ZSHVERELAGHBERK
BAMBERE NS (Fig.1). TATERTZAL

&R, BHARI A o -<E2BHWERT 3
2, 3AFL LOREIITHTRT T 5. Eli
3~B4%%, FHHO04RT, B 121 £, i 80
FlTh s, HALEARER 114 5, BB 44 §),
N 11 Fl, SRELTH, CRELIFITH .
R EE R E2 T 13 germ cell tumor 6 ], high grade
glioma 107 #, low grade glioma 20 i, malignant
lymphoma 39 1, metastatic tumor 20 &, % @ fih
IBITH - 7. FIERICEFTRRET I TERC
BIELAZ7L—2%2F ) THERBCT 2+ + 5
7L, BEHRLEZSY -7 v P ELTHRELR
HUIC low grade glioma Z 50N IcGEFNIEREL 72

IERBEORET B & 5 trajectory DREL 7.

7 o—-~<ORIAFRIEZ CT 24+ + VICTHRELT
B &, eloquent area MBSV K SEREL . &
T, ZRBO glioma PN IHEDS 5 glioma iz
BT, MRI O diffusion image T high intensity
ERTIEEO & T A% target & L T specimen %1%
BLTW3 (Fig.2).

. # R

ARRIC X DA EIEE L 57/ D3 201 Ith 188
Pltcohrb, BSUOLHMBEEERTH -
(Table 1). BLAIEERHBEREUCHEEH 07 +5
PREIC & B ESHRREERIZ 134 (6.59%) T, #0
B PR32 7 13 germ cell tumor 1 #, high grade glio-
ma 3 B, low grade gliomad f, malignant. lymp-
homa 2 #ll, metastatic tumor 1 I, = O fh2H T
5. %013 PIOERKREZE, BESE, kLl
% Table2 /NS, Glioma 128 it oL TH B &,
MEFEZHERIE 94.5%, BWUREERIIL 7 U (5.59%) T
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Fig.2 A: Preoperative MRl images (T2-weighted image). B : Diffusion image of preoperotive MRI demonstroted a high intensity orea in the
tumor. C : Post operative MRI reveoled the trajectory of the stereotaciic biopsy.

Table 1 Summﬁry of 201 patients with clinical and histolagical diagnosis

Clinical Histological ‘Diognostic yield

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

high grode 107 104 97.2%

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

Table 2 Summary of 13 patients with negative result

Sex/age Clinical diagnosis Location Histological diagnosis
1 5M germ cell tumor basal ganglic normal fissue
2 10F high grade glioma brainstern inadequate fissue
3 78M high grade glioma cerebellum normal tissue
4 861F high grade glioma muylticentric inadequote tssue
5 15M low grade glioma brainstem inadequate tissue
6 39M low grode glioma - frontal normal tissue
7 30M low grade glioma uneys normat fissue
8 27M low grode glioma multicentric normgl tissue
9 51M malignant lymphoma basal ganglia inadequote tissue
10 61M malignant lymphoma cerebellum normal tissue
1 70F meiastatic tumor basal ganglia inadequate tissue
12 70M miscellaneous frontal normal fissue
13 72M miscelloneous cerebellum normal tissye
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glio. C: Post operative CT demonsiroted inirolumaral hemorrhoge with brain edema.

Table 3 Groding distinciion in gliomas of 127 patienis

Distinction 99 V. & &

No distinction .. 21 FHETE, —BRicBI2EEKEED

inodequote Tssve ’ stereotactic biopsy I kX B METER & z 0 &5H#
% EOEER >V THEL % BEKESEO

stereotactic biopsy 12D \WT#Z 3. & &, # OIRE
# = 72, Grading BAREELFZ, PEFRZZET O high HAULOHBERORE L PFENEOLR S, BB
grade glioma £¥ T 15 %) (14%), low grade glioma BIIRERIC & » T EHEC SN2 I E OAPHE
BHTS50 (25%) TH -7k, #72L, high grade BEBEEE SN 32, Lhl, ZORKEL
glioma @ 7% %> T anaplastic astrocytoma & glioblas- %~ E 513 stereotactic biopsy DEIHT H 5 5.
toma @ XFd specimen b/h& W I & 5 5 BATEIC bedbd, BURNEETR, TIROMESFRIC
Eoidohiihb-7l bbb, APETHER bEEBT 5 &» 5, stereotactic biopsy H3IEIR
LT (Tabie 3). SNBFIBHTHS D, B & IREES K
BHEEL TR 211 ED 16§ (7.6%) $ v, MPBREDILRITEN W, Fhid, stereotac-
RS 4 4 (1.9%) cB¥ohi. 55 3 HI3ET tic biopsy BEIREHIZ (2, METRIBEEITS vt d
SR IC CMAERREE, 1 IR EMMERC LoD HIEEEH DRI LV Eh, TEM, BHIC

FERS | & 1T - 7. RN OFHERE L glioma 2 i, WL EBQZTNEEEIBE LAV E Vo o fEF S D
malignant lymphoma 1 ) (Fig.3) & germinoma 1 BLBWEEBZONEhOTHD, —iRICEHEE
Plch-7c. TOMOESHHESE LT, B2 M, LT, BRUASELSD & &R AR EE

W EREER 1 Fl o, WIBHER O r—Bi eloquent area ICFHE S 2 JEE, & 51212 multiple
KEDLNLEOMNIFITH -1, BWFRLESGLE KEAET20UENHY, BEMOERELT
BEOEMEEOELIFD SNk, FO ESMmEBCPLAHEICH L) R 755 T 5410
HRBENE 4 X T glioma OFEFITH - 7. 16l ME 5 259,

SFHEE Tabled IR L . HREBOHEEE, B C 41 & T O stereotactic biopsy @ 200 | B4 5
&, SOHEDIEIR, IR, TOREBLULOE HET, AHHEELL TORMBAFRL -5 O,
KOEE F TOBRMICOWTRL 7. Bernstein L2 8 & HTH Y, 0.6~7.2% &7 -

TWBIEIII, & 1S, 51 biopsy DD

(%]

%25 - 2004 4F 2

(R
Jn

138 gk - 3

—277—



Table 4 Complications among 211 stereotactic biopsies

No. Case Age Sex Diognosis Location Complication Sign Trectment Dyration
1 YS 13 M GCT r-8G hemorrhage hemiparesis operation 3w
2 SW 79 F HGG .0 hemorrhage hemiparesis operafion 3hr
3 BS 83 M HGG L-P hemorrhage unconsciousness  operation ™M
4 TH 66 M ML [-BG hemerrhoge unconsciousness  operation M
5 KH 49 M - HGG I-F convulsion (—) no The
&  AM 15 M HGG I-BG convulsion (=) no Thr
7 TS 50 M HGG I-T anopsia {—) steroid - AW
8 SA 42 M HGG b-F symplom worsened hemiparesis steroid W
9 . KF &4 M "HGG multiple symptom worsened hemiparesis no 3d
10 MH 80 F HGG T symptom worsened aphasia no 5d
11T TH 51 M HGG r-BG symptom worsengd hemiparesis steroid cont'd
12 S5 51 M HGG |-p symptom worsened  disorientation steroid W
13 1K 78 M HGG r-F sympiorn worsened hemiparesis steroid conti'd
14 sK 64 M HGG L-P symptom worsened Gerstman steroid 4d
15 S 76 F ML multiple symptom worsened hemiparesis steroid conti'd
16 CA 78 M HGG I-T facial pain (=) steroid Thr

GCT: germ cell tumor, HGG : high grade glioma, ML: malignant lymphoma, BG : basal ganglio, © : occipital, P: parietal, F: frontal,
T: temporal, r: right, | : lefi, b: bilateral, hr: hour, d: day, W : week, M : moenth, conti'd : continued

HioERETFEL T, BEE BERE BE
AEFEEROBER & 2B T 32 HER
TiRAFIC, glioma B v E0BHMEETE
WL TWwWaAM bhbhoHMHATE,
glioma 2 i, malignant lymphoma 1 #| & germino-
malflT&H -7, Germinoma FEEFITICH D,
LT &\ D & D location DEF A HILCHET 2
WTWB EEZ SN, FOMICHMOEREIL
TEEMEOSRS P EERT ZHWE? b b
D, WATOMERE LSBT RETHS . &
72, SEORHTRERE L TEBSTh 2125
MECHESL HMO&HIcEET 2 LMHREE
1, SEEH T 5 L 1o stereotactic biopsy DB &
5 TE b, BEDS 3EEOIG
bLBTBALESS P LN,
. AK$R&ic B1Z transient neurological worsening
i3, EEERIFRORR TE/LMNL VD OOMEE
EROVENT B0 TH S, XELHEBEHPE
BREOERTICBVWTLL(AONELENTY
2L b OF T, <X Tglioma T
B0, RELVH X HEBEOERLE L THED
Fohi, TOBRETAETHE, 1°208%E
&L T glioma DEEHIERBHITHN, ER
DEEMLT AFNETNEEHEION S,
i, BEEEZRLO>VTTHBY, &ORE

sk - 322 F

M5 b 80~100% < b LOBMBENHENTED
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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 pathotogical 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-I1 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-11 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,
it is 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 deter mined by
knowing its biological behavior. This study may also be of help in predicting its prognosis and determining
its therapeutic effects.

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

Introduction

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 supplemental
diagnostic tool, the effectiveness and importance of
which have been reported with the development of
recent imaging techniques. For brain tumors,
among other applications, every facility uses it in
clinical applications because it allows the preopera-

Department of Neurosurgery, St. Marianna University School of Medicine, 2-

216-8511, Japan
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tive determination of the kind of tumor and
whether it is benign or malignant™*.

In '"H-MRS for brain tumeors, 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 glvcolysis, and
lipids (Lip) that are implicated in most pathological
changes.” Protons and these factors are measured
and their patterns enable a correct diagnosis.

16-1 Sugao, Miyamae-ku, Kawasaki
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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 to the
Ki-67 labeling index thatl indicates the grade of
histological malignancy and the change of Cho, Cr,
and NAA, and those related 1o Lip are only found
occasionally™™.-

Based on the examination of Lip obtained
from 'H-MRS of brain tumors operated on at our
hospital, of the 55 cases, the tumors confirmed 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 vears (average age = standard devia-
tion: 59.8+18.4), including 14 male cases and 10
female cases. Regarding the 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 Medica} Systems) was used, and the
MRI] was used for routine preoperative TIWI1, T2
W1, FLAIR, and Gd-EDTA. The imaging condi-
tion of 'H-MRS was as follows: 1the 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 Jesion which showed

an enhancing effect by Gd-EDTA was measured
with a single voxel of ] to 8 cmy’. If the imaged part
is smnaller than the voxel, we tried not 1o mclude the
surrounding normal brain as much as possible and
aimed at inside a solid or cystic lesion. Signals were
selecied 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 each signal were measured, and the
iwo peak values of Lac and Lip were {otaled. 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 setling point as close as possible. The speci-
men was placed in an OTC compound and was
frozen and sliced with a cryotome at —20°C at a
thickness of 10 um. Each section was stained with
hematoxvlin and eosin (H&E), Ki-67 immunostain-
ing, and Sudan-Il.

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

Ki-67 immunostaining (MIB-1 index): Antibu-
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 to 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-J index. Necrotic tissue was excluded
from this measurement.

Stratistical tests

Daita were classified according 10 pathological
diagnosis and analyzed. StatView 5.0 (SAS Inst-
tute) was used for data analysis, and the Student’s
t-test 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-
eficient 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 oligoastrocytoma). 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 (58.3%). 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 I1I, grade IV), 2 cases of 2 (100%) for
malignant lymphoma, 3 cases of 4 (75%) for meta-
“static brain tumor, 2 cases of 5 (409%) 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 celis (Fig. 2). Necrotic areas
were stained with Sudan-II 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-II 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-II 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.

. Glioblastoma multiforme (WHO classific-
ation, grade IV)
Three cases out of 6 were Lip positive (50%).
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The 3 cases showed a significantly higher
MIB-! index compared to the other 3 cases (p
<0.05) (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 MRI, the Cho/
Cr ratio was high as was the MIB-1 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-
II staining and the MIB-1 index were high.
Meningioma

Two cases were Lip positive out of 3 (409).
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Table 1. Summary of Patients and Results
MRI 1H-MRS 1H-MRS Pathology
No. Age Sex Diagnosis WHO class. ring like Cho/Cr Lip reson, H-E Sudan-ll Mib-1
enhancement : {11000} necrosis (%) 1%)
] 55 M. Glivblastoma v {+) 2.04 0.478 {+) 28.7 27.9
17 83 F Glioblastoma Y (+) - 14,401 (+) 64.2 25.8
21 52 M Ghoblastorma Y (+) 2.72 1.229 (+) 24.5 20.9
5 75 M Glipblastoma v (+) 21 - (+} 24,2 13.7
22 78 M _ Glioblastoma v () 5.25 {+) 31.2 10.7
23 38 M Glioblastoma v {+) 5.02 {+) 19.3 16
1 2 F Ganglionéuroblastoma v {+) 2.17 1.578 +) 49.3 19.5
15 76 F Anaplastic astrocytoma 1 (=) 3.97 0.539 (+) 14.3 11.8
3 59 M Anaplastic oligoastrocytoma ] () 5.17 1,448 (4} 18.9 17.3
16 s6 F Anaplastic asirocytoma I} {~} 2.87 1.488 {+) &6 25.6
2¢ 64 F Anapiastic astrocytoma 1] (+) 17,84 {+) 4.8 16.3
[ 7t F Metastatic brain tumor (+) 2.62 3,455 (+) 24.3 28.8
9 54 M Metastatic brain fumor (4} - B.G58 (+) 33.6 31.3
19 G4 F Metastati¢ brain tumor {4} - 6.272 (+) 15.5 28.8
1 62 M Metastatic brain tumor =) 2.37 - (+) 44,6 39
13 1M Malignant lymphoma v (=) - 4,182 (=) T 47.8 57.1
24 77 M Malignant tymphoma v {—} - 0.395 {—) 12.3 41.8
12 61 F Meningioma 1 ( - 1.451 —) 5.4 12.7
18 55 F Meningioma i ( 2.10 0.878 =) 1.7 0.7
4 710M Meningioma 1 { - - (+) 4.8 3
7 74 M Meningioma ' { - - (-} 5.2 4.3
14 73 M Meningioma ! { - - (=3 9.7 1.8
10 23 M Pituitary adenoma | ( - - (=) 33 3.5
Z2 - 47 F ACOustic neurinoma | { = - (—) 13.6 7.1

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

Two cases showed no Lip and increased only
in Cho.

Discussion

There are many reports on 'H-MRS as patho-
logical diagnosis of brain tumors. There are only a
few reports 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. Reports on the signal of Lip are only occa-
sionally found®™'.

The appearance of Lip in 'H-MRS is vsually
viewed 1hat it reflecis 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 necrosis,
i.e.. the change of metabolism due to inadequate
blood flow. Therefore, when lipid droplets are
found in tumor cells, they are no doubt malignant
cells with a high biological activity and a strong
proliferation ability®. In the present study, the
higher the histological malignancy, the darker the
lipid droplets in tumor cell substrale were stained
wiillh Sudan-II.

In general, necrosis ofien occurs in a solid
tumor, and tumor vessels are regularly arranged
around the necrotic area both i virro and in vivo'™.
Moreover, some tumors have vessels al their center
and form cylindrical cord-like structures consisting
of live cells surrounded by necrotic tissue, 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 tumor
vessels and decrease substantially and/or will occur
when the 1oxic cell degradation products increase™.
Blood stagnation in capillary vessels due to infarc-
tion in a tumor may also cause necrosis of a fumor.
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Fig. 2. The comparision of Sudan-II stain positive cells and classified WHO classi-

fication is shown.

Fig. 3. a) The

b) The lipid droplet is visible in the tumor cell (ind

The proliferative rate of cells close to a vessel, which
are well nourished, is higher than those of tumor
cells close to a necrotic area™. Some tumors do not
become necrotic but instead form a watery cyst.
'H-MRS is a means by which the growth stage and
rate of tumors, along with the biological grades of
the tumors can be precisely determined.

From the pathological examination at the early
stage of tumor growth, it can be said that there is an
increase of Cho, and a decrease of Cr and NAA.
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With further growth of the tumor, a low nutrient
and hypoxic state occurs and Lac appears. Moreo-
ver, with growth of the tumor, Lip from lipid drop-
lets, micronecrosis, and necrosis appears {Fig. 7
a-c). When the setting of voxel is completely fo-
cused on a necrotic portion, Cho, Cr, and NAA will
decrease or be eliminated, and the signals will con-
sist of only Lac and Lip, and the findings of a cyst
and/or infarction will become simitar (Fig.7 c-e).
As if supporting the relation between the bio-
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Fig. 4. The relation between lipid resonances (Lip) in 'H-MRS and Sudan-II stain
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Fig. 5. The correlation between MIB-1 index (M1B-1)
and Sudan-II positive cells rate {Sudan-1I} is
shown. The correlation coefficient is 0.59.

tic astrocytoma that showed a high Cho/Cr ratio,
about three times as high as the normal value, and
was suspected of having a high tumor activity from
an MIB-1 index of 16.3%, but did not show Lip and
only a low positive cell rate of Sudan-II staining of
4.9%. This indicated that the early stage of tumor
growth when the proliferating capacity of the tumor
was high, but it was not with an inadequate blood
supply.

In metastatic brain tumor and malignant lym-
phoma, Lip was observed in a higher incidence.
These are malignant tumors with high activity as
indicated by the MIB-1 index. Commonly, meta-
static brain tnmors growth rapidly and cause central
necrosis earher, and lipid droplets also appear in
malignant lvmphomas. However, one case without
Lip was encountered in a metastatic brain tumor.

-+ Case No. I was a case in which a tumor was de-

logical grade of malignancy and the appearance of
Lip, when the cases were surveyed according to the
groups classified by histological diagnosis, more
than half of the cases of malignant glioma showed
Lip. This concept stemmed from the fact that the
glioblastoma cases with Lip (Nos. 8, 17 and 20
showed a high positive cell rate of Sudan-11 staining
and MIB-1 index. It is indicated that the biological
activity and the proliferating capacity of tumors are
higher at those areas, vascular proliferation lags
behind, and many cells wiilize lipid droplets as a
source of energy by absorbing them.
Ganglioneuroblastoma showed a similar trend.
Contrarily, there was a case (No. 20) of an anaplas-
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tected at a relatively early stage, because pathologi-
cal necrosis was observed in spite of a solid tumor
shown on the MRI**", This was probably due 1o
the voxel setting problem of the 'H-MRS and a
problem of accuracy. It was detected by the NAA
because it is in the normal brain tissue.

There was no correlation between Sudan-II
staining and the MIB-1 index for a mieningioma.
But there were 2 cases with no necrosis and no
positive Sudan-11 staining despite the appearance of
Lip. There are the possibility that there were lipid
producing cells and benign microcyst which were
degenerated in this tumors. Moreover it remains
difficult 1o identify several sublypes of meningioma
with '"H-MRS™, Conversely. in cases with necrosis



