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Rationale and lndicatlons 
Intraoperative radiotherapy QORD is a cancer treat- 

ment technique that is defined as the delivery of a 
large single fraction of irradiation (in the range of 10 to 
25 Gy), using high e n e w  electron beams, at the time 
of surgical exploration and/or tumor resection. Radia- 
tion therapy is then delivered in a surgically defined 
area, while mobile and involved tissues are protected 
by mechanical retraction from the radiation beam. 
IORT is used in most modern protocol studies as the 
boost radiation coinponent of multidiciplinaiy treat- 
ment approaches, including hest surgical and extemal 
beam radiotherapy management U). 

IORT is indicated in the treatment of patients in 
which the turnar is considered unresectable, resected 
but with proven residual rnalignant disease, or as an 
adjuvant for high risk for local recurrence situations, in 
which it is known that a frequent component of disea- 
se progression after surgery is within loco-regional 
stmctures (2). 

Loco-regional tumor control promotion is the final 
goal of IORT. The contribution of this treaunent moda- 
lity in clinical oncology is to achieve high local control 
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rates in combined modality treatment. Local tumor re- 
lapse is a catastrophic event in human oncology, asse  
ciated to slow but progressive symptomatology, requi- 
ring major inedical suppoit and iarely curable if trea- 
ted for rescue. 

IORT is a safe and excellent quality radiation boost 
in contemporay multidisciplinary oncology. It is indica- 
ted in tumor sites and stages in which alternative tech- 
niques to boost the residual tumor or high risk area for 
recurrence, are more hazardous or less appropriate. 
IORT is considered a priority developrnental program 
in instiiutions patticulaily devoted to cancer treatment, 
in which among other interests, clinical achievements 
are an imponant pait of tlie cancer research effons (31. 

History and evolution 
The delivery of radiation during a surgical proce- 

dure was described just a few years after the disco- 
very of the x-rays. In 1909, Beclc published the fust 
clinical experiences using IORT in patients with gas- 
tric and colon cancer, in which he pulled the tumors 
into the abdominal wounds in order to Vradiate them 
directly (4). 

Occasional repons ase found in tlie scientific litera- 
ture in the following decades, but they are selective 
work pieces of miscellaneous tumor sites and treat- 



ment programs, that belong to the pe high-ene-rgy 
elecüon beam e13 (Si. The attraetion for I0P.T-&e ex- 
perimces was di~nclntinued during ihe years in which 
refiníornent in high energy phoeon tedrnolvgy applied 
to cancer treatment acchivied the fna?cimum detrelop- 
mwt. 

In the late 6D1s, Profess .  Abe in Japan antnbutes 
m the evolution of IORT incorporaüng the use of 
high energy eieutrms as the oprima1 radíatim beam to 
be employed in IORT. (Figiire 1). The rechnique was 
explored in conjunction with surgery ib tumoc; of mul- 
tiple ates and hrstdogicd suhtypes. I q e  &gLe doses, 
in the range of 26 to %O Gy were given as the sale 1%- 

diation therapy component of the combined tteatment 
Gasuie eancef was idenrioed as a tumor site biat might 
benefit From the m e  of IORT Following gastrectany in 
the eiqmience uf Kyoto University in which a wntd 
surgid ami was availalde. This group is the fmt re- 
p d n g  1% teim suiviving patients ~4th m e n  mi- 
cr08~9pic residud disease aftei sur$ery (6, ?l. 
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in the late iQts and Wts the westem clinical expe- 
rience was d d o p e d ,  brínging to IDm 5:meral m- 
p c t s  of major Importante such as! animal researeh 
that has investigated eztensiwly nomal time toleran- 
ce to IORT alone is integmted in multidihieiplinary tre- 
atment praocols as a qudity tadiation bomt, not m- 
promising tha conventicmal combined management 
with * y  and external beam iadítherapy (9) (Figu- 
re 21; IORT is sudimi in carefully designed Plyase 1-iI 
tnds in single insritution and caoperative g m p  pmro- 
cds, gene~aüng infamtion of ezceltent quality on fe- 
asibili (la; human normal tiUsue tolerante C11) and 
loal  control ratss t122. Ex@ g ~ u p s  in the US have 
kmstigated IORT in im-abdominal tumors in whieh 
the thaapeutic index iis easily improved by protecting 
m& nofmal tissues fram the IORT component of the 
treatment C13) Eutupean investigatos h v e  expanded 
the use of IORT to other sites of the anatomy, Iike in- 
trathoracic and extremity locatians U4,15,1@. 

lmprowed treatment pret,Sslm 
Deapite the advances in diagnostic imaging, m d  the 

abfltly to iategrate them in expert syslems far radiatlon 
therapy treatment pianning (17), the oprima1 way to 

DeDth dose curdes for eieciron heams of 6. O. 12. T& 5.18 and 1 . .  . 
20 k v ,  using a custom design IORT cone of 8 cm In diameter 
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and ate source tum~distance of 116 cm. Nonce the final fall wlth and IORT boost In the hlw rlsk aren of resected 
otl in the dose deposlt of this radiatlon type. rectal cancer. 



identify areas of unresected tumor, resected but ~ r i -  
dual w high &Sla fw recutxat arca, i g  demnhed at 
the time of mgia1 qtoratbn. In ckitain amtomical 
areas, mch as the postefdor space*, of the laqe cavities 
Cthara, upper abdomcii and pelvlu?, no alternative 
techniqne can compete wth an JORT electron boost in 
the definition af the t r e a m t  tone and rhe -oye- 
neity of the radiation dose deposit. Eiection beam, 
depending upon the energy, can accwstely deposit the 
piw&ix?d d m  in difkrent thue thicknes, deenni- 
neP1 in ea& individual rase as required folowing sur- 
g i d  m;uipuktion @igures 3AJ A,). 

IORT b~ings tro rddiation thefapy sti-ategies a highly 
desired treament camponent: a pEdse and amurate 
boost, that will dwrease the incidente of marginal 
tumor recuimwes. The local alcontrol mtes reponed in 
IORT aials have cmsisantly been high, ccmfliming the 
concept that precisiwn 18 an immediate benefít fro~n 
the incarpomtion of IORT in canm tmtment (1). 

Improved treatment toleirance 
The tolciance o£ normal tiss~tes k i t 8  the ability af 

php1cians to cure eaticer patients in modem muitidis- 
ciplinaiy oncology. Maim effom aie dedlcated to iin- 
prove tolemnce of normal tissws and to decte* toxi- 
city and wmplicationq related to cancei treatment. 
Whm external beam radiaiion thmpy is a comprment 
.wf mtment tlials, the b - h M n g  stniau~m and or- 
gans have rampromised for decades the treatinent 
straiegies and resuit~ ohined in tumm s~tes 

Figure JA 

located in humn anatomical zanes con&ning sensiti- 
ve tissws Cupper abdomen, pelvis, etc.,.). 

IORI can deliver a smponent af rhe planned radia- 
tion tlmpy progt%im* while p~utectaig nomal seasiti- 
ve smtcniies in a*ical anatomic v v l e s  Lmall howe1, 
Iarge bawel, uretets, bladder, etc..X which will a k w  
to desease a certain degrm the exteinal beam imdia- 
tion total d w .  A pmspeaive randomimd mal peifoe 
med at the National Caneer Instimte Mcr> in pat&nta 
with l-eu~peritdneal sai-COiMs, in whkh l ~ e  abd~mi- 
mi afeas were t r e d  by cdmhination aE high dose 
exkemal beam mdtotheiapy (split-course] and surgery, 
vei'sus intermediate dases of exte i rd i  irmdiation, sur- 
gery and IORT hmt to the tumor bed m a ,  showed a 
stati;ltisücal signELcant díffeiience in decreased toxicity 
a te  (enu'ritis> among paüetits mated wlth IORT. in- 
fíeld loml control late was supe~br in I o r r  patiepts. 
'ibis ia the c~nfiimtory trial that hao established the 
b n  benefit of IORT in teims aP treatment toleranct: 
impmemmr m a p i v e  combined approach af tu- 
mors lmated h ~ d o s o l i i ~ ~  amtmical a~eas (1Q 

lmproved trecttment inttrnsw 
Remlts in d i i c d  oncolagy wkh dwic  cmcer treat- 

ment modalities Cmrgeq, rridiothmapy and chem@he- 
rapy4 will imprsve wiih our abdii to inweas treat- 
ment mtensity. IManjr modern tteament deveiopmem 
have been searcl~etl with the urgency of usirig mida 
(btn well knm] thelapy tmis in ati irmovaticle way 
to inaease antitumor &cacy. La~ge surgícal re*,eaions 

A. Yiw d cone positionlng In the abdominal area Notice the extensive use of surgicc ictors. 
B. Detall image of the anatomic area treated with IORT. The para-aotiic space is direotly exposed to the electron beam while the 

retractors have mobilized al1 the small bowel and other structures out of the field. 
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wkh h o d  vaomm&m DE)), hígh dose chemot- 
hemm wnti marcm af patpheml ssem iselI sup@off 
@.a), ~mra-arteriai dmg delivery C213, ~&ukaneous 
chemo-radiaion W), IOKT and othef s~phistiated 1% 
&Non boast gystans [braehytherapy and a t e f e o t e  
radimwgeg4 m, 2% a= emnpleti af i n c m h g  tre- 
1immt tmnaity maregh wirh rman&ly s e p d  en- 
COumgLag WPs, 

WhlIe waitdag for the itrriPal of the impütTaRt achie- 
veme- of imrnunolow and mdenrlar bIcuogy into 
dinial appliaitigns, groups demted to weef treai- 
ment and c m  ham aie cmmimmt to rehe twhni- 
gum usaig the amilable means to impmve resuits. In 
thie emWI my ircdiatrm thetzpy rrerarment colnpc- 
nent thsrt can Uiclude an IDET bam will be the mas? 
intense alre~mtfve prrssible ip many aireas of human 
anatomy, 

Presmnt nUn-ioal-lts 
Pdbk D 

Tbe data that suppom rbe exgmsion of techfit- 
que at an institutional level, and Ea hdbtións withln 
mlignmt disemes and tumor &es, is ñquently upda- 
ted. A bbef rekrence wiü be mads m thc mmt most- 
Weed eh&l eqeriences in die &e e@~&s. In .tire 
U5 the National cancet Institute wmpleted t h m  
Phae  m mis in unmecfable anel mCrable panas- 
ru: can@ 125,262 and ~tfopmWaeal s$rcm (S@. 
DE? %al$ Rave in comm to w m p c  su@xxy 
plw e x m d  ir&tk,n land 5-Fbrwmd In the p- 
e r a s  trís48] with ar w i h u t  m IORV b e  to thtl 
tumor ot turna bod aaa. Th- m~lts &ibed m{- 
d e n ~ B  Bf I d  turbor cünmsl pl'Dmoti6n in the - 
vi&* but ~ i f h  no dlf~erences ín ovetail survival. A 
b u 6  Phasc 1x1 Mal d w w d  fa @sWc m n m  faed 
tn be cmpieted Rexent w r t s  have mdpd 
&e Maye CBnic and MamachwxFa Geneml Haspita1 
&Xprlenee in meseiet<rird p&~e&c and grh iy  or re- 
~~ coJmctal eancer. Trament smtegies &nd % 

sults have been similar in both btitutlons. M=- 
& suMva1 rime for patients with wmsembk pa-  
creatic cdneetr have been In thp ratsge Of 9 to 12 
snonths* wkh unusual suMms of rn~fe rhan 9 years 
[S 293. Thme rmlts have b m  d m e d  in a l'hase 
1-11 t b l  perhtined in a coaper$iíve group &ame 
BTGGI cof~c ludf  that IDRT is a f ~ s i b k ~  safe and 
quaiity k-&tion b ~ m t  Bor the mm@gefaent of u=@c- 
tabk panmtie a a m  @B. Eewmnt c~lweaal can- 
cer is in mxt a~= an inm~&le chíml meni XOXT 
has !aem u&d in +he ~eaue  m a m m  cB these paiients 

and rhe data f m  expsrt groups bar; ceaoistansty 
s h m  high pelwrc control mte6 ún the of 60 m 
70%, me&n survival time of 20 months (mite rhe 
d u e  clbsmed in $u@.giral serie] ahd long term ~urvi- 
vors Cunusuai En* ín swgimi senes;Y Bl, 333. Alt- 
hwgb msdesf hese mults elearly hpmved p4evIws 
clata m@ surgeiy airane or cmnbhed with maentio- 
nal ezwml bmm m&herapy, bur more impo~tantly 
they s h m  excellent figures in local conml and survi- 
-1 ia selected parienta ammsbfe for gaod surgical re- 
wtjon. In iocally admced prímry colatectal mcer  
the. re~ulra are mnilt ttz overwme ~ a e d i n g  loco-m- 
g iod  &ase MM Na ~vcunenw have been re- 
pmed in &e LOET z a ~ ,  d dthaugh suiplval is s& 
modulated by tumor Stage, it ?S erpected thxt a fre- 
quqtt ~ m i p w n t  of failure (peh.lr2 wiU no longér 
mmibute m dis-ase pragrwioa, mi& hpalract 
u l l w  kwrn suwiva1 mtes GBli3, 34k A Phase III &hi has 
been a&& in &&&n Therapy OnmEagy Group, 
Ih an d h  to eddres the val= ~f IDRT in bmh pri- 
m- and ieWt1Pht colorectal cancer @5>. 
Ih gastric cahct?r% fhe mcwt r e n t  u* from the 

wtghal jsganese wpakence ar Kyoto Ur!ivwity is still 
sho- d@emas in favor d c m b i ~ t i g n  of ~ " g e r y  
and IORT cmpamd m surgery dme fn Staga U, IU 
ilnd IW m. The analpsis of rhe Phase 1-il trM pePFor- 
med at !he Uniwslty Clinit of Navara, mmbining 
@strenomy plus IORT moderate bnm duge (15 
Gyl md uppef abdminal ns>dal and g a i i c  bed irFa- 
dietiw C46 Gfl s h m  &enm af ' f w i m a l  
mcunmcea in primary tr&ed psknts 637). 

IlesLl~ts in ~ther hmof si@+, su131 as exmt&y h e  
and soft r;itrcomP (58,39) h m  b w n  hl$h local con- 
m>l fate (indu&& laige leSrons and pm%n midual 
tirmor3, when used in eonjunctian witb atmaity pre- 
$~mtim &cal mhsiqua. &&re results in retmpe- 
vitonea1 ~m are ~ ~ b 1 e  f4Ql. 

Sonre pih sudiea hre explored E-@, &me 
toleran=, and Iad  control ratas Jn Iung (41) and head 
and neck (42) mcei; and rniWbma @sease ste. 
indíaüom {e, 44 4.55 The c l i t a l  data generated ín 
t k  4m& suggest h&h loea1 canmsl ratw lin *e- 
mi related to ttmm b u r b  and treament inEemity3, 
but amqmble wch&cal &sibili@ and rtsue to1- 
Peripheral neme% have pmven t~ be dose-limitiry 
ütruchms in c W a l  u?als for the corhbinaüón 6f IBRT 
baost and e&.ern+d úeam Irmdiation, and particular 
cautíon ha8 to be un&rWkss to the dQae selecaon 
p ~ a e e s  if navw ought t~ km induded itn the IQRT 
field T46,4f). 



AUiHOR TUMOR L O W  CONlROl SURVNAL AND COMMENíS 
(ReFJ SIiP RELAP3ES/TOrAl (YEARS, FOUOW-UP] 

Slndabr (25) P m  1/16 0% (2) Phose NI. Raraled 
Jindalw (25) panírrar ?/16 0% (2) Ph- IU. Unrematad 
O u n h  (28) P-s 3/42 8% (2) U n r e d  Disme 
Teppsr 130) panmas ?/S1 $?A (2) RTOG Phore 1-11 
wflian (al) coloniaal 11/30 19% (5) Recumnt Direase 
Wilieit (51) cololwid 8/42 43% (5) Primary Direare 
Oundenon (34) c a l o m l  9/51 42% (5) PrimarydLRewrrent 
C* 137) pstic 5/48 39% (S] Primory&Renirrent 
c&-O @o smcomas 2/38 6% (5) W i g  &Olkosmoma 
Oenur (39) ~ r c o ~ n s  5/28 - Exhpmiiy lesions 
WilldI(40) sorcomas 3/12 64% (41 Sansory Neumpathy 
Khndlo (18) sorcomas 3/15 5ü% (5) Phase III. Enlatitia 
J W r  (41) hl 1/21 - 90% Respondeir 
b t e  662) heed & nsck 20147 61% (2) Recumtnt Diwsre 
Cobo @q mimllaneus 1/25 45% (51 Upper Abdomen 

Future developments and research 
The fume of IORT d e p d  closely upon the ac- 

ceptance of the technique by surgeons md radiatton 
oncologists. Succe~h~il pmgrams would be based on 
an exwllent coodimtion between both specialties, in- 
cluding an adequate space design that will facilitate 
the consolidation of the program. Dedicated Iineahac- 
celeirators, or surgícal rooms cloxe by the radiation m- 
atment area, are the most convenient amngementc to 
asure adequate parient accrual for thii progiam. Patient 
selection procas for IORT t&Is has became irnpor- 
tant, due to the fact that IORT is able to promote high 
local control figures in disease siuiations in which the 
iik zone is easiiy mcompased by a reasonable size 
IORT treatment cone and most normal tissues can be 
proteaed rom the rauiation beam. In the long term, 

primaiy tumors of intermediate stage, are the most li- 
kely situations in which m i v a l  benefb can be expec 
ted from promoting high local control mes. 

Recurrent disease, unrese&ble turnos and/or ma- 
CToscopic malignant residuk, are situations that requlre 
further research. The use of radiation modulators, 
such as mmpounds Mth semitizing propei~es <48, 
49) and hypeithetmia (503 have been tested in con- 
juncüon with IORT, in an effozt to improve local con- 
trol irates. 

IORT 1s a technique that will benefit many canm 
patients. The development and consohdation of an ac- 
tive IORT progran¡ chaíiedges the steam worlr., capaúty 
of any ínsiímtion (51). In any expert group involved in 
IORT the effort has proven to úe wrvah for the g o d  of 
the patients and fcw the quality of Oncolagy. 
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