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Objectives Hypothesis: A relation between comventional radiotherapy and the development of Intracranial Béoplasma
uwdlmmmﬁmmﬁumgm radictherapy of vestibalar schwanmoma s undorssts.
mated,

In this article we will study this relation by doing a complete [iterature review on all the malignant Intracranial tumors
that appeared mmrﬂmmmdmhumﬂmﬂmwmmmhﬁhmmmmnmmmm
Ap¥ In a Neurcfibromatosis type 2 patient.

Mothods: Literature review and discussion,

lmhr.ﬂrhun:lzﬁnmnfnﬂlpln:hﬁnmthMHgmnthMudm:wmpln 13 cages
mwwmhmmﬂﬁmmﬂ %Hmrﬂrwwmmhmm]&m&mmm
mgan latency period between the radiotherapy and mal £ tumer development was 58 years,

EmduhuFadmbwﬁtvuﬂbuhrnhmmmmtﬂhmademmﬂuulwhdﬁnuul'lﬁrndnﬁnn-:indumd
maligrant changes and long-term follew-up is mandatory,
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INTRODUCTION

Vestibulnr schwannoma (VE) i a tumar that arizes
froam Schwann cells of the vestibular nerve, The fne-
dence is sbout 20 por million'vear and it sceounts for
10% of intracranial tumors, T6% of cersbellopontine
angle (CPA} tumors, and 5% of such tumors sccur in
patients with Neurofibremalosia type 2 (NF2),2

These tumers are beaign, but rare malignant var-
iants have been described in the literature sspecially
after the wideaproad uss of sterectactic radiatéon for the
trentment of V5.

The criteria of radiatisn-induced tumor was firss
established by Cahon ot o’ in 1948 when he reportad
11 chsen of gecondory sarcoma following radiation ther
apy for Breast cancer and bone tumers.

of Cielogy wrd Sloadl Daie Sicrpery (L, LF,
T Wi Crupps Flatenss, linly; Deparimest ol Patbalapy
fe.wn), Ospedale O. da Halicets, Macests, ltaly: Depuriment of
Nearoradiclogy {Ra.), Cass & Curn, Fincenzs, lisky Départment of
Otolaryapolegy (5681, Uhniverity of Chisel Chisti, Haly,

Editor'n Mote: This Massscript wos meespied Sar poblicasian
Nevambar 38, 2010,

Tha mulkors kave po Ensncial disclounes S this article

‘Tha quthory have oo eallists of isteret o deslirs

Hazed dence s D, Sami Tasieus] Hosssind, Deparirom
Hmmmmrﬂm (ralngics, Vie Emmanusl,
42 I900) Masenza, Jealy, E-mail drass_p@vahoocom

T 10, D0EE Ly 21 448
Laryngoseepe 121; May 2011

We horeby describe o case of & malignant VS in §
muﬁam-hnmm;mw-mw&nm
therapy. This case was the enly malignant tumer found
dm{n;nﬂ-ymuwrﬁnmhﬁnmj at the Gruppo-
ﬂtuhaimuﬂilmriﬁmimhuunmam

CASE REPORT

A 15-year-old malo, known to have HF2, presentad
ta cur group in 2001 with & left mild sensorineura] hear-
ing losa (SNHL). The patient had bilataral VS dlingnomed
in 1994 when a mognetic rosonance imagina (MR
showed & 1-cm left CPA tumor and a right ixtrocanalion.
lar lesion,

The tumors were followed up with annnal METs,
the last cne was done 1 wesk prior to hig presentation
and showed growing of both umors, with the left sids
tumor size of 2.2 em and the right side of 1.8 em in the
largest diameter; the MRI revealsd alss an infracenti-
metric right lower eranial narve tumas

We recommended removal of tho left side tumor
with eventuslly suditery brainstom implant {ABI), but
the faemily refused and desided ta undertake starpotactic
radistherapy,

The patient underwent in another center Gamma
knife [GE) trentment on the laft sidn (125 Gy nl 509
ksodone ling wors delivered to the tumor margind,
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Fg 1. i) T givdoliviam-enhanced axipl and ccronal MA o pamonsinadsd Biateral WS ardd daht iower Crankal renve umar in NF2

patent (I 2007k (b] Gadobnivre-arkanced ddal and eomesl A images Eeving growsh of Blateral
2C60 with 30 reconstructien rovealed otal resscien of Hhaes kS skln furner weith

[a 2003, the MRI showed a decreass in the sice of
the left-side tumer with central necrosis, but there was
a gprowth of the right-slde tumor, with appearance of
new lesions in the cervical and lumbar spine in favar of
manmin@iomas. We recommonded the surgiea] treatment
but the family refused again, ond the patisat received
nnother stereatactie radictherapy ta the right sided tu-
mor (13 Gy at 60% isodose line were delivered to the
benar ATk

In Octobar 2006, the pakient presonted agais b6 ws
with worzening of hearing and & new onsst of laft factal
weakness (grode 4 House-Brackmann), An sudisgram
revenled a laft dead ear with right moderate SNHI
MEI was dene and showed enlargement of both Dumers
10 Lhe right more than the left side (Fig. 11

AL that time, the patient and his family agreed fo
undarge surgery. Decision was talien to remove first the
foflt gide tumeor becaoss of the hearing status and the
pationt symploms.

A beft trunsochlsar approach was performed in Oc-
tober 2006, The tumor hod o very hard consistency and
no plans of clenvage with the broinsiem was identified
Mechal's eave and the focial BIrve Were 1myvolved E-.:I.' thea
umer, A total resection of the tumor wos nehisved with
insertion of an AR

The patient's immedints postoperative course wis
smcath with no complicatiors, and he wes discharged

home after § doys

mers in 2008 (o) Peastoparaibes OT

tha A8 1A placa

In Decamber 2006, the pationt was admitted Lo tho
intenzive care unit (ICL) in another center following an
intracerebral hemorrhage, and he passed away fow
weeks lnter sscondary to a respiratory fnilurs

HISTOLOGY

The tumour specimen consisted of severn] frag-
ments  hetorogeneous in  appenrance and textura,
partially fibrotic and frishle, with several necrotic and
haemorrhagie arens

Micreacopically, mosd fragmenles wers commposed of
usual echwannoma with prominent Antoni A areas omd
soma fibrotie areas, Intermingled with this tissue, a ma-
lignant peripheral nerve shaath Fumeur {MBPNST) was
evident exhibiting prominent cellularity and evtopsiee
geographic-type necrosis. The borders bebwoan schwan-
nomatous and malipnant components wars mo sty sharp
without transition features (Fig. 2)

Malignant ¢ells ranged from spindle to eplihe
toid-eval shape, with vory scanty eytoplasm, frequent
apoptotic cells, pnd many mitoses. Nuclei were small
and hyperchromatie, with well-evident nucleoli, Mast
malignent cells wers immunoreactive for B-10d pro-
tein and P53, the staining being of variable intangicy
Furthermors, focal areas wors unmunorenctive for

mosth musele aetin, EMA, feurefilnmens NEE, PGP
Zl Hisss ! nafigr ¥ . Vastibular Schwannoma



- 2. (a} Photomnicrogragh showing histoiogical appearance of the malignant peripheral nerve sheath fumor IMPNET) with extarsive goo-
graphic type necrosls, hemabeondn sad oo (HAE 4= 1otal magnification), §b) Hicher magndleation showing the oval and epitheliol coln
[HAE, 400= tolal magnification). i) MPNST Rap of the figure) and besign schwannoma with rucles palizading [arows) HEE, 100w total

magrification). [cf) Shamp border betwean schwarromatous and mafignant ¢

mmuncatained o prolein 5-100 (100 il magnifloation)

8.5, and CD38, The proliferative index as evaluated
by the proliferative antigen Ki-67 was around S0%.
and thers were no evident heterologous compenents,
such a8 oesecu: metaplasin or rhabdemyoblastis

differontiation.
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omponent (HEE, 100= Satal mbigfification], to) The =ame fold

DISCUSSION

In 1902, Frisben® suggested the relation botween
malignancy and radiation exposure when he reparted a
case of squamotes cell carcinema in the hand of an Xeray
technbinn
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TABLE |,
mummmmmmmm Vestibulor Sehwannoma Thastment

Perghemnl Patnology 1 i
A Agafanier B NFE PP Eiza Dizsal i} Seaadary -::'-h' Hlﬂu":’rﬂnn- Hata
Comey 1938 WM R ON Y J4em 144 Trton 5 2m
Moren 008 18F A ¥ M 4 cm i Trizon 4 MIA
Thoamscn 2000 1aF A Y H 4 em 12 Sarcoma 8 24m
Baser 3000 A WA Y  HA LY WA MAPRIET N M
Sasor 2000 LA MA Y NA NiA i, MPNET M MAA
Basar 2000 M MA Y M HiA A MPNST LA, [T
Baser 2500 A A Y WA [ MR mw WA B
Blasar 2000 A MY WA M M ww- mumqhm A BA
Shamisa 2001 5TiF ] N M A 1 GHM {da Pl FE-] MLOA
Hanabusa 2001 5IF R N ¥ 25 am #<15b-14 Baresma &m 13m
Ha 2002 14/F L ¥ OHA a5 18 Rapid growah 7 2 weaks
McEvery 2003 2M R YoM N 15 Ragid groath 2 Am
Bar 2002 AF L ¥ ¥ a1 om 15 MPHET d am
Shin 2002 200F R H N 4.5 am 17 MENET a 10 m
Fiasy 2004 Bl L M WA MA 14 MPNST Bm M
Wikinson 2004 A1 A M MA A M MPHNST 4 A
hirnocids 2004 B1F L M N 25 am B-i0B-12 Teion L] MUs,
gk 2008 A M N WA Pl FAT MPNET T HAA
Balsubramaniam 2007 84F R N N A B4 [FAT)  \GEM jde Faec) 5 idm
Chan 008 S51/F A H R @ e MU MFMET [da g Am TS
g 2008 F WA Y N3 A A G8M [da reval) 3 am
Van Rompasy (2005 EEF A H X 4.cm 12 MPHET | ALfapey
Carlson 2010 a5F A * ¥ 25¢cm B2{FAT}  Barcoma {da novo) o Im
Yang 2010 TaAM L MY 25em 125 Sarcoma ] 2w
Demnatrindes 2010 af L H ¥ 3cm 15 MPHET with furter j[1] BEm
lwhﬂi:wnmt

D case 2010 2004 L Y ¥ dcm 135 MPNST ] Im

In 1968, the first sterectactic radintion therapy for
the trestment of V3 was performed, and in 1297, at the
Internationnl Stereotactic Radiosurgery Society meeting
in Madrid, Kurita and Shin' reported in o poster the
first case of malignant transformation of 2 V3 following
sternobactle radictharapy.

Since then, several cases of {nirscranial radintion.
induced tumor have been reported in the liternture,
but there is no single complete review of all thess
CAsES,

We performed a detailed soarch in Pubmod and
Medline database with a complete review of all the Jiter-
ature published using the following key words:
malignant sehwannema, malignast peripheral nerve
aheath tumor, NF2, meurcearcoma, triton, radiosirgery,
vestibular  schwannomn, radistion therapy, Gamma
knifin, amil malignant tranaformation,

We found 26 cases of malignant brain tumor follew.
ing radistherapy of V3, including our cass (Takle [}*"

D# nove secondary tumors induced by sterectactic
radictherapy for brain tumors other than VS were
extluded in this study™ Ds neve secopdary tumer

Laryngaoscape 127: May 2011
226

F-llmlh-.l.-hn;m-munmﬂ-m:ﬂnms-ﬂ?amﬂm-m
mw-mmmmmm-mw NF 2w necfbnomatoss type 2.

o FP = Mnoisl caeatvals; FRT = fae-

r&fnnm:humlumwmr.wud in the fiold af
irraciation of V&,

There wern 17 cases of malignant translrmation af
?E:kmnumdqymmn:hml“nm
tered in Tmudhﬂp&ﬂmﬂtﬁawh&dm
rapidly  several years after radistherapy, then ths
patient paseed away within fow menthe,

Alnle-to-femals ratin was L2, the right sido was
more involved than the left, and none of the patients
had a tumor size laas than 2.5 em. In 13 coses the tumor
securred in context of NF2 (Tabla IT),

NFZ i o rare {1;60,000) sutosomal dominant Haer-
der caused by mutations and loss of an important tumor
Fuppressor gena (NF2 gene) on the leng arm of chromo-
some 13, This gene produces the protein  Merlin,
respongible of Schwann cell regulation. As in retinchlns.
toma, such mutation might be considered 1s a “firat hit™
and the radiation therapy could provide the "second hjt®
Dflt?l'b-l!itmﬂlunmgtnﬂilthltmi!htlt&nua!&ﬁ-
ond tumer or malignant transformation.

In a survey done on 1,348 NF2 cases, Bager ot gl *
found that NF2 patients whe have recsived radiotherapy

Tanbouzi Hussetrs &1 al; Mefignancy in Vestbolar Schwannoma
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had a 14-fold increased risk of developing mabignant
brain bumers. (The incidence was 10% in frradisted
potients compared to 0.7% in son irradisted patients),

Primary malignent V8 is a rare entity To our
knowledge, it has never been déseribed in NF2 patisnts,
whereas malignant transformation of V3 has been found
in seven irradisted NF2 patienta, ™"

These findings raise the suspicion whother V5 in
NF2 patients are prone to malignoant transformation nfs
ter storsotacts rudictherapy,

Radiation might cause chromosomal injury and
induce atypical praliferation in Schorann cells, A relation
betwesn conventionnl radictherapy and the development
of malignant schwannomas and intracranial twmors
hawe betn proved in several reparts, 1913

Warren ot al.'? found that V8s removed from NF2
patients previously irradiated have more chromoscmal
anvomaliss than nondrradinted ones,

After radinthon therapy, most of the irradisted colls
ueually undergs crtoplasmis wvacuolization and mibes-
quent cell death. Rarely, some of the sorviving cells
might sequire genetic mutations, which are responsible
of the malignant transformation of V3,

One of the imporiant genstic alterations ia TP 53
mistation, which was found In our cass and was
expressed as intranuclear deposita of P53 protein, which
are highly correlated with tumers. Cither
mistations are FK-ran mutations, plé delotions, and apd-
dermal growth factor receptor nmplification, ™

In 1848, Cakan et ol? cutlined the criteria of a
radintinn-induced tumer;

1. a sccopd tumer occars within the radiation field and
it was nol pregent ot the time of irradintion

2 a latency period is roquired betwesn radiotherapy
and tumer development {ssveral years)

3. n histological difference must exist between the pri-
muary and the pew hupor

4. Tha patient shoald aot have any genetic predispos-
tian for cancer dovelcpmant.

Although our case does not fulfil] all thess eriteria
hecause it lacks a hllldhﬁﬂuﬁbnqqfuu mm pa-
thalogy, and is considered ns malignant conversion of
the primary benlgn tumor, wa highly suspect that rodia-

Lanmposcopa 12192 bMay 3011

thon therapy might have had p or mole in the
pathogenests of this malignaney, =

It is hard to belleve that the tumer was malignant
mmﬂmmm&mtﬂm&m
between madiothernpy and surgical resoction of the tumer,

A mnlignant brain tumor esuld not remain stable
with ne sign of growth er progression for 5 years. Our
review showed that malignant V3 s an aggressive tu-
mor, and most of tha patients passod away within few
months nfter the surgery (Tobla 11

Besides, the coexistence of benign schwannomatous
cells and the compenent might confirm the
hypothess af malignant traneformation.

This concept 13 applieabls for the other reviewed
cases whers the molignancy has been reported from B
months to 19 years after radiotion therapy with o mesn
latency period of 5.9 years for the “malignant transfor-
mation of V5" and 5.2 years for the “de novo secondary
mallgnant tumar” formation.

This latency period Iz zhorter than the tims
required for the development of a secondary benign tu-
mor following conventional radiotherapy ns deseribed b
Bom et al." {15 years for schwannomas, 14 years for
glioaias, aind 21 years for mo CITIAR ),

Furthermors, Brada et al" reported that malig-
nont tumors developed earlisr than benign tumors
fallowing fractionated radiotherapy of pituitary tumar,

The potential risk of malignant dogeneration has
nﬂbﬂnp&ﬂpul:lddrﬂl&diquwlitmmhyﬂm
wha practice the stereatactic radiotherapy. They argued
that the carcinogenic risk of stercotactic radiothornpy is
hﬂnndmwhhuthmﬂnmmﬁmulmmnd; with
the mew techniqus the irradisted peritumoral normal s
sues receive low-dose of radintion, and the targetod
lesions receive o high cytotoxic radiation dose that will
lead to the death of cells and mot mutation. The Pitts-
burgh exparience showed no radiation induced tumar or
atypical changes afler steroctactic radiotherapy for
VS after & median follow up of 53 months 18

On the other hand, Ron and Sadetski'™ fhung
that brain tissue exposure to radintion doses as low as 1
Gy la mufficent for the developmont of a socondary
tumaor,

Radiation-induced tumor might be underestimated
hﬁnﬁﬂrﬁhuﬂuhrhnfmmumqnmnﬁdm
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of de nove secondary benign tumer are not taken into
consideration specially in NF2 patients in whom the
Bew sppearance of brain meningioma or schwansoma in
the radiation fisld is attributed to the NF2 condition, ™
In addition, there are some cases in whom the tu-

Therefore, nlthough GIK treatment is considered as
an attractive conservative treatment medality in NF2
with a high rate of hearing preservation, the above-men-
tioned suspicions should be considered in the counseling
and the decisi ing process for the treatment of
such patients. Bterectactie radiathon therapy might ba
approved for those patients who refused surgery only if
tumar growth ia demonstrated on imaging: othorwise,
“wait and scan® should be the sption,

with a
poor facial nerve putcome and nearly impossible hearing
preservation.?

Cur analysis of published series showed that 50% of
the pationts presented with facial paralysis and B0 of
those who were investigated with spinal MRI wers found
to have spinal metastasin* Thus, once the dingnoats of
malignancy is confirmed, a spinal MRI is mandatery,

Our review showed also that four patients have
received postoperntive fractionated radiation therapy
with & msan survival of 133 months, wherens in
mthtrmupuralghipaﬁnuurhndﬂm!mﬂnmdp
operative radiotherapy the mesn survieal was 4.4
manths,

ﬁumtﬁﬂwupnmnuhmmm
ity of those who underwest surgical resection died from
lecal recurrence within months, but thoss who recsived
postoperative  froctionated radiation therapy had a
dightly higher survival rate,

CONCLUSION
Patisnts who recefve storooinctic radiation therapy
far the trestmont of V5 should bo made awars of the

Laryngoscops 121 May 2011
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Fare, yot possible risk of radistion-induced malignaney,
espacially in NF2 pases;

Long-term follow-up including MRI of the brain of
all patients who underwent GK treatment is mandatory
because the mean latency pericd betwesn the radiother-
apy and malignant tumer development is 5.8 years.

The prevalence of radistion-induced tumor might ba
uaderestimated in VS trestment, 50 we strongly recom-
mend publication of any encountered cases in the fotures.
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