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ince thc inception of radialion th.rapy for cancer. ihe
major improvemenrs havc been .elatcd lo lhe dosc
dislribution betw.en tumor and normal lissue. For

most tumor types. thc lik€lihood of lbcal tumor conttol
incresses ss thc amou[t of radiation delivered to th€ tumoi
mass increases. Howevel, in many cliflical situalions. lhe
dose that can bc delivered saf€ly to the tumor volume is
limired by ncarby or adjac!nt norm.l tbsuc. The dcvclop-
menl of tcchniques such'rs interstitial radiation lhcrapy for
hcad and ncck tuniorsand intracavitory irradistion foa car.ti-
cal tumors has produced high ratcs of local controlforsmall
!uno$ whcn combined *iih cxtcrnal-bcam itradiation. Likc.
wise. cxternal-beam radiation lcchniqueo have bccn im-
Droved to increase thc dose d€livcred to thc lumor mass
without increasing the rate ol complications rcfcrablc to
irradiation of nororal tissue.

Thc tcchnique of i;traopemlive radietion therapy is a
directextcnsion of thrsamcconcept.  ie,  del ivcryofahigh€r
dose to the tumor with ac&ptabtc irradiotion of normal
tiss ue. Rad ialion is delivered duridg surgery lrom a conven-
tional extcrnal-bcam machine. The radiation thcrapist can
eitber move orshidld from lhe Dsth ofradialion thc normal
t  iss ue6 that otherwisc would l imit thetotaldose. Thc idca of
intraoperative radialion thcrapy is not ncw. Thc tcchnique
rvas used in the 1930s by Eloesser' and in thc 1950s by J.
Cbesney, MD (peraonalcommunication. Miami): The pres-
ent in{ercst in the lechnique devclopcd from the pioneer-
ingwo.kof AbeandT6kahashir inJapaninthe 1960s. lnthe
Unit€d States. intraoperalivc radiation thcrapy programs
rre aciive at Howard Univ€rsity.r the Massachusctls Ccn-
€ral Hospitai (MGH).''J ihe National Cancer lnstilute.i the
Mayo elinic,? aod th€ New England Deaconcss Hospital.
This r€por! conc€rns the overall progress in intraoperaiive
radiation rhenpy at MGH and the Mayo C'linic.

Plticnl s.hction
At MCH and lhe Mayo Clinic, we are trying to define a

subset of patients *hose tocal iumors would b€ inadequately
treatcd by conv€ntional surgical and radiothcrapeutic tcch-
niqucr and who thus might benefitlrom an incrcased dose of
localized iradialion. Thus. most of our patiints receiving
inlraoperative radiation thempy have locally advadced lu-
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mors where the presence ofsensitive norma I si ructu res limits
the total  dose of radiat ion that we can del iver to the tumor
volume. These are generally palients with locally advanced
intra-abdomiDal orpelvic tumors who do not have metastases
beyond the regional lymphatics. Our largest group of pa-
tients have locally advanced rectaland reclosigmoid tumors.
These are palients who present to surgeons witb tumors
thoughl to bc locally unres€ctable forcure because ofadher-
ence ofthe !umorto structures such as sacrum, lateral pelvic
sidc wall, orprostat€, asdcmonstrated on physical examina-
tion and by pelvic computed tomography, Conventional
treatment would consist of high-dose irgopcrative external-
beam irradiation givcn in the hope of making the tumor
rcsectabl€. H owever, even with combined high-dose cxteanal-
beam irrad iation and surgical resection, the local rccurrence
$testill is very high. In series fiom MOH,3 th€ University of
Oregon,t and Tufts universily,ru tumors wcre rcsectable
following prcoperative irradiarion with 4,500 to 5,000 rads
\n 50Va to 70Ea of p:atierls but thc incidenc€ of locsl pelvic
recurrehce was still about 3570to 45%alter rcsection. Thus,
intraoperative radiatio n therapy is teing us€d in this clinical
situation as a boost dos€ to thos€ a_reas of inilial fixation
which are at highest risk for local failure.

Adenocarcinoma of the pancreas also is being rreat€d
with intraoperative irradiation. The resuks of conventional
surgical tr€atment are quite poor, the long-term survival
rategenerally being 57o to l0%in the smali subset ofpatients
(about 2070 of ihose who come to laparotomy) in whom
surgical resection is feasible.' ' Even in rhis group, the local
failure rat€ after surgical resection remains quite high, abour
5070. H owever, about half of those patients coming to lapa-
rotomy have disease limhed to the pancreas and regional
lymphatics. lr thus appears reasonable in these cases of
localiz€d dis€ese to use intraoperative radiation therapJ in
combination with conventional irradiarion t€€h niques to see
if local control and cure can be obtained.

A third group ofpatients in whom inrraoperarive radia-
r;on therapy is being evaluated ar€ those with retroperito-
neal sofFtissue sarcoma. This tumor usually is quite larSe a1
presentation and diffic!lt to control locally. The long-term
survival rat€ with surSical resection alon! is low, abou!
20%.rr Both the local control rate and the ovefall cure rate
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can be improved by !headdit ion ofexternr l-beam radiat ion
therapy. However, serious complications of high-dose irra-
diat ioo of normal t issue can occur.  specif ical ly in the smal l
bo\tel, aDd the in.idence oflocal failure can stillbe appreci-
able. Thus, inlraoperative irradiationof theretroperiron€al
tumor bed may be able to d ecr€aso both the local failure rate
and the incidence of treahenFrelaled complicatiors.

Olhcr locally advanced intra-abdominal tumors can b€
irradiated during operation if conventional techniques are
unlikely to rcsuh in a high probability of local control
*itho!t also causing seriou$ morbjdhy b€csusc ofexcessive
irradiation of normal thsue, Of great$! concern in this
regard is the small bowel, but morbidity rcfcrabtc to other
lissues, such as the la.g€ intcstine, stonach, spinal cord,
livcr, and kidneys, {lso carl resultand mai bc minimizld
withintraoperativeirradiation, Adoscof 4,500to 5,00016ds
is near lhe maximal toleratcd dose to stomach. smrll intes-
t ine,and spinaloordand is gener4l ly inadcquate toproduce
a high likelihood oftumorc6ntrol in most clinical situations,

T.chnicd rpprorches
There have been t€chnical differenc€s in intraope.ative

radiation therapy as u$ed at the various US institutions.
Diffe rent machines hav€ been used. various co nstraints have
been imposed by the location ofthe radiation therapy ma-
chine relative to ihe op€rating rooms, and there have b€en
philosophical differenc€s regsrding the combinations of io-
traoperative irradiation, co nv€DtioDal radiation therapy. dnd
surgical res€ction to be used for specific tumor types. The
philosophies at MGH ard lhe Mayo Clinic have been fairly
similar. favoringacombination of high{oseexternal-bea!n
irradialion, sur gical resection when it can be p€dormed safely.
and intraoperative radiatio! theiapy uling eleclron beams.

At MCH, surSery is performed in a regular operating
room, with sur8ical resectioo of th€ tumorb€in8carried out
as it appears appropriate. Ifthereare no metastaselt beydnd
the rcgional lymph nodes and if a site at high risk for local
Iailure is definabl€ by the surSeon and the radiation thera-
pist, th€ patient is considered a candidate for intraoperative
radiationthe.apy. Clea!plastic (Lucite)cylind€rsof various
sizes are available in ahe operaring rooIn which can b€ used
as retractors !o move normal tissueoutside the earh ofthe
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radiation beam and to confine ihe beam. The appropdate
sire is one that encompasses tho tumor volume with ad€-
quatc margins y€l allows maximalsparing ofnormal tissue.
Occasional ly,addi l ionalsurSerytoobtain opt imalexposure
of the iumor volumeand to minimizc irradiation ofnormal
tissue is neccssary, For palients who rcquire abdominopcri-
neal resection. dcchions are also madc in the op€rating
room regardinS the use of!n abdominal vercus a pcrincal

approach and usc ofa pronc versus a supine position forthc
intraooemtivc irradiation. After lhc appropriare cylindcr
size hrs been dctcrmined, the palient is prepar€d for trans-
oorl to the radiation therapy depanment. Th. abdontn is
tempor&rily closcd with a few stay !uturcs, and the operative

Trbl.1, P.tl.nl. ftl'atvlng lnlraoper.$v! trdl.llon. lh€rrpt ,r
U|.r.chsellt G.na..l Bo.pltll,lllv 19781o aogu.l !902

Slt. or typ. ot tumor umb'r
F6ctum and rect4lghoid 39
Pancrca! 21
sarcoma (cho!t, abdomon, p6lvl3) 7
Srrcoma (€xtrsmity) 5
Oorvlx 5
olhor colonlo, small"bowsl tlmor8 4
Oth6B J

t5

are{ is covercd v/ilh a numbcr of laycrs of sicrile drapes.
DurinBtr&nsport to the radialion therapy department, with
thc aid ofa patient lifr (Surgilift, Trans-Aid corp, carson'
Calio, portableanesthesia dquipment is uscd The radiation
th.r6py roorn *ill hsv€ becn prcparcd so it €an function as
an opereting room, with adequate sDrgical supplies avail_
ablc. In the radiation thcrapy department, the patient is
moved to a convcntional radialion therapy couch and is

rcdraped. thc treatment ficld iB rc-exposed, and a clear
plasticcylinder is insrrted to cover the tumor volume. Occa-
sionally, additional packing may be required lo hold some
normal tissucs out ofthe radiation field, or lead slrips used
to avoid i rradial ion of normal structures thar cannot b€
moved oul of th€ beam's path. While the patient is being
monitorcd from outside !h€ room, a largc sinSle dose of
radiation, g€Grallyabout 1.500 rads (but varying from 1.000
to 2.000 rads) isdclivered to the 9070 isodol-€ line. Electrons
are us€d for the irradiation, as thc total depth of bcam
pcnetntion cdo b€ adjusted by alteraiion of the €lectron
€nergy. Thus, wc can mini mize the irrediation of d€ep struc-
turcs Guch as posteriol skin surface or spihal cord) and
d€liver a udiform dose of radiation throughout the tumor
volume. Aft€|co plelio n of thc irradiation, the operation is
complct€d in thc mdiation lher&py departm€nl ifonly sim-
plc skin closur€ is required or in ahe op€rating room.

At ihe Mayo clinic- exDloration o. resection or both are

pcrformed in a rc8ular opclating room and decisions are
made regarding indications for intraoperative radiation ther-
apy. Then, reexploretion is carried out in one !o ten days in
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an opeftting room in the radiation therapy department.
following which the pati€nt is transferred to the n€arby
tfeatmcnt room.

Rr3ults
Thr combincd seric! of paticnis receiving intraopcrative

rad iation thcrapy in thc Unitcd Stater now totals more than
230i 100+rt Horvard Univcrsity, 35+ at MCH, about 30at
thc Nstional Canccr lnstituta, about 30 at thc MayoClinic,
and 29 6i thcNcw England Dcaconcss Hospilal. Thc first of
lhalc paticnls \{cre ttaatcd at Howdrd Univeftity, gcnarally
with int8opa&tivc radiation therapy alonc; most did not
have cxtarnsl-baam ifiadiation or 3urgi€l res€ction. Thc

Howard University group demonslraied the feasibility of
delivering a high singte dose of radialion during a surgical
procedure without produciflg sedous patient morbidity.

At MCH. psii€nts wilh locally advanced rcctel orcolonic
carcinoma hava been thc ainSle latgest subsct (tsble-l). Thc
preliminary rcsults at MGH are q uite encouraging ' 8y thc

' end of June 1982, 3E patients wilh catcinom! &t thcse sitca
had b.€n trcated. ln 18 whosc prim.ry or rcctrrcnt FBetll
l€sions w6re initi6lly uficsactablc for curc becaus? of tumor
Iixation. praoprrdtive cxtcrnal-baam iradiatioo was fol-
lowed by complatc surgical r6cction (nq.miaroscopic rcsid_
ual db.sse) rnd intasop€r6tivc radistion lhcrapy ln lbis
group, thlr€ hava not bcen anyfaitutas inside thc intr&opcr'
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'Falluf . ln oxlornrl-b€lm ll€ld.

riive radiation rhcrapy field' th€ afea atgreatest rhk for local

rccurrcnc€.orthccxternal-beanlf ie ld InihesameSroupof

l8 Datients,rthe thr€e-year actuarial suNival rste is about

i4(i. This figure is based on a smsll oumber ofpaticnts with

a relativclyshort follow-up bul is ncvcrthcl€ss cncouraSinS

Anothe. subset of patients with primary or recurrent

cancer had cither incompletc re3e.tion b€fore receiving an)

irradiation (and had no fitrthertescction)or had microscopic

residual disease aft€r reseation. ln this group as well. there

have not been any failur€s in the int raopcrative field - lJ nfor_

tunately! in two of six patienls who had Sross residual

diseas€ and in all of four patients wilh unres€cted disease

aft€r surgcry for r€current cancer' there has b€e failur€

within th; inraoperative therapy field. This suggests that

maximal surgical resecrion may bean imporlant component

of local conlrol.
'fwentyitwo pati€nis with primary tumors hava treen

treat€d.;nd there have not been any local failur€s in this
group. The thrce-year actuarial curvital rate in this subscl is

68%. Not surpr is;ngly.  we ha!e found thal palrcnls who

have localty recurrent disease aftcr lowanterio' resect'on or

abdominoperin€a! rcsection do not do as well Theiroverall
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survival  mrc is 3870 rt  rhree years, and the;ncrdencc oftocal
faiiure is hisher (table 2).

Thc MCH series includes 20 parienrs with aoe ocarclno,na
of the pancreas, I6 of whom have been rreared \4i th radia-
t ion therapy alone for unre$ectsbte tumor and rhe orhers
with Whipple rcsect ion combined wirh i f  radial ion. As mighr
be expecied, we have not done as \ le l l  wi th localcontrol  in
this group. as surgical resection oflhe bulk dhense generally
has not been done. Ten of the 20 pat ients nave snown
cvidence of localfai lure. The overal l  median survi !alr ime is
l3r i  months, which compares favorabty to rhe repor(ed
survival  t ime fol lowing surgical  .escct ion. i  tntcrelr ingly,
the median survival time for patienrs recei\ring radiation
lherapy alone is l7% months, lon8er than thar for pat ients
whoalso hadsurgical  resecrion. [4€dian survivalr imealso h
better than rh€ nine monrhs generally described wirh cortr
vent ional radiai ion rherapycomhined with chemolherapy. i) ,

Complicrtion3
Ovefal l ,  the compticat ions of i r t faoperal ive radiat ion

ther6py appear to be quhe acceprable. We have not found
any comp lications from rhe tmnspoft froccdure. There have
not been anydif f icul t ies with theanesthcsia or anyapparcnr
incr€ase in infect ious.ompl icat ions secondary !o transport .

There have been problems with dclayed p3ririoal healinS
in parienls who hav€ had infel l ion in rhe pclvis or per ineal
wound af l€r preoperar ive i . radiar ion and abdominoperi0eal
resect ion. The heal ing probtenrs presumably are .erated to
the advanced stage of tumor growth. rhe di f i icul ty of rhe
surgical .eseclion, and the aggressive radiarion therapl, tn_
deed, sofFt issuc compl ical ions hav€ been described in olher
series in which preoperar ive i r .adiat ion and rcsecl ion were
Lrsed for local ly advanced turnors.3 r0 A few or our parrens
have required plastic surgical rcpair of the perineal worrnd
because of a persistenr d.aining sinus.

Early in odr e\perience. garrf lc uLjr l (r  o\ . t rucr ion de\ cl-
oped in a pa||enr with pdncreal ic car, ,noma rr  a re,ut l  of
i rradiar i , 'n of mo\r or rhr ( i rcum,crcnrc oi  'he duodenJm
This compl icat ion has been avoided in subsequent pat ients
by rout ine gaslroj€junoslomy in al l  instances of panc.earic
carcinoma aod by I imirar ion of rhe amount ol  doodcn unr in
the intraoperal ive i r fadiar ion f ie ld to !he medialwaL -fhree

t0

pal ienis ha., /e had €vidcncr of grsl foirrcsr inr l  bleediug. of le
from a gastr ic ujcer sccondary ro inclusjon of the distal
por l ion of the stomach ;n r le inlraoperct ive i rradiar jon
i ic ld,  one from the duod€nun ir  an area within the jntraop-
erat i \e f ie ld.  and the rhird fro di i fure gastr i r is pr,)bably'relateC ro chemotherapy a d el tcrnt j -beam irradiar ion. Al
pr is(nr.  ble(ding Frobl€Fs dr i  nl ;nimi?..J b) surgrcal rno\ e-
menr ol  rhc sromrch compler! l )  our of lhe boo$t f ic ld and b)
mofe caul lous ule ofcombiratkrn chemolherapy. ;

On the bnsis of laborarory cxperinrcnrs on a canine modit ,
i t  af ,pears thal  hol low viscerd lolcralc inrraoperal i l ,e i rraai-
ar ion poorl t . r i  A ser iorrs r .s l i  o i  sn icrurc in ;rrucrures suuh
as the urcter and bi le duct wjth a singlc high dose of radia_
t ion $'as apparenl,  i r r  col l rast to the low incidence ot re-
(eral  st '  ictur(  af ler con\ enl ionrJ exlernal-bealn i rr id i i t .on,
Structures such as the stomach and the $mal l  and large
iniest inc were observid 10 be at subsmntiat  r isk for dlcera-
tron or str ic iures with doses grearcr than 2,000 €ds. Func_
l ioning organ synems such ss thc i i !c i  and kidneys appeared
quire susct jpt iblc to damage. vhh loss of funct ioir  in rhe
irmdiai€d port ions.

Overal i ,  r t  appears rhat lheiolera4cg ofmos! ol  the retro-
peri tonea! and pelvic !of t  r issucs io iDrraoperat iveladiat ion
thcrapy is quite good. Cl inicAl ly.  as we are u!ual ly dcal ing
\ i lh fc.rdual di \ea,e .n rumor bed. he pr imar) rrrnol
Seneral ly is r(mov€d). lh€ organ syslems mentioned usuai ly
can be effecrively nroved our oi the parh of the radiation
b€an witbo0r compfomise of rhe desircd exte'r l  ofrhe radia-
t ion therapy f ie ld.
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T6rt lnrlrucllod!
Thetol lowing quesl ions rnaksLrpthe CMEexsminal icn bas€dor ths rdiclo "Progregsln inlrsopera-
! ive radial ion th€rapy by Joei E. Tepp€r,  [1D, and Leonard L. Gundcrson, [4D. Ths inldrr  ol thle lest
and i ts educat ionai objsc{ ves are 6iplained at lho beginnlng ol th6 ert ic ia- ThGrs ls oi ,{  nnd ooly ooe
correct answ€r to each t6si ilem. Flease complet6 ihs t€st wllhoui rBfefir'g b6!rk to the arilclo.
Answ€rs mustb€submil ted on auihorizsd compuler cards provlded in lhe.oglstrsl lon paci(3t,  ardsl l
cqrds must b€ posinrarked no laisrlhen six we€ks aller r€caipl ot issu5. This arllcls aod €xamination
haveb6€n r€vjewed andapprov€d atTomple Un ivars i ly School ot  Medlclns, Phi lad€lphlR. l lyouhare
nol alreadyr.gl.l6rgdlorthlr CME progr.m andwlsh !oenroll,rsfdrlo lheannounccrner onprg€110.

T€|t lla||i.
1 , which ol lho.lollowlnq i3 a .nalor advan-

r30o ol ln!rrop€rallv6 radl6llon lhsr.py?
a) Abilltylo u30 hlchoFvolt4o6qulpm6nl.
b) Abillty lo dolivora low€rdoss ol radl-

anon lo tho tunlor.
c) tncroalsd ablhly to lhlold or rmovo

normal ll$uds trom ihs bo3m.
d) Abltlty to glvo 3 hlehsr mdlotlon dor€

to both lumo. lnd normrlrl|sue.
o) Nonooitho€bovs.

2. Whlch ol rhslollowing lumors woll14 b€
lnoludod ln th6 sludy of Intr.oPt.alive
radiatton lhorapy dslo.tbod?
a) Unrs3€ctablo foctal tunor,
b) .unrcss.trbls r6clo3lgmold tunof.
c) loollly advanced inlra-6bdomlnal

d) F€voporltonoa, 6otl-ti$ua 6arcoma.
e) All oi tho &ove.

3. Whlch ot tho lollowlng radlallon do.es
kB@) i! dollvsrsd Inlraoperdlv€ly?

o) Thsfo w€r6 no locrllailur83 in lh€!€

5, Which ot 1l!o lollowln! hes roi bsan 0
aomprlcarlon ol rnlraoperarlvs mdlqtion

a) Dolayad porldoal herlins.
b) Ga3rrlc oull€l obrlrtrctlon.
c) Oltllcuulos wtlh anoithosla
d) Gallrollrr€otlnat bl!€dlng.

'Bl Porulslonl drainlng sht,s.

6.' Whlch or th6 loltol,ltlg rt6tom€nr5 con-
carnlng convinilQoal rdiutlon th6.apy

a) Tho llkslihood ol loc{l lllsu. conlrol
' b nol lElal€d to tho arnount ol radla-
tion dolivsrcd lo lhotumor mr!r,

b) N€s toohnlqu$ luch ar lnteri'llllai
rqdlstion lo! hsrd and h..l iulnors
havo nol provoq lo b€ €fl6ctiv6.ldl
lumor oonlrol.

c) Tschnlqla. hw6 bb6n lmprqv.d ro
rncaoa$ dog3 dsliror&i biit th6 incl
d6ncs 6t cdmpl|cltlon0 folatsd to kro-
t ial-bn ot nornal llrquo hjB hcrolsed.

. .d) ln. hany ltlrhtiods rh6 do36 thsr c{r
be admlnirlorod b ll&ll9d by adiac.nt

o) Allolft6 abovt6r6 cor.6.{

7. Which ot lid lollo$lltg .rtatam6n13 .on,
csnin! ths.u€..! ol intrdoperatlv6 k-
radi.tiq id coaisc!? 

'

r) Protlour rElaclton had no 6tl€cl on
16!0 ol lodl cnlrtiiol,

.b) Tho nora comtbt3 lh€ l(€sarldn, th€
beltor wa8 lhe ch!,|c6 {,t loc;tc@trot.

c) Bat63 ol locrl control we/{ the oam.
lot parlenlt wllh ahd ,lllrout b/Atladt

al !?ffLT*". s,""o, in "*,r0.,,"r,nomath6! |rlcr.atrorlo otti.ra'at{m,

o) s! rvlvat |ld! not lnc-role€d among lho
potlontBdldl6d,

8. Be.od oo laboratory oxperlmontt u0rng a
.anlno mcds,, whiclr ol tho iollowlng
..dlltlon doso lov€l! {raft) lhould ,oa
bo €xcoodod b€cEuoo ol tho .lqt ol ulcor
6!lon or llrlclu.o ol hollowvlsc€ff?
a) 1,600.
b) 2,000.
o) 2,500.
d). a0{r0.
o) 3,500.

a) 5O0lo 1,000.
b) 1,@0 ro 1,500.
c) 1,000 to 2,000.
d) 1,6@lO 2,500,
e) 2,00010 4,000.

.9. \ /hlch ot lh€ tollo*lng slalomerib con_
c!rnlng adanodtrclnotna of ihq Pancr9as

a) Cqnvcnilonsl gur0icallrcslmsnlyrsldt
a gld lo 109{ lohg-toft rsrtlvar rsl6,

b) Elghty g6rc€nt ol parl.nla comhg lo
hpafolDFy havs lo9tlbdd dls€a.€,

c) lfllraopsratlvs h.dlalion 13 nol lndi_
cll€at,

J) |nlrsop€rltlvo l(adbllon coAlblnod
villh coivontlonal radillion i! Indlcaled
i. ca!€r ol t6.ailzid dirdarr.

6) Nons or ltu .bsv6,

4, In whlch oi th€.loltowing grsuls oJ pa-
tionts wllh locally .dvEncod rdclal and
color!€ c6rcinomas rocol!lng intraop.m-
iE lr.qdlBtlon sras th€ local fdlurs rato

s) Pqtjont! *ith grols r$ldual dls$3o

b) Pali€nt3 wllh mlc.oscopio .osidunl
dise eltor .66ctlon,

c) Pati.ats slth previous inxamptsr.

d) Pallont wlth pr6yl6us compl.ts 16-
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