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servation seems to further suggest that skull base: tumors
‘may indeed have fewer genetic. aberratxons and may. have
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Growth of skull base ‘conxpared'with non-skull base meningiomas

Variable Al Skull Base Non-—Skull Base p VelUe (statistic)
A 70 Ey e |
‘ageinyrs 0:096 {unpaired t-test)

Triean 572 555 586 ’

range 16-90
sexretio FM] 15654 8826 8328 0.635 (Fisher)

“MIB:t index: (%) 0.013 (Unpaired testyt

miean 245 209 274

range 01111

T8 atls lcaHy ugmﬂcam

ble 4 reflect the fact that we took the larger coefficient of
_determmatlon (RZ) in each tumor. Therefore we believe
thatit is still too early to conclude that skull base tumors
are more likely to present with an exponentlal pattern of
growth. Longer follow—up periods and more cases are still
‘warranted.

‘We believe that our findings may contribute to the
understanding of the: natural. history of IDMs. It may- also
impact the way we currently manage IDMs. Those with
‘a skull' base location can be observed with sequential
follow-up MR images more safely and longer than. those
with-non-skull base tumors, except when. thev are locat:
ed.at the medial sphenoidal region adjacent to the optic
‘nerve. We may be able to recommend a longer mterval of
follow-up MR imaging in skull base IDMs than in non-
skull base tumors after confirming that IDMs tend not to
-grow during the early phase of follow-up.

"~ ForIDMs that became symptomatic or for uncompli-
cated symptomatic meningiomas requirin intervention,
‘the findings in this paper may also be useful. Ashas been

95% €I Mib-1 index

Skull gase Nanv»skuti base.

index, and- bars show the 95% .

o Nevwrosurg f Volume 116/ March 2082

teported ‘before, non—skull base meningiomas: are more:
amenable to total resectxon and have better recurrences
f ree survwal rates,” whereas total resectlon of yskull base=

and colleagues reported 4 series of 100 patlents thh'
skull base: meningiomas: who were treated with a com-
bination of aggressive surgery and. conformal radiation:
‘therapy The authors found that this aj proach yielded an
acceptable functional status in 99% of patients. McGov-
ern et al! ‘also reported. that adjuvant radiation. therapy
for skull base meningiomas improved the recurrence-
free survival rate of subtotally resected: skull base tumors.
to levels similar to those that were completcly resected,

Consistent with their suggestmn, ‘and- taking into.corn-
sideration the findings in this paper that skull base me-
ningiomas-have less aggressive behavior, ‘it-seems that
maximal surgical reduction limited by the preservation of
patlentperformance' tatus, and-the addition of postopera-
tive radiotherapy or radmsurge ty-modulated.
rautilothempy‘“g ‘and. proton therapy,** may be an accept-
able option for these patierits.

Conclusions
A sequential volumefrie analysis of 113 IDMs e
vealed that skull base IDMs tended not.to grow: com-
pared with non—skull base IDMs Even when the skull
base IDMs grow, the rate of growth is significantly lower.
than that for non—skull base tumors: Furthermore, a bio-
logical comparison of skull base and non-skull base sur-

TABLE 7 Relation of MIB-1index to location and sex

. Variable Male  Female pVelle (Unpairediest)
no: of cases. 54 156+
meanageinyrs 5959 5642 013
mean MIB-1 (%)
al- 299 227 0.045*
skull bage 282 1.82 0021
non-skulbase 316 261 0249

Stetistically sigrifican.
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TABLE 8: Loss of 1p by genetic analysis and location

Location No. Mean % Cells w/ 1p Loss*
Skull base 17 20.31
Non-skull base 55 3787

* p =0.019 (Mann-Whitney).

gically treated meningiomas in 210 consecutive patients
showed that the mean MIB-1 index was significantly low-
er in skull base tumors. These findings may impact our
understanding of the natural history of IDMs, as well as
the strategies for management and treatment, not only of
IDMs, but also of symptomatic meningiomas.
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Absiract

?e%aitgﬁant ghioma is the most common primary brain buvor and acoeunts for the wmajority of disgnosss,

Troatment hus invelved 2 combination of surgery, radiation, and chemuotherapy, vet these ‘modalities
ravely extend the life of the patisnt to more than one yenr fromy diagaosis. Integrins are expressed in
tumor cells and tumor endothelisl cells, and are important in angiogenesis and invasion in glioma.
wvf3 and cell5 integring regulate cell adhosion, and inkibitors of these integrins suppress tumor growth
in certain presglinical models. Several imégrim{a?gelet} drugs dre in clinical frials as potential vom-
pounds for the treatment of caneer, Among them, clengitide is anowsel integrin antagonist for the treab
ment of glioblastoma. The multimodal anti-glioma effects are based on s oytotoxic, anthangiogenis,
anti-invasive, and synergetic effects. Proclinical studies showed o promising synergy between cilengh
tide and radivchemotherapy o order to nevmalize tumor vesonlature and abtenvate tumer fnvasion.
Cii&ngx‘;xﬁg iz currently being assessed in phase 11 trials for gatzem& with glioblastoma multiforme and
in phase 11 trisls for other types of cancers, demonstrating promising therapeutic sutcomes to date. The
vesulfs of thess and other clinical studios are expected with great hope and inlerest. A more siear under-
standing of the benelits and pitfalls of each agpronch dan then lead 1o the xias;gxx of strategies to derive
maximal benefit from these theraples,

Rey words: smalignant glioma,  integrin,

Introduction

Malignant gliomas are the most common type of priv
mary brain tumor, Their reatment has mvolved 2
combination of surgery, radiation, and chemother-
apy, yet these modalities rarely extend the life of the
patient to more than one year from diagnosis. Sever-
al modalities have been and continue to be tested for
the treatment of thesy tumors. Malignant gliomas
remain a challenging tumor to treat, and a variety of
experimental therapies have failed to show effective-
ness in clinical tials®® The pathophysiological
processes of ﬁngwgwasm and tumor vell invasion
play pivotal roles in glioma development and growth

Ramﬁ#i&g& February 27, 2012 Accepted Agpril 9,

2012

etlengitide,

53

anglogenasis,

from the earliest stages.® The formation of abnormal

fumor vasculature and ghioma cell fnvasion along

white matter fracts ave belisved to be the majorrea-
sons for the resistance of these tumors 1o treatment,
his angiogenesis or invasion causes the production
of many different angiogenic o nvasive factors, re
spectively, such as vascular sndothelial growth fac-
tor receptor [VEGFR] platelet-derived growth factor
receptor (PDGFRY, epidermal growth factor receptor
{EGFR), hepatocyles growth factor, integrins, ete.
Among these factors, the overexpression of inte-
grins is well documented ¥ Emerging wzé&rzm in«
dieates that miegrms ;ﬁ)i?i}mt}{b the adhesion, migra-
tion, and angiogenssis of gliohlastoma sy
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Integring

integring are a supeefamily of cell adhesion recep-
tars that bind to extracellular matrix {ECM] Hgands,
cell-surface ligands, and soluble ligands. Integrins
arg heterodimeric transmembrane cell surface
rocoptors that play @ key role in the crosstalk be-
tween the cell and ‘s surrounding stroma
Twerty-four different integrin heterodimers are cur-
rently recognized, and are formed by the combina-
tion of at lsast 18 eesubunits and 8 Ssubunits, Upon
ligation to extracellular ligands such as fibronectin,
vitronectin, collagen, and fibrinogen, the integrin
dimers activate downstream signaling ;}aﬁzways in
congert with growth factor receptors, including
POGFR, EGFR, and VEGFR. The g&ysma% interac-
tion of integrins with EGM proteins promotes szgna}
transduction, gene e%pmasmm {}i’{}hfﬁr tion, apop-
tosis rgguiamm, angiogensesis,
metastasis ¥

i3 and ovfi5 integrins are usually expressed at

low levels in most adult epithelia but can be highly

upregulated in some tumo: man gHomas alsp
overexpress ovAs and av5 integrins, ¥ These inte-
grins are sxpressed on cerfain tumor cells during

their growth and on activated endothelial cells dur-

ing tumor angiogenesis and invasion of the sur-
rounding tissue 50

Cilengitide

A vast number of integrin antagonists have been
reported such as monogle antibodies, 1

ef{eci -
affect

‘chamoradiation, $tg.

Fig.1 ﬁnﬁ»gtiama effecte of cilengitide. The mul
tHimpdal anti-glioma mechanisms for cilengitide are
based on its eytotoxic, anti-sngiogenie, anti-invasive;
and synergistic sffecis.

invasion, and

peptide

and pe tidomimetic antagonists, ami smaﬂ mti}}fﬁﬁ*'
: : : ’t&ﬁ;&gﬁtﬁ& &sxtrm 3

particles i

tumor growth in oeriain preclinical wodels s
Currently, several compounds targeting integring
v 1 ol trinls as potential drugs for the treat-
ment of numerons diseases including cancer™
Among them, silengitide is the first integrin an-
tagonist in clinical phase 11 for the treatment of

glioblastoma and in phase I trials for several other

OVsClletigitide

‘Fig. 2 Effect of cilengitide treatment on angiogenesis
“invrat ghioma and increased onvelytic virns (OV] present

in tumor tissue of rats with normalized vasculature.
Rats hearing brain tumors were ireated with 30 g of

‘cilengitide or with phosphate-buffered saline {PES) 3
“days alter intracerebral glioms cell implantation. Rats

were injected with fiuﬁres&ain :wthiwymgw (FITC)
the tail vein 3 minutes before
they were killed on day 18 after glioma cell injection.

Brains were harvested and sectioned for anslysis. A
,Fi:mmscsma microscopy fmages of Fi’rﬁuéextran-gar»‘

: i tumaor blood vessels derived from rais tr ated with
PB {Eef:} or cilengitide {right}. (}rig
X360, B: Flusrescence microscopy bmages of rat brain

‘sections From OV-infected rats pretreated with PBS (left

golunn} or ctiengztuia {right column}, Original magnifi-
cation, upper row: X4, lower row: X 20. €: Immuno-
hiswr.hemiszry staining of herpes aimplex virug [HSY)
‘tiat brain tumors treated with PBS (left), and
infected with OV with {right} or without ciléngitide
pretreaiment {eenter). Note the ingreased presence of OV
indicated hy increased staining of HSV in tissue samples
treated with miengitxde prior to DOV insult, s’.}ngwa} mag-
nification, %20, Insets show representative low mag-
nification images of the indicaied tuimor section stained
for HSV. Original magniﬁsazim, 4. Reproduced
with permission from Figs. 34, 5C, and 70 of Kurozumi
et al: Effect of tumor microenvironment modulation on
the e?fiz:aey of sncolytic virus therapy.  Nafl Cancer Inst
897 17883781, 2007, ©2007, Oxford University Press,
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tumors, This drug is the only anti-angiogenic small
molecole showing subnanomolar antagonistic activ-
ity for ovf3 and sffinities in the low nanomolar
range for evfi5 and o881, Cxleng:t;de was shown to
influence cellular adhesion to ovf3 ligands, to in-
duse maraased apopiosis after the detachment of
avfi3- and ovfis-expressing cells in vitro,® and to
block the growth of hum&n xenografts in nude
mice ™ Moreover, cilengitide demonstrated anti-an-
glogenic and antidumor activity in different animal
muodels. %1 Cilengitide has multimodal enti-glioma
affacts such as cytotoxic, antbangiogenic, anth-inva-
sive, and synergetic sffects {(Fig. 11

1. Cytotoxic effects of cilengitide

Recent studies reported that cilengitide exerts
direct cytotoxic effects on glioma cells via an as yet
unknown mechanism N8N Several studies have
shown that various cells are dependent on jntegrin-
mediated adhesion to specific ECM proteins for
their growth and survival and that detachment in-
duces apoptotic cell death®82040  Cilengitide
reportedly induces apoptosis in av-integrin-express-
“ing tumor cell lines by detaching tumor cells from
vitronectin and tenasein, which are matrix proteins
that are essential for tumor growth and i invasion®®
Apoptosis in responss to lack of adhesion or inap-
propriate adhesion has been termed avoikis ® Cilen-
gitide induces anoikis in brain tumor cells by in-
‘hibiting the phosphorylation of focal adhesion
kinase (FAK), Sre, and Ak, 24 In addition to apopto:
sis, detachment has also been associated with the in-
duction of autophagy.t4 Autophagy may contribute
to the cytotoxic effects of cilengitide.”® We showed
that cilengitide treatment of avf3-expressing glioma
cells induced changes in cell morphology, cell
detachment, and decreased cell viability in vitro4¥
Anoikis of glioma cells was induced by in-

traperitoneal cilengitide injection.

. Anti-angiogenic effscts of cilengitide
Angiogendsis s the formation of new blood vés-
sels by the rerouting or remodeling of existing ves-
sels, and is believed to be the primary method of ves-
sel formation in ghomas‘ C&iengmtia was highly of-

‘inhibiting the orthotopic growth of human glich-
fastoma cells in animals.5¥ Reduction in the size of
tumors mcmase&i survival in mice with orthotopic
‘brain tumors treated with cilengitide compared to
‘mice treated with an inactive peptide,’” Therefore,

brain tumors, which are hxghiy angiogenic, may be
‘more susceptible to growth inhibition by integrin

antagonisis. Angwgeaesis requires three distingt
steps: 1} blood vessel breakdown; 2) degradation of

Neurol Med Chir (Tokyo) 52, August, 2012

'_' ctive in suppressing blood vessel growth, thereby

541

the vessel basement membrane and surrounding
ECM; and 3) migration of endothelial cells and the
formation of new blood vessels.” During the third
step, endothelial cells proliferate and begin to mb
grate toward tumor cells expressing pro-angiogenic
compounds. Endothelial cell activation upregulates
the expression of cell surface &dhesm:ximxgmann,
molecules.*! Specifically, avfi3 integrin is upregulat-
ed in endothelial cells during angiogensesis, enhane-
ing endothelial cell adhesion and migration”¥
CHengitide might prevent the third step of anglogen-
osis and reduce the size of tumor vessels,

IH,  Anti-invasive effects of cilengitide

Gloma cell invasion requires four distinct steps:
1}detachment of the invading cells frove the priveary
tumor mass; 2} adhesion ¥ the ECM; 3] degradation
of the ECM; and 4) cell motility and contractility,®
During the second step, the molecules allowing glio-
nita cells to adhere to the KCM are integrins, ovf3 in-
tegrin in particular, which binds to fibronectin,
vitronectin, and tenascin-C in the ECM.! Integrin
avf3 plays a central role in glioma invasion.#! Inhi-
bition of integrin avf3 decreased glioma cell motili-
ty in vitro.*® Cilengitide might inhibit the second
step, thereby suppressing the invasion of glioma,
Although most of the animal models with ghioma
xenografts have tumors with borders that are easily
distinguisbed and dissected from novmal begin tise
sue, we recontly established two novel invasive
animal glioma models (JaT-1 and ]37-2) that reflect
the invasive phenotyps of human malignant glio-
mas.®V These models were particularly beneficial to
investigate the anti-invasive effects of cilengitide.
Cilengitide suppressed the invasiveness of these
animal glioma models; The borders of mieug}txde*
treated J37-2 tumors {angiogesxzssisqndagxmz}exzt in-
vasive tumors} were mors easily ézstmgm&he& z}mn
the borders of control J37-2 tumors. ™

IV. Qther anti-tumor effects of cilengitide
Trastment of ghobiasmma cells with cilengitide
nificant and :immiapenécm decrease in

8
’ths intracellular levels of hypoxia-dnducible factor 1

(HIP-1) under hypoxic conditions.® Hypoxia stimu-

Iates the avfi3 and avf5 integrin p&t&ways through
FAK and that hygoxza activates FAK in glioblastoma
cell ines 5" This study suggests that avg3 and ovfs
are activated by hypoxia and are key regulators of
the response of gliora to hypoxicconditions by con-

,trciimg HIF-1 degradation. Gystamwm:h protein 81

{CYR61), a member of the CCN {CYRSUCTGFINOV)
family of matricellular proteins that regulate cell
growth, differentiation, survival, angiogenesis, and

‘migration in development, tissue remodsling, and
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repair,®® and avf5 mzegrm {# receptor for CYRE1}
are expressed by tumor cells as. critical molecules
that cooperate to promote local invasion and distant
“metastases.™ Importantly, a function-blocking anti-
v monoclonal antibody {1788} and mlengm&a in-
hibits CYR61-mediated angiogenesis, invasion, and
metastagis ¥

V. Synergistic effects of combination with radia-
tion, chemotherapy, or other new timrapwfm
‘strategies

An increased understanding of the molecular
mechanisms in the tumorigenssis of glioblastomas
has led to the evaluation of targeted agents as poten-
tial méxownsmwrs .28 Prachinical studies showed
& promising synergy between -cilengitide and
radiochemotherapy {(RCT) in order to normalize
tumor vesculature and attenvate tumor invasion.
The combination of an integrin mi:agams{ and
radiotherapy (RT) showed a significant delay of

tumor growth in glioblastoma xenografts compared.

- with either treatment individually.! Irradiation of
tumors reduces the local tumor growth, but at the
same time upregtxiatss ovf3 expression’ and en-
hances local invasion.’¥ Hence, c:%sngmée conceiv.
ably may normalize the tnmor vasculature, lower
tumor interstitial fluid pressure, and improve vascu-
lar function and tumor oxygenation. 198 Such

activity' of cilengitide may promote enbanced
responsiveness to RT® Most rscenﬁy, {iramatzcaﬁy:
ty of RT was induced by

enhénced antitumor 2

‘cﬁangx;zdzz in zwwwk«oit:i ntracramal 0251 gixomas'

;Sz:(s~apuptstzc therapies.’™ As s new: t}mra;mtztiz: ap-

proach, we demonstrated that anti-angiogenic cilen-

gitide treatment before oﬁceiytm virus [OV} freat-
ment enhanced the antitumor efficacy of the virus

{Fig. 2).¥%%% This study showed that “pretreatment of

gliomas with cilengitide reduced inflammation, vas-

cular hyperpermeability, and leukocyte infiltration’
of tumor tissue upon treatment with the OV. The
reduction of host immune responses. by cz}mgm&a

treatmient enhanced the anticancer. efficacy of OV

treatment by increasing’ ‘the ‘propagation of this virus
in tumors. We also reported that oncolytic herpes
simplex virus 1 infection of tumors induced angio-

genesis and upregulated the expression of CYR

1ni otder to test the role'of CYRﬁ’i-meciiat&é mmgrm :
togenesis, we showed
the impact of cilengitide on OV treatmeni«mdnw&

activation in OV-induce an

angiogenesis &40

i 'cmnhmatmn wﬁh acxmsnhonaf cytotaxic or

Clinical Trials

1. Completed clinical trials

The fivst clinfeal trial using cilengitide was report-
&d in 2 phase I trialin. patients with recurrent gliob-
lastoma 49 This wmulti-institutional phase 1 trial
was designed to determine the maximum-tolerated
doss of cilengitide (EMD 1219?4} and to evalua{e the
use of perfusion magnetic resonance imaging in
patients with ghioblastoma. In this study, cilengitide
demonstrated an anexpacted smgie agent activity
for these tumaors with limited toxicity for doses up to
2,400 mgim®. A muitmenter, open-label, phase II
study was conducted to evaluate the activity and
safety of miang;txei@ in ghohiasmma patients at tiwxr
first recurrence.” As -pravious clinical studies

‘showed responses. at both the lower'and highier dose

levels, reported follow-up {>4 years] data recently
showed that the long4erm survival rates were con-

sistently greater with 2000 mg [10.0% after 54

months) versus 500 mg {2.4% after 54 months). ™
Another phase II trial to gvaluate the affmacy and

‘tumor delivery of cilengitide in patients with recur-
‘rent gii&}}asmma detected. in all tumor specimens

with higher levels in the group recsiving 2000 mg
dosing while corresponding plasma concentrati
were low.™ This study provides evidence that w;th

‘established dcamg; cilengitide is adequately deli-

vered fo the tumor,

Preclinical studies revealed that cilengitide in
combination with RT and sbemﬁthﬁrapy conld have
enhanced anti-tumor activity W9 A phase I1 ilot tri-

8l added cilengitide {500 mg} to s ndard

ahemara&mthemgy with temozolomide | {TMZ]5 In

# multicenter pilot study, the pmgrasswxz»fme sur-

months in primary ené;zomt

xwai {PFS ates o
: torical controls {69% versus

‘54%} Mﬁﬁxm sﬁamval was 16.1 months, with a 2+

year: suwiva% rate of 35%. Theseé results suggested
cilengitide acted as a chemosensitizer but not as &
toxic substance. iaterestmgiy, the authors of this.

‘study also showed that this treatment was more ef-
foctive in patients whose tumors had O%methyl
‘guanine-deoxyribonucleic acid ‘methyltransierase

IMGEMT] promoter methylation, exhibiti
'PFS and overall survival {0814 On the :
results, mter anai t&adamizedgc ntraiia:i phase

g ionger

{:}md m 299&
L. Clinical ‘Wials of ecilengitide currently in
progress

CENTRIC: The CENTRIC study was designed to

test the sfficacy and tolerability of cilengitide in
patients with newly diagnosed glioblastoma with a
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Fig. 3 Design of the CENTRIC study. An estimated 504
putionts {approximately 250 patients in each treatment
arm} from ~ 200 centers worldwide will be randomized.
Shaded columns: focal radiotherapy (RT) § X /week for &
weeks {30 % 2. Gy, tolal dose 80 Gy); open column: cilengi-
Hide 2000 my intravenously 2X fweek until week 34, for
18 months {until week 77} optional thereafter; closed
colinmns: temozolomide {TMZ) 75 mg/m® per oral daily
for 6 weeks {during RT), followed by 150-200 mg/m? per
oral on days 1-5 svery 28 days for § cycles. MOMT:
O*methylguanine-deoxyribonucleic  acid methyltran-
sferase gene promotes, R: sandomization,  Modified
from Stupp ef al.: Cilengitide in newly diagnosed glioh-
lastoma with MGM’I‘ promuoter methylation: protocol of
a multicenter, randomized, openlabel, controllsd phase
I trial (CENTRIC) fmeeting abstract]. J Clin Oncol 28:
168, 2010 {suppl; absty TPS152L5

methylated MGMT gene promoter.®™ In the inves
tigational arm, patients receive cilengitide at a dose
of 2006 myg intravenously twice weekly in combina-
tion with standard RCT {concomitant RT/TMZ for &
wesks, followad by 8 cycles of TMZ maintenance
‘therapy). Patients in the control arm receive ooly
standard RCT. The treatment duration is 18 months
for pationts in the oflengitide group and B months
for those in the control group. Patients in the cllengi-
,&da group are allowed to continue with cilengitide
after completion of the 18 months of the study treat-
ment until the ocourrence of progression disease or
unageeplable toxicity, or thhtimwak for any other
reason. The study design is shows in Fig. 3.
CORE: The CORE study is investigating the of-
ficacy and safety of 2 regimens of cilengitide in
glioblastoma patients with an unmethylated MGMT
promoter.d CORE is a multicenter, open-label,
phase II study. Cilengitide {2000 mg intravenously
vver 80 min} is administered at 4 hours before RT
angd TMZ is given orally for 7 days & week after the
completion of cilengitide infusion at least 1 hour be-
fore RT. The primary objective of this study isto in-
vestigate the O8 time in subjects receiving 2 differ-
ent regimens of 2000 mg of cilengitide in combina-

tion with RT and TMZ standard therapy, Secondary

objectives of this study are 1) to evaluate PFS time, 2}
to evaluate the safety and tolerability of the combina-
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Fig. 4 Design of the rendomized part of the CORE
stdy, An estimated 252 patients from up 10 85 centers
in the US, Canada, Europe, snd Asia will be randomized
in the sscond part of the study. Sheded columans: fooal
radiotherapy {RT} 5 X fweek for 8 weeks {88 X 2 Gy, total
dose 80 Gy} open columas: cilengitide 2000 mg in-
fravenously 23 fweek until week 34; hofched column:
cilengitide 2000 mg intravenously B5x/week during
weeks 1-8; closed polumns: temozolomide {TMZ) 78
mg/m® par oral daily for 8 weeks {during R'T), followed
by 150-200 mg/m? peroral on days 18 every 28 days for
& cycles. MGMT: O%methylguanine-deoxyribonucleic
acid mezhyitransiarasa gene promoter, K2 randomiza.
tion. Modified from Nabors et al: Cilengitide in
patients with newly disgaosed glichlastoma maltiforme
and wamethylated MGMT gene promoter: Protocol of a
muiticenter, randomized, open-label, sontrolled phass 11
study Dmeeting abstract] J Clin Osncol 28 18s, 2010
{suppl; abstr TPS1511%9

tion of cilengitide with standard RT and TMZ ther-
apy, and 3} to svaluate the pharmacokinetic profile
of cllengitide (Fig, 4%

1. Other on-going trials (Table 1}

~ Several preclinical studies have shown an en-
hanced antitumor sffect of cilengitide when ad-
ministered in combinatorial therapentic regimens.
ROT with cilengitide or oetuximab is being investi-
gated in a randomized, non-comparative trial in
patients with newly diagnosed MOMTT-promoter un-
methylated glioblastoma [CeCil)."™ Chemorsesistance
was examined in the MGMT unmethylated popula-

tion, building on preclinical data, prior sxperience

226

with cilengitide, and the combination of low dose
TMZ and procarbazine {Exﬁeutrm} W Cediranib
maleate and cilengitide may siop the growth of
tumor cells by biocking blood flow to the tumor;
therefore, the co-administration of cediranib male-
ate and cilengitide may kill more tumor cells. This
phase | trial is studying the side effects and best dose



544, K. Kurgzomi et al,

Table s Clinical trials of cilengitide currently in progress®

. Estmated o V o
Trial no. of Disease setting Purposs/Treatment Start date
patients .
48 fmw}y éxagxmse«;i GBM {unmethyiamé evahiate safety and efficecy! November 2008
_geny promoler gtatus) cilengitide + BT + T + PCB
188 newlydisgnosed GBM [unmethylated svaluate safetyiand Sé;}tfein%:‘er 2009

gene promoter status}
28 mewly didgnosed GBM

52 progressiveltecurrent GBM

e )
cilengitide of petuximab + R’I* + TMZ
avaluate safety and ¢ osagel
cilengitide + sunitinib maleats
evalnate safety and d&&agef
cilengitide + cediranib maleate

January 2010

March 2010

#Duta are ax:a:iabie on the Web at hitp:thwww.clinicaltrials.gov.™ GBM: glioblastoma multiforme, PCB: procarbuzine,

RT: radiotherapy, T™MZ: iemawiamx&m

of cadiranib maleate when given together: with silens
gitide in patients with progressive or recurrent
glioblastoma, ' Sunitinib is an oral, small-molecule,
multi-targeted receptor tyrosine kinase inhibitor for

the treatment of renal cell carcinoma and xmatmxiy

rosistant gasirmmesuna} s&mmal mmmx {lxiengx{xda:

in combination with sunitinib is being investigated
in patients with advanced solid tumors or gliocblasto-
ma. W )

Conclusions
The management of glioblastoma rémains a
‘::haﬁeng'mg arga in-oncology. Angiogenesis and in-
wvasion are undoubtedly critical in the development
and suwwai (‘xf gimbiasmma.

iasmma :
caacars,

'ami pxtfaiis Qf gaz;}:z a;:;}mas}z can tixen keagi to the ;ie~
mgxz ;}f stmtegzes 1o derive maximal benefit from

,,,,,,

| }é‘mxﬁing
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Abstract Preoperative embolization (POE) of meningi-
omas is widely used to facilitate surgical removal and to
reduce intraoperative blood loss. The resulting necrosis and
enhanced proliferation have been reported to affect sub-
‘sequent histologic grading. However, there was little con-
cern about ischemic features, for example small cells
resembling atypical meningiomas, cytoplasmic vacuoles
resembling clear cell meningioma, intercellular discohe-
“sion resembling rhabdoid meningioma, and perivascular
cuffs resembling papillary meningioma. Therefore, the
extent of these ischemic features was scored and Ki-67
staining indices were investigated in a POE group com-
posed of 29 specimens of meningiomas treated with POE

. and compared with equivalent results for a non-POE group
composed of 29 meningiomas that were not treated with
POE. Small cells with high N/C ratios, cytoplasmic vacu-
oles, intercellular discohesion, and perivascular cuffs were
significantly increased in the POE group (versus the non-
POE group, p < 0.05). There were no significant differ-
ences of the Ki-67 index between the POE group (2.2%)
and the non-POE group (1.9%) (p = 0.49). Our results
suggest that small cell change resulting in necrosis may be
followed by POE, and that clear cell-like, rhabdoid cell-
like, or pseudopapillary pattern identified in meningiomas
may also be induced by POE. Therefore, histological
findings and determination of grading should be evaluated
cautiously in cases of embolized meningiomas.
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Introduction

Preoperative embolization (POE) of meningiomas is com-
monly performed to minimize intraoperative bleeding and
softening of the tumor, thereby facilitating surgery and
reducing the need for transfusions [1-6]. The procedure
itself can induce necrosis with associated regenerative or
reparative atypia and compensatory proliferative activity
[7-10]. Perry et al. [11] reported that embolized meningi-
omas had higher frequencies of necrosis, nuclear atypia,
macronucleoli, sheeting, high mitotic index, and brain
invasion in comparison with nonembolized counterparts.
Therefore, histologically overgrading may occur in
meningiomas treated with POE, resulting in their classifi-
cation as atypical [7-11].

In our experience, small cells resembling atypical
meningioma, tumor cells with cleared vacuoles within the
cytoplasm resembling clear cell meningiomas, intercellular
discohesion with intracytoplasmic glassy homogenous
appearance resembling rhabdoid meningiomas, and the
formation of perivascular papillary structure caused by
dehiscence during processing or disappearance of tumor
cells far from the vessels resembling papillary meningio-
mas have been identified in some cases with meningiomas
receiving POE. These morphological findings are sug-
gested to be ischemic changes associated with POE.
However, there have been no reports about these histo-
logical findings in meningiomas treated by POE. There-
fore, we investigated atypical and ischemic features of
embolized meningioma in patients with meningioma
receiving surgical resection after POE.
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Materials and methods

The study was approved by the institutional review board
of the University of Fukui Hospital. After approval, the
discharge databases of the neurosurgical department were
reviewed to identify all patients who had undergone sur-
gical resection receiving POE from January 1, 1998 to
December 31, 2010. The available hospital chart and
clinical records were reviewed retrospectively to extract
relevant data. The POE group comprised 29 patients with
meningiomas, and the 29 specimens that were obtained
from their first operations after POE. The POE used large
poly(vinyl alcohol) (PVA) particles (150-250 pm), and
were performed in the Neurosurgical Department at the
University of Fukui Hospital between 1998 and 2010. All
meningiomas with POE had been embolized for 3 to 355 h
(mean = SD 81.9 4+ 70.1 h) before surgical extirpation.
The non-POE group comprised 29 patients with meningi-
omas, and the 29 specimens that were obtained from their
first operations without POE, which were identified from
the files of the Neurosurgical Department at the University
of Fukui Hospital. The full course of follow-up and the
occurrence of complications were also evaluated in each
patient after discharge from the POE or operation. Follow-
up periods were measured from the date of the first surgery
for the meningioma in both the POE and non-POE groups.

Embolization technique

Embolization was performed via the middle meningeal or
occipital artery only. The ophthalmic artery, the menin-
gohypophyseal trunk, and pial feeders were not used as
access for embolization. Embolization was performed
through a standard microcatheter (TurboTracker 18 or
Excel 14; Target Therapeutics/Boston Scientific, Fremont,
CA, USA). Poly(vinyl alcohol) particles of 150-250 pm
{Contour Emboli; Target Therapeutics} were used as an
embolic agent. Particles were mixed with a nonionic con-
trast medium, and the mixtire was diluted to approxi-
mately 50% with saline. Under fluoroscopic control, the
mixture was slowly injected until stagnation of the contrast
agent in the feeding artery was accomplished.

Histopathologic assessment

Meningiomas were classified in accordance with the World
Health Organization, 2007 [12]. In a large series of em-
bolized meningiomas, Perry et al. suggested that applica-
tion of normal grading criteria (except for geographic
necrosis) remained highly predictive of increased recur-
rence of meningiomas qualifying as atypical. Therefore,
atypical meningioma (Grade II) was diagnosed by criteria
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proposed by Perry in embolized meningiomas [11]. Des-
ignation as atypical meningioma in the POE group required
high mitotic index (4 or more mitoses per any 10 consec-
utive high-power fields (HPFs)), brain invasion, or the
presence of at least 3 of the following 4 characteristics:
sheeting (patternless) architecture, macronucleoli, hyper-
cellularity, small cells with high nuclear/cytoplasmic ratio.
Designation as atypical meningioma in the non-POE group
required high mitotic index (4 or more mitoses per any 10
consecutive HPFs), brain invasion, or the presence of at
least 3 of the following 5 characteristics: sheeting (pat-
ternless) architecture, macronucleoli, hypercellularity,
small cells with high nuclear/cytoplasmic ratio, geographic
necrosis. Brain invasion was defined by tumor penetration
through the pial surface, rather than simple extension along
Virchow-Robin spaces. Diagnosis of anaplastic meningi-
oma (Grade IIT) required either an excessive mitotic index
(=20/10 HPF) or a loss of meningothelial differentiation at
the light-microscopic level (i.e., sarcoma, carcinoma, or
melanoma-like morphology) in the POE and non-POE
groups.

Atypical histopathologic characteristics, including
increased cellularity, prominent nucleoli, small cells with
high nuclear/cytoplasmic (N/C) ratios except for small
cells with hyperchromatic and concentrated nuclei associ-
ated with ischemic change and infiltrating inflammatory
cells, sheet-like growth, and geographic necrosis, were
investigated. Evaluation of these was scored as follows: 1,
partial; 2, island; 3, global. Ischemic histopathologic
characteristics, including cellular swelling with cleared
vacuoles within the cytoplasm resembling clear cell
meningiomas (cytoplasmic vacuoles), intercellular disco-
hesion with intracytoplasmic glassy homogenous appear-
ance resembling rhabdoid meningioma (intercellular
discohesion), and the formation of perivascular papillary
structure caused by dehiscence during processing or dis-
appearance of tumor cells far from the vessels resembling
papillary meningiomas (perivascular cuffs), were also
evaluated by use of the scores mentioned above. Additional
5-6-pm sections were cut from archival paraffin-embedded
blocks for immunochistochemical study. Immunostaining
for Ki-67 {(Dako, Glostrup, Denmark; 1:200 dilution) was
performed with microwave antigen retrieval in 0.01 M cit-
rate buffer, pH 6.0, for 7 min. The Ki-67 staining index
was expressed as the percentage of positive nuclei derived
by manually counting 1000 nuclei in the region of maxi-
mum staining in nonnecrotic regions for each tumor [13].

Statistical methods
Statistical analysis of the differences between the early and

late groups was performed by use of the Student’s f test. A
p value of below 0.05 was considered significant.
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Results

Table 1 shows individual data for clinicopathologic fea-
tures and scores in the POE group. Table 2 shows indi-
vidual data for clinicopathologic features and scores in the
non-POE group.

Clinical findings

In the POE group, there were 16 women and 13 men who
ranged in age from 25 to 87 years (mean 63 years) at the
time of their operations. The tumors were located in the
cerebral convexity in 5 patients, in the skull base in 14, in
the parasagittal in 9, and in the falx in 1. No complications
were encountered in the 29 patients treated with POE. The
patients’ follow-up periods ranged from 8 to 150 months
(mean 64 months) and tumor recurrence or regrowth was
identified in 8 patients. In the non-POE group, there were
16 women and 13 men who ranged in age from 36 to
85 years (mean 61 years). The tumors were located in the
cerebral convexity in 6, in the skull base in 14, in the
parasagittal in 8, and in the faix in 1. The patients’ follow-
~up periods ranged from 6 to 277 months {(mean

121 months) and recurrence or regrowth was identified in 7
- patients. There were no statistical differences between
those data.

Histopathologic findings

Histological subtypes and mean estimated scores of each
atypical and ischemic feature are listed in Table 3.

Atypical and ischemic featires in embolized
meningiomas

High mitotic activity (4 or more mitoses per 10 HPF) was
identified in 4 patients (14%) in the POE group and in the
non-POE group. Brain invasion was identified in 7 patients
(24%} in the POE group and 4 patients (13%) in the non-
POE group. Increased cellularity was identified in 13
patients (45%) in the POE group and in 10 patients (34%)
in the non-POE group. Prominent nucleoli were identified
in 5 patients (17%) in the POE group and in 3 patients
(10%) in the non-POE group. Small cells with high
nuclear/cytoplasmic (N/C) ratios were identified in 15
patients (52%) in the POE group and in 5 patients (17%) in
the non-POE group. Sheet-like growth was identified in 19
patients (66%) in the POE group and in 17 patients (39%)
in the non-POE group. Geographic necrosis was identified
in 11 patients (38%) in the POE group and in 9 patients
(31%} in the non-POE group. 11 patients (38%) in the POE
group and 7 patients (24%) in the non-POE group were
designated atypical meningioma (Grade II). There were no
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patients with anaplastic meningioma (Grade II) in this
study (Table 3). -

Cytoplasmic vacuoles (clear cell-like) were identified in
21 patients (72%) in the POE group and in 12 patients
(41%) in the non-POE group. Intercellular discohesion
(rhabdoid cell-like} was identified in 12 patients (41%) in
the POE group and in 1 patient (3%) in the non-POE group.
Intercellular discohesion identified in embolized meningi-
omas resembled rhabdoid meningiomas. However, there
were few discrete cytoplasmic inclusions. Perivascular
cuffs (pseudopapillary-like) were identified in 14 patients
(48%) in the POE group and in 3 patients (10%) in the non-
POE group. Although perivascular cuffs identified in em-
bolized meningiomas resembled papillary meningiomas,
there were few findings of a perivascular orientation of
tumor cells.

Mean scores in the POE group (versus the non-POE
group) were significantly increased in small cells with high
N/C ratios (0.59 vs. 0.17, p = 0.004), cytoplasmic vacu-
oles (1.0 vs. 0.52, p = 0.02), intercellular discohesion
(0.41 vs. 0.03, p = 0.0005), and perivascular cuffs (0.48
vs. 0.1, p = 0.001). Mean scores in the POE group were
not significantly elevated in geographic necrosis (0.83 vs.
0.38, p = 0.06), increased cellularity (0.45 vs. 0.34,
p = 0.43), prominent nucleoli (0.17 vs. 0.10, p = 0.46), or
sheet-like growth (0.69 vs. 0.72, p = 0.84) (Table 3).

The Ki-67 staining index in embolized meningiomas

The Ki-67 index in nonnecrotic regions ranged from 0.1 to
9.1% (mean 2.2%) in the POE group, and from 0.1 to 8.6%
(mean 1.9%) in the non-POE group. There were no sig-
nificant differences in the Ki-67 index between the POE
group and the non-POE group (p = 0.49). High Ki-67
indices (>3%) were encountered in 8 cases (28%) in the
POE group and in 7 cases in the non-POE group (24%). In
the POE group, 6 (75%) of the 8 patients with high Ki-67
indices had recurrent tumors. In the non-POE group, 6
{86%) of the 7 patients with high Ki-67 indices had
recurrent tumors.

Representative case (Case No. 29 in the POE group)

A vascularrich atypical meningioma was incidentally
identified in the right frontal convexity of a 66-year-old
man who underwent tumor resection 7 days after POE with
large PVA particles (Fig. 1a, b, c). Classical whorl for-
mation and geographic necroses were identified in the
tumor. Mitotic figures were inconspicuous (Fig. 1d, e).
Cytoplasmic vacuoles, intercellular discohesion, and peri-
vascular cuffs were identified in the same tumor specimen
(Fig. 1f, g, h). Ki-67 immunoreactive cells were not
apparent and Ki-67 index was 2.1% (Fig. 1i).
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Table 1 Clinicopathologic features and scores of the 29 patients with meningioma in the POE group

No.

Age

Gender

Site

Interval Pathology

Atypical features Ischemic features Ki67 Recurrence Follow
{POE index up
to Op) Mitosis  Brain Increased  Prominent Small cell  Sheet-ike  Geographic Cytoplasmic Intercellular  Perivascular (%) (months)
(days) (per invasion® cellularity® pucleoli*  with high  growth® necrosis® vacuoles® discohesion®  cuffs®
10 HPF) N/C ratios*
1 56 M PS 0 Me 0 0 0 0 0 0 0 1 1 1 0.8 145
2 82 F SR 2 Papillary 4 1 1 0 0 1 3 1 1 1 6.7 + 63(D)
3 83 E Con 2 Trans 0 0 0 0 0 0 0 0 0 0 0.3 100
4 75 M SR 2 Angio 0 0 0 0 0 1 0 1 0 0 02 86
5 76 M SR 2 Me 1 0 0 0 1. 1 0 1 0 1 2.3 + 83
6 54 E Ps 2 Me 0 0 0 0 1 0 0 0 0 0 0.1 79
7 25 M SR 2 Atypical 3 1 1 0 2 1 0 2 0 0 19 + 64
8 57 E Tent 1 Psa 0 0 0 0 1 0 0 1 0 1 0.1 61
9 44 F PS 2 Microcystic 0 0 0 0 0 1 0 2 0 0 1.7 60
10 59 M PS 2 Angio 0 0 0 0 1 0 0 3 0 0 0.9 54
11 57 F SR 2 Eib 0 0 Y 0 1 0 2 2 1 4y a2 52
12 58 M Ps 2 Atypical 5 1 1 0 1 1 2 1 ] 1 9.1 + 50
13 70 M Tem. 2 Atypical 4 1 1 0 1 1 2 0 1 1 6.9 + 58(D)
fossa
14 77 M SR 2 Atypical 0 ¢ 1 0 1 1 0 0 0 0 37 + 42
15 87 R Con 2 Fib 0 0 Q a 1 0 0 1 0 0 0.8 17
16 59 F Con 2 Atypical 0 0 1 0 1 1 0 0 1 0 0.6 14
17 75 F Ps 1 Atypical 1 1 1 1 0 1 0 1 0 0 4.3 13
18 67 M Ps 2 Atypical 0 0 1 1 0 2 0 1 0 1 14 8
19 49 R SR 15 Me 2 0 0 1 0 1 2 1 4] 0 42 150
20 68 F SR 6 Me 1 0 0 0 0 1 2 2 1 1 2.3 121
21 60 M PS 6 Me 0 0 0 0 0 1 2 0 1 1 0.4 98
22 63 E SR 5 Atypical 4 1 1 0 0 1 3 1 1 1 38 + 94
23 43 F PS 5 Atypical 2 1 1 1 0 1 0 1 1 0 35 + 83
24 353 F SR 4 Me 0 0 0 0 0 0 0 0 1 1 0.6 81
25 70 F Falx 5 Me 0 0 0 0 1 0 2 2 0 0 0.1 59
26 57 F Con 7 Fib 0 0 1 0 1 0 2 1 1 0 12 55
27 8 M SR 5 Me 1 0 0 0 2 1 2 2 0 1 2 43
28 61 M Tent 7 Atypical 2 0 1 0 1 1 0 0 0 1 1.7 14
29 66 M Con 7 Atypical 1 a 1 1 0 1 0 1 1 1 21 11

HPF high-power field, N/C nuclear/cytoplasmic, M male, F female, Con convexity, PS parasagittal, SR sphenoid ridge, Tent tentoria, Angio angiomatous, Fib fibrous, Me meningothelial, Psa psammomatous, Trarns transitional, D dead

* 1, partial; 2, island; 3, global
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Table 2 Clinicopathological features and scores of the 29 patients with meningioma in the non-POE group

No. Age Gender Site  Pathology Atypical features Ischemic features Ki67  Recurrence  Follow up
index (months)
Mitosis ~ Brain Increased  Prominent Small cell with  Sheet-like Geographic  Cytoplasmic  Intercellular  Perivascular (%)
(per invasion®  cellularity® nucleoli®  high N/C ratios®  growth® necrosis® vacuoles® discohesion®  cuffs®
10 HPR)
1 52 M PS  Atypical 4 1 1 0 0 2 1 0 0 1 42+ 95(D)
2 77 R SR Hb 0 0 1 1 Q 0 1 0 0 0 28 - 114
3 84 E Con  Atypical 1 4] 1 0 1 1 1 1 0 0 33 - 112
4 79 F PS Fib 0 0 0 0 0 0 0 0 0 0 07 - 155
5 671 M SR Angio 0 0 0 0 0 0 0 2 0 0 37 4 202(D)
6 48 E PS Me 0 0 0 4] 0 1 0 0 4] Q 02 - 83
7 36 F SR Me 0 0 1 0 0 2 0 0 0 0 26 - 13
8 53 R Tent  Atypical 0 0 1 0 0 1 1 0 0 0 02 - 140
9 58 E Con  Microcystic 0 0 0 0 0 0 0 2 0 0 05 - 127
10 48 M SR Me 0 0 0 0 V] 0 0 0 0 0 2.1 - 153
11 65 M SR Fib 0 0 0 Q 0 1 0 1 0 0 04 - 104
12 65 M PS Atypical 1 1 1 0 1 3 1 0 Q 1 35 + 144
13 51 F SR Me 0 0 0 0 0 1 0 1 0 0 13 - 149
14 78 M SR Me 0 0 0 ] 1 1 0 0 0 0 0.9 - 130
15 85 M Con  Angio 4] 0 0 [ 0 0 0 1 ] 0 0.1 - 6
16 58 E Con Kb 0 0 0 0 a 0 0 0 0 0 0.1 - 7
17 48 M PS Atypical 5 1 1 0 0 1 1 1 0 Q 86 + 139(D)
18 64 M Con Me 0 0 0 1 0 1 0 1 0 0 21 - 60
19 50 M SR Me 0 0 0 0 0 ] (] 0 0 0 17 - 88
20 82 R SR Me 0 0 0 0 0 0 0 0 0 0 0.6 - 103
21 46 M PS Eib 0 0 0 0 0 1 0 1 0 0 07 - 116
2 64 E SR Atypical 4 1 1 1 1 1 2 1 0 0 36 + 213(D)
23 44 E Ps Trans 0 0 0 0 0 0 0 0 0 0 03 - 271
U 64 F SR Me 0 0 0 0 0 1 0 0 1 0 14 - 219
25 72 F Falx Kb 0 0 0 0 0 0 0 0 0 0 02 - 246
26 59 R Con FEb 1 0 0 4] 0 0 1 0 0 0 28 + 30
27 70 E SR Hb 0 0 0 0 0 1 0 4] 0 0 0.1 - 91
28 72 M Tent Me 0 0 1 0 0 1 0 1 0 0 1.1 - 105
29 38 M PS Atypical 5 0 1 0 1 1 2 2 0 1 4 + 101

HPF high-power field, N/C nuclear/cytoplasmic, M male, F female, Con convexity, PS parasagittal, SR sphenoid ridge, Tenf tentoria, Angio angiomatous, Fib fibrous, Me meningothelial, Trans transitional, D dead

® 1, partial; 2, island; 3, global

$Z-L1:6T (Z107) ToFeq Iowny, urerg
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Table 3 Summary of

histologic subtypes, anfi scores g:;Ec agsr :;;p g%nigf) group p value
of atypical and ischemic
features in the POE group and in Histologic subtype(s)
the non-POE group . .
Meningothelial 9 (31%) 10 (34%)
Transitional 1 (3%) 1 (3%)
Angiomatous 2 (7%) 2 (7%)
Fibrous 3 (10%) 8 (28%)
Microcystic 1 (3%) 1 (3%)
Psammomatous 1 (3%) 0
Atypical 11 (38%) 7 (24%)
Papillary 1 (3%) 0
Mean score of atypical features
Increased cellularity 0.45 0.34 0.43
Prominent nucleoli 0.17 0.10 046
Small cells with high N/C ratios 0.59 0.17 0.004*
Sheet-like growth 0.69 0.72 0.84
Geographic necrosis 0.83 0.38 0.06
Mean score of ischemic features
Cytoplasmic vacuoles 1.0 0.52 0.02*
Intercellular discohesion 041 0.03 0.0005*
N/C nuclear/cytoplasmic Perivascular cuffs 0.48 0.1 0.001%
* Statistically significant Ki-67 index [mean & SD (%)] 22423 19+ 19 049

difference (p < 0.05)

Discussion

Microscopic necrosis has been identified in 40-89% of
previously reported specimens [3, 68, 11]. However, in
our study, geographic necroses were observed in only 38%
of embolized meningiomas with small cells, intercellular
discohesion and perivascular cuffs being identified instead,
and most meningiomas with geographic necrosis were
island or global pattern. In previous clinicopathologic
reports of embolized meningiomas, the embolization
methods and embolic agents used were varied with regard
to devices, embolic agent development, and treatment
strategy. Embolic agents which have been used are plati-
num microcoils, particles such as PVA, collagen, and
gelfoam, and liguids such as dehydrated alcohol [8-11]. In
general, despite good embolization results in most cases,
marked necrosis was uncommon and complete necrosis
was never observed, despite complete elimination of the
angiographic blush [11]. PVA particles are widely used in
the POE of meningiomas. Small particles (45-150 pm)
induce better devascularization of the meningioma with a
positive effect on blood loss during surgery compared with
larger particles [6, 14]. However, it has been suggested that
small particles carry a higher risk of hemorrhagic and
ischemic complications in the POE of meningiomas [15,
16]. In embolized meningioma treated with small particles,
embolization material was visible together with necrosis,
such that a comparable stage of degenerative changes in the
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tumor should lead to cautious grading [17]. It has been
postulated that necrosis as a result of deep penetration of
the particles causes the tissue to be more vulnerable to
bleeding. It is possible that penetration of the particles into
the draining veins of the tumor may block the outflow,
increasing the risk of hemorrhage [6, 14, 15, 18]. There-
fore, we used large PVA particles (150-250 wm) in the
POE of meningiomas, and there were no complications
concerning POE. In most of our cases with POE, emboli-
zation material was invisible in the tumors, and the large
particles were believed to remain in the feeding vessels.
Small cells, clear cells, rhabdoid-like cells, and pseudo-
papillary pattern may be associated with embolization
using large PVA particles instead of development of
NECTosis.

POE to induce necrosis with atypical features of
meningiomas, for example sheeting architecture, ma-
cronucleoli, hypercellularity, and small cells with high
nuclear/cytoplasmic ratio, has discussed in relation to the
potential for overgrading benign meningiomas as atypical
{(Grade II), possibly resulting in prognostic inaccuracies
and overly aggressive therapy. Perry et al. suggested that
embolized meningiomas fulfilling criteria excluding
necrosis for atypical meningioma are associated with high
recurrence and therefore should be treated as having an
aggressive biologic potential. Furthermore, the high fre-
quency of atypical meningiomas (41%) in embolized
meningioma series is most likely to reflect patient selection
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Fig. 1 Representanve meningioma. showmg devascularization by

T1-weighted mégnené resohance image shows:an entianced dural-
based mass on'the- tight frontal convexity’ (a). The lateral view of the
vpreembohzahon axtemal carond angmgram sh oW 1

PVA particles shows no res1dua.l ‘tumor staining (c). ‘Classical
histologic: features of meningiomas: including whorl formation were
‘ideritified in'the tumor (200, eriginal magnification) (d). Geographic
necroses were identified in the:same tumor specimen. However,

biases, rather than embolization artifacts [11]. Perry et al.
[1971 reported that the - frequency of atypical menmgmma
was approximately 20% in nonembolized meningiomas. In

'lateral‘ lew of the ex mal carond angmgram aﬂer embohzatlon with'

,mnonc ﬁgures Were not apparent'(xzoo ongmal magmﬁcauon) (e)
(POE). The :axial contrastenhariced: h ;

ytoplasnuc glassy homogenous appearance
: led meningioma, However; there: are few' discrete
cytoplasmic inclusions (X -origihdl ‘magnification) (g). Tumor

;cells were located around th feedmg vessels: and chsappea.red far
from the vessels, resembling papillary mieningiomas: However, there

our study, recurrerice in patients diagnosed as atypical

meningioma was reduced in the POE group (55%; and 86%
in the: non-POE. group). In addition, high frequency of
atypical subtype (38 vs. 24%) and significant increase in
small cells with: high N/C ratios, clear cell-like, rhabdoid
cell-like, or psendopapillary pattern in the POE group.
suggest that embolization effects may have the potential for

‘meningiomas:

were few findings ofa penvascular orientation of tumor cells (h). Ki-
67 immunoreactive cells were inconspicuous: (K1 67 index'2.1%) (1)

overgrading benign as atypical or anaplastic in embolized
meningiomas.

Small cells were frequently- identified in embolized
However; there has been little attention to
small cells in previous hterature Small cells ideiitified in

" embolized meningiomas may include-ischemic cell change
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with hyperchromatic and- concentrated muclei and infil-

trating inflammatory -cells: Ini addition, it is difficult to

discriminate these from each other. In our‘-smdy_, small cells
excluding hyperchromatic small- cells and inflammatory
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cells also increased in embolized meningiomas. Our study
suggests that small cell change resulting in necrosis may be
followed by preoperative embolization in meningiomas.

Elevated Ki-67 proliferative indices have been identified
in benign-appearing embolized meningiomas and relatively
limited to perinecrotic foci. Therefore, proliferative activity
in embolized meningiomas does not always reflect genuine
tumor proliferation and should not be used to assess
malignancy [9, 10]. However, in our study, Ki-67 indices
of embolized meningiomas measured in nonnecrotic
regions were considered to be similar to those of nonem-
bolized meningiomas. The finding of significantly elevated
proliferative indices (e.g., >4 mitoses per 10 HPF) in
embolized meningiomas, particularly in nonnecrotic
regions may be interpreted as evidence of a truly aggres-
sive biologic potential rather than postembolization arti-
fact, as suggested by Perry [11]. In our study, 6 (75%) of
the 8 patients with embolized meningiomas and high Ki-67
indices had recurrent tumors. Although numbers of patients
were small in this study, elevated Ki-67 index estimated in
nonnecrotic regions may be also useful for predicting
recurrence of embolized meningiomas.

Conclusions

Ischemic histologic features including small cells with high
N/C ratios (atypical cells), cytoplasmic vacuoles {clear
cell-like), intercellular discohesion (thabdoid cell-like),
and perivascular cuffs (pseudopapillary pattern) were
identified in embolized meningiomas. Furthermore, when
large PVA particles were used in POE, intravascular
embolization material was inconspicuous. Therefore, his-
tological findings and determination of grading should be
evaluated cautiously in cases of embolized meningiomas.

References

1. Dean BL, Flom RA, Wallace RC et al (1994) Efficacy of endo-
vascular treatment of meningiomas: evaluation with matched
samples. Am J Neuroradiol 15:1675-1680

2. Grand C, Bank WO, Balériaux D et al (1993) Gadolinium-
enhanced MR in the evaluation of preoperative meningioma
embolization. Am J Neuroradiol 14:563-569

@ Springer

238

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Manelfe C, Lasjaunias P, Ruscalleda J (1986) Preoperative

embolization of intracranial meningiomas. Am J Neuroradiol
7:563-972

. Nelson PK, Setton A, Choi IS, Ransohoff J, Berenstein A (1994)

Current status of interventional neuroradiology in the manage-
ment of meningiomas. Neurosurg Clin N Am 5:235-259

. Richter HP, Schachenmayr W (1983} Preoperative embolization

of intracranial meningiomas. Neurosurgery 13:261-268

. Wakhloo AK, .Tuengling FD, Van Velthoven V, Schumacher M,

Hennig J, Schwechheimer K (1993) Extended preoperative
poly(vinyl alcohol) microembolization of intracranial meningio-
mas: assessment of two embolization techniques. Am J Neuro-
radiol 14:571-582

. Nakasu §, Nakajima M, Nakazawa T, Nakasu Y, Handa J (1997)

P53 accumulation and apoptosis in embolized meningiomas. Acta
Neuropathol 83:599-605

. Ng H-K, Poon W-§, Goh K, Chan MSY (1996) Histopathology of

post-embolized meningiomas. Am J Surg Pathol 20:1224-1230

. Patsouris E, Laas R, Hagel C, Stavrou D (1998) Increased pro-

liferative activity due to necroses induced by pre-operative
embolization in benign meningiomas. J Neurooncol 40:257-264
Paulus W, Meixensberger J, Hofmann E, Roggendorf W (1993)
Effect of embolization of meningioma on Ki-67 proliferation
index. J Clin Pathol 46:876-877

Perry A, Chicoine MR, Filiput E, Miller JP (2001) Clinicopath-
ologic assessment and grading of embolized meningiomas: a
correlative study of 64 patients. Cancer 92:701-711

Perry A, Louis DN, Scheithaver BW, Budka H, Von Deimling A
(2007) Meningiomas. In: Louis DN, Ohgaki H, Wiestler OD,
Cavenee WK (eds) WHO classification of tumours of the central
nervous system. JARC press, Lyon, pp 164-172

Takeuchi H, Kubota T, Kabuto M, Kitai R, Nozaki J, Yamashita J
(1997) Prediction of recurrence in histologically benign menin-
giomas, proliferating cell nuclear antigen and Ki-67 immuno-
histochemical study. Surg Neurol 48:501-506

Bendszus M, Rao G, Burger R et al (2000) Is there a benefit of
preoperative  meningioma  embolization?  Neurosurgery
47:1306-1312

Carli DF, Sluzewski M, Beute GN, van Rooij WJ (2010} Com-
plications of particle embolization of meningiomas: frequency,
risk factors, and outcome. Am J Neuroradiol 31:152-154
Kallmes DF, Evans AJ, Kaptain GI et al (1997) Hemorrhagic
complications in embolization of a meningioma: case report and
review of the literature. Neuroradiology 39:877-880

Mawrin C, Perry A (2010) Pathological classification and
molecular genetics of meningiomas. J Neurooncol 99:379-391
Latchaw RE (1993) Preoperative intracranial meningioma
embolization: technical considerations affecting the risk-to-ben-
efit ratio. Am J Neuroradiol 14:583-586

Perry A, Stafford SL, Scheithauer BW, Suman VI, Lohse CM
(1997) Meningioma grading: an analysis of histologic parame-
ters. Am J Surg Pathol 21:1455-1465



