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Fig. 5. Microscopic findings obtained from case 3. Lower-power view show-
ing hyalinized tissue and reactive glia, H and E.

cal characteristics such as cellularity, vascularity and/or fiber
structure, and this correlation thereby leads to a tendency
for tumors of higher grade to present with higher FA values
[12,13.16].

The relationship between the FA value and each histo-
logical type of astrocytic tumors has been reported, with
mean FA values of 0.24 4 0.06 in glioblastoma, 0.19 & 0.06
in anaplastic astrocytomas, 0.1240.02 in diffuse astrocy-
tomas and 0.16+0.02 in pilocytic astrocytomas [12]. A
relationship between FA value and the WHO classifica-
tion of gliomas has also been reported. The FA value of
grade 1 gliomas (0.15040.017) is significantly lower than
that of grade 3 (0.23+0.033) or grade 4 (0.229£0.033)
gliomas. The FA value of grade 2 gliomas (0.159 £ 0.018)
is significantly lower than those of grade 3 or 4 gliomas
[16]. In our cases, the FA values of recurrent tumor were
0.27 £ 0.04 and 0.29 & 0.04, which are equivalent to the pre-
viously reported FA value of primary gliomas. These two
cases were diagnosed as tumor recurrence by histopatho-
logical examination. The FA value of case 3 revealed a
low value in the enhanced lesion. This case was diag-
nosed as radiation necrosis by histopathological examination.
In radiation necrosis tissue, there are no normal fibers or
cell structures, and thus the directionality of water diffu-
sion is decreased. Consequently, the FA value of radiation
necrosis tissue may be lower than that of tumor recurrence
(Fig. 5).

In conclusion, although our observations were limited to
only three cases, they:suggest that the: assessment of FA
value in enhanced lesions after radiotherapy may be able to

differentiate radiation necrosis from tumor. recurrence. This

non-invasive technique will most likely become an option for
auxiliary examinations for histological diagnosis after adju-
vant radiotherapy. Using FA value, unnecessary craniotomies
may be avoided in the future.
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Gamma Knife surgery for metastatic brain tumors without
prophylactic whole-brain radiotherapy: results in 1000
consecutive cases

TORU SER1ZAWA, M.D., PH.D., YOSHINORI HIGUCHI, M.D., PH.D.,
Junica1 ONO, M.D., PH.D., SHINJI MATSUDA, M.D., PH.D,,
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AND NAOKATSU SAEKL, M.D., PH.D.

Gamma Knife House, Departments of Neurosurgery and Neurology, Chiba Cardiovascular Center,
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Chiba, Japan '

Object. The authors analyzed the effectiveness of Gamma Knife surgery (GKS) for metastatic brain tumors without
adjuvant prophylactic whole-brain radiotherapy (WBRT). Salvage GKS was performed as the sole treatment for new
distant lesions.

Methods. Among 1127 patients in whom new brain metastases had been diagnosed, 97 who met one or more of
the following three criteria were excluded from the study: any surgically inaccessible huge (> 35 mm) lesion; tumor
number and size requiring an internal skull dose exceeding 10 7J; or symptomatic carcinomatous meningitis. Thus, 1030
consecutive patients formed the basis for this study. Huge tumors were totally removed, whereas smaller lesions were
treated with GKS. No adjuvant WBRT was given prior to GKS, and new distant lesions were appropriately retreated
with GKS. Overall, neurological and new lesion—free survival curves were calculated and the prognostic values of
covariates were obtained. In total, 1853 separate GKS sessions were required to treat 10,163 lesions.The patients’
median overall survival period was 8.6 months. Neurological survival and new lesion—free rates at 1 year were 89.1
and 49.3%, respectively. In a multivariate analysis, the significant factors for poor prognosis were the development of
more than four new brain metastases and active extracranial disease.

Conclusions. In meeting the goal of preventing neurological .death and maintaining activities of daily living for
patients with brain metastases, GKS alone provides excellent palliation without prophylactic WBRT. New distant
lesions were quite well controlled with GKS salvage treatment alone.

KEY WORDS *

limitations of GKS without the addition of pro-

phylactic WBRT, especially in patients with
lung cancer.>” The present study provides a rather large
data set based on treatment with GKS alone for brain
metastases from various primary cancers. All cancer types
were treated according to the same protocol, with the focus
being on new distant lesions and salvage GKS.

W E previously reported on the effectiveness and

Clinical Material and Methods

Among 1127 patients in whom new brain metastases
had been diagnosed, 97 who met one or more of the follow-

Abbreviations used in this paper: ADL = activities of daily
living; CSF = cerebrospinal fluid; HR = hazard ratio; KPS =
Kamofsky Performance Scale; MR = magnetic resonance; NLFS =
new lesion—free survival; NS = neurological survival, OS = overall
survival; QS = quality of survival; TSID = total skull internal dose;
WBRT = whole-brain radiotherapy. ’
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ing three criteria were excluded from the study: any patient
with a surgically inaccessible huge (> 35 mm) lesion; any
patient with a tumor number and size requiring a TSID ex-
ceeding 10 J; or any patient with symptomatic carcinoma-
tous meningitis. Thus, 1030 consecutive patients formed
the basis for this study. Huge tumors were totally removed,
whereas smaller lesions were treated with GKS. No adju-
vant WBRT was given prior to GKS. New distant lesions,
detected on MR imaging performed every 2 to 3 months,
were appropriately retreated with GKS, if the patient’s
condition allowed. The TSID calculated with the Leksell
Gamma Plan (Elekta Instruments, Norcross, GA) for each
radiosurgical procedure was less than 10 J, thus preventing
acute brain swelling, as previously reported.” The pa-
tients’ primary physicians determined chemotherapy pro-
tocols. Neurological evaluations and Gd-enhanced MR
imaging were performed every 2 to 3 months until the pa-
tient’s KPS score was below 70. Thereafter, enhanced MR
images were obtained at the primary hospital for as long as
possible and sent to us for evaluation. The dates and causes
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of death and progression of impaired ADL were docu-
mented by the patients’ primary physicians. Control of
the GKS-treated lesion was defined as the absence of
any significant increase in tumor diameter (< 20%).
Thallium-201 chloride single-photon emission computed
tomography, as previously reported,® was used to differ-
entiate tumor recurrence from radiation injury. The defi-
nitions of tiny, small, medium, and large lesions were as
follows: less than or equal to 1 cm, greater than 1 cm
but less than or equal to 2 cm, greater than 2 cm but less
than or equal to 3 cm, and greater than 3 cm, respec-
tively. Neurological death was defined as death due to
any form of intracranial disease, including tumor recur-
rence, carcinomatous meningitis, cerebral dissemination,
and other unrelated intracranial diseases, as described by
Patchell, et al.* Impaired ADL function was defined as
neurological status based on a KPS score of less than
70 (functional preservation), as reported by Aoyama and
coworkers.!

Statistical Analysis

The intervals from the date of diagnosis of brain metas-
tases at our center until the date of death (OS), neu-
rological death (NS), impaired ADL (QS), and the ap-
pearance of new distant lesions (NLFS) were calculated
using the Kaplan-Meier method. Tumor progression—free
survival in all patients treated with GKS during the ob-
servation period was also analyzed. Prognostic values
of the individual covariates for OS, NS, QS, and NLFS
were obtained with the Cox proportional-hazards model.
The following 12 dichotomized covariates were entered:
age (< 65 years compared with > 65 years); sex (male
compared with female); extracranial lesion status (con-
trolled compared with active); pretreatment KPS score
(<70 compared with > 70); primary cancer organ (lung
compared with nonlung); number of brain lesions (<
four compared with > four); maximum lesion diameter
(< 25 mm compared with > 25 mm); initial total tumor
volume (< 10 cm® compared with >10 cm?); MR imag-
ing findings of CSF dissemination (yes compared with
no); chemotherapy (yes compared with no); craniotomy
(yes compared with no); and time elapsed between diagno-
sis of primary cancer and brain metastases (synchronous
compared with metachronous). A probability value of less
than 0.001 was taken to represent a statistically significant
difference.

Results

The distributions of patient characteristics and lesion
types and locations are summarized in Table 1. The pri-
mary organs were the lung in 719 patients (69.8%), gas-
trointestinal in 124 (12.3%), breast in 68 (6.6%), urinary
tract in 52 (5%), and others/undetermined in 67 (6.5%).
The median number of lesions treated with the initial
GKS was three (range one—25 lesions). During the follow-
up period, the number of GKS procedures for new dis-
tant lesions averaged 1.8 * 1.5, varying between one and
18, and the mean number of lesions treated with GKS
per patient was 9.9 * 16.6 (range one-109). In total,
1853 separate GKS procedures were required to treat 10,
163 lesions. The mean calculated tumor volume was
0.87 + 2.64 cm? (median 0.08 cm?; range 0.1-24 cm?).
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TABLE 1
Dichotomized patient characteristics*

Characteristic No. of Patients
age (yrs)

<65 547

>65 483
sex

male 654

female 376
extracranial disease

controlled : 125

active 905
pretreatment KPS score

<70 162
. >70 868
primary organ

lung : 719

nonlung 311

£ no. of lesions
<4 620
(single 276)

>4 410
max lesion size (mm)

<25 675

>25 355
total tumor vol (cm?)

<10 757

>10 273
CSF dissemination

yes 86

no 944
chemotherapy

yes 409

no 621
craniotomy

yes 145

no - 885
metastasis

synchronous 385

metachronous 645

The minimum dose to the tumor margin was 15 to 30 Gy
(mean * standard deviation 20.4 = 2.0 Gy; median 20 Gy)
with a 72.4% isodose contour (range 30-98%). The mean
prescribed doses were 20.6 Gy in 8573 tiny, 20.3 Gy in 977
small, 19.2 Gy in 441 medium, and 15.7 Gy in 172 large
lesions. Figure 1 shows the cumulative lesion progression-
free survival curves stratified by lesion size. The tumor
control rates at 1 year were 99.5% in tiny, 92.6% in small,
87.3% in medium, and 65.5% in large lesions. The differ-
ences were statistically significant (p < 0.0001). Among
184 lesions showing progression, we diagnosed tumor re-
currence in 83 and radiation injury in 101. The median OS
period was 8.6 months. In multivariate analysis, significant
prognostic factors for OS were active extracranial disease
(p < 0.0001, HR 4.184), low pretreatment KPS score (p
< 0.0001; HR 2.050), and male sex (p < 0.0001; HR
1.561). The OS curves were compared by using the Ra-
diation Therapy Oncology Group recursive partitioning
analysis classes (Fig. 2). The neurological death-free rates
were 89% at 1 year and 73.6% at 2 years. Among the
729 deaths, 125 (17.1%) were attributed to neurological
death (NS). Causes of neurological death were carcino-
matous meningitis in 54, recurrence of the treated lesion
in 29, cerebral dissemination in 22, progression of an
untreated lesion in 16, and other in four. The only sig-
nificant poor prognostic factor for NS was carcinomatous
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FIG. 1. Graph showing cumulative tumor progression—free sur-
vival curves, based on tumor size. The maximum lesion diameters
are provided. The mean prescribed doses were 20.6 Gy in 8573
tiny, 20.3 Gy in 977 small, 19.2 Gy in 441 medium, and 15.7 Gy
in 172 large lesions. The tumor control rates at 1 year were 99.5%
in tiny, 92.6% in small, 87.3% in medium, and 65.5% in large
lesions. Differences were statistically significant (p < 0.0001).

meningitis (p < 0.0001, HR 4.841). The NS curves were
compared between patients with and without MR imag-
ing findings of carcinomatous meningitis (Fig. 3). The
QS rates were 82.1% at 1 year and 62.9% at 2 years.
The MR imaging findings of CSF dissemination (p <
0.0001; HR 3.305) and active extracranial disease (p <
0.0001; HR 2.237) were confirmed to be significant fac-
tors influencing QS. No patient suffered radiation-induced
dementia in this study. The NLES rate at 1 year was
49.3%. According to multivariate analysis, the significant
poor prognostic factors for NLFS were more than four
brain metastases and active extracranial disease (Table 2).
The NLFS curves based on tumor number are shown in
Fig. 4. Among the 729 patients who died, the number of
salvage GKS treatments for new distant lesions was zero in
470, one in 134, two in 62, three in 26, and more than four
in 37, Salvage WBRT was subsequently performed in 30
patients with cerebral dissemination or CSF dissemina-
tion, which had been uncontrolled after aggressive GKS
salvage treatment.

Class 1

Overall Survival Rate
'S
1
T

(years)

FIG. 2. Graph showing the OS curves stratified by Radiation
Therapy Oncology Group recursive partitioning analysis classes.
The median OS period was 2.2 years in Class 1, 0.71 years in
Class 2, and 0.39 years in Class 3. Differences among the three
classes were statistically significant (p < 0.0001).
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FIG. 3. Graph showing NS curves for patients with and without
MR imaging evidence of carcinomatous meningitis. The neuro-
logical death—free rates at 1 year were 90.2% in patients with car-
cinomatous meningitis and 52.4% in those without. The difference
was statistically significant (p < 0.0001). CM = carcinomatous
meningitis.

\ Discussion
A few retrospective, randomized, controlled studies in

‘which radiosurgery and radiosurgery plus initial adjuvant

WBRT were compared have been reported. %! In the
Japanese Radiation Oncology Study Group series reported
on by Aoyama, et al.,! no significant differences were
found in OS, NS, or QS between radiosurgery alone and
radiosurgery after adjuvant WBRT, although new lesions
were observed more frequently with radiosurgery alone.
These results support our treatment protocol of using GKS
aggressively, at least in patients with only a few metas-
tases. Our study comprised a very large series of patients
who underwent GKS and did not receive any initial ad-
juvant WBRT. All patients were treated using the same
treatment protocol. We have carefully analyzed the results
and focused particular attention on new distant lesions.

New Distant Lesions and Salvage Treatment

Since the advent of computed tomography scanning.
it has come to be widely believed that even patients
with only a single metastatic lesion harbor microscopic
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FIG. 4. Graph showing the NLFS curves based on tumor nura-
ber. The new lesion—free rates at 1 year were 57.2% in patierts
with one to four brain metastases, 34.2% in those with five to 10,
and 32.9% in those with more than 10. The difference betwezn
one to four and more than four brain metastases was statistically
significant (p < 0.0001).
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TABLE 2
Prognostic variables for NLFS
Variable High Risk Group p Value* HR* p Value! HRf
age <65 " 0.0441 1.229
sex male 0.4949 1.073
extracranial disease active <0.0001 1.835 0.0005 1.656
initial KPS score >70 0.3603 1.161
primary site lung 0.9933 1.001
no. of lesions >4 <0.0001 1.844 <0.0001 1.734
max lesion size <25 mm 0.9394 1.016
total tumor vol >10 cm? 0.0826 1.316
CSF dissemination no 0.3327 1.232
chemotherapy yes 0.5884 1.057
craniotomy no 0.7755 1.038
metastasis synchronous 0.6298 1.052

*Values are based on univariate analysis.

Values are based on multivariate analysis (Cox proporti’onal-hazards model).

metastases.>® Modern high-resolution MR imaging can
detect tumors only a few millimeters in diameter, and
even these tiny metastatic lesions can be safely and accu-
rately treated with GKS. The patient survival period may
be too short for invisible metastases or true new lesions
to be identified on follow-up MR imaging or to cause
neurological symptoms. Chemotherapy may, of course,
play an additional role in controlling microscopic lesions,
especially in cancers sensitive to chemotherapy, such as
small cell lung cancer and breast cancer. Our experience
suggests that local control is the most important clinical
goal for patients with brain metastases and that it is not
necessary to treat invisible metastases. Indeed, approxi-
mately two-thirds of patients in this series did not require
salvage treatment. If new lesions are detected, appropriate
salvage treatment, taking patient condition into considera-
tion, may be warranted. Whole-brain radiotherapy should
be used only with great caution because of its invasive
nature. The current study demonstrates that a local GKS
treatment protocol without upfront WBRT can provide
highly satisfactory results in selected patients.

Cost of GKS Alone Protocol

The cost of any local treatment protocol, without pro-
phylactic WBRT, must always be considered. In Japan,
GKS is relatively inexpensive, approximately 4000 US
dollars; WBRT is less expensive and costs closer to 2500
US dollars. In this series, the mean number of GKS sal-
vage treatments for new distant lesions was 0.8 per patient.
The incidence of new distant lesions that can be controlled
using GKS is expected to be 50%, provided all invisible
microscopic lesions are controlled by initial WBRT. Thus,
the total treatment costs come to approximately 7200 US
dollars for GKS without prophylactic WBRT (4000 +
4000 X 0.8) and 8100 US dollars for GKS with prophy-
lactic WBRT (4000 + 2500 + 4000 X 0.4). This local
treatment is thus estimated to be less expensive than GKS
with initial WBRT, although some patients may require
frequent salvage GKS. The Japanese public insurance sys-
tem covers all initial and salvage GK.S procedures as well
as follow-up MR imaging. Economic factors impacting
radiosurgery and radiotherapy apparently differ markedly
among countries. If the portions of fees for radiosurgery
and radiotherapy covered by health insurance are similar
to those in Japan, the cost of our local treatment proto-
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col without prophylactic WBRT would appear to be quite
reasonable.

Indications for and Limitations of our Local Treatment
Protocol

Factors that limit the performance of single-session
GKS include not only the number but also the size of
lesions. Earlier reviews focused solely on number of le-
sions. To resolve this problem, we have proposed the TSID
concept, which provides information on the limitations of
safe GKS in a single session.>” A TSID of 10 ] is equiv-
alent to 3 Gy of whole-skull radiation or a total tumor
volume of 15 cm®. This is also the WBRT single-fraction
dose used for metastatic brain tumors (30 Gy in 10 frac-
tions). If the lesions are scattered diffusely and similar of
size, 25 tiny, 10 small, or four medium lesions would be
the treatment limits of a single GKS session, assuming the
peripheral doses are all 20 Gy. Adverse early radiation ef-
fects such as acute brain swelling were not observed in the
present series with the TSID below 10 J. Yamamoto and
colleagues'! and Yang and coworkers,'? although using
higher radiation doses than allowed by our criteria, re-
ported the safety of GKS for numerous brain metastases.
The present criteria exclude patients with symptomatic
carcinomatous meningitis, but thin-slice MR imaging for
dose planning revealed asymptomatic CSF dissemination
to be a highly significant poor prognostic factor for NS
and QS. Thus, the exclusion criteria for this treatment are
any surgically inaccessible huge (> 35 mm) tumor; tu-
mor number and size exceeding a TSID of 10 J; and MR
imaging findings of CSF dissemination. More than four
brain metastases and active extracranial lesions were rec-
ognized as poor prognostic factors for new distant lesions
on multivariate analysis. However, having more than four
metastases did not affect OS, NS, or QS on multivariate
analysis. For patients with more than four metastases, a
randomized controlled study in which GKS alone is com-
pared with GKS plus initial adjuvant WBRT should be
performed.

Conclusions

In terms of NS and QS, GKS without initial adjuvant
WBRT for brain metastases from various primary can-
cers provides excellent palliation considering the patients’
short life expectancies. New distant lesions were fairly
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~ well controlled with GKS salvage treatment alone, even
in patients with more than four brain metastases; how-
ever, careful observation with enhanced MR imaging at
intervals of no more than 3 months is necessary.
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Individualized treatment for glioblastoma based on drug sensitivity

THERYE MERENRIED, TERE WRBRESES
TERP A VI —RE LEfEE®

EILRB . A B, K HE—ERY. B Y. EA EBY

[Summary]

Efficacy of chemotherapy against glioblastoma is still
limited. To investigate whether individualization of chemo-
therapy according to drug sensitivity improves the out-
come of patients with glioblastoma, 74 consecutive patients
with glioblastoma who received individualized chemo-
therapy were retrospectively compared with 68 patients
treated with the conventional nitrosourea plus cisplatin
chemotherapy. For individualization, the drug-induced
apoptosis from 31 anticancer drugs was quantified by flow-
cytometry in the primary culture of surgically-resected
tumor cells. The patients who received the individualized
chemotherapy had significantly longer overall survival
than those treated with the conventional chemotherapy
(p<0.0001). The median survival of patients with glio-
blastoma was 19.4 months in the individualized chemo-
therapy group and 13.1 months in the conventional chemo-
therapy group. This study suggests an important new
direction in glioblastoma chemotherapy; individualization
of chemotherapy based on drug sensitivity is one of the
important approaches to obtain prolonged survival in
glioblastoma.
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74 year-old female
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{ TAX 75mgim?
X3 courses }

+
Radiotherapy
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Pnst-hpe 2 weeks Post-ope 38 months

Pre-treatment

Fig.2
A representative case with effective drugs in vitro. Paclitaxel selected by the drug-sensitivity test
was administered.
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Post-ope 3 months
otherapy

reope '
70 year-old male

Radiotherapy + PAV chem
i o
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Fig.3
A representative case without effective drugs in vitro. PAV chemotherapy using ACNU,
procarbazine, and vincristine was administered.

individualied

Probability of overali survival

O 10 20 30 4 5 6 70 8
manths
Fig.4
Kaplan-Meier estimated probability of overall survival rate of the patients with glioblastoma

multiforme treated either with individualized chemotherapy or conventional chemotherapy using
ACNU and cisplatin.

~11 -



Neuro-Oncology 16(1), 2006

(£ Z]

SHOFERD S, Glioblastoma tZ 817 A {EE{LED
AFEHEE. = bay L7 E 77 FEAERY
Favira—L L TERICERL T, ¥
7o, EFHERREI94r A & v B, JWoF
B bbb, = tuy L 7HIZH0L
RSN INE TORE LLRRETH -7,
AP B A EEER TR w2 ORI
EEZHET 555, glioblastoma to X T 5 {L2EEEE I,
by TLTHRLOLVY XY XD SEEREICER
CER->7=HPERTH B AEEENSTIREINE, B
AKicBWs=tuY 7L 7HTHBACNUIE, ana-
plastic astrocytoma % oligodendrogliomatZ & L T & 5% &
EoBMEZ R T, glioblastomall 3 L Tk A ZIM:
DA TRGIERT TS OBENH 2, &
TOEMESY) A —<ITx L, ACNUZ SESAF I —i2
AL T 2RF5EE, BEHICL>TXY vy + a7k
WwWEEZ o b, FHE, BBV Telioblastomall
XNF B AEF BT ERIR O AEIH & 117z temozolomide
PHATLHEATRE & 2o/, S, KM, &
M7 — e LB R BT AR L L
TEAGERKEB>THu{THA I,

= ru Y7L 7HICTtEZ 5 2 % 0%methylguanine
-DNA methytransferase MGMT) @ [EE M 81T 3
HEEZHEL, BEEROBIRICGAL LS Lw)
Hab B ENTHEY, ZOREE. (AT CET
ZHEHRMPHEYL T b0, BN FR%ETHE &
W3R B, BEEEFEELD WERFIZ—2TH
KELEETHEZOEAIMS E 23T Th 5,
—H. T 7= A4 FUFEEIC B WL, (R
FFOBRL 2B OEBEER 2 EH T 5 2 & Hsifl
HNTHD, bbb, H2EAVELVIERN 2
TR TREL, B2 R EAHERRAICEL BT
VAT LEBETIZENNPBLETCHLEEILOND,
5% Dtemozolomide b MGMT R D BB I IXEh & -0
BWBIEMBREINTEYO, 2 o @, &0 &
HITHBEL TSR RELMEL L>TL 3
THA9.

EHOMBICEET s RTIE. BYREBEEE, &
KRB, 7R - 2FE, DNABEEE, o7
FNRERL ESBIC 25T E 2y Y
— I EBHRLTBEEZoNBLD, —DkvL
YEOEFOARERLCH, BEEEMET 245
DEHBEE LA IO THELEZI NS, S,
fEafboFEL L THRLBHVADE. 7094
FAPY—ZH»RE TR =2 ROBHIC & B EA
RBEZMRETH 217, Kikiz, BREFRAOBIIE
TAZ = Fu7R b= ABHEL LTES L
EMiTHH . B NEED S BE L BHEE
WA T ZRERR I LS, BRICHAT S

DICHE L 7= FRBEZHRABETH S, LrLiade n
vitro DAIMERTEIC & 2 R ERE . in vivo DI/NE
BERBL2OAPRLRENLEES E LTHT
55, SEOEE L. REEFDE S NIGER
A TH D (L BREZEFRBICE W TE
AT 22 LDA Yy FB/BICIEE >/ L # 2
5N5, BEERZ IR ORFE L H 525,
BRI DVBEORCEZETRS R T L2 HEL
RitnEi sy, BHEED CEBREFESINE
B OBE TR - BETRBMENTIZ invivo DIKEE
ZERICEBL w3 tEZ o5, Lk, BA
DEABZHET - WHERFZ L onllEL., &
ZHREBOWEE L THV B Z L 2BETTH B,

[z &)

1) Takakura K, Abe H, Nomura K, et al: Effects of
ACNU and radiotherapy on malignant glioma.

J Neurtosurg 64: 53-57, 1986

2) Levin VA, Silver P, Wilson CB, et al: Superiority of
post-radiotherapy adjuvant chemotherapy with
CCNU, procarbazine and vincristine (PCV) over
BCNU for anaplastic gliomas: NCOG 6G61 final
report. Int J Radiat Oncol Biol Phys 18: 321-324, 1990

3) Iwadate Y, Namba H, Sueyoshi K: Intra-arterial
ACNU and cisplatin chemotherapy for the treatment
of glioblastoma muitiforme.

Neurol Med Chir (Tokyo) 35: 598-603, 1995

4) Davis,F.G,, Freels, S., Grutsch, J., et al. Survival
rates in patients with primary malignant brain tumors
stratified by patient age and tumor histological type:
an analysis based on surveillance, epidemiology, and
end results (SEERj data, 1973-1991.

J Neurosurg 88: 1-10, 1998.

5) Shapiro WR: Current therapy for brain tumors:
back to the future. Arch Neurol 56: 429-432, 1999

6) Stupp R, Mason WP, van den Bent MJ, et al.
Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma.

N Engl J Med 352: 987-96, 2005.

7)  Markert JM, Fuller CM, Glllespie GY, et al:
Differential gene expression profiling in human brain
tumors. Physiological Genomics 5: 21-33, 2001

8) Yung KWA, Shapiro JR, Shapiro WR: Heterogeneous
chemosensitivities of
glioma cells in culture. Cancer Res 42: 992-998, 1982

9) Khan J, Wei IS, Meltzer PS, et al: Classification and
diagnostic prediction of cancers using gene

subpopulations of human

expression profiling and artificial neural networks.
Nat Med 7: 673-679, 2001
10) James CD, Olson JI: Molecular genetics and



11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

[N
38}
'

[8%3
(Y]
~—

Neuro-Oncology 16(1), 2006

molecular biology advances in brain tumors.
Curr Opin Oncol 8: 188-195, 1995
Fojo AT, Ueda K, Pastan I, et al: Expression of a

24)

multidrug resistance gene in human tumors and
tissues. Proc Natl Acad Sci USA 84: 265-269, 1987
Iwadate Y, Fujimoto S, Tagawa M, et al: Association 25)
of p53 gene mutation with decreased chemosensitivity
in human malignant gliomas.

Int J Cancer 69: 236-240, 1996

Iwadate Y, Mochizuki S, Yamaura A, et al:
Alteration of CDKN2/p16 in human astrocytic
tumors is related with increased susceptibility to
antimetabolite anticancer agents.

Int J Oncol 17: 501-505, 2000

Matsumoto Y, Takano M, Fojo T: Cellular
adaptation to drug exposure: Evaluation of the drug-
resistant phenotype. Cancer Res 57: 5086-5092, 1997
Esteller M, Garcia-Foncillas J, Herman JG, et al:
Inactivationof the DNA-repair gene MGMT and the
clinical response of gliomas to alkylating agents.

N Engl J Med 343: 1350-1354, 2000

Scherf U, Ross DT, Weinstein JN, et al: A gene
expression database for the molecular pharmacology
of cancer. Nature Genet 2000; 24: 236-244.

Iwadate Y, Fujimoto S, Namba H, Yamaura A.
Promising survival for patients with glioblastoma
multiforme treated with individualised chemotherapy
based on in vitro drug sensitivity testing.

Br J Cancer 89: 1896-900, 2003.

Alberts DS, Chen HSG: Tabular summary of
pharmacokinetic parameters relevant to in vitro drug
assay. Alan R. Liss, New York, pp 351-359, 1980
Nicoletti I, Migliorati G, Pagliacci MC, et al. A rapid
and simple method for measuring thymocyte
apoptosis by propidium iodide staining and flow
cytometry. J Immunol Meth 1991; 139: 271-279.
Darzynkiewicz Z, Bruno S, Traganos F, et al:
Features of apoptotic cells measured by flow
cytometry. Cytometry 13: 795-808, 1992

Sekiya S, Takamizawa H, Tokita H, et al. A newly
developed in vitro chemosensitivity test (Nuclear
damage assay): application to ovarian cancer.
Gynecologic Oncol 40: 138-143, 1991.

Iwadate Y, Fujimoto S, Yamaura Y, et al: Prediction
of drug cytotoxicity in 9L rat brain tumor by using
flow cytometry with a deoxyribonucleic acid-binding
dye. Neurosurgery 40: 782-788, 1997

Iwadate Y, Fujimoto S, Yamaura A. Differential
chemosensitivity in human intracerebral gliomas

measured by flow cytometric DNA analysis.

- 13-

Int J Mol Med 10: 187-92, 2002.

Tanaka S, Kamitani H, Hori T, et al: Preliminary
Individual adjuvant therapy for gliomas based on the
results of molecular biological analyses for drug-
resistance genes. J Neuro-Oncol 46: 157-171, 2000
Hegi ME, Diserens AC, Gorlia T et al. MGMT gene
silencing and benefit from temozolomide in
glioblastoma. N Engl J Med 352:997-1003, 2005.



No Shinkei Geka, 34(9): 885-898, 2006

Review

18 BB
AKFF A —ER?

Y - S B Y B LA ﬁ
— BB MRS & 5 SHUEREOBRED b—* ;

A Mz ,
Ad  #&EY :

BIL EHBY

Key words perivascular space, brain tumor, cystic lesion, brain edema, MR imaging, lacunar infarct

. #RONEABEDOEREEOEE

RS D MR SR SIECERL, A -4 s
V2 EEDRETIREIC R o 7, ZHUT DR,
MERERECES L MREBEE(BEXNS
L9k ot, 1990 ERD o MERBEME, MR
oo LB RICEMENSH B I 5, K
R EZPRIZOEMED 7 7 THE L DEIIEE
LTt ou—X7ry7r&8Nhk, £, KNAE
(centrum semiovale) (2> Tid, EFRTEHL
HIER, IR DO AEIRZE TH % leukoaraiosis &
DEEFDRE & 72 > Tha B 2388118

M FEEZ, MR EMEREATOIAL -5
IOBEEI N, EHEE, MER»SESDHENIRNE
HAONEREEEHLE L CHEI NS, IER
BRI T O 5 oOF&GEFHELEE, 2t
MENns,

D) TRTDY—7 v ATHEREOETHE

No Shinkei Geka 34 (9): 885 - 898, 2006

B75,

2) BE3ImmUTOYA XTH5B,

3) WG EEHEHTH B,

4) MEET & FEHENIC—ET 3.

5) mass effect {37\ 2420,

Lo L, ¥4 ZBL T, UTiBRs I
CRBERIEO S DT 2em BB DO, %
VYOEERREZETL2HE0HY), ZREHENLE
W HEmdE, EEPRAT R 2Nk U 7= H T Hs
DERBEAENH B B,

1990 EROBED &, MBEEE DA O R
RERET, MERBRECES L AERIHESIN
2Lk kof. TAYNA e—FEEEORAE
ETOMERBEORS THEP, HMREARER
TS FHMBEAE @ sand-like appearance, /NED
RER COERBERESHRT S 2 LR EPRER
NTEY, 20WELOEETCEEEN TS
12059 HIEE OEHRCHEEBICE LW THH L VA

* MR Studies of Perivascular Spaces with Main Emphasis on Space-occupying Lesions
1) FEREXEREFXTREMAZE A B, Naokatsu Saexi, M.D., Ph.D., Hisayuki Mura, M.D., Ph.D., Yasuo
Iwapate, M.D., Ph.D., Department of Neurosurgery, Chiba University Graduate School of Medicine
2) FREAFAFREFMERFBIERES, Yuichiro Nacal, M.D., Ph.D., Department of Pathology, Chiba University

Graduate School of Medicine

3) JFE N kTR E 4B, Kenro Sumami, M.D., Ph.D., Department of Neurosurgery, JFE Kawatetsu Chiba

Hospital

CEfEsE) EMEN =T EARERERELHERMAEAH (S 260-8670 FEHHRE L 1-8-1)
Address reprint requests to : Naokatsu Saeki, M.D., Ph.D., Department of Neurosurgery, Chiba University Graduate
School of Medicine, 1-8-1 Inohana, Chuo-ku, Chiba-city, Chiba 260-8670, Japan

0301-2603/06/%¥500/ 343X /JCLS

No Shinkei Geka + 34 % 9 % - 2006 £ 9 A 885



886

Dura mater
\ - N Subdural space

Arachnoid Subarachnoid
space
Arachnoid
trabeculae
Vessel

Pia mater

Perivascular
space

Cerebral cortex — Pia-glial membrane

Fig. 1 Perivascular space in a textbook of neuroanatomy (modified from reference 29). In this draw-
ing, subarachnoid space directly perforates the brain surface into the parenchyma. No detailed anat-
omy is elucidated in relation to subarachnoid space, pia mater, subpial space and perivascular
space.

T A
ﬁ‘ﬁf < SAS
g Pia mater

Pvs — T4 1.1

Fig. 2 Diagram demonstrating the relationships of the pia mater and intracerebral vessels
{modified from reference 44). Subarachnoid space (SAS) separates the arachnoid (A) from
the pia mater overlying the cerebral cortex. Perivascular space (PVS) of the artery(left pic-
ture). An artery on the left of the picture is coated by a sheath of cells derived from the pia
mater:the sheath has been cut away to show that the periarterial spaces (PAS) of the intra-
cerebral and extracerebral arteries are in continuity. The layer of the pial cells becomes perfo-
rated (PF) and incomplete as smooth muscle cells are lost from the smaller branches of the
artery. The pial sheath finally disappears as the PVS are obliterated around the capillaries
(CAPS). PVS of the vein (right picture). PVS around the vein are confluent with the subpial
space. The picture shows that PVS are anatomically different around the artery and vein.
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Fig. 3 Diagram illustrating the changes of intracerebral
arteies that bring about the condition of perivascular
cavities-elongation, dilatation and spiraling of the artery
with distortion of branches and separation from brain
tissue (from reference 16).
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Fig. 4 Heavily T2 weighted MR images of a 19-year-old female. A : Coronal
section at the cerebral peduncle. Round and ovoid perivascular spaces {arrows)
are visible at the level of the upper midbrain. B : Coronal section 6 mm posterior
to Fig. 4A. Small perivascular spaces (arrows) are visible at the pontomesence-
phalic junction and at the level of tentorial margin. C : Axial section at the lower
midbrain. Ovoid and linear perivascular spaces are visible between the cerebral
peduncle and substantia nigra and in the cerebral peduncle. D : Axial section 2
slices rostral to Fig 4C. Small perivascular spaces {arrows) are visible behind the

cerebral peduncle.
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Fig. 5 A 48-year-old male. A : Axial section at the lower midbrain. Muitiple ovoid and round perivascu-
lar spaces are visible between the cerebral peduncle and substantia nigra and in the cerebral peduncle.
B : Axial section 2 slices rostral to Fig. 5A. Small perivascular spaces (arrows) are visible behind the ce-
rebral peduncle. G : Coronal section at the anterior midbrain. Dilated perivascular spaces are visible as
round or ovoid low signal intensity lesions at the pontomesencephalic and the mesencephalo-dience-
phalic junctions. D : Coronal section at the cerebral peduncle. Dilated perivascular spaces are visible at
the level of the pontomesencephalic junction, corresponding to the tentorial margin. The largest of the
perivascular space is 5 mm in size. E : Sagittal section 6 mm lateral to the midline. Dilated perivascular
spaces are visible between the pons and midbrain. F : Axial section 12 mm lateral to the midline. Large
and small perivascular spaces are visible at the ponto-mesencephalic and mesencephalo-diencephalic

juntions.

THERITRETHB I LB LA,

—7, XEkE, HiEE & PR MR TR
KHRESHOSERD ) BEHRE (multi-lobu-
lar cystic lesion) T; HINAGERZEPRTER 2
EL, RECHEGHR L EREEREDRE
ﬁo)ﬁﬁm’:ﬁi‘% 6 l‘:l, 20, 21, 27,30, 32, 40) (Fig. 7). ﬁ&i
TTIHSRESN TS, BRERE LT, FM
AEREAEIC & BKEHIE 6 6, FHREL EDORRE
B —F vy VEERBES 1P EVH B, Po-
irier 5 DRED I L 1FITEHERBTLN, &
BRI fE R EEOIAR LRI E R HSEEA

TNk HEFCI)MBFSEESE LI L
DERERTHS ) EHEL TS, Sacki 5IEZD
KERDHFT, ftho 6 FITHEECEBWICHFET
2 & R BT S »ORIEaidsmb b, R
PETRCELLEELTVBED, 5%, WM
BToilafaitET 5 HUEREICE VT,
glioma iZMNZ T, ZOEHEERE LT, KL
- B FEME (expanding lacunae) D AR %
REIB(RETHA ) ™, BRFERIZOVT
&, FHLZEPEL, oL EFAOERZET
505, RERTHNITHEBRI L 288K TI v
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Aqueduct

Periaqueduciél
gray matter. -

Fig. 6 A : Axial section of the right upper mid-
brain. Kluver-Barrera stain X 4. Section line be-
tween ventral and dorsal haives is noted in the
center. Aqueduct, peri-agueductal gray matter,
red nucleus, cerebral peduncle and optic tract
are demonstrated. Behind the cerebral peduncle,
there is an ovoid space. B : Magnified axial sec-
tion demonstrating the perivascular space at the
upper midobrain. H and E stain (original) X 50. The
ovoid space includes a vessel (arrow) and is lined
by pial layer (arrow head). No necrotic or isch-
emic changes were visible in the surrounding
brain tissue in this magnified view. These findings
histologically suggest that it is a perivascular
space.

Fig. 7 reference from 39 (reproduced with permission). T1 weighted axial (A), coronal (B) and sagittal (C) images, revealing
muitilobular CSF-filled expanding spaces at the mesenéephan—diencephalic junction. A 32-year-old female presented with
headache and progressive right hemiparesis and MR images revealed multilobular CSF-filled expanding spaces at the mesen-
cephalo-diencephalic junction with ventricular dilatation. She underwent endoscopic fenestration of cyst wall and became free
of the neurological deficits.

LELONS,

1995 &, Ogawa & I3 RINEFRANIC L R DN
BEWHBOESEHEE T 20 BERED 2 fl 2
HL® 1PIIBREEEHREOFME L btk
WMEZ ., Z2LC, 2OREBEBAL-IERE
FARECTH S 2 & 2HBENICHER L2, EEL,
MEFENICHRESEE2EL, $F Mt faz

bh (RKEWHDTE2emiZET 3), BED
FHEFFRZEL S %, %D, Komiyama 5,

Ohta &, Saeki & b FDEIRATR %2 E T 2EH
BHE LS (Fig. 8,9). LaL, IN6D
FEBITIR C DR IC L B ERERIZIE>E D L
V>, Davis Si3—BMEDH BB R L EH 2 H
£ L7 FMET, HBR2HE2E W32,
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Fig. 8 A CT scan with enhancement. The CT scan
showed right hemispheric low density (arrows) with-
out enhancement effect. B : T1 weighted MR images
with contrast medium. The MR image showed irregu-
lar low intensity lesion mimicking the brain edema
without enhancement effect (arrows). The lesion was
predominantly limited to one hemisphere. There was
a subtle mass effect based on the radiological ap-
pearance of the medial margin of the right hemi-
sphere over the midline and less prominent cortical |
sulci on the right hemisphere. C and D : T2 and pro-
ton density weighted MR images, respectively. The
signal intensity of the lesion {(arrow) was CSF com-
patible in both MR sequences. Intraparechymal
space occupying lesion such as a glioma in the cere-
bral hemisphere was suspected.

; . B s - .: T &' ¢ o . :

Fig. 9 A and B : Heavily T2 weighted (black and white) inverted axial and coronal MR images, The lesions consisted of two
components; linear or small oval CSF signal intensity (arrow) and surrounding edema-like changes, which seemed to be locat-
ed in the white matter. The linear and small ovoid parts conformed to the pathways of the medullary arteries (Fig. 9C). This
strongly supports that the low signal intensities are related to the perivascular spaces. C : Microangiography of cerebral hemi-
sphere from reférence 38. Medullary arteries, conforming to the low signal intensity in the cerebral cortex in Fig. 9B, are clearly
shown. ‘

TR

BHELEERELIIFHTHS O, BRLE, HE  BEihzomsae SEZo MRy 7R2ETK
HHNDHEZE, neuroepithelial tumor, ganglioglioma, BERF2ERRE(BELTwB L, BEREAICK
encysted encephalomalacia, REMEH 2 IF B TERRICIER L - B A% L 7-FrR2E
o) JERE, Z LT, gloma & OEMAM  TREFICEBLZ (Fig.10). oD &%
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Fig. 10 Relatively marked perivascular spaces are incidentally noted in a patients with
chronic tension headache.

ST Ten

k.AM gi 3 BT & & xﬁ_.a 5
Fig. 11

£F &

CT scans of a 33-year-old female with craniopharyngioma. A : High density lesion was seen in the

R
3 - & S

pituitary region. B and C : The low density lesion was found in the brain along the internal capsule. The isch-
emic change was suspected along the territory of the anterior choroidal artery.

EZEb¥ 3L, MRY—7 v ATKREERAD
SIMERE T O ) BSOS - T 25
BRBRL-MEREEZSE LEBH S, %<
DFITERUDOBBBRICHELBHE LGN TR
v, KREZE) 56, EANICERRETLY
tEZoN B,

IDEHiL, HEERDOD S BEREDHIC,
e REEDILA L ZEFIZNEE L T\ 2 WHEE
855, REFRERERZ L5004, 20
BRERICEETRIT IR S 2w,

V. \FBVOZEREL
ek, EEWHESOHGZHEL TV L,

892

ABEL 7ERICZ L b D OMTRI# I REMED
RIRIG BRI EEROENE A 5 2 L b
% (Fig. 11)., ZhRRERICR-LBZEFELE
LTREZIN TV 5 HELE EEOHRKTH,

A, EHZHCRRARMERZIC KRS 22849 &
DFEREGIIEERFEEICRRNRATR L LT
WEIN, TOBEIERATHI LINTEL,

ZOFEEEFLE LT, REEELZEELPTY
D) BABRBEPER & Z OB vasogenic ede-
maZRRITEDEXINTELY, LHL Saeki
513, 50 Bl T EALRIEE O IRFE1HE O BT
REHKL, ZEREESHERCHRENR
AR TR, By V58, HRE &t
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