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SAMENVATTING

In dit over zichts ar ti kel wor den de mo ge lijk he den be schre ven van de scin ti gra fie in de di a gnos tiek, het me ta sta se -

on der zoek en het vast stel len van het re sul taat van de be han de ling van tu mo ren bij mens en dier. 

De hui di ge stand van za ken in de hu ma ne ge nees kun de met be trek king tot deze toe pas sing wordt be schre ven en 

er wordt een ver ge lij king ge maakt met de on der zoe ken die tot op he den wer den uit ge voerd in de dier ge nees kun de.

Er wordt een over zicht ge ge ven van de ver schil len de rou ti ne ma tig ge bruik te ra di o far ma ceu ti ca en hun wer kings -

mecha nis me met de na druk op het spe ci fie ke ge bruik bij be paal de kli ni sche vraag stel ling en. Er wordt ook aan -

dacht be steed aan de nieu we re ge ne ra ties ra di o far ma ceu ti ca die in vol le ont wik ke ling zijn en po ten tieel een

gro te re spe ci fi ci teit en sen si ti vi teit bie den. Naast de ster ke pun ten van dit type on der zoek wor den ook de li mi ta ties

aang ekaart die voor al het ge volg zijn van de be perk te spa ti a le re so lu tie van het sys teem en het te kort aan spe ci fi ci teit

van de mees te hui dig ge bruik te ra di ot ra cers. Deze beeld vor men de tech niek vult in be lang rij ke mate de klas sie ke

beeld vor men de mo da li tei ten aan in het on der zoek van de on co lo gi sche pa ti ënt.

ABSTRACT

This re view fo cu ses on the pos si bi li ties of scin ti grap hy in the di ag no sis, sta ging and the ra py out co me of

tu mors in ani mals and man. A com pa ri son is made with the cur rent sta te of the art in hu man on co lo gy and

ve te ri na ry me di ci ne.  An over view is gi ven con cer ning the wor king mecha nism of the dif fe rent com mer ci al -

ly avai la ble ra di op har ma ceu ti cals, with emp ha sis on their spe ci fic use, de pen ding on the cli ni cal re quests.

Re cent de ve lop ments con cer ning new ge ne ra ti ons of ra di op har ma ceu ti cals which have the po ten ti al to of -

fer more spe ci fi ci ty and sen si ti vi ty, es pe ci al ly in the do main of the ra py pre dic ti on and out co me, are men ti o -

ned.      

Des pi te its li mi ta ti ons, due for the most part to the li mi ted sy stem re so lu ti on and the lack of spe ci fi ci ty of

the cur rent ly avai la ble ra di ot ra cers, this mo da li ty of fers ad di ti o nal di a gnos tic in for ma ti on com pa red to the 

con ven ti o nal ana to mi cal ima ging tech ni ques.

 

INTRODUCTION

Ve te ri na ry on co lo gy is a ra pid ly gro wing field be -
cau se more and more ow ners are pre pa red to go all the
way to give their pets the maxi mal care, in clu ding in -
ter ven ti ons with ra di a ti on and che mot he ra py. As a
con se quen ce, pre-the ra peu tic eva lu a ti on of the pa -

tient is be co ming more im por tant in ef forts to ob tain a

com ple te pic tu re of the dis e a se, to pre dict sur vi val

chan ces and to se lect the most ap propri a te the ra peu tic 

pro to col. Advan ces in his to lo gi cal pro ce du res and

the de ter mi na ti on of blood tu mor mar kers, along with

the avai la bi li ty of more sop his ti ca ted ima ging mo da -
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li ties, are in cre a sing the ca pa bi li ty to de tect and mo ni -
tor tu mor spread.

The de gree of ma lig nan cy (gra ding) is de ter mi ned
on the ba sis of spe ci fic his to lo gi cal fe a tu res of bi op sy
spe ci mens. In se ver al tu mors, gra ding cor re la tes well
with me di an sur vi val time and may ser ve as an im por -
tant pro gnos tic in di ca tor (Po wers, 2003).  

When the di ag no sis is es ta blis hed, the pre sen ce of
loco-re gi o nal or dis tant me ta sta ses (sta ging) is obli -
ga to ry for es ta blis hing the prog no sis for sur vi val and
for di rec ting the ra py stra te gies.  

Se ver al ima ging tech ni ques may be in vol ved in
both di ag no sis and sta ging of the dis e a se, each with
com pe ting or com ple men ta ry di a gnos tic po wer. At
the time of pre sen ta ti on, most tu mors can be re cog ni -
zed cli ni cal ly, and the use of con ven ti o nal struc tu ral
ima ging mo da li ties will be most re le vant for de li ne a -
ting the tu mor. Morp ho lo gi cal ima ging mo da li ties of -
fer struc tu ral in for ma ti on with ex cel lent ca pa bi li ty to
de li ne a te the lo ca ti on and size of the tu mor growth. 
Nu clear ima ging mo da li ties have the ca pa ci ty to eva -
lu a te the vi a bi li ty and me ta bo lism of the tis sue and to
of fer the pos si bi li ty of ima ging the en ti re body in se -
arch of me ta sta ses in a re la ti ve short ac qui si ti on time.
Pre-the ra peu ti cal ly, this tech ni que is the re fo re used
for sta ging ma lig nan cies and gui ding tre at ment pos si -
bi li ties. In re cent ye ars, this mo da li ty has been uti li -
zed to mo ni tor dis e a se in the post-tre at ment pe ri od
and to pre dict re cur ren ce of the tu mor at an ear ly sta ge
(Po do loff, 1995). Although com pu ted to mog rap hy
(CT) and mag ne tic re so nan ce ima ging (MRI) have
su pe ri or spa ti al re so lu ti on (the ca pa ci ty of the sy stem
to re cog ni ze two small ob jects in the ima ge as se pa ra -
te en ti ties), they are not very use ful for the iden ti fi ca -
ti on of re si du al mass im me di a te ly af ter the ra py. Dif -
fe ren ti a ti on of re si du al tu mor or tu mor re cur ren ce and 
post-the ra py al te ra ti ons is of ten not pos si ble and re -
duc ti on in size (a dis cri mi na tor for ana to mi cal ima -
ging to pre dict the ra py res pon se) does not cor re la te
well with the res pon se of the tu mor (La wren ce et al.,
1993; Erle mann et al., 1990; Hol scher et al., 1992;
Front et al., 2001). Me ta bo lic tu mor res pon se pre ce -
des chang es in size be cau se ra di a ti on and che mot he -
ra py in flu en ce in the first in stan ce the me ta bo lism of
the tu mor and it is only at a la ter sta ge, that tu mor size
al te ra ti ons will be co me evi dent (Bom bar die ri et al.,
2004).  

In con trast with ra di og rap hy and CT, nu clear ima -
ging is ba sed on the de tec ti on of ra di a ti on emit ted by
the pa tient, in ot her words: the pa tient is the ra di o ac tive
sour ce.  De pen ding on the de cay mode of the in jec ted
ra di o nu cli de (po sit ron emit ting or gam ma pho ton
emit ting ra di oi so to pes), sing le or mul tiple head gam -
ma ca me ras or PET (po sit ron emit ting to mog rap hy)

ca me ras are used to de tect pho tons emit ted from the

pa tient. Although the spa ti al re so lu ti on ob tai ned with

PET ca me ras is su pe ri or to gam ma ca me ras, the main

dis ad van ta ge of PET exa mi na ti ons is that only a li mi -

ted num ber of ve te ri na ry cen ters have ac cess to PET

mo da li ties and that the short half-life of some of the

PET tra cers ne ces si ta tes a cy clo tron in the near vi ci ni ty.  

Se ver al ac qui si ti on mo des can be used: pla nar (sta -

ti o na ry ima ge of a lo cal re gi on), to tal body (sur vey of

the who le body in one ac qui si ti on) and to mog rap hic

ima ging.

Espe ci al ly in on co lo gic in ves ti ga ti ons, the qua li ty

(des cri bed by “tar get to back ground” or “sig nal to

noi se ra tio”) of the ge ne ra ted ima ges must be high, in

or der to de tect le si ons that are as small as pos si ble. Le -

si on de tec ti on will de pend on spa ti al re so lu ti on and

sen si ti vi ty. In ge ne ral, the le si on should be twi ce the

re so lu ti on ca pa ci ty of the sy stem in or der to be de tec -

ted. Noi se (or back ground ac ti vi ty) is in tro du ced in

the ima ge by scat te red pho tons or non-spe ci fic bound

ra di ot ra cer (tra cer ac cu mu la ted in ot her tis sue than

the tar ge ted tu mor). To mog rap hic ac qui si ti ons will

im pro ve le si on de tec ti on as back ground ra di o ac ti vi ty

from over- and un der ly ing tis su es is re mo ved. Hig her

do ses of in jec ted ra di o ac ti vi ty and the use of highly

se lec ti ve ra di op har ma ceu ti cals may im pro ve sen si ti -

vi ty. Unfor tu na te ly, aug men ta ti on of the dose is re -

stric ted from a ra di opro tec ti ve point of view and the

com mon ly used ra di op har ma ceu ti cals are not ne ces -

sa ri ly tumor specific.  

A spe ci fic class of ra di o nu cli des, which de cay with 

the emis si on of par ti cle ra di a ti on (Au ger or con ver si on

elec trons, alp ha and beta par ti cle emis si on), is used

for lo cal the ra py of the tu mor. Their strength lies in

the fact that they de po sit high amounts of ener gy in a

small tis sue range with ra di o bi o lo gi cal da ma ge main -

ly con fir med to the tar get cells (i.e. tu mor cells), the -

re by spa ring nor mal tis sue. Ra di o nu cli des and ra di -

op har ma ceu ti cals are used which will ac cu mu la te in

or bind spe ci fi cal ly with the tu mor cells (the tar get).

In con trast with con ven ti o nal ra di ot he ra py, whe re a

spe ci fic re gi on of the body is ir ra di a ted, tar ge ted ra di -

o nu cli de the ra py has the po ten ti al to tre at wi de ly dis -

se mi na ted ma lig nan cies and mi cro me ta sta ses. 

This re view will fo cus on the wor king mecha nism

and com mon in di ca ti ons of con ven ti o nal ra di op har -

ma ceu ti cals used in hu man and ve te ri na ry on co lo gy.

Ongoing re search con cer ning the de ve lop ment of

new ge ne ra ti ons of ra di ot ra cers will be men ti o ned.
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GENERAL MECHANISMS OF RADIOTRACER
ACCUMULATION 

Upta ke and ac cu mu la ti on of ra di op har ma ceu ti cals
de pend on se ver al ge ne ral phy si o lo gi cal pro ces ses.
First, per fu si on has to be in tact to give the tra cer ac -
cess to cert ain or gans. Once the sub stan ce is on the
spot, its up ta ke by the cells will de pend on sim ple or
fa ci li ta ted dif fu si on, ac ti ve trans port (via the ATP-ase 
de pen dent Na/K pumps or uti li za ti on of an elec -
troche mi cal gra dient) or bin ding to an ti gens or re cep -
tors. When the ra di op har ma ceu ti cal is in si de the cell,
ac cu mu la ti on may oc cur through bin ding with in tra -
cel lu lar or ga nel les, in cor po ra ti on in ve si cles or cel lu -
lar mo le cu les, or by en zy ma tic con ver si on to an ir re -
ver si bly trap ped com pound. Upta ke and re ten ti on of
the ra di op har ma ceu ti cal in tu mor cells is al te red com -
pa red to nor mal cells due to al te red per fu si on wit hin
the tu mor, al te red me ta bo lism, al te red mem bra ne
trans port, ex pres si on of spe ci fic re cep tors or spe ci fic
tu mor an ti gens and in cre a sed rate of pro li fe ra ti on.

Tu mor per fu si on and hy poxia

To grow bey ond a cert ain size, tu mors de ve lop
their own blood sup ply as a re sult of in cre a sed hy -
poxic con di ti ons and im ba lan ce of the pro-ang i o ge -
nic and anti-ang i o ge nic fac tors, the so-cal led “ang i o -
ge nic switch”. This pro cess of ang i o ge ne sis also
ena bles tu mor cells to mi gra te into sur roun ding and
dis tant si tes (Brack et al., 2004). The tu mor ves sels
are struc tu ral ly and func ti o nal ly dif fe rent from nor -
mal ves sels, with high flow al ter na ting with low or no
flow. Be cau se of the ab nor mal blood flow, up ta ke of
ra di ot ra cers may be he te ro ge ne ous and may de cre a se
as the tu mor grows. On the ot her hand, ra di ot ra cers
may “wash out” fast in re gi ons with high per fu si on
(Pau wels et al., 1998). Se ver al ra di o li gands have
been de ve lo ped as mar kers for vas cu lar an ti gens,
which are pre fe ren ti al ly ex pres sed on the en dot he li al
cell mem bra ne of tu mor ves sels (Brack et al., 2004).
The me rits of this tu mor ima ging stra te gy have not yet 
been elu ci da ted be cau se only a few ra di ot ra cers of
this class have been te sted in cli ni cal tri als (Brack et
al., 2004).

As the tu mor grows, the cen tral por ti ons will be co -
me hy poxic as a re sult of com pro mi se of the re gi o nal
vas cu la tu re, or due to in suf fi cient oxy gen dif fu si on
(Val lab ha jo su la., 2001). Hy poxia se ve re ly com pro -
mi ses the suc cess of ra di a ti on and che mot he ra py. The
eva lu a ti on of tu mor hy poxia is the re fo re im por tant to
de ter mi ne the ra di o sen si ti vi ty of the tu mor and at -
tempts are being made to de ve lop ra di o la bel led mar -
kers to de mon stra te hy poxia non-invasively. The
group of imi da zo le de ri va ti ves has been in tro du ced

for this pur po se. The se com pounds are trap ped by en -
zy ma tic con ver si on in the hy poxic cell but can free ly
dif fu se in and out the cell in nor mal oxy ge na ted tis -
sue. Unfor tu na te ly, the ima ging cha rac te ris tics of the -
se ra di op har ma ceu ti cals are cur rent ly far from ide al,
and sub op ti mal sig nal to noi se ra ti os pre clu de their
cli ni cal use (Val lab ha jo su la, 2001).     

99mTc-di mer cap to suc ci nic acid (DMSA), tra di ti o n -
ally used as a re nal ima ging agent, shows si mi la ri ty to
phosp ha te mo le cu les, which are ac cu mu la ted in tu -
mor cells due to in cre a sed pro tein me ta bo lism. The
up ta ke mecha nism is con si de red to be pH de pen dent
and in cre a ses in the aci dic con di ti ons re ached in ma -
lig nant cells (Ho ri uchi et al., 1998). This ra di op har -
ma ceu ti cal is used in me dul la ry thy roid car ci no ma
and squa mous cell car ci no ma of head and neck in hu -
mans (Biers ack et al., 1992). It has been suc ces sful ly
used for ima ging and sta ging a schwan no ma in a dog
and de cre a sed up ta ke af ter ra di ot he ra py was ob ser -
ved (Ba logh et al., 2001).  

 Cell pro li fe ra ti on and tu mor me ta bo lism

Qu an ti ta ti ve as ses sment of tu mor pro li fe ra ti on
through non-in va si ve me thods can be an im por tant
tool for eva lu a ting the ra py res pon se in a very ear ly
sta ge. Pro li fe ra ting cells have a high glu co se tur no ver 
and a high mi to tic rate. As a re sult of pro li fe ra ti on,
oxy gen and nu trient con sump ti on in cre a ses, le a ding
to a tu mor mi croen vi ron ment cha rac te ri zed by low
oxy gen ten si on, low glu co se le vels and an aci dic pH.
In res pon se to low oxy gen ten si on, a wi des pre ad ac ti -
va ti on of hy poxia-in du ci ble trans crip ti on fac tors
(HIF) is ob ser ved in a wide va rie ty of ma lig nant tu -
mors. The HIF sy stem in du ces adap ti ve res pon ses in -
clu ding ang i o ge ne sis, pH re gu la ti on and gly co ly sis,
thus con fer ring in cre a sed re sis tan ce to the hos ti le tu -
mor mi croen vi ron ment. As gly co ly sis is an inef fi -
cient pathway for ATP pro vi si on, glu co se tur no ver
has to in cre a se tre men dous ly in or der to pro vi de the
tu mor cells with suf fi cient ener gy (Rag hu nand et al.,
2003). This en han ced glu co se con sump ti on can be as -
ses sed by me ans of 2-18F-flu o ro-2-de oxy-D-glu co se
(FDG).

18F-FDG de cays with po sit ron emis si on and ima -
ging is per for med with de di ca ted po sit ron emis si on
to mog rap hy (PET) ca me ras. At the cell mem bra ne le -
vel, in cre a sed up ta ke of FDG is the con se quen ce of
over ex pres sed glu co se trans por ters (GLUT) (ac ti va -
ti on of main ly GluT1 and GluT3) and/or an al te ra ti on
in the func ti on of the cell mem bra ne (Pau wels et al.,
1998; Bo man ji et al., 2001). Once wit hin the cell, the
highly ac ti ve hexo ki na se will con vert FDG to DG-6-
 phosp ha te, which can not be fur ther me ta bo li zed and
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is ef fec ti ve ly trap ped in tra cel lu lar ly (Pau wels et al.,
1998).  

FDG is at this mo ment pro ba bly the most all-round
per for ming ra di op har ma ceu ti cal in on co lo gy, es pe ci al -
ly for the sta ging of a va rie ty of tu mors in man, due to
the hig her re so lu ti on ob tai ned with PET ca me ras
com pa red to gam ma ca me ras (Fig. 1). Sin ce me ta -
bolic al te ra ti ons oc cur be fo re struc tu ral chang es are
evi dent, this ima ging mo da li ty is ba si cal ly more sen si -
ti ve than con ven ti o nal morp ho lo gic ima ging tech ni -
ques. FDG-PET is use ful in the sta ging, fol low-up
and ear ly de tec ti on of re cur ren ce of tu mors. Ho we ver, 
due to high up ta ke by ma crop ha ges, which are in vol -
ved in the re pair pro ces ses fol lo wing the ra py, the di a -
gnos tic va lue of FDG im me di a te ly fol lo wing ra di a ti on
or chemot he ra py is li mi ted. Also, up ta ke in bone mar -
row af ter ra di a ti on or che mot he ra py is high, ren de -
ring eva lu a ti on of the ra py res pon se of bone tu mors
and bone mar row in vol ve ment in lymp ho ma un re li a -
ble in the im me di a te post-the ra py pe ri od (Bo man ji et
al., 2001).          

Up till now, no op ti mal pro to col has been es ta blis hed
for the ra py res pon se con trol in man but se ri al FDG
exa mi na ti ons may pro vi de a me ans to dif fe ren ti a te
be tween he a ling pro ces ses and re si du al or re cur rent
tu mors (Bo man ji et al., 2001; Wax man et al., 2001).  
Des pi te the se li mi ta ti ons, FDG PET has a high ne ga ti -
ve pre dic ti ve va lue, as lack of up ta ke is as so ci a ted
with a very high chan ce of cure (Bo man ji et al., 2001).

Ima ging and me a su ring pro li fe ra ti on in vivo of fers
the pos si bi li ty to dif fe ren ti a te be tween be nign and ma -

lig nant cells and al lows eva lu a ti on of ear ly the ra py res -
pon se. Ra di o la be led nu cle o si des have been de ve lo ped
to quan ti fy DNA syn the sis, which will be in cre a sed in
cells with high pro li fe ra ti on ra tes. Ra di o la be led thy mi -
di ne and its ana logs are ta ken up by cells and trap ped in -
tra cel lu lar ly via phosp ho ry la ti on by thy mi di ne ki na se 1
(TK1=an en zy me with 3-4 ti mes hig her ac ti vi ty in ma -
lig nant cells than in be nign cells) (Been et al., 2004).
Thy mi di ne, la be led with 11C, is ta ken up by a va rie ty of
hu man tu mors. Due to the short half-life of 11C and the
fast ca ta bo lism of thy mi di ne, its use in rou ti ne cli ni cal
set tings is im prac ti cal and al ter na ti ve ra di ot ra cers
which are more re sis tant to ca ta bo lism are sought (Van
de et al., 2003). A ra di o la be led thy mi di ne ana lo ge is
[18F]-flu o ro-3’-de oxy-3’-L-flu o ro thy mi di ne ([18F]FLT).
This tra cer re flects only the first steps in the DNA syn -
the tic pathway rat her than the in cor po ra ti on into
DNA. Com pa red to [18F]FDG, this tra cer has lo wer
sen si ti vi ty in ge ne ral due to its lo wer up ta ke in tu mor
cells, but it is more spe ci fic for ma lig nan cy. Chang es
in up ta ke af ter the ra py seem to be va ri a ble and de pend 
on the type of tre at ment. Dif fe rent in tra cel lu lar
chang es are in du ced by dif fe rent agents and the use of
che mot he ra py com bi na ti ons com pli ca tes mat ters
even more (Been et al., 2004). The ki ne tics of
[18F]FLT were in ves ti ga ted in 3 nor mal and 2 tu mor
be a ring dogs (one with ma lig nant lymp ho ma and one
with a soft tis sue sar co ma). Nor mal up ta ke was seen
in kid neys and blad der, re flec ting the bi o lo gi cal eli -
mi na ti on pathway, and also in bone mar row, a known
site for high pro li fe ra ti on ac ti vi ty. Litt le up ta ke was
de tec ted in the brain. Con tra ry to man, no up ta ke was
seen in the li ver, re flec ting a dif fe rent me ta bo lic
pathway. High up ta ke was seen in the af fec ted lymph
no des in the dog with lymp ho ma and in the pe rip he ry
of the sar co ma, with lack of up ta ke in the cen tral area
of ne cro sis in the dog with the soft tis sue sar co ma
(Shields et al., 2002).    

In ge ne ral, firm proof that the de gree of up ta ke of
ra di o la be led thy mi di ne and its ana logs al ways re la tes
to al te ra ti ons in pro li fe ra ti on rate has not been pro vi -
ded. Be si des, not all tu mor cells show a TK1 de pen -
den ce of pro li fe ra ti on and some tu mors rely on de
novo syn the sis of DNA pre cur sors, which may in flu -
en ce the up ta ke of thy mi di ne and its ana logs
(Schwartz et al., 2003; Schwartz et al., 2003).  

Du ring the last de ca des, the po ten ti al di a gnos tic
use of se ver al na tu ral ly oc cur ring la be led ami no
acids as mar kers for tu mor pro li fe ra ti on and in cre a -
sed me ta bo lism has been in ves ti ga ted (Val lab ha jo su -
la., 2001). In this re gard, 11C la be led met hi o ni ne
(MET) and 18F la be led ty ro si ne (TYR) have been stu -
died. Pre li mi na ry re sults with la be led phe ny la la ni ne
in neu roen do cri ne tu mors have been fa vo ra ble and tu -
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Fig. 1. An exam ple of a FDG PET stu dy in a man suf fe -
ring from a lung tu mor. Co ro nal (a), sa git tal (b) and
trans ver sal sli ces (c) de mon stra te an area of in cre a sed
ac ti vi ty (lar ge ar row) in the tho ra cic re gi on. Note the
phy si o lo gi cal ex cre ti on of FDG in the blad der (small ar -
row).



mor le si ons could be de mon stra ted that were not vi su -
a li zed with the clas si cal ra di o li gands (Hoe ger le et al.,
2001). Incre a sed up ta ke of 123I la be led phe ny la la ni ne
in a tar sal sy no vi al cell sar co ma was de mon stra ted in
a dog (KP pers comm).

This group of ra di op har ma ceu ti cals has the po ten -
tial to be suit able for ear ly the ra py out co me pre dic ti on.
Addi ti o nal ly, dif fe ren ti a ti on be tween in flam ma to ry
re ac ti on and re si du al tu mor cells is pos si ble sin ce in -
flam ma to ry cells have a low pro tein me ta bo lism and
will not ac cu mu la te the se ra di o la be led com pounds to
the same ex tent as FDG.  

Ho we ver, cli ni cal va li da ti on of the se ra di ot ra cers
at this mo ment is in suf fi cient to jus ti fy their rou ti ne
use (Van de Wie le et al., 2003).   

Mem bra ne trans port

Ra di o nu cli des and ra di op har ma ceu ti cals can be
trans por ted across cel lu lar mem bra nes by ac ti ve or
pas si ve trans port mecha nisms.  

Per tech ne ta te and ra di oi o di de ac cu mu la te in nor -
mal thy roid tis sue by an ac ti ve trans port mecha nism.
Ho we ver, only ra di oi o di de will be or ga ni fied (in cor -
po ra ti on into ty ro si ne). In ad di ti on to thy roid tis sue,
the sa li va ry glands, sto mach and in tes ti nes show up -
ta ke of both ra di oi o di de and per tech ne ta te, which has
its re per cus si ons con cer ning ra di opro tec ti ve issues.  

Per tech ne ta te has se ver al ad van ta ges over ra dio-
 io di de, in clu ding lo wer cost, avai la bi li ty, lo wer ra di a -
ti on dose to per son nel and pa tient, and op ti mal phy si -
cal cha rac te ris tics for gam ma ca me ra ima ging. Per -
tech ne ta te ima ging is ex ten si ve ly used to di ag no se
thy roid ade no ma in the cat, with the ad di ti o nal ad van -
ta ge that ec to pic thy roid tis sue can be de tec ted (Braw -
ner et al., 1996). In dogs this mo da li ty is used in the di a -
gnos tic wor kup of hy po thy roi dism and in the
eva lu a ti on of thy roid tu mors (Braw ner et al., 1996).
The de gree of per tech ne ta te or ra di oi o di ne up ta ke
will de pend on the func ti o nal sta tus of the tu mor (Fig.
2 a,b). Although no as so ci a ti on could be made be -
tween in ten si ty of up ta ke and his to lo gi cal gra ding of
the tu mor, poor ly cir cum scri bed, he te ro ge ne ous up -
ta ke was as so ci a ted with cap su lar in va si on in the dog
(N=29) (Marks et al., 1994). Con cer ning tu mor sta -
ging, per tech ne ta te is re la ti ve ly in sen si ti ve com pa red 
to ra di oi o di ne for the de tec ti on of me ta sta ses in man
and dogs (Marks et al., 1994; Broome et al., 1992;
Camp bell et al., 1990). 

Ra di oi o di de, 123I (gam ma emit ter) and 131I (gam ma
and beta par ti cle emit ter) can eva lu a te thy roid or ga ni -
fi ca ti on and is more re li a ble than per tech ne ta te to
eva lu a te thy roid up ta ke pre-the ra peu ti cal ly and to de -
tect me ta sta ses. Unfor tu na te ly, 123I is very ex pen si ve

and is not com mon ly used in ve te ri na ry me di ci ne,
des pi te its fa vo ra ble ima ging cha rac te ris tics and re la -
ti ve ly short half-life (T1/2=13h). 131I has a long
half-life (8.1d), de li vers a high dose to the thy roid (re -
sul ting from the beta par ti cle emis si on), has high-
 ener gy pho tons (364keV) and is less than op ti mal for
rou ti ne ima ging with con ven ti o nal col li ma ted gam -
ma ca me ras.  The re fo re, 131I is main ly used for the ra py
of thy roid can cer in both man and ani mals.  

Con cer ning thy roid car ci no ma, apart from ana -
plas tic and me dul la ry car ci no mas that do not con cen -
tra te io di ne, ra di oi o di ne can be used eit her as a pri ma -
ry tre at ment mo da li ty wit hout thy roi dec to my when
the tu mor is not re sec ta ble or is re cur rent, or it can be
used to tre at dis tant me ta sta ses (Fig. 3 a,b,c). It can
also be used fol lo wing sur ge ry to des troy all re si du al
thy roid tis sue (thy roid abla ti on) in com bi na ti on with
thy roid hor mo ne sup ple men ta ti on. The use of abla ti ve
131I af ter to tal bi la te ral or sing le com ple te or near com -
ple te thy roi dec to my re sul ted in a de cre a sed tu mor re -
la ted mor ta li ty com pa red to sur ge ry alo ne or com bi -
ned sur ge ry and thy roid sup pres si on the ra py in man
(Maz za fer ri et al., 1994). In a small stu dy (N=7) in
dogs with sta ge III (size of tu mor >5cm, with or with -
out re gi o nal lymph node in vol ve ment and wit hout
dis tant me ta sta ses) and sta ge IV thy roid car ci no ma
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Fig. 2. (a) Lack of per technte ta te up ta ke in an un dif fe -
ren ti a ted thy roid car ci no ma of the right thy roid lobe
(thick ar row) in a dog.  Note the nor mal ly si zed left thy -
roid lobe with nor mal per tech ne ta te up ta ke (small ar -
row).
(b1) High up ta ke in the right thy roid lobe af fec ted with a
func ti o nal thy roid car ci no ma in anot her dog with symp -
toms of hy pert hy roi dism (thick ar row).  The left lobe is
sup pres sed and is the re fo re not vi su a li zed (small ar row).
(b2) The same dog, 4 weeks af ter ra di oi o di ne tre at ment. 
Upta ke in the af fec ted lobe is only faint ly vi si ble.  The cli -
ni cal con di ti on of the dog had im pro ved sub stan ti al ly.  



(any thy roid tu mor with dis tant me ta sta ses) ba sed on
the WHO sy stem (1980), the re sults of 131I tre at ment
were do cu men ted (Adams et al., 1995). Mean sur vi -
val ti mes for all dogs were 25 months (range 4-48
months), with the long est sur vi val ti mes no ted in the
three dogs that re cei ved ra di oi o di ne com bi ned with
sur gi cal ex ci si on.  

The main draw back of the ra di oi o di ne the ra py is
the ra di opro tec ti on is sue. High amounts of ra di o ac ti -
vi ty are used and ani mals have to be hos pi ta li zed. Sti -
mu la ting the ra di oi o di ne up ta ke may de cre a se the
abla ti ve dose. Re cent stu dies in man on the use of re -
com bi nant hu man TSH (rhTSH) to en han ce ra di oi o -
di ne up ta ke in dif fe ren ti a ted thy roid tu mors and non -
toxic no du lar goi ter have re por ted pro mi sing re sults
(Nieuw laat et al., 2003; Bom bar die ri et al., 2003;
Wood mans ee et al., 2004; de Kei zer et al., 2003).   

Sin ce the ef fect of rhTSH on thy roid sti mu la ti on
has been in ves ti ga ted in both nor mal cats and dogs
(Sau ve et al., 2000; Ste ge man et al., 2003), it would
be worthwhi le to in ves ti ga te whe ther it may en han ce
ra di oi o di ne up ta ke in less avid thy roid tu mors and
whe ther dose re duc ti on is pos si ble.  

Thal lous (201Tl) chlo ri de is ac ti ve ly trans por ted in
the cell (main ly by the ATPa se-de pen dent Na+-K+

pump) in pro por ti on to the blood sup ply (Val lab ha jo -
su la., 2001). This ra di o nu cli de has been used ex ten si -
ve ly in car di o lo gy to de tect my o car di al in farc ti on
and/or is che mia. It also con cen tra tes in vi a ble tu mor
cells, less in in fla med con nec ti ve tis sue and mi ni mal -
ly in ne cro tic tis sue (Po do loff, 1995). 201Tl has a sig ni -
fi cant af fi ni ty for bone and soft tis sue sar co mas (Po -

do loff, 1995). The ty pi cal “do nut” up ta ke pat tern
(cen tral lu cent area sur roun ded by a rim of in ten se up -
ta ke) seen in high gra de tu mors due to com pro mi sed
vas cu la ri ty in the cen ter of fast gro wing tu mors can be 
a sign to dif fe ren ti a te high gra de from low gra de tu -
mors (Wax man et al., 2001). 

Con cer ning the ra py pre dic ti on in bone tu mors, this 
ra di o nu cli de per forms bet ter than the clas si cal bone
scan and 67Gal li um (Ga), be cau se its up ta ke is not as -
so ci a ted with bone he a ling but rat her with the vi a bi li -
ty of the tu mor cells (Ra man na et al., 1990).   

The main dis ad van ta ge is its long phy si cal (T1/2:
73h) and bi o lo gi cal (T1/2: 10d in man) half-life,
which re sults in high pa tient dose and has an im pact
on ra di opro tec ti ve me a su res. The ima ge con trast is
not ide al due to dose re stric ti on and a less than op ti mal 
ener gy spec trum for cur rent ly avai la ble gam ma ca -
me ras (Po do loff, 1995). The se fac tors li mit the use of
the com pound in ve te ri na ry me di ci ne.

Sim ple and fa ci li ta ted dif fu si on in vol ves the mo -
ve ment or trans lo ca ti on of com pounds from a hig her
to a lo wer con cen tra ti on gra dient through the cell
mem bra ne, wit hout ex pen di tu re of ener gy. 

Se ver al ra di op har ma ceu ti cals are trans por ted in -
tra cel lu lar ly by the se mecha nisms.  

Ses ta mi bi and tet ro fos mi ne, both li pop hi lic, ca ti o -
nic com pounds la be led with 99mTc, are tra di ti o nal ly
used for my o car di al ima ging. Accu mu la ti on of ses ta -
mi bi in lung tu mors in man was se ren di pi tous ly ob -
ser ved du ring car di ac ima ging (Val lab ha jo su la,
2001). The up ta ke of ses ta mi bi is re la ted to its li pop -
hi li ci ty and its char ge. It is re tai ned in tra cel lu lar ly by
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Fig. 3 (a) Left la te ral sta tic ima ges of the left pul mo na ry re gi on (de li ne a ted area) of a dog suf fe ring from a non-re sec ta ble 
dif fe ren ti a ted thy roid car ci no ma with lung me ta sta ses.  Dif fu se up ta ke is no ted in the lungs 24 hours af ter tre at ment
with ra di oi o di ne.
(b) The same dog 48 hours af ter the in jec ti on of ra di oi o di ne. A fo cus of in cre a sed up ta ke is no ted (ar row), which cor res -
ponds to a me ta sta sis seen as a round opa ci ty (in ter rup ted cir cle) in the api cal lung lobe on the ra di o graphs of the lung
(c).  At the cur rent time (though this will be sol ved in the near fu tu re) we do not have ac cess to high-ener gy col li ma tors,
and the re fo re we have to use me di um-ener gy col li ma tors to ima ge 131I up ta ke, which me ans that the re so lu ti on of the sy s -
tem is less than op ti mal.  This may ac count for the fact that not more me ta sta ses are vi su a li zed.



the mi tochon dria. The up ta ke mecha nism of tet ro fos -
mi ne has not been com ple te ly elu ci da ted though it
seems to re sem ble that of ses ta mi bi, with the dif fe ren -
ce that at le ast part of the up ta ke might be me di a ted by
ac ti ve trans port (Val lab ha jo su la, 2001; Pau wels et
al., 1998).  Both tra cers only ac cu mu la te in vi a ble tis -
sue and may the re fo re be suit able for pre dic ti on of
the ra py out co me (Pau wels et al., 1998; Po do loff,
1995). The se tra cers are also sub stra tes for the P-gly -
copro tein pumps (Pgp), which are over ex pres sed in
mul ti drug-re sis tant (MDR) tu mors. Pgp pumps, also
found in se ver al nor mal cell ty pes as a sort of self-pro -
tec ti ve mecha nism against harm ful agents, will pump
out cert ain che mot he ra peu tic agents and will the re fo re
ren der the ra py with the se com pounds fu ti le (Fig. 4).
Ses ta mi bi, and tet ros fos mi ne to a les ser ex tent, may
the re fo re be va lu a ble tools for de ter mi ning in vivo
which tu mor will be drug re sis tant and which pa tients
might be ne fit from Pgp in hi bi tors (Val lab ha jo su la,
2001). Se ver al re ports have des cri bed up ta ke of ses ta -
mi bi and tet ro fos mi ne in thy roid, pa ra thy roid, brain,
lung, bone and soft tis sue sar co ma and breast tu mors
(Pau wels et al., 1998; Dad par var et al., 1995). The
nor mal dis tri bu ti on of ses ta mi bi in dogs has been des -

cri bed with vi su a li za ti on of the he art, li ver,
gallblad der, small in tes ti ne, kid neys, uri na ry blad der
and sa li va ry glands (Steyn et al., 1995b). Re ports on
the ap pli ca ti on of ses ta mi bi in ve te ri na ry on co lo gy
have been li mi ted to the sta ging of ma lig nant lymp ho -
ma in dogs (Steyn et al., 1995a; Ba logh et al., 2001).
In one stu dy in vol ving 13 dogs with WHO sta ge III,
IV and V, up ta ke was seen in se ver al lymph no des,
spleen, li ver, kid ney and bone mar row on pla nar ima -
ges (Steyn et al., 1995a). His to lo gy and/or cy to lo gy
con fir med the pre sen ce of tu mor cells in a re pre sen ta -
ti ve num ber of lymph no des with in cre a sed ra di ot ra -
cer up ta ke. Ne ver the less, not all af fec ted lymph no -
des sho wed in cre a sed up ta ke. A pos si ble re a son for
the se fal se ne ga ti ve re sults may be that pla nar ac qui -
si ti ons were used which li mit the vi su a li za ti on of
smal ler lymph no des due to su per po si ti on of over-
and un der ly ing ac ti vi ty from neighbo ring re gi ons. 
SPECT ima ging tech ni ques should im pro ve le si on
de tec ti on. Upta ke of ses ta mi bi was seen in or gans in
which no ra di ot ra cer up ta ke was ob ser ved in nor mal
dogs (Fig. 5).  Upta ke in bone mar row was seen in 3
dogs and the up ta ke in one af fec ted li ver was more he -
te ro ge ne ous com pa red to nor mal li vers, due to the in -
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Fig. 5. To tal body, vent ral ima ges, with 99mTc ses ta mi bi
in 3 dogs. Ima ge of dog 1 (3a) il lu stra tes the nor mal up -
ta ke pat tern of this ra di op har ma ceu ti cal. High phy si -
o lo gic up ta ke is seen in the he art (small in ter rup ted
ar row), li ver (lar ge ar row), kid neys (lar ge in ter rup ted
ar row), blad der (ver ti cal ar row), in tes ti nes (small ar -
row) and mus cle (whi te ar row). Note the ab sen ce of the 
left kid ney. Dog 2 (3b) was suf fe ring from a lymp ho ma
that had been tre a ted with che mot he ra py. The scan
was per for med to check the ra py out co me. Lymph no -
des (ar rows) are clear ly vi si ble in the neck and popli te -
al re gi on, by way of con trast to dog 1 and dog 3.  The
spleen is also vi su a li zed in dog 2 (cir cle with ar row). 
On ul tra sound, the spleen sho wed dif fu se in vol ve -
ment.  Dog 3 (3c) suf fe red from a he mang i o sar co ma in
the right up per leg, which had been re mo ved pre vi ous -
ly.  Re lap se was sus pec ted.  A small fo cus of in cre a sed
ra di o ac ti vi ty is seen in the right up per leg re gi on (ar -
row).

Fig. 4. The left ima ge (A) de mon stra tes in cre a sed
up ta ke of 123I-MIBG in a neur oblas to ma of the adre -
nal gland of a young child (A) (ar row).  The right
ima ge (B) is of the same pa tient, ima ged with
99mTc-MIBI.  No up ta ke is seen in this che mo re sis -
tent tu mor (ar row). The high ac ti vi ty be tween the
legs cor res ponds to uri ne ac ti vi ty of the di a pers (in -
ter rup ted ar row).  The out li ne of the blad der is seen
proxi mal to this fo cus of ra di o ac ti vi ty (short ar row).
Note the in cre a sed vi su a li za ti on of the li ver on the
MIBI ima ges due to phy si o lo gi cal eli mi na ti on of the
ra di ot ra cer by this or gan (thick ar row).



fil tra ti ve na tu re of he pa tic lymp ho ma.  No up ta ke was
seen in one af fec ted kid ney, as op po sed to the high up -
ta ke in nor mal kid neys.  

Incre a sed up ta ke in thy roid car ci no ma, sy no vi al
cell sar co ma and he mang i o sar co ma has also been ob -
ser ved (KP per so nal comm) (Fig. 5, 6).

Va ri ous the o ries exist con cer ning the exact mecha -
nism of lo ca li za ti on of Gal li um (67Ga) ci tra te in tu -
mors. Fol lo wing in jec ti on, it is bound to plas ma trans -
fer rin and it is trans por ted as a 67Ga-trans fer rin
com plex to nor mal and tu mor tis sue. Two dif fe rent
mecha nisms have been pro po sed for the trans port of
67Ga across the cell mem bra ne. Sim ple dif fu si on of
the un bound 67Ga across the cell mem bra ne may be
aug men ted due to in cre a sed per me a bi li ty of the ca pil -
la ry bed of the tu mor. The se cond pos si ble pathway is
trans fer rin re cep tor me di a ted en do cy to sis (in cre a sed
ex pres si on in tu mor cells due to in cre a sed need of
iron). Once in the cell, free 67Ga will bind to va ri ous
mo le cu les, such as lac to fer rin and fer ri tin, which pre -
vents back dif fu si on of the ra di o nu cli de. The aci dic
pH en vi ron ment of the tu mor cell in cre a ses the af fi ni -
ty of fer ri tin and lac to fer rin for iron and gal li um. The
main dis ad van ta ge is that high up ta ke also oc curs in
in flam ma to ry le si ons (Pau wels et al., 1998).  Ho we -
ver, this is not much of a pro blem when the cli ni cal
pro ba bi li ty is high for tu mor. Its nor mal bi o dis tri bu ti -
on to li ver, bo wel and kid neys li mits its di a gnos tic po -
wer in the ab do mi nal area. This ra di ot ra cer is still use -
ful in the sta ging and fol low-up of lymp ho ma and
me la no ma in hu man me di ci ne, es pe ci al ly when PET
fa ci li ties are not avai la ble. Be cau se 67Ga is only ta ken
up by vi a ble cells and not by ne cro tic or fi bro tic tis -
sue, it plays an im por tant role in the eva lu a ti on of tu -
mor res pon se ear ly post the ra py and of dis e a se re cur -
ren ce ( Front et al., 1993; Front et al., 1999; Front et
al., 2000; Weeks et al., 1991; Schus ter et al., 2002).

Due to ra di opro tec ti on is su es (T1/2=78h) and due to
the time in ter val ne ces sa ry be tween in jec ti on and ac -
qui si ti on (72h), this ra di o nu cli de has not been used
fre quent ly in ve te ri na ry me di ci ne and no re ports con -
cer ning its use are avai la ble. Ne ver the less, we used
67Ga to de ter mi ne re si du al dis e a se in a dog with an
oral me la no ma af ter tre at ment with sur ge ry and ra di a -
ti on the ra py. High up ta ke in a lymph node me ta sta sis
was ob ser ved, which was not evi dent cli ni cal ly
(Peremans personal ob ser va ti on).

Re cep tors, trans por ters and tu mor an ti gens

Com mu ni ca ti on be tween cells is es ta blis hed by re -
cep tors and neu ro trans mit ters or hor mo nes. The bin -
ding of spe ci fic neu ro trans mit ters or hor mo nes to
their re cep tors, lo ca ted on the cell mem bra ne or in tra -
cel lu lar ly, will ge ne ra te a sig nal that will be pas sed by
first and se cond mes seng ers and that even tu al ly will
lead to spe ci fic cel lu lar pro ces ses such as con trac ti on, 
se cre ti on, me ta bo lism and growth (Pau wels et al.,
1998).  

In tu mor cells the ex pres si on of some re cep tors is
al te red, and this phe no me non can be used to ima ge
cert ain tu mors.    

So ma tos ta tin has many, pre do mi nant ly in hi bi to ry
func ti ons throug hout the ner vous sy stem and the gas -
troin tes ti nal tract. So ma tos ta tin has an an ti ne oplas tic
ef fect, in clu ding in hi bi ti on of growth fac tors and hor -
mo nes, ang i o ge ne sis and sti mu la ti on of apop to sis
(Pau wels et al., 1998; War ner et al., 2002). Five re -
cep tor sub ty pes are found (STR1-5), with dif fe rent
func ti ons and spe ci fic dis tri bu ti ons. The se re cep tors
are dis tri bu ted in va ri ous quan ti ties over many tis su es 
with a dis tri bu ti on pat tern dif fe ring among spe cies
(Pau wels et al., 1998; Rob ben et al., 2003). In tu mor
tis sue ori gi na ting from tis sue that nor mal ly con tains
the STR, the ex pres si on of the re cep tor is in cre a sed
and, de pen ding on the tu mor, dif fe rent STR sub ty pes
may pre do mi na te.  

Be cau se the ac ti vi ty of na ti ve so ma tos ta tin is very
short, long er ac ting syn the tic ana lo gu es have been
cre a ted for the ra peu tic and ima ging pur po ses, al beit
with dif fe rent af fi ni ties for dif fe rent re cep tor ty pes.
The se ra di o li gands are bound to one or se ver al STR
ty pes, and then in ter na li zed and trans por ted to the pe -
ri nu clear and nu clear re gi on whe re they can re main
for re la ti ve ly long pe ri ods, i.e. long enough to be use -
ful for ima ging and the ra py (War ner et al., 2002).  

So ma tos ta tin re cep tor scin ti grap hy (SRS) has
been the pre fer red tech ni que for lo ca li zing neu roen -
do cri ne tu mors and tu mors de ri ved from the cen tral
ner vous sy stem in man (War ner et al., 2002; Pau wels
et al., 1998) (Fig. 7). A com pa ri son of SRS ef fec ti ve -
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Fig. 6. He te ro ge ne ous up ta ke of 99mTc-ses ta mi bi in the

en lar ged right thy roid lobe (ar row).  Are as of in cre a sed

and de cre a sed (ne cro tic) up ta ke are seen.



ness with con ven ti o nal ima ging me thods de mon stra -
ted that SRS is su pe ri or by 50% in hu mans (Sloot er et
al., 2001). SRS is also use ful in mo ni to ring the pro -
gres si on or re gres si on of the tu mor post-the ra py (Fig.
8) and in eva lu a ting the com ple te ness of sur gi cal re -
sec ti on or abla ti on af ter ra di ot he ra py. 

Ho we ver, the oc cur ren ce of SSTR sub ty pes in
some tu mors with low af fi ni ty for the syn the tic so ma -
tos ta tin ana lo gue may ren der fal se ne ga ti ve re sults
(Lam berts et al., 1991).  Pro mi sing re search is being
per for med on gene trans fer tech ni ques to in cre a se the
ex pres si on of spe ci fic re cep tor sub ty pes in or der to
im pro ve the de tec ti on ca pa ci ty (Ro gers et al., 2000).   

In ve te ri na ry me di ci ne, the nor mal dis tri bu ti on of
ra di o la be led oc tre o ti de (111In-DTPA-D-Phe1-oc tre o -
ti de) was in ves ti ga ted in dogs with SPECT and com -
pa red with au to ra di og rap hy (Rob ben et al., 2003).
This ra di op har ma ceu ti cal has high af fi ni ty for so ma -
tos ta tin re cep tor (ssrt) 2 and, to a les ser ex tent, for
ssrt5. High up ta ke was seen in the kid neys, gallblad -
der, li ver, gas tric fun dus and in tes ti nes. The en ti re re -
gis te red ra di o ac ti vi ty in the se or gans did not ac count
for a nor mal cle a ran ce pat tern of the ra di ot ra cer sin ce
so ma tos ta tin re cep tors were found in the kid neys,

gas tric mu co sa, and in tes ti nal wall with in vi tro au to -
ra di og rap hy with 125I-[Tyr3]-oc tre o ti de. No re cep tors
were found in vi tro in the li ver and the ra di o ac ti vi ty
re gis te red in this or gan is pro ba bly due to non-re cep -
tor de pen dent de li ve ry to the he pa to cy tes. Com pa red
to rats, the ac cu mu la ti on of ra di o ac ti vi ty in the pan -
cre as was less in the dog, and com pa red to man, ac cu -
mu la ti on was not found in the spleen.  This in ter spe -
cies dif fe ren ce is re la ted to dif fe ren ces in ex pres si on
of the re cep tor and the oc cur ren ce of dif fe rent sub ty -
pes of the re cep tors in the or gans (Rob ben et al.,
2003).  The re fo re, the ex tra po la ti on of re sults from
one spe cies to anot her has to be hand led with cau ti on.   

The same group used this ra di op har ma ceu ti cal
suc ces sful ly to sta ge in su li no ma in 6 dogs (Rob ben et
al., 1997). In 5 dogs, me ta sta ses were vi su a li zed on
the SPECT ima ges.  Ne ver the less, one dog had mul -
tiple small (<3mm) me ta sta ses in the li ver which were 
not re cog ni zed on the ima ges, pro ba bly due to re so lu -
ti on li mi ta ti ons. The pri ma ry tu mor was vi su a li zed in
all but one dog, which was pre sen ted for hy po gly ce -
mia 1.5yr af ter sur gi cal re mo val of the pan cre as. On
au to ra di og rap hy with [125I-Tyr3]-oc tre o ti de and
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Fig. 7. Ima ges of a dog sus pec ted of an in su li no ma.  Right (a) and left (b) la te ral

ima ges were ta ken of the cra ni al ab do men. Fo cal in cre a sed up ta ke of 111In-oc -

tre o ti de is seen cra ni al to the left kid ney (small ar row).  Nor mal up ta ke is seen in

the li ver (short ar row) and the kid neys (in ter rup ted ar row).

                                                                                                             ®
Fig. 8. A to tal body scan in a dog with an in su li no ma with 111In-oc tre o ti de. This

dog had been tre a ted with sur ge ry and cold oc tre o ti de. Two me ta sta tic foci are

vi su a li zed in the cra ni al ab do men (ar rows).  Note the phy si o lo gi cal ly high up ta -

ke in the kid neys (small ar row) and in tes ti nes (in ter rup ted ar row).



[125I-Tyr11]-so ma tos ta ti ne-14, all pri ma ry tu mors and
their me ta sta ses de mon stra ted af fi ni ty for both
tracers. 

Upta ke in the pri ma ry tu mor and its me ta sta ses was 
de mon stra ted with 111In-pen tet re o ti de in a dog sus -
pec ted of gas tri no ma (Altschul et al., 1997). Mul tiple
re gi ons of in cre a sed up ta ke in the ab do men were con -
sis tent with mas ses in the pan cre as and li ver at la pa ro -
to my. Au to ra di og rap hy with 125I-[Tyr3]-oc tre o ti de on
bi op sy ma te ri al con fir med the pre sen ce of so ma tos ta -
tin re cep tors in the tu mor tis sue (Altschul et al.,
1997). 

Me tai o do ben zyl gu a ni di ne (MIBG) is struc tu ral ly
si mi lar to the neu ro trans mit ter no re pi nephri ne and
the adre ner gic neu ron bloc ker gu a net hi di ne (Con nol -
ly et al., 2001). This com pound is trans fer red by a
trans por ter sy stem in the pre-sy nap tic cell, whe re it
ac cu mu la tes in ca techo la mi ne sto ring gra nu les. It has
low af fi ni ty for the post-sy nap tic re cep tors (Pau wels
et al., 1998; Con nol ly et al., 2001). This ra di op har -
ma ceu ti cal is main ly used in the ima ging of neur o -
blas to ma, phae ochro mo cy to ma, thy roid me dul la ry
car ci no ma and ot her tu mors ari sing from the neu ral
crest for the iden ti fi ca ti on of the pri ma ry tu mor, for
sta ging and for the ra py pre dic ti on (Pau wels et al.,
1998; Con nol ly et al., 2001) (Fig. 9). 131I-MIBG can

also be used for the ra py of MIBG avid tu mors. The

up ta ke of the tra cer may be in flu en ced by cert ain

drugs such as cal ci um chan nel bloc kers, as well as by

va ri ous an ti psycho tic and sym pa tho mi me tic drugs

(Pau wels et al., 1998).  

Both 123I and 18F la be led gu a ni di ne de ri va ti ves cor -

rect ly iden ti fied phe ochro mo cy to ma in dogs with

adre nal mas ses, res pec ti ve ly in one and two dogs

(Ber ry et al., 2002; Ber ry et al., 1993).  Inten se up ta ke

in the area of the adre nal gland was seen in all the

dogs. This radiopharmaceutical’s use in ve te ri na ry

me di ci ne is li mi ted by its high cost.  

The re cep tors for va so ac ti ve pep ti de (VIP) are

abun dant ly pre sent in cert ain tu mor cells, par ti cu lar ly 

in in tes ti nal ade no car ci no mas and va ri ous en do cri ne

tu mors (Pau wels et al., 1998). VIP re cep tors are uni -

form ly dis tri bu ted in a lar ger va rie ty of tu mors com -

pa red to so ma tos ta tin re cep tors, but un for tu na te ly

also in nor mal tis sue. This re sults in less op ti mal tar -

get/back ground ra ti os and de cre a ses the po wer to de -

tect tu mor le si ons (Pau wels et al., 1998). 

Other la be led neu ro pep ti des, in clu ding sub stan ce P,

bom be sin, gas trin, cho le cys to ki nin and ot hers, have

been de ve lo ped, but cli ni cal ex pe rien ce is still li mi -

ted.   Some pro mi sing re sults have been re por ted with
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Fig. 9. Incre a sed up ta ke is seen
in the pri ma ry adre nal gland tu -
mor in a young child (lar ge ar -
row) ima ged with 123I- MIBG.
Se ver al me ta sta ses are seen in
the skull (small ar rows) and in
the ab do men (small ar rows).

Fig. 10. A SPECT stu dy of a mam ma tu mor in a wo man. The ra di o li gand
used is 99mTc-la bel led bom be sin, a mar ker for gas trin re le a sing pep ti de
re cep tors.  The left ima ges show the orien ta ti on of the sli ces (A).  The up -
per row il lu stra tes in cre a sed up ta ke in the af fec ted breast on trans ver sal
sli ces (B) (ar row).  The middle row de mon stra tes up ta ke in af fec ted (re -
tro ster nal) lymp he no des on co ro nal sli ces (C) (ar rows).  The bot tom row
de mon stra tes me ta sta sis in the skull on sa gi tal sli ces (D) (ar row).  Si mi lar
to PET, the ad van ta ge of SPECT is that the foci of in cre a sed up ta ke are
more ea si ly re cog ni zed as the over- and un der ly ing su pe rim po sing ra di o -
ac ti vi ty is re mo ved from the ima ge. 



estro gen re cep tor ima ging in breast can cers in man
(Pau wels et al., 1998) (Fig 10).

La be led an ti bo dies are used for tu mor ima ging and
for the ra peu tic pur po ses. The se com pounds have the
abi li ty to spe ci fi cal ly tar get tu mor cell re la ted an ti -
gens and im pro ve spe ci fi ci ty sig ni fi cant ly. The use of
SPECT ima ging and fu si on with CT and MRI ena ble
bet ter lo ca li za ti on of ma lig nant tis sue. Sen si ti vi ty is
de pen dent on high af fi ni ty and avi di ty for tu mor an ti -
gens, as well as on fast cle a ran ce from the blood pool
(Pau wels et al., 1998). To over co me im mun oge ni ci ty
of the mu ri ne de ri ved an ti bo dies and to im pro ve
blood cle a ran ce and tar get/back ground ra ti os, la be -
led an ti bo dy frag ments were in tro du ced. Unfor tu na -
te ly, the se com pounds de mon stra te a lo wer af fi ni ty
for the an ti gen (Pau wels et al., 1998).  

Re cent re search has been fo cu sed on ge ne tic ma ni -
pu la ti on of the im mu nog lo bu lin mo le cu le to de cre a se
im mun oge ne ci ty, to im pro ve blood cle a ran ce and
bin ding, and to de cre a se ca ta bo lism. 

 Apop to sis

As op po sed to ne cro sis, apop to sis is the pro gram -
med de ath of cells suf fe ring from in sults to their
DNA, but wit hout the in flam ma to ry re ac ti ons ty pi cal
of ne cro sis. When mu ri ne cells are suc ces sful ly ir ra -
di a ted, the num ber of apop to tic cells in cre a ses wit hin
a very short time (peak be tween 3-6h post-ra di a ti on)
(Van de Wie le et al., 2003). Stu dies in man show more
con tro ver si al re sults and more evi den ce will have to
be pro vi ded to pro ve the re la ti ons hip be tween the le -
vel of apop to sis and the ra py out co me (Van de Wie le et 
al., 2003).   His to lo gi cal de ter mi na ti on of the de gree

of apop to sis af ter ra di a ti on is one pos si bi li ty.  Anot -
her less in va si ve stra te gy is the use of ra di o la be led
mar kers for apop to sis. In this re gard, the po ten ti al use
of 99mTc- an nexin has been in ves ti ga ted as stu dies on
hu man car di ac dis e a se de mon stra ted that this ra dio -
tracer could be used to as sess cell de ath dy na mics and
the ef fec ti ve ness of the ra py (Van de Wie le et al.,
2003). This ra di ot ra cer binds to mem bra ne bound
phosp ha ti dyl se ri ne, nor mal ly re stric ted to the in ner
side of the cell mem bra ne but ex po sed ex tra cel lu lar ly
un der apop to tic con di ti ons. Cur rent ly, 99mTc-an nexin
is as ses sed in hu man tu mors, but, to our know led ge,
no ani mal stu dies have been con duc ted, ex cept for
pre-cli ni cal stu dies on la bo ra to ry ani mals.     

Bone scan

The oc cur ren ce of mul tiple ske le tal si tes of pri ma ry
and se con da ry ne opla sia has been well do cu men ted in 
man and ani mals. Ra di og rap hic sur veys for ske le tal
eva lu a ti on of pa tients with pri ma ry bone tu mors have
li mi ted di a gnos tic and pro gnos tic va lue sin ce 30-50% 
of bone mi ne ral must be lost be fo re le si ons be co me
vi si ble. Bone scin ti grap hy is con si de red a very sen si -
ti ve mo da li ty which pro vi des the op por tu ni ty to
screen the who le body (Fig. 11).   99mTech ne ti um la be led
dip hosp ho na tes, which are in cor po ra ted in bone, are
re la ted to per fu si on and the rate of bone tur no ver. Its
pla ce in on co lo gy is main ly to de tect ske le tal and ex -
tras ke le tal me ta sta tic dis e a se in man and dogs (Hahn
et al., 1990a; Pe re mans et al., 2003; For rest et al.,
1994; Da niel et al., 1996; Parch man et al., 1989;
Scha jo wicz, 1983). Sin ce bone scin ti grap hy is not
spe ci fic (be nign le si ons may also show in cre a sed up -
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Fig. 11. (a) To tal body scan with the
ra di ot ra cer 99mTc-me thyl dip hos -
pho na te (MDP) of a dog with a
known os te o sar co ma of the proxi mal 
left hind ti bia (see ra di o graph (b1)).
High up ta ke is pre sent in the proxi -
mal (lar ge ar row) and in the dis tal ti -
bia (small ar row).  Ra di o graphs (b2)
con fir med the pre sen ce of bone de -
struc ti on and os te os cle ro sis in this
re gi on. Note the ac ti vi ty on the left at
the in jec ti on site (in ter rup ted ar row) 
and the high amount of phy si o lo gi cal 
ra di o ac ti vi ty in the blad der (lar ge in -
ter rup ted ar row; the ra di op har ma -
ceu ti cal has been eli mi na ted by the
uri na ry sy stem).



ta ke), it has to be com bi ned with ot her an cil la ry di a -
gnos tic pro ce du res to rule out be nign dis e a se or to dis -
ting uish among va ri ous ty pes of tu mors (Berg et al.,
1990; For rest et al., 1994; Hahn et al., 1990b; Parch -
man et al., 1989). The re la ti ons hip be tween in ten si ty
of up ta ke and time to me ta sta sis in dogs was de mon -
stra ted in a stu dy in clu ding 25 dogs with os te o sar co -
ma. The re sults in this stu dy sug ge sted that high
pre-tre at ment up ta ke sig ni fies ag gres si ve tu mors and
ear ly me ta sta sis (For rest et al., 1992). Fal se ne ga ti ve
re sults may oc cur when os te o blas tic ac ti vi ty is in suf -
fi cient, such as in my e lo ma, and the abi li ty to de tect
pul mo na ry me ta sta ses in dogs is poor and un re li a ble
(Berg et al., 1990; Lamb et al., 1990).  

The high up ta ke in re ac ti ve bone li mits the use of
bone scin ti grap hy in the de ter mi na ti on of the ra py
out co me. Ne ver the less, it may be va lu a ble in the
post-che mot he ra py pe ri od for de tec ting new re gi ons
of in cre a sed bone up ta ke, be cau se in the se pa tients
(man and dog) in cre a sed sus cep ti bi li ty to the de ve -
lop ment of bone me ta sta ses is seen with che mot he ra -
py when com pa red with sur ge ry alo ne (Berg et al.,
1990).  

When limb spa ring sur ge ry is con si de red, bone
scin ti grap hy may be used to de li ne a te the ex tent of the 
pri ma ry bone tu mor in dogs (Lamb et al., 1990; Berg
et al., 1990; Parch man et al., 1989). Bone scan ima ges 
tend to ove res ti ma te tu mor in vol ve ment com pa red to
ra di og rap hy, and may the re fo re pro vi de more safe re -
sec ti on gui de li nes (Lamb et al., 1990).  Cau ti on
should be ta ken that this ove res ti ma ti on does not cau -
se the sur ge on to be lie ve that the pa tient is not a suit -
able limb sal va ge can di da te (Leib man et al., 2001).

Sen ti nel node scin ti grap hy

99mTech ne ti um la be led hu man se rum al bu min
colloid has been used for some de ca des in hu man me di -
ci ne to de ter mi ne the lymp ha tic spre ad of se ver al tu -
mors (me la no ma, breast car ci no ma). This ra di o col -
loid is in jec ted at the pri ma ry tu mor site and its
lymp ha tic drai na ge to re gi o nal lymph no des is de ter -
mi ned. Per-ope ra ti ve iden ti fi ca ti on with hand-held
gam ma pro bes of the se lymph node bas ins al lows his -
to lo gi cal de ter mi na ti on of the me ta sta tic in vol ve -
ment of the lymph no des at risk. The ad van ta ge is that
true no dal drai na ge can be eva lu a ted as the se bas ins
of ten do not cor res pond with the ana to mi cal ly ex pec -
ted drai na ge bas ins (Ber man et al., 2001). In dogs the

me thod has been eva lu a ted in mam ma car ci no ma
with pre o pe ra ti ve gam ma ca me ra ima ging and per-
 ope ra ti ve ra di o guid an ce with a hand-held gam ma de -
tec tor, and com pa red with blue dye in jec ti on and his -
to lo gy (Ba logh et al., 2002).  On his to lo gy, 35 lymph
no des con tai ned tu mor cells, 34 (97%) were de tec ted
du ring ra di o gui ded sur ge ry, and only 27 (77%) were
stai ned blue. Of the 34 de tec ted per-ope ra ti ve ly with
the pro be, 31 (89%) were de tec ted on the gam ma ca -
me ra ima ges pri or to sur ge ry.       

CONCLUSION

It is clear that nu clear me di ci ne may help in di ag no -
sis, sta ging and the ra py pre dic ti on, al beit with dif fe -
rent sen si ti vi ties de pen ding on the type of tu mor and
with the re stric ti on that small me ta sta ses may be over -
look ed due to re so lu ti on li mi ta ti ons. Extra po la ting
data from hu man on co lo gy to ve te ri na ry on co lo gy is
not al ways evi dent. Know led ge of spe cies and tu mor
de pen dent is su es con cer ning the dis tri bu ti on and bin -
ding cha rac te ris tics of the ra di op har ma ceu ti cals is
the re fo re im por tant. This is es pe ci al ly true in re cep tor 
ima ging, whe re spe cies and tu mor type va ri a ti ons in
the ex pres si on of re cep tors may oc cur. In this re gard,
bi o dis tri bu ti on stu dies have been con duc ted for SRS
and ses ta mi bi in the dog. Abun dant in for ma ti on is
pre sent con cer ning the use of nu clear ima ging and ra -
di o nu cli de the ra py in thy roid dis e a se. Re ports in the
ve te ri na ry li te ra tu re on ot her ra di ot ra cers are scar ce
and they are main ly li mi ted to de ter mi ning the ex tent
of the dis e a se. The re a sons for the small num ber of
stu dies are pro ba bly the li mi ted ac cess to scin ti grap -
hic mo da li ties, ra di opro tec ti on is su es and fi nan ci al
re stric ti ons con cer ning the use of more ex pen si ve ra -
di op har ma ceu ti cals. Des pi te the se li mi ta ti ons, nu -
clear ima ging may pro vi de im por tant in for ma ti on
about the ex tent of the dis e a se and, as a con se quen ce,
the prog no sis of the pa tient. In ad di ti on, the ra py stra -
te gies may also be in flu en ced by the re sults of the se
ima ging stu dies, thus pre ven ting un ne ces sa ry tre at -
ment which would only be a phy si cal bur den for the
ani mal and an emo ti o nal and fi nan ci al burden for the
owner. 
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