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Abstract

Introduction: Brain tumors are less common than other cancers; however, they are associated with
serious symptoms and poor prognosis. Most brain tumors has treated through surgery combined
with radiotherapy and chemotherapy. These therapeutic methods are associated with neurotoxic
complications that lead to low quality of life in patients. Intraoperative Radiation Therapy (IORT)
is an innovative combination of surgery and radiotherapy, which is direct radiation to the tumor bed
during tumor resection. IORT is a new therapeutic method; therefore, the present 5-year systematic
review has conducted to introduce IORT and its advantages and disadvantages in the treatment of
brain tumors.

Methods: In this systematic review study, PubMed, Google Scholar, Cochrane Database, and Trip
Medical Database, and CINAHL Database were searched for the published articles over a five year
(2014 to 2019) using the keywords, including IORT and Brain Tumor and Intraoperative Radiation
Therapy AND Brain Tumor. Articles has checked with the PRISMA checklist. Finally, 50 articles
were included in the study.

Results: [ORT method used in the treatment of brain tumors, especially glioblastoma. The effective
radiation dose to treat brain tumors is 15-40 Gy. However, the appropriate technique and patient
selection is the key to success with IORT. It used to treat recurrent pelvic, head and neck, and
colorectal cancers, but it has shown more effective to treat brain tumors.

Conclusions: [ORT is an effective treatment for brain tumors, especially glioblastoma. It is more
effective than external radiation therapy, due to the reduced tumor recurrence, maximal protection of
healthy tissue, shorter duration of treatment, and cost-effectiveness.

C(eywords: Radiotherapy, Surgery, Brain tumor. )



http://ijca.ir/article-1-114-en.html

[ Downloaded from ijca.ir on 2025-12-14 ]

C g3y Al

Ol Sl o 4-::'3\5)

Y€+ um) & b)w ) 8,93

waollhs 5990 S 35 3%0 S 39099 (o33 33 (P12 o (S Fg2dly 3 o3l

T 2o aabld T sl e ol ! Fli)g cwlis Low

ol Sl ST Sty pole olSutils ¢ gomils liing dieS colac] g o oLy uanas jlitod =)

ol S STy Sy pole Sl gyl laios disaS ot iy 45 ki )lS g5l —Y

ol Sl STl Sty pole olSutils ccSTy) golia g Sl syl 095« s2ye —F

Ol eSS (S5 psle olSutils «STyl (g5l 08l )kt 3 095 ¢ s2y0 (st ptee 4obold 1 ghmno DA g3

fmehrabil392@gmail.com : |

WRANY ol o)l WAV redl,s &b

-

o.aﬂie\

sl g (45T Gy 9 g3 e Sl Lol el 1355 52 (65208 00 51 o (ol ps ol b dunglio )3 (g530 sl g0 5o Heboo
el g 0392 dunS 95998 (2 )lgs > Jolye (il (oolod sl Sloys (o g 23y Lol yon (2> (5330 slajgegs el ey
b a8 sl Sl 5 9 (2l S 55 9 Wl Slopd gy 2l e 2 Sl d9b oo iles (S5 CudsS SalS
calre 9 blje g 09y il (Bre sl 9y nl (92 e 4 il 9 (oo Pl 5 s9e98 s 2 (23 95 909 (B (A
w3y ke Slaygag oy 0 IORT Silatins yo50 ()2 4 b wodd ol )

Scopus, Medline PubMed, Google Scholar : Jols o)l ¢y yuize slo ol o pllss jg00 adllae oyl 45 1) g,
gzt aJS 018,85 ) )8 gocius 5590 YoV B YV sloJls oy Magiran, SID b SleMbl sl SL 3 CINAHL Trip
Mesh (sl o3l 3 IORT, Intraoperative Radiation Therapy, Brain Tumor (sl o3lgalS” yoll y cavlio (655 gl (gloo p
w0,5 ddlllas 5y dllie A o goxiwes dlie B+l Coles jd b plosl PRISMA cund Sl onlawl b g conlie

<5 350 gyl 5 1S ol 4Bl dmsgy (g0l 1o iy 5 LogiuoMliselS ogasy (s3ae sloygagi oy 1 TORT (535l s aidly
N S il plopd 13 gy ol 1 Cand (5551 655 Fe BVD (sj00 sl ygeg5 (loyd )3 g0 (B350 593 (liee el 485 1,8

N

el Judin (S50 Sygegs ) Culidge Aoy Lol 398 co 03litul 55 pgiS yolsS 9 (13,5 9 o
93 & Sl g Canl g (B9 (0 Silinolio sl gog8 slogiodligels (ogas &) (sjke (sboygegi (o3 1 B9) xl S 5 il
] oS A i g Oludds 2w plls bl (5,38 cladls 055 398 yialS 5 oLlse b ()18 Sloy

S 908 s>y 2l sl °3"9-‘a-‘5j

4 o I3l g b oo Me Lol corul a8 Sliugy
g dind (151 i e Bl it (55 ) b
g L 48 (b 4o pllen ol 00k gLl e
Ceb g b (0 0d) ywesd Aoy ¥ e o dlw
Ji gl ey s)low 4 (g0 sLlmygags ol 00
o L ot 5 sl oMol (500 sLbygeg
= by (CNS) (655 10 (mas oS wd p aS L v
3o sLmygegs g9 93 4 (S50 Sloygags F) 4
3 adgl (550 slmjgag igd (oo sl 4 gl 5 4yl
Jols gl (50 (slaygegi g 48 )5 Ol ae ey
2 V) i Seatinio gld ety S0 5l wlis

doio
5 S ol Jole 151y 18 sl 2l JLs
kel Josle Gy g (V) 398 (o oo Gl 53y
Sagtar el 5 Slg 5 slaolon I (U yo 5 S o
Oa—deo AN laa 33 A 00 (ywess YA Jluw 2 4 S
O 3 36 S e sslen 1 g 003 (o ps dy Mo 108
g3 sla Ml 517V e o) 3 (V) cwl 0313 &,
loygess any bgyye lbjus jl (30 sl S S YO
sbr)ygegs dmy Ul (V) 298 (o (s olKid 5 (550
2 LS )5 g pogmad an A bdS JLuYe o (g5
2 e glygegi d Ml (lie (V) csl arily i)
g dsw )y 35l Ld sla by plw Ly dlio


http://ijca.ir/article-1-114-en.html

[ Downloaded from ijca.ir on 2025-12-14 ]

OS2 9 Gy owles Loy

2 0= el el it e blis rgomen yidy
el edadlone gl |y Loyl (les (o TORT iy,
Jlaasl ials (VYY) 5,8 Lonls Sib ol 5o ol
2 =S glaj (17) dm gl oy 5 jg09 3030 392
[ORT 4G5k ()88 (Slop> 95 4 S (g =
53y Sy e o plod A @By B LY duls S o
4o YOXE) 35 5L e dzim § D s loy
(TVVF) 2yl (Slopd 95 dm Sl yidin (3Ll
= TORT xis (3,5 )5 JoB 4 (2lajgeg sl -
Ol g 4 jS pete Jlyg—egi cbl (59, 1) il WSy
ol ]y cluasl g jgloe (sla Bl 59y ) (9
(VA) a2

tos pansilSo

se—ogs lamla S wl &ys o 8 TORT jloslar il
Jo= slen 4 (b 53 9090 (e atiby (T L
SISy 5 YL e 33 el S 53 el
s9og Claseide d da g L g5 (655 VeV odgiome
SHOANY) 25— 0 040l 00 il jo0gd Yo 4
ol 50,5 ls (Sl 2l e o 48 (bl
g 1 )3 g 3)s 2029 do )3 Ao oLy 5y
> el 3 oy Sy sl Jobow I (g)lda
s s ppeap JS 355 )5 Sl Ly e e (3
5 o3l s pdy SNSal Bl ol il 39 ol
My easle (Bl Glb s sl Jslows 3l (o B9, (=
x50 35 ISl TORT jlodlaawl Ly (Ve V) 3,0 oyn
s reS 593 9 20l (o bl (g pSede jolar jo0gs
Ol ae Jodo )0 (YY) iy o pllw cdbay 55y
bl g 55 dm ol gl plislng b (o (o (2350
550 e 3l p9—agi s S pglome 53 d9290 pllw sl
s g5y gl Blin SLaS 4y Ly 01l 03) LS
399 4 Gl ol pto Bud s ) (Wg b Cladls
Sy e oy eS|y Wl Bl A oud oauli 9Ty
(FV) 395 03kinw b j50g5 yims dy jo3 (yiian g

o9 dw & Ol (o ) (B 2 (Rl S sel
09=SIL als e (l saly ) b plosl (e lisee
YU 590 Sl L sl s il g0, Y (IOERT)
Sl 5533 s 5> > il 53], ¥ (HDR-TORT)
(Low KV-IORT) (¥¥-¥Y) (5,3l o5

g 4y 3 o7y (glys (IOERT) g, =SIl I onlaz ol
2 09 V) €l IORT (sl gy (05 pooye | y5095
et 3 i SN S Sl i s 4 gy o

)

Syges ao e yla sl (oo Loy )5l Jls
Job il gl gyl 9 3 3929 by (g5
4ol o(A) sl ygogi jl (U oMo (1S 5 Lo yoe
OB e (e O ghlen o=l 581 3 (Sl
sl g (Sl s £955 o Sl ey 5 2508 0005
o3 JSTn L ol 95 ang L gy adl el
395 Lo ey ol (g den (V) 35 o Loy 255
= 935 (= 3 phlen i ) AennS 9,5 (5 )l5o
o ey i als ) e (SWj ciS Ay
ol (o> aeliy dz p 0ad asiie 00 plosl sl
CapdeS 2l (Sloyd (ondgdly Jold Jlie jotlay 5
(V) 298 (o y2aS” Lo (S35

S e s (el 4 ol a8y Lailes
Dy (o gne oty (Gi—te sLdygegi Gleyd
i S L (Sleps gy Ola—e 4 (el
2R3 855 2 Lohen Ly (2l d pleS (oo 48 353
5230 ol a3 253 oaliwl by sl Loy |l
= Lo (=l g o aml) (2B (Y
2lge b Sl (pSen (gl g9 ol (V0Y) 253
5 2)les bl oy an i e Yo 5 ids oSS
=gyl ole ¥ (b L ey Job 3 @ae olsss
sdaldo Sds ol Jl g 0020 UBJl9 9 A3 (0 2,
L ain i (b Lages Gie oS (13)l5c 255 (0
S s dn oy o)l Ll el (e 390 ol i
Mo )lon 53 (10) A 0359 )diy 9 Sy JoB s
=iy p2)las (395 9 ) 4l sl oy
obloss o=l 2¥Y ) i 4 (9t el 5 50
oD o)lg= d o sled s o (el Sl e
Iho—ed 09 j9 0 gl (et atox (g
Ol sl 5 (30 (sagy Ly daorex oaeld 9, S5 e
By (oo Sy slad gl deomen Cluacl g b 4 by e
ddng oy y b 4 b ol assl g aag L (V)
$sbayses hlen » (Slopd sl gy (2)lo—s Lials
sl J1oy55 0 gl 0jmg Cenl I (5520

Intraoperative radiation U sl Jos s (Sloydgip
555 5 >l 55 5 lgly (g, (therapy (IORT
O 53 =y el sl ealawl e (VANY) el leyd
e ogl 590,55 (e M VAl 4y 5
=) ol yloyd V-0 Jlw > Prio s Comas lawgs
4 s IORT plogl (Ve VA) e85 ), 8 6 ol wl 550
SLalie g oS po)ls—s Sl (2B (=l 50, plos]


http://ijca.ir/article-1-114-en.html

[ Downloaded from ijca.ir on 2025-12-14 ]

oy Jools 20 g5 aslen L asl J8le ol eIl
(YFYY) s plogl ua a sl

FLRTIY

Al gy (Slej ol gerine adlie ol 555 sl
PubMed ,Google Scholar, sl ol&L o Y-V L5 ¥+ VY
o> L Trip Medical Database, Cochrane, CINAHL
i8S Gygo puj olls

Intraoperative Radiation  IORT AND Brain Tumor
4 Jlae O+ jl el > a5 Therapy AND Brain Tumor
WB0)S dalllas 5)lg 4 i A 0d i gt e

2 aS (Yo glosl ol ol 3959 Lo adlllas 0] 5o
Sllas oy o Widd p e YoV LYY loj ol
oo yiwd 3D JolS e g dings Blad (g)lul blsd jlas
Sl OVl (wyp pd eBAs Bl g gl jl 05
b eolawl PRISMA ¢

il Sl adsl | gommmase jo aalllas Be

V€+) ul&.we) 3 D)Low;; ) 2,90 “_,Uo,»wél,aqw

ol 3l sga s oy @l Bl 98l Sgu e by i
pis oyt ol ol (LS 5 (¥0) 595 (o L
&5 o=l omioed 095 (o (hlen b sl lej S
odlawl g5 o Loy adli g s 4 »xie IORT
Al olejen loss aS sy es 5Ll 4 5L IOERT )
b Codgiome dn dag L ol plosll)y (23 555 5 (2>
5 SsS yyiSl odimd s (sl oS3 5] Jas U
s o) 29 oo o3it ol TORT (glynl (gl Jas [
Mobetron ¢ NOVAC 7  LIAC : g45 aw > Lo oaimd
sl oS 3l 955 bl (gl (YFYA) cil D290
028 55 yoke ol slalpl jl (T Jooe ay 03, el
dw s ey 5L g o odlaiwl 3yl p 55K L1 4 S
8l cdadlrs Y Cas as b yusd ) i v Jdd
ol sln il clablon ¥ Giaa asl § )5 oo
b SISkl (1) il e 3 Bt ap b (90 48,51, 8
e 5 selaie (g9t sl o)l (sl paiie o
Caelsusd el 39290 (6318 5 (S slos iz

anfllas TV

e (oSG s & adlllas W in

et et E A ‘_!.-'_l_‘l Ay dalllan £ B

M s

v

eaasd o Ay aali ‘_!_;_I_‘l A dnlllon ¥ (B

Li b el 8700 Y lEa g La al
[ & H

ikl
U

sl ol 5 ek

E_:I.T_' i Pl ‘_!.:__ll‘n En dalllon A Bl

SBy5 315 ey 2350 aalllas A

\J

[13 Ll

PRISMA cod o ol o¥lis (6,50, 5 Uil 1Y yl5g05


http://ijca.ir/article-1-114-en.html

[ Downloaded from ijca.ir on 2025-12-14 ]

OS2 9 Gy owles Loy

Sy 1y IORT ¥V Jw » oK —sa 4 Herskind
9095 Loy 1= (ICD) immune checkpoint blockade
asllae )3 1) TORT y5ge 9o Lasl. sl ausly 590 (g 5s0
(55) 15,8 5155 655 YD-)0 L

) 55,k TORT 5o

T 383 oo )3 gy plosl @

25558 pt & Y oo L il Maban (ol §

Gl s slazily 45 csns] ks, JBlis o @

B Slopgin §l 53 59 Gl Sl @

Oleyd ly o o plo JS (b oS @

LS §i9)98 2 )lge 1S

(FVIY) 5055y 2 g0 9 higodd ialjél @

5 15,Le IORT 5 lss

Ormld (lgyg g Joid oSSl gl o3
L ols— ol e Jls ol L i Loy ol (2)l9—<
gn blod (ol 5l g s U5 (6, 5V ) a8 slajed
S50l gl=d s et syl L (g, b L (Holds
Smy Gl (1S 48 Cowl oniiS Lal o ds)le SO 5
ol sl g s 5l cbilis oyl ans &, TORT )
S ol (o )lge plow il (oo Loy e i ]
(FY=¥F) sl (b9 39 9 Sl Sladgbo

2 Sadge LlS Loy QL g cnlie ST s ol L
Sie sbaygeg ole)d ym0gdle gy (2l .ol IORT
Po=539955 9 0205 9 3 ¢ N S ladlo s Loy
Sie B9 3 Cibyo dooy Lol 395 (oo o3liiwsl jo3
(FA) el iy

o adl

3y9— 3939 SLlume ol dliw 8 5950 (] > 4o A
ol a8l Cyeo (alisee (SuilS Gldllas 40 Laygess
Ao M hlen Y Jlw o, an 4 Giordano
ol 3 esll g 05,8 eolaiwl (6599655 oyl 5l Logiw Mool
andl joa U ol s (e g5y plosl iy ySee,
mg/m?2 Y. +—\0+ ey onis plosl o) 5l aw 9 ¥o=Ve
ddoxe (6 S w045 4oy Temezolomide (¢4l L
029) 0 () e 535 MRI Lol Ly LS5 ol ¥ o
slmygos ooy 1o Lyg)l o 18 pol 4l dniogs (sl o
o = (FV) cwl a8 )8 5l 8 a ser Sl wlie 520
sl cmlie (Slays je 4] leys sl () o=l Gl
odlawl (6, 5V 590 L5 (g5 SSliwlio S50 sla)ges
FY) 2 )las a9 g () (Sl iealy o Sl ol 4 S g
o=l Ll 28 ol gy o=l Lo ) 5 pSe (glogiaodlosdls
SLjlad plym pyd (oo LogiawdlglS (s> aslllae
IORT jloslaiwl |y o055 (3 55 (ool ¢y 3 0S¢y 3
(FY) b

Jl gl 5 (Bolo )L gl el s Ol 52
l_e‘j A0y 0yt gy oy 5l logiwMsdlS ey slym VeV
Al e (o) plow d s | 29y ol (i )31 5
LJ])LM .))_iLo.C D5 G IORT .}._3.))5 L)“’)‘)j PIESATYN]
e Lawlio o goad ollew (S5 caas i3l
A lalllas , 28T 0 (FF) o)l (6,28 (5)lee (oo 4
03,5 edla_wl temozolamide Ly  loy> e jl < IORT

adllas 4 00 J)lg Ja»),c Yl Y JBJO

FKeY)
olyless

3,90
azllho

=W

ooy sl 550 9 el (6l dhasg (IORT) Joe > 2150,
loygags g5y 0y & od JyuS g cawlio andl 5 o
B 59555 05 Slie Sl 29y cnl vl Ssliolio (g0
bl (oo 505 @oge @ andl JyuS (VL (liee 5 2l

b 62390 L AORT) Jas o ol3gs0l, 5l eolaml
o LosidlilogdlS” (50555 Jore @y (i 5l g bl
SP SS Logiadlloge S sazme 92l (6Kt o Wl
oo 5 (2)lse 1 9y b dy Comd g 955 @Bl i Vo
Ol 4 temozolomide ;,izen i8S slwl (5 e
IORT 1 ooliiul 5l o o0 ool Jloys conds (595l
b8 18 eolarwl 0,90

(Fo-¥+) il
s g5 axlllas Ban i Sl oy
(IORT) Jos oy 2l5s23;
) e slojinbis sl , Cifarelli
Q»Jb}f 35l ol dgdoee u""?)‘l“" ARARY (\‘\)"K@h
S, j) e Lo 5 w28 <’
uLLJ\ o &) adllas
B . |5guol :
LosT L5 2 Jee o= gl Giordano
[C2S) %60 ~dR (L ¢ . 9
e o3l Lagiadbsdls Yo\q P ol

ol ANTRAGO) ous ool


http://ijca.ir/article-1-114-en.html

[ Downloaded from ijca.ir on 2025-12-14 ]

e JORT 1 onlisl b Siliwlio 55 (s300 (slayg0g5 )
03litl Uy yol (3] &S 5L y3055 s & |y g51 6,8 ¥+ b
Sl s Jlos] B oo SiSUgid gy 5l ¥
FoS Oljee 31098 (o dnogi Sl 45 g jhe dBlu (glo Caond
2,5 ool IORT (g5, (6,57

35l Soliwlio (g5x0 (sloyges dge Jloin! 4SSl &y dangi b
oS ol @l Wl (o0 2ldly 5 2lge] o
ool bl LBl ol jer s by ygeg5 ol ds 1 (6 St 4> (]
9 3| 55e TORT g, 4 (oligndly 5 aligisms] 5 5l
) 558 Wl <8l IORT 4 conl SaSbgy sl Sloydgiyg
ogsS 350 395 b alls FY (8] gl Jlogs 1 05 558 ot ¥

iwo d 5 JBFTORT L loys o o JloV 5l ¥ 205

ad)le g (2 3l omsles 092 65 Vo IY 00 Jlas! (555

e aalel slo (655 )3 )5 paS 0N (g)ldsn o L

A5 aalie IORT 5l 56 o6,lse g a5 dg¢

G5 59 ol b oS Yy 5 g8 b ol OF (4Bl > )l
Ok 2l 5l o lew 285 JFTORT L ooy o 5 ¥

bl gl (650 )3 W3S pad W0 G)ligr daw b asd)le
s anlie IORT 5l 36 (o,lse g a5 342 3l 2oMe

Rhabdoid glio-) lgS Legaly 3y50 dlls ¥+ o5 pouw slows

B 55 (2B e, cov iy ol VY & (blastoma

Jlow ol 00 ¥ s o LoglS jlod il Jb o conl odgy a8 5
285,13 6,5 MA 50 LIORT cov

6,5 V¥ 599 LIORT sl )bt adlllae oyl 5l Jools ol
Sluslie (g320 sbygegi Glopd (sl yio (o ¥ larme il
593 oly Jyu8 « (Local control) ssge J s s jl it
Sladgy plo b s SYeb (sl ce g(distant control) Yy
b olyon (ol 45 sy o 5 4 332 4t Sl Jglaze
CNS (5555 b glhlow glop sl (S o8 5 S IORT
el Sat il Gl g
a0 396 )3 (IOERT) 5l oslizl 3,90 45 (L3 llllas
45 il ool uL‘“ uaBL...n @Lg(GBM)f)S L?J?" ].aw%ylf
by L) 5l ookl b bagye (8 (gby codgiome b 4y

> g sy o a5 4 o bl el o3gy (oSl gl Ay -
b cwlize IORT <55 jlow iy e p3 1y 156 o iy Gan

Slagin 55 05 Rl Sl L 695 il glia b dwia
303 olyers 40 [, IORT 1,8 pglse dgus sl 5l « X
Candy b 5V 5 Jlo B+ s 3 ke Jobs INTRAGO

£28 (g Logidligsls 5 1o )b o8 oy (Sudgi)lS 5 Slas
599 4 JORT L loys o oS wily (oo 0 03> auseds
o Jsl Ban il 4B S BT SdS g, 4 g
35 me g pie « S52355 <5958 Jao TORT jlelizl 0)lse
IR oy 29 e ki day s yo 53 g 3L o S
8,8 anlss —

3903 w3 330 390 2590 o3l INTRAGO ¢ a5
0l 03> yasuis 036 pyd (e LogiuMigdS (oly IORT
23 0b digy (i (6)5 5o L diagliol (loyd 093 L ol e
ol b (sam (sl Galojl (sl oSme b S 5 ol LIS
S oo ) (1, T sl o) ol

48,5 3,8 i Se slagy Jolie )0 ladiuwe Bia ol
=0 o3y Jlanl Gly bl Jlw ola sl ay il J8las 4
55 il ey A by ol Cale ywed 4l A8 39
4SS gy o=l Bl e yse—ie (Precise Radiotherapy)

Sl 3l el (Slaydgiy g (>l by, 93 5l (il

V€+) ul&.we) 3 D)Low;; ) 2,90 “_,Uo,»wél,aqw

ool by o> (I3l Sl
S Jos o 2l

4l
CypsS i cslaglilie iy ) YA W&“"’; Vargo
lPedl b awlie ) e @)
Jos 5l smy SSgy il
i bolyer gl Sgige
ol el il gl odes .
Kbyl (>l ol 5l s Herskind
Sagp e vew
S sbjliolis gy (¥%) o)Sen
b ol el —
> Jes jlam Jos
O Slepgn 425 oyl o
Sor0 SIS b ste LogdlS 3 (2> Jos YorD s Seddighi
3 el o YU 28 (F¥) o)y\San
2902 9 2990 &
Slp doe o 2l )
B e oyen 5 Weil
A,,Jg\ LT RINw o)bua.:;o.‘;; (&)\)
Sle (GYobo ol 5
Jos e Gl U] _
«ly sl a5 - (IORT) 5 Giordano
S p vy
LogiusMugelS sa0me adlles (8Y) ohylSen
Sl
s, INTRAGO _
JSSg 5y adlllas LogiMigals )3 Jos o> o 5 Giordano
Jeareyy| adlae I/ 1T 56 108 dgo (F+) oo
jg> 38!
< v
S5 A 9w

¥

by atox I (IORT) (ool Jooe > (Slopdgiy
05550l Lol 3,15 s Ay (gl Az b dn ST 4 il
Bl (e oy a9y ol 9,8 (G55 deSS cd i Ly
2998 byl g (2l Jees e 3 ) ol 2
=l U s 4 ey il LSl (2B ()


http://ijca.ir/article-1-114-en.html

[ Downloaded from ijca.ir on 2025-12-14 ]

OS2 9 Gy owles Loy

s9og bl 3 035 (e Do 3095y 00w B
Obey 4l jl h9egi poe plad Yoans 2l (hg) 4o
el Gl cldobw I )lido 9395 (o3 )5
oy gl aa b J S 9t (sl ile (o (Bl Loy
anl ol 3 mly Jres (b yd (il o o e SO
Cowd U g dad 4 S ol (b o sl 098 0 zje8
5o od by leyd il Bl bl uls (gLal o lacl
Sl oolit ol 39 e bl 4S5 i e ) gyls Ly
5o LogiwMigdS 5 (30 sloygasi (layd 13 bs) o=
e gle)d s 33,5 (e Sl 9 Sl 00 &8l

2y )3 gl oy (e a3

References
1. World Health Organization. Global Health
Observatory. Geneva: World Health

Organization; 2018. who.int/gho/database/en/.
Accessed June 21, 2018.

2. Bray, F. et al. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185
countries. CA Cancer J. Clin.68, 394-424 (2018).

3. Jemal A, Siegel R, Xu J, Ward E. Cancer
statistics, 2010. CA Cancer J Clin 2010;60:277-
300.

4. Ohgaki H, Kleihues P. Population-based
studies on incidence, survivalrates, and
g-enetic alterations in astrocytic and oligode-
ndroglial gliomas.J Neuropathol Exp Ne-urol
2005;64:479-89.

5. Ge L, Hoa NT, Cornforth AN, Bota DA, Mai
A, Kim DI, Chiou SK, Hickey MJ, Kruse CA,
Jadus MR. Glioma big potassium channel
expression in human cancers and possible T cell
epitopes for their immunotherapy. The Journal of
Immunology. 2012 Sep 1;189(5):2625-34.

6. Arita H, Kinoshita M, Kagawa N, Fujimoto
Y, Kishima H, Hashimoto N, et al
11C-methionine uptake and intraoperative
S-aminolevulinic acid-induced fluorescence as
separate index markers of cell density in glioma.
Cancer. 2012;118(6):1619-27.

7. Ohgaki H, Kleihues P. Population-based
studies on incidence, survivalrates, and
g-enetic alterations in astrocytic and oligode-
ndroglial gliomas.J Neuropathol Exp Ne-urol
2005;64:479-89.

8. Kirkbride P, Tannock IF. Trials in palli-ative
treatment-have the goal posts been moved?
Lancet Oncol 2008;9:186-7.

9. Nimsky C, von Keller B, Schlaffer S, Kuhnt

Yo

Vo) anil (oYL jlide ol 3 aS 039 leydgiy els
Pl des o P al SO p (el g5 U
o= sy B9y 93,5 (o g ol s Lo sgeg
2 4l 2929 L TORT (j39) acods jo b an by Joos
29— (o gmne by (e )3 (Sl ||
Obeyd S e > aiby iy (o) S Blyie 4o join (g

Do (o 48,5 )5 Ay j5 095 sl yi Sl (65l
Wl STy il e @90 4y Vs 0o B9y
o el gy 503 L ol e il Seo a5
P9 (oo lyal il (2B 950 L (sl L (Sl
sohaie 4o g 5095 (35 S8 sl el Ll

D, Weigel D, Ganslandt O, et al. Updating
navigation with intraoperative image data.
Topics in Magnetic Resonance Imaging. 2008;
19(4):197-204.

10. Paulus W, Peiffer J. Intratumoral histologic
heterogeneity of gliomas. A quantitative study.
Cancer. 1989; 64(2):442-7.

11. Potzi C, Becherer A, Marosi C, Karanikas
G, Szabo M, Dudczak R, et al. Methionine
and Fluorodeoxyglucose PET in the follow-up
of glioblastoma multiforme. Journal of neuro-
oncology.2007;84(3):305-14.

12. Preusser M, de Ribaupierre S, Wohrer A,
Erridge SC, Hegi M, Weller M, et al. Current
concepts and management of glioblastoma.
Annals of neurology. 2011;70(1):9-21.

13. pakpour haji agha A, yekani nejhad M S,
khoshnevisan A, nikobakht M, mardani A,
kamali ardakani S. Health related quality of life
associated factors among patients with brain
tumors. sjimu. 2013; 21 (3) :1-11.

14. Citrin, D. E.Recentdevelopments inradiotherapy.
N.Engl.J.Med.2017;377,1065-1075.

15. De Ruysscher D, Niedermann G, Burnet NG,
Siva S, Lee AW, Hegi-Johnson F. Radiotherapy
toxicity. Nature Reviews Disease Primers. 2019
Feb 21;5(1):1-20.

16. Lee,A.W.ctal. Amulticenter, phase 3, randomized
trial of concurrent chemoradiotherapy plus
adjuvant chemotherapy versus radiotherapy
alone in patients with regionally advanced
nasopharyngeal carcinoma: 10-year outcomes
for efficacy and toxicity. Cancer. 2017;123,
4147-4157.

17. Baghani HR, Aghamiri SM, Mahdavi SR, Akbari
ME, Mirzaeci HR. Comparing the dosimetric
characteristics of the electron beam from
dedicated intraoperative and conventional


http://ijca.ir/article-1-114-en.html

[ Downloaded from ijca.ir on 2025-12-14 ]

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

radiotherapy  accelerators.] Appl Clin Med
Phys.2015;16(2):5017.

Cella L, Liuzzi R, Salvatore M. The Italian
affair:  the ofparallel-plate
ionization chambers for dose measurements in
highdose-per-pulse IORT electron beams.Med
Phys.2010;37(6):2918-24.

Medina, Rosa, Francesc Casas, and Felipe A.
Calvo. "Radiation oncology in Spain: historical
notes for the radiology centennial." International
Journal of Radiation Oncologye Biology* Physics
35, no. 5 (1996): 1075-1097.

Krengli, Marco, Felix Sedlmayer, Felipe A.
Calvo, Elena Sperk, Carla Pisani, Claudio V.
Sole, Gerd Fastner, Carmen Gonzalez, and
Frederik Wenz. "ISIORT pooled analysis 2013
update: clinical and technical characteristics
of intraoperative radiotherapy." Translational
Cancer Research 3, no. 1 (2014): 48-58.
Matsumine A, Tsujii M, Nakamura T, Asanuma
K, Matsubara T, Kakimoto T, et al. Minimally
invasive surgery using intraoperative electron-
beam radiotherapy for the treatment of soft
tissue sarcoma of the extremities with tendon
involvement. World journal of surgical oncology.
2016;14(1):214.

Nevelsky A, Bernstein Z, Bar-Deroma R, Kuten
A, Orion I. Design and dosimetry characteristics
of a commercial applicator system for intra-
operative electron beam therapy utilizing
ELEKTA Precise accelerator. Journal of applied
clinical medical physics. 2010;11(4):57-69.
Woolf DK, Williams NR, Bakshi R, Madani SY,
Eaton DJ, Fawcitt S, et al. Biological dosimetry
for breast cancer radiotherapy: a comparison of
external beam and intraoperative radiotherapy.
Springerplus. 2014;3(1):329.

Bhandari T, Babaran W, Forouzannia A,
Williams V, Harness J, Carpenter M, et al. A
prospective phase I comparison of toxicity and
cosmesis outcomes of single-fraction IORT and
hypofractionated radiotherapy with IORT boost
in early-stage breast cancer. Brachytherapy.
2017;16 (6):1232-8. e2.

Mourtada F. Physics of intraoperative
radiotherapy for the breast. Short course breast
radiotherapy: Springer; 2016. p. 317-25.
Patel R, Ivanov O, Voigt J. Lifetime cost-
effectiveness analysis of intraoperative radiation
therapy versus external beam radiation therapy
for early stage breast cancer. Cost Effectiveness
and Resource Allocation. 2017;15(1):22.
Mosalanezhad H, Kavosi Z, Keshavarz K,

employment

¥

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

V€+) ul:wwe) 3 D)Low;; ) 2,90 “_,Uo,.wwél,u.gw

Akrami M, Sarikhani M. Cost-effectiveness
of radiotherapy during surgery compared with
external radiation therapy in the treatment of
women with breast cancer. Journal of Health
Management and Informatics. 2016;3(2):33-8.
Azzam AZ, Algarni A, Amin TM. The role
of intraoperative radiotherapy (IORT) in the
management of patients with pancreatic and
periampullary cancer: A single center experience.
Journal of the Egyptian National Cancer Institute.
2018;30(2):77-9.

Herranz E, Herraiz J, Cal-Gonzalez ],
Corzo P, Guerra P, Udias J, editors. Iterative
reconstruction of whole accelerator phase spaces
for Intraoperative Radiation Therapy (IORT)
from measured dose data. 2011 IEEE Nuclear
Science Symposium Conference Record; 2011:
IEEE.

Esposito A, Sakellaris T, Limede P, Costa F,
Cunha LT, Dias AG, et al. Effects of shiclding on
pelvic and abdominal IORT dose distributions.
Physica Medica. 2016;32(11):1397-404.
Falco M, Masoj¢ B, Milchert-Leszczynska M,
Kram A. Frequency of whole breast irradiation
(WBRT) after intraoperative radiotherapy (IORT)
is strongly influenced by institutional protocol
qualification criteria. Reports of Practical
Oncology & Radiotherapy. 2018;23(1):34-8.
Willett, Christopher G., Brian G. Czito, and
Douglas S. Tyler. "Intraoperative radiation
therapy." Journal of clinical oncology .2007:
25(8)971-977.

Harrison LB, Minsky BD, Enker WE,
Mychalczak B, Guillem J, Paty PB, Anderson
L, White C, Cohen AM. High dose rate
intraoperative radiation therapy (HDR-IORT)
as part of the management strategy for locally
advanced primary and recurrent rectal cancer.
International Journal of Radiation Oncology*
Biology* Physics. 1998 Sep 1;42(2):325-30.
Willett CG. Intraoperative radiation therapy.
International journal of clinical oncology. 2001
Oct 1;6(5):209-14.

Calvo F, Sole C, Herranz R, Lopez-Bote
M, Pascau J, Santos A, et al. Intraoperative
radiotherapy with electrons: fundamentals,
results, and innovation. ecancermedicalscience.
2013;7..

Gunderson LL, Willett CG, Calvo FA, Harrison
LB. Intraoperative irradiation: techniques and
results: Springer Science & Business Media;
2011.

Biggs P, Willett CG, Rutten H, Ciocca M,


http://ijca.ir/article-1-114-en.html

[ Downloaded from ijca.ir on 2025-12-14 ]

38.

39.

40.

41.

42.

43.

44.

45.

OS2 9 Gy owles Loy

Gunderson LL, Calvo FA. Intraoperative electron
physics and techniques.
Intraoperative Irradiation: Springer; 2011. p. 51-
72.

hosseini aghdam M R, baghani H, mahdavi S R,
aghamiri S M R. Mont Carlo study on validation
of intraoperative radiation therapy accelerator
(LIAC) head. [JRSM. 2015; 3 (2) :21-26.
Nevelsky A, Bernstein Z, Bar-Deroma R, Kuten
A, Orion I. Design and dosimetry characteristics
of a commercial applicator system for intra-
operative electron beam therapy utilizing
ELEKTA Precise accelerator. Journal of applied
clinical medical physics. 2010;11(4):57-69.
Giordano FA, Brehmer S, Abo-Madyan Y,
Welzel G, Sperk E, Keller A & etal. INTRAGO:
intraoperative radiotherapy in glioblastoma
multiformea phase I/Il dose escalation study.
BMC Cancer. 2014 Dec 22;14:992. doi:
10.1186/1471-2407-14-992.

Cifarelli CP, Brehmer S, Vargo JA, Hack JD,
Kahl KH, Sarria-Vargas G, Giordano FA.
Intraoperative radiotherapy (IORT) for surgically
resected brain metastases: outcome analysis of
an international cooperative study. Journal of
neuro-oncology. 2019 Nov 1;145(2):391-7.
Cifarelli C, Hack J, Jacobson GM, Vargo
JA. Feasibility of Dose Escalation Using
Intraoperative Radiotherapy Following
Resection of Large Brain Metastases Compared
to Post-Operative Stereotactic Radiosurgery.
Brachytherapy. 2018 Jul 1;17(4):S46.
Haneder, Stefan & Giordano, Frank &
Konstandin, Simon & Brehmer, Stefanie &
Buesing, Karen & Schmiedek, Peter & Schad,
Lothar & Wenz, Frederik & Schoenberg, Stefan
& Ong, Melissa. (2014). 23Na-MRI of recurrent
glioblastoma multiforme after intraoperative
radiotherapy: technical note. Neuroradiology.
57.  10.1007/s00234-014-1468-2.

Seddighi A, Esmaeil Akbari M, Seddighi AS,
Rakhsha A, Vaezi M, Zohrevand AH. First
Experience of Intraoperative Radiation Therapy
in Cerebral High Grade Glioma in Iran: A
Report of Three Cases and Literature Review.
Iran J Cancer Prev. 2015 Oct;8(5):¢3795. doi:
10.17795/ijcp-3795. Epub 2015 Oct 27. PMID:
26634108.

Giordano FA, Brehmer S, Mirle B, Welzel
G, Sperk E, Keller A & etal. Intraoperative
Radiotherapy in Newly Diagnosed Glioblastoma
(INTRAGO): An Open-Label, Dose-Escalation
Phase I/l Trial Neurosurgery. 2019 Jan

beam irradiation:

v

46.

47.

48.

49.

50.

51.

52.

1;84(1):41-49. doi:  10.1093/neuros/nyy018.
Herskind C, Wenz F and Giordano FA.
Immunotherapy Combined with Large Fractions
of Radiotherapy: Stereotactic Radiosurgery
for Brain  Metastases—Implications  for
Intraoperative Radiotherapy after Resection.
Front. Oncol.2017; 7:147. doi: 10.3389/
fonc.2017.00147.

Pilar A, Gupta M, Ghosh Laskar S, Laskar S.
Intraoperative radiotherapy: review of techniques
and results. Ecancermedicalscience. 2017 Jun
29:11:750. doi: 10.3332/ecancer.2017.750.
Kraus-Tiefenbacher U, Bauer L, Scheda
A, Schoeber C, Schaefer J, Steil V & et al.
Intraoperative radiotherapy (IORT) is an option
for patients with localized breast recurrences
after previous external-beam radiotherapy. BMC
Cancer. 2007. 14;7:178.

Giordano FA, Brehmer S, Miirle B, Welzel G,
Sperk E, Keller A, Abo-Madyan Y, Scherzinger
E, Clausen S, Schneider F, Herskind C.
Intraoperative radiotherapy in newly diagnosed
glioblastoma (INTRAGO): an open-label, dose-
escalation phase I/II trial. Neurosurgery. 2019
Jan 1;84(1):41-9.

Vargo JA, Sparks KM, Singh R, Jacobson
GM, Hack JD, Cifarelli CP. Feasibility of dose
escalation using intraoperative radiotherapy
following resection of large brain metastases
compared to  post-operative  stereotactic
radiosurgery. Journal of neuro-oncology. 2018
Nov 15; 140(2):413-20.

Weil RJ, Mavinkurve GG, Chao ST, Vogelbaum
MA, Suh JH, Kolar M, Toms SA. Intraoperative
radiotherapy to treat newly diagnosed solitary
brain metastasis: initial experience and long-
term outcomes. Journal of neurosurgery. 2015
Apr 1;122(4):825-32.

Giordano FA, Abo-Madyan Y, Brehmer S,
Herskind C, Sperk E, Schneider F, Clausen S,
Welzel G, Schmiedek P, Wenz F. Intraoperative
radiotherapy (IORT) a resurrected option for
treating glioblastoma. Translational Cancer
Research. 2014 Feb 25;3 (1):94-105.


http://ijca.ir/article-1-114-en.html
http://www.tcpdf.org

