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ABSTRACT: Many d ifferent monoclonal antibodies used experimentally and 
clinically are highly tumour-specific. Radiolahelling of these antibodies has been 
successfully accomplished. lmmunoscintigraphy of primary and metastatic can
cers has a reported sensitivity of 59 to 70%. However, in many studies, operative 
and h istologic confirmation is lacking. Radioimmunoguided surgery is a promis
ing neµ, adjunctive technique for the surgical treatment of colorecral cancer. Its 
reported sensitivity ranges between 70 and 100% anJ spec ificity between 66 and 
100%. In approximately one-third of patients wirh colorecrnl cancer, additional 
intraoperative information concerning t he presence of subclinical tumours was 
gained using radioimmunoguided surgery. This system ha~ the potentia l to assbt 
the surgeon in performing complete resection of cancer a nd decrease the loca l 
recurrence rate. This could be of parricular clinical importance for rcctosigmoid 
tumours where the reported local recurrence rate is as high as 30%. Despite the 
advances made, many prohlcms still need to be resolved. The important ones 
include: finding an antibody with high tumour speci ficity and at the same time 
rapid clearance from the blood pool and normal tissue - this would avoid the 
delay between monoclonal antibody injection and surgery and would make thi~ 
approach more easi ly accepted by the patient; and use of alterna tive isotopes for 
rad iolabelling. Radioimmunoguided surgery has the poten tia l to change t he way 
surgery for colorectal cancer is being performed. It offers the possibility of 
improvement in patient survival. Can J Gastrocnterol l 990;4(5):215-218 
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La chirurgie radioirnmunoguidee et le cancer recto-colique: 
Un aper'ru 

RESUME: Bon nnmbrc d'anticorps monoclonaux divers utilises 
exper imcnta lcmentn ct cliniquement sont hautemenr specifiques de tumeurs. Le 
radiomarquage de ces anticorp~ a etc realise avec succes. L'immunoscintigraphie 
des cancers primaircs et mcrnstatiqucs a une sensibilire rapporrce de 59 a 70%. 
Dans Je nombreuses etudes, une confirmat ion operatoire et histologique fait 
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anrihndie~ against a variety of 
,int 1gem, mcluding humnn c.mcer
specifiL antigens, holds promise of new 
treatment modalit1es for malignant d is
ease the ahi li t y tn lahel these antibodies 
with radioactive isotopes allowed the 
development nf external sc in tigrnphy 
for primary and metastatic tumours. 
The invention nf portable, s1crilizahlc, 
gamma-detecting prnhes for intrn
nperative u,e has m.1de clinical appl ica
t inn of the conLcpt of raJioimmuno
guidcd surgery ross1hle. The purpose of 
this amclc 1s to review the scientific 
background of rndioimmunoguided 
surgery and to project future uses of thb 
technique 111 colnrecrnl surgery. 

MONOCLONAL ANTIBODIES 
Tn dare, many different monoc lonal 

ant ihod ics have hcen developed. Most 
nf them :ire murinc ::intihodies. Ex
amples of ant 1gens used for murine 
mnnoclornil antibody production m
clude: n membrnne-enriched fract ion of 
a human carcinoma metastasis ( l ), car
cinoemhryonic an tigen (2) and a heta
anomer of the Thomsen -Friedcnreich 
antigen ( 3 ). An in teresting concept in
volves the derivation of monoclonal 
antibodies of predetermined specifici ty 
using n synthetic antigen. This has 
hccn successfully accomplished at the 

2 15 



toutefois Jcfaur. La ch1rurg1e radio11nmunoguidce e,r une nouvelle t1xhnique 
J'appomt promeucusc Jans le rraitcment ch1rurg1cnl Ju cancer rl'cto-colique. La 
,cns1hil1re raprortec mc11lc cnrre 70 Ct 100% Ct la sreciticttc entrC 66 et )00%. 
Chez environ un tll'l'S Jes patients attcinrs Jc c.mccr rl'ctll-coltquc, la (h1rurg1e 
radio11nmunogu1dce permet d'obrcnir Jes donnces pcriopcratoires 
supplcmencaires sur la presence de tumcurs subcliniques. Ccttt: modalitc off re la 
poss1h1l1tc J'a1dcr le chirurgien a effcctuer la resection (omplete Ju cancer ct pcut 
J1minuer le taux Jc recurrence locale. Cec1 pourrait s'avcrer d'unc import,mcc 
cliniqlll: particuliere pour lcs tumcurs rcctos1gmo"idicnncs, la recurrence locale 
pou~ant en effct attem<lrc 30'1to. En <lcpit Jes pwgres realises, ii rcste encore a 
rc~oudrc de nomhrcux problemes; parmi !es plus imronants figure nornmmcnt 
cclu1 Jc rrouvcr un anttcorps dote a la fois J'unc spccifictte clcvrc ct d'un taux 
Jc clairance rapi<lc du sang ct Jes nssus saim. Cc, caractcristiques rcrmct1ra1cnt 
d'cntcr le Jela1 cntre l'inJccuon J'ant1corps monoclonaux ct l'oper.mon, et 
rendra1t l'approchc plus aiscment acceptable par le patient. Ll' recours ,1ux 
isotopes pour le rad1omarqu,1ge pourran cgakment ctre cons1dc:rc. La chirurgte 
rad1011nmunogu1Jce pourran cventucllement changer la ch1rurg1c Ju c,mccr 
recto-colique. Elle off re l,1 poss1bilitc J'ameliorcr les chances de ,urv1e Ju patient. 

Urn, er,iry tlf A llx:rra ag,1111,1 ,1 syn
thetic hct,1-,moml·ril 111al11guc ,if rhc 
Thl1mscn-h1c<lcnruch antlgl·n thl· 
terminal disacchamle ot ,1s1aln-(,M l 
JescrihcJ as hcta ll-Gal-( I 3)-hct,1 
Gal-NAvR ( 4, 5) 

Monoclonal anr1hod1es can he w,l•d 
for speuf1c seaming of m,1l1gnant us,ut' 
on fro~cn section and paraffin scu111n 
slides. l listolog1t methods arc among 
the mmt 1mpornnt in screening nc,,h 
developed monoclt111al au 1h,iJ1e, ,md 
testmg their tumour speC1fiC1ty before 
clm1cal usl' (2). 

RAD101MMUNO
SClNTlGRAPHY 

lm1mmosc111t1grarhy of vamius 
human primary and rncraslilt 1c cancer 
sires using raJiolahelleJ monoclonal 
ant1hoJ1cs has heen widely evalu,lll'd. 
It clearly has the poll'nllal to overcome 
the lim1tat iom of bmh ultrasound 
(prohlems w1th detection of ,mall, solid 
masses) anJ compurcJ wrnography 
scanning (differentiation of 1n vas1on hy 
tumour from hen1gn scarnng). 

Monoclonal anubo<l1es labelled 
with different botopes have been use<l 
for 1magmg. An anu-carcmnembryon 1c 
antigen anubody labelled w,rh 111 In 
was reported to image 69'){, of primary 
colorecral cancers, hur nnnc of six cx
trahepat1c recurrences from rh1s J1sea,c 
(6). In the same study the authors 
reported difficulty 1mag111g hepatic 
metastases due to high act1v1ty m the 
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nurm.il li\'l'r when 
111 

In labelled anti
body was l!Sl'tl. In a different study using 
ant1h0Jy ,tgamst tumour-speufi<.. an 
tigen (designated as 17-1 A) anJ 
labeled with 111 I, a sensrti\ icy of 59°10 

(27 nf 46) was achieved. Another anu
hndy designated 19-9 (against a mono
s1,tloganglios1de) lahclle<l with 111 I was 
66% ( 19 of 29) sensitive (7) Sumlar 
results were obtamcd when F(ab')i 
fragments rather than whole antiho<l1es 
were injcctl'd. 

S ignificant differences were ob
ser\'e<l in some cases in annho<l'y pick
up hctween the primary tumour and 
metastases 111 the same patient, show
mg heterogcnicity of antigen expres
sion. An 'annhoJy cocktail' rather than 
a smgle antrhody might therefore prove 
useful to increase the ch,mccs of 
tumour Jctccrnm. Pos1uve images were 
sharpest sc\'en to eight days after injec
tion for the 111t,1ct ant ihody and four to 

fiVl' Jays for the F(ab')z fragmenb. 
Epcnerrn, ct ,11 (8) havL· used three dif
ferent types of anuhody labelled with 
131 I . J against [llmnur ,1ssoc1ate ann-
gl'OS. They observed that the 'tumour 
to normal' tbsue ratio of ra<l1oac.t1vity 
rose from the ume of injection to Jay 
12 and was the highest hcrween Jays 5 
and 12. Overall, they found that an 
average of only 0.0 I 5'\, of rhe in1ecte<l 
Jn,t of rnd1nact1v1t) could hl' found 111 

the rumour, per gram of tissue, one day 
.iftl'r 111Jelt1<111. 

The usefulness uf monoclonal anti-

hoJ1cs derived ·1ga111st ,1 synt hcuc 
,momeri<.. an,1 loguc nf the Tht lllhl'n 
Frrcdenre1ch ant igt·n for 1mmun,1st m
ngrnph) ot human adenocarurnHnas 
has heen evaluated at the Un1\'l'l'Sll'y of 
Alhena (9,10). Autlwrs ,howed 1hat 
two ,mt1hoJ1c, of drffcn:nt spcc1f1uries 
(determined by 111 \'ltro s1 udies) Ululd 
be used lnr sunngrnphit dL·tectiun lll 
the \ am1us pnmary and mttastatlc 

l ll 
adenocmcmomas. lnnially I ll"as 
used ,ls a rad iolahel for the anuhud1c,. 

Ill Recl·ntly In h,ts hcen u,e<l wnh suc-
cess. In that stud) an mtercsung oh.,cr
vannn was made. The qu,1luy of thl' 
image as wel I as the 11111nher of mera
srattc sites 1dl'ntiticd ,1preared to 
depend on thl· d()SC uf rad1olahcllcJ 
antthod) used 

RADIOIMMUNO
GUIDED SURGERY 

An area of special ,1ppeal w tl1l' sur
geon is the prospect of using Lumour
spec1f1c, radiolahelled monodonal 
anuhoJ,es for rnrraoperam·e localiza
tion of primary and metastatic cancers. 
Local spread of tumour, adequacy of 
resection margms and completeness of 
lymph node resection could also he as
sessed 1mmeJ1atdy. The rationale of 
this merho<l is hased on faster clearanc~ 
of anttho<ly-isotope complex from the 
blood pool and normal ussue than from 
the tumour, as discussed rrev1ously 
(7,8). With ,1 difference in radioac
tivity between normal tissue and 
tumour, the surgeon c,111 then 'home m' 

on the malignant tissue using a hand
held gamma-<letectmg probe. This 
technique requires counung of gamma 
radiation over various .treas of 1he 
opcrnrrvc field per unit rime, com 
parison with known 'background 
noise.' I( the rnuo of counts 1s 1.5: I, this 
area is likely ro hear malignant rissuc 
and resection should he c.arne<l our ti 
possible. All 111vest1gators agrl'e that 
the higher the rauo, the more sens111ve 
this method hecomes (9, 11 ). 

Gamm,\ counting depends on the 
inverse square law, which states that 
the numher of detected rad1oactl\'lt} 
counn, 1s mversely proportllm,11 to the 
square of thl' J1srnnce separaung .1 

rad1oact1ve source from the dttc<..Cmg 
Jev1ce. Rad101mmunogU1deJ surgery 
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has an aJvancage over 11nmunnscmn
graphy in that the rrohe can hl' rlaced 
directly over the radioactive tumour, 
and thcrefmc the effect of the m,·crsc 
square law can be almmt eliminated. 
As a result, rhe dose tl rad1oact1vL' 
1,orore necessary for raJ1rnmmuno 
guiJcJ surgery can be much lower than 
that useJ for external scmugraphy. 
Also, the use of a low energy isotope 
becomes fcas1hlc. 

Only a few hand-held garnma
Jetecttllg prohes for 111traopcrat1,·e use 
arc available on the mmkct today. One 
of them has heen manufactureJ by 
Radiation Momtor111g De,1ces lnL 
(Watertown, Massachusem). It uses ,l 

cadmium telluride crystal to convert 
gamma mJintion tnll\ ,l light impulse 
that can in turn he counted and Clll1· 
verteJ into an electrical impulse. No 
results from experimental or dmical 
use of this mstrument have heen 
reporteJ. Another prnbc has been 
manufactured hy Stratec lm. (West 
Germany) usmg the same principle. It 
has been evaluated in several centres Ill 
Europe and seems tll he gaining 
popularitv (personal commun1G1t1on). 
The system for intraopcrn11ve gamma 
detection anJ countlllg has abo been 
constructed at Ohio State Un1verrny 
(12). It has heen thoroughly evaluated 
and engineered tn tndude a \quelch' 
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ranee wast he tau t har t hl' .1ut hor, wL·re 
ahle tn loc,1li:L' ml'trlsl,1t 1c deposit- 111 

the l1vl'r. Thcy dL·momtrated .m L'XLl'l
lent Lorrelat1on het ween p1 is1t1ve prnbl' 
counb ,tnd p,,s1t h'L' tum, n1r to normal 
tissul' radl\1act 1v1ty ratios, dctermtnL'd 
hy a g,unma counter ( 16) The) also 
showed the prohl'\ ahtlny tl1 l11Lalt:e 
1251 111 tissue 111 wh1L h the antigen 
could be Jemnnstrated the antigen 
Imm whtlh the anrihody w,1, dem'l'd 
using the immunopcrox1da,e tl'chni
que. Sardi et .11 ( 17) analy:L·d ,1 scm's nf 
thirty-two patient,\\ 1th rL'lUrrent colo
reccc1l Lancer. A gamma-detel ttng 
pmbe was used durtng lapanitomy in 
these patients. The ,1uthors found thar 
in 181\, of cases (six nf 32), tumnur not 
detectcd c.lm1c.1ll), at explornt 11111 ,,·as 
1dent1f1cd hy rhe prohe. 

POSTO PERA TI VE 
STAGING 
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importance lll stage fu ll y pattcnts wtth 
[)uke\ (' k,(llt)',, sll1LC an effeCtl\·e ,ld
JU\at)l d1cmL11111m11nntherap), has heen 
found !11r this group, pwduc1ng an 11n
prlwed ,uni, al rate ( I ~-20). 
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