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Rt~SUMt~ 

La TEP au 18FDG pr6sente de nombreuses indications dans l'6valuation des tumeurs digestives. Son r61e principal concerne le bilan 
d'extension des r6cidives tumorales d6montr6es ou suspect6es mais des indications plus ponctuelles concernent 6galement le diagnostic diff6- 
rentiel des masses pancr6atiques et le bilan initial du cancer de l'0esophage. Le principal avantage de la TEP r6sulte de la nature m6tabolique 
du signal, ind6pendant et compl6mentaire des modifications anatomiques visibles en imagerie classique. Un autre avantage est li6 ~ l'examen 
du corps entier aujourd'hui pratiqu6 syst6matiquement. La TEP trouve d6s lors sa place en premi6re ligne dans ses diff6rentes indications. 

S U M M A R Y  

P E T  with 18-FDG has numerous  indications in the evaluation o f  patients with gastrointestinal carcinoma. Its principal indications are the 
staging o f  suspected or demonstrated recurrent disease and to assess the operability o f  lesions. Validated indications also concern the differential 
diagnosis o f  pancreatic masses and the initial staging o f  oesophageal cancer. 

The metabolic signal o f  P E T  constitutes its main advantage. It is independent  but  complementary  to the anatomical  changes assessed by 
structural imaging. A n o t h e r  advantage is related to imaging o f  the whole-body which is now  routinely performed.  P E T  can thus be a one step exa- 
mination in the staging o f  digestive cancers and is best used early in the staging process. 

L'importance des techniques d'imagerie et de 
l'endoscopie dans l'6valuation des affections gastro- 
ent6rologiques va croissant. Parmi celles-ci, la tomo- 
graphie ~ 6mission de positons (TEP) peut apporter 
une importante contribution dans les pathologies 
n6oplasiques. 

Cet article revoit bri6vement les r61es d6montr6s 
ou potentiels de la TEP dans l'6valuation de diverses 
tumeurs de l'oesophage, de l'intestin, du pancr6as, du 
foie et des voies biliaires. 

B A S E S  P H Y S I O L O G I Q U E S  
D E  L ' I M A G E R I E  TEP 

On sait depuis Warburg [1] que la transformation 
maligne s'accompagne de modifications m6taboliques, 
en particulier d 'une augmentation du m6tabolisme 
du glucose. Celle-ci s'accompagne d'une augmenta- 
tion de l'expression des g6nes responsables de la syn- 
th6se des transporteurs du glucose, d'une augmentation 
des mRNA associ6s et des transporteurs eux-m~mes, 
en particulier GLUT I. La production de l'isoforme II 

de l 'hexokinase est favoris6e et la r6gulation de la 
glycolyse modifi6e vers une augmentation globale de 
celle-ci. D'autres syst~mes m6taboliques sont alt6r6s 
pour faire face ~ l'acc616ration de la croissance et ~ la 
prolif6ration cellulaire, en particulier la synthbse pro- 
t6ique et la synth6se des acides nucl6iques. 

Divers traceurs ont 6t6 d6velopp6s pour mettre en 
6vidence ces alt6rations m6taboliques, en particulier 
le lSF-fluorodeoxyglucose (18FDG), traceur m6tabo- 
lique glucidique ; 1 ammoniaque (13NH3+), traceur de 
perfusion ; l'oxyg6ne-15 ; la nC-m6thionine,  traceur 
de la synth6se prot6ique et de la captation des acides 
amin6s ; la thymidine (3H ou 11C), traceur de la syn- 
th6se des acides nucl6iques. Parmi ces traceurs, le 
FDG a 6t6 le plus utilis6. I1 s'agit d'un analogue du 
glucose marqu6 au fluor-18. Le FDG est un substrat 
comp6titif des transporteurs du glucose et de l'hexo- 
kinase. II p6n6tre donc dans la cellule o13 il est phos- 
phoryl6. Cependant, il n'est pas un substrat de la glu- 
cose-6-phospho-isom6rase. D6s lors, le FDG-6P reste 
bloqu6 dans la cellule. Les enzymes catalysant la 
r6action de d6phosphorylation sont peu abondants 
(sauf dans le foie) et ne permettent pas la transfor- 
mation inverse en FDG. 
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Dans les cancers, le FDG apparaR comme un mar- 
queur du nombre de cellules viables ainsi que de la 
prolif6ration tumorale dans certains mod61es. 

T E C H N I Q U E  D ' I M A G E R I E  A U 18-FDG 

Les malades doivent observer un jefine au mini- 
mum de 6 heures avant l'injection du FDG pour dimi- 
nuer la glyc6mie et favoriser la fixation du FDG dans 
les tumeurs (une augmentation de la glyc6mie accroit 
la fixation comp6titive de glucose froid aux d6pens du 
FDG, ainsi que la fixation myocardique du FDG).  
L'injection est r6alis6e au repos apr6s d'6ventuelles 
pr6m6dications (un diur6tique, comme le furos6mide 
pour acc616rer l'61imination urinaire du traceur ; un 
antispasmodique colique musculotrope,  telle la 
m6b6v6rine - Duspatalin | un myorelaxant comme 
le diazepam afin d'61iminer d'6ventuelles accumula- 
tions du traceur au niveau des muscles stri6s). Envi- 
ron 200 MBq (6mCi) de FDG sont inject6s par voie 
intraveineuse 60 minutes avant la r6alisation de l'exa- 
men. Ce d61ai permet une d6croissance de l'activit6 
sanguine et tissulaire normale,  une diminution de 
l'activit6 h6patique et favorise la concentration tumo- 
rale. Le rapport signal sur bruit le plus favorable est 
g6n6ralement obtenu apr6s environ 90 minutes, soit 
au milieu de l'examen. 

Les examens sont r6alis6s au moyen d'un scanner 
PENN PET 240H (UGM, Philadelphie, USA) qui 
permet l'acquisition d'images corps entier. Le champ 
axial utile est de 128 millim6tres et l 'examen est r6a- 
lis6 par pas chevauchant  de 64 millim6tres. Huit h 
12 pas sont g6n6ralement n6cessaires pour couvrir la 
zone d'int6r~t clinique (en g6n6ral de la base du 
crfine aux plis inguinaux). Une acquisition de trans- 
mission est r6alis6e en alternance avec les acquisi- 
tions d'6mission ou apr6s celles-ci au moyen d'une 
source de c6sium-137 op6rant en mode simple pho- 
ton. La reconstruction des donn6es utilise un filtre 
it6ratif (OS-EM). Les images sont visualis6es dans les 
3 plans o r thogonaux :  axial transverse, coronal  et 
sagittal, ainsi qu'en projection tridimensionnelle et en 
mode cine. La reconstruction des donn6es avec un 
filtre it6ratif et une correction d'att6nuation am61iore 
consid6rablement la qualit6 des images par rapport 
aux techniques anciennes de r6troprojection filtr6e. 
L'apport  de ces am61iorations techniques aux r6sul- 
tats cliniques apparaR tr6s probable lorsque l 'on com- 
pare les r6sultats des diff6rentes 6quipes. I1 doit 
cependant encore faire l 'objet d'une validation scien- 
tifique. 

C A N C E R S  C O L O R E C T A  UX 

Parmi les tumeurs gastrointestinales, l 'exp6rience 
la plus importante concerne les cancers colorectaux. 
Ceux-ci repr6sentent  environ 15 % des tumeurs 
malignes des deux sexes. 70 % des cancers primitifs 
sont op6rables mais un tiers des patients r6cidivera 
dans les 2 ans. 

Les circonstances du diagnostic sont fr6quemment 
non sp6cifiques : constipation, douleurs abdominales, 
h6morragies, alt6ration de l'6tat g6n6ral .... ou r6sul- 
tent de complications. L 'examen clinique, en dehors 
du toucher rectal, est peu eontributif. Des examens 
radiologiques (abdomen sans pr6paration, lavement 
baryt6, radiographie du thorax, 6chotomographie  
h6patique et scanner abdominal) et une colonoscopie 
compl6tent l 'exploration mais le bilan d'extension est 
principalement r6alis6 par le chirurgien au moment  
de la laparotomie. 

La TEP a peu de place dans le bilan d'extension 
initial pr6op6ratoire (en l'absence de 16sions m6tasta- 
tiques connues).  La tumeur  peut 8tre mise en 6vi- 
dence ainsi que certaines m6tastases, no tamment  
h6patiques [2] (Tableau I). Pour la d6tection de m6ta- 
stase h6patique, sa sensibilit6 appara~t bonne et sa 
sp6cificit6 6quivalente h celle de la tomodensitom6- 
trie (TDM). Toutefois  la d6tection de m6tastases 
ganglionnaires ne semble pas fiable puisqu'elle n'a 
6t6 possible que pour  4 envahissements ganglion- 
naires sur 14. Une explication peut ~tre apport6e 
ces r6sultats, si l 'on considbre que les atteintes gan- 
glionnaires peuvent 8tre proches de la tumeur primi- 
tive et non dissoci6es de celle-ci par la TEP (manque 
de r6solution) ou 8tre fr6quemment microscopiques. 
En cas de tumeur op6r6e h u n  stade avanc6 cepen- 
dant, la TEP peut jouer  un r61e pour 6valuer avant 
l ' intervention la r6secabilit6 des 16sions m6tasta- 
tiques [3, 4]. 

TABLEAU I 

R t ~ S U L T A T S  D E  L A  T E P  D A N S  LE B I L A N  I N I T I A L  
DES  C A N C E R S  C O L O R E C T A U X  

Auteurs  [rdf.] Falk [4] Gupta [5] Abdel-Nabi [2] 

n = 16 17 48 

TEP Sensibilit6 87 % 90 % 100 % 
Spdcificit6 67 % 66 % 43 % 

TDM Sensibilit6 47 % 60 % 
Sp6cificit6 100 % 65 % 

La TEP est plus utile pour  ddtecter une r6cidive 
r6gionale et effectuer un bilan d'extension secondaire 
en cas de r6cidive d6montr6e ou suspect6e. En parti- 
culier, au niveau pelvien, la TEP peut diff6rencier 
une r6cidive tumorale d'une fibrose cicatricielle sus- 
pecte en imagerie TDM. Diverses s6ries publi6es 
dans la litt6rature confirment la bonne sensibilit6 et 
spdcificit6 de la TEP par rapport ~i la TDM, tous sites 
confondus (Tableau II), mais plus particuli6rement 
pour la d6tection des r6cidives locor6gionales 
(Tableau III) et des m6tastases h6patiques [4-15] 
(Tableau IV). Dans notre exp6rience cependant, des 
m6tastases p6ri tondales 6taient manqu6es par les 
deux modalit6s (Tableau V). Alors que sa sensibilit6 
est un peu plus basse que celle du portoscan, sa sp6ci- 
ficit6 est de loin supdrieure [9]. Par rapport ?a l'6cho- 
graphie endorectale, la TEP a l'avantage de r6aliser 
une exploration 61argie au corps entier permettant la 
d6tection en un seul examen de m6tastases locor6gio- 
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TABLEAU II 
Rt~SULTAT DE LA TEP DANS LE BILAN D'EXTENSION 

GLOBAL EN CAS DE RI2CIDIVE DE CANCER 
COLORECTAL Dt~MONTRISE OU SUSPECTt~E 

(PAR PATIENT) 

Auteurs [r6f.] 

Schiepers [10] 
Pounds [12] 
Daenen [13] 
Ogunbiyi [3] 
Delbeke [9] 

TOTAL 

n 
pts 

76 
33 
19 
58 
52 

238 

n Sens. Sp6c. 
sites (%) (%) 

94 98 
47 96 87 
29 95 67 

96 86 
166 92 92 

94 87 

TABLEAU I I I  

Rt~CIDIVE DU CANCER COLORECTAL 
BILAN D'EXTENSION PAR TEP ET IC 

(PAR SITES) 

Auteurs 
n [r6f.] 

TEP Sens. 
Sp6c. 
Exact. 

TDM Sens. 
Sp6c. 
Exact. 

MRI Sens. 
Sp6c. 
Exact. 

R6cidive pelvienne locale 

Schiepers Hustinx Ogunbiyi Ito Keogan 
76 [10] 27 [39] 47 [3] 37 [14] t8 [15] 

93 90 91 100 92 
97 71 100 100 80 
95 85 95 100 89 

60 85 52 
72 0 80 
65 63 70 

64 
75 
65 

TABLEAU IV 
I~TUDES COMPARATIVES DES BILANS D'EXTENSION 

DES Rt~CIDIVES DU CANCER COLORECTAL 
PAR TEP ET IC (PAR SITES) 

Auteurs 
n [r6f.] 

TEP Sens. 
Sp6c. 
Exact. 

TDM Sens. 
Sp6c. 
Exact. 

Porto Sens. 
TDM Sp6c. 

Exact. 

M6tastase h6patique 

Schiepers Delbeke Hustinx Vitola Ogunbiyi 
76 [10] 52 [9] 64 [39] 24 [7] 58 [3] 

94 91 97 90 95 
100 95 86 100 100 
98 92 92 93 98 

85 81 72 74 
98 60 75 85 
93 78 81 80 

97 97 
5 9 

80 76 

TABLEAU V 

RI~CIDIVE DU CANCER COLORECTAL 
BILAN D'EXTENSION PAR TEP ET IC (PAR SITE) 

Locatisation extrah6patique 

Auteurs [r6f.] Delbeke [9] Ogunbiyi [3] Hustinx [39]! 

n 39 47 33 

TEP Sensibilit6 100 100 62 
Sp6cificit6 40 71 
Exactitude 92 64 

TDM Sensibilit6 74 57 
Sp6cificit6 50 
Exactitude 71 

hales ,  p 6 r i t o n 6 a l e s ,  h 6 p a t i q u e s ,  p u l m o n a i r e s ,  gan-  
g l i o n n a i r e s  o u  os seuses .  A n o t e r  6 g a l e m e n t  que  
l ' 6chograph ie  e n d o r e c t a l e  sures t ime souven t  le bilan 
d ' ex t ens ion  t u m o r a l  en  p r 6 o p 6 r a t o i r e  [16]. 

P lus i eu r s  t r a v a u x  o n t  6va lu6  l ' i m p a c t  de la T E P  
sur  la pr ise  en  c h a r g e  des  p a t i e n t s  et  on t  d 6 m o n t r 6  
une  c o n t r i b u t i o n  s ignif icat ive ~ la d6cis ion th6 rapeu-  
t ique  avec  a b s t e n t i o n  d ' i n t e r v e n t i o n  ~a vis6e curat ive  
dans  plus de  40 % des cas [7-10]. U n e  des p remi6res  
6 t u d e s  p u b l i 6 e s  sur  l ' in t6r f i t  de  la T E P  au 18FDG 
darts les r4c id ives  c o l o r e c t a l e s  [8] ava i t  m o n t r 6  un 
impac t  de la T E P  sur  la d6cis ion th6 rapeu t ique  chez 
7 pa t ien ts  sur  17. La  d6 tec t ion  de  m6tas tases  non  sus- 
pec t6es  p o u r  17 p a t i e n t s  sur  52 [10] c o n d u i t  6gale-  
m e n t  h une  m o d i f i c a t i o n  du  t r a i t e m e n t  ch i rurg ica l  
chez  ces pa t i en t s  avec  un c h a n g e m e n t  de  l ' ac te  op6-  
r a to i r e  chez  6 pa t i en t s  et  l ' a b s t e n t i o n  de tou te  chi- 
rurgie  dans  11 cas. 

E n  cas  d ' 6 1 6 v a t i o n  i so l6e  des  t aux  d ' A C E ,  plu-  
sieurs 6quipes  on t  d 6 m o n t r 6  le r61e de la T E P  pour  
local iser  la ou  les 16sions r e sponsab l e s  [8, 9, 17]. D a n s  
une  6 tude  m e n 6 e  chez  22 pa t ients ,  la sensibilit6 et la 
va leur  pr6dic t ive  n6ga t ive  son t  de 100 % et la sp6cifi- 
cit6 de 7 1 %  [17] (15 vra i  posit ifs ,  5 vrai  n6gatifs  et 
2 faux positifs).  L ' i m p a c t  c l in ique de la T E P  appara i t  
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s ign i f i ca t i f  d a n s  c e t t e  6 tude .  Q u a t r e  p a t i e n t s  s o n t  
op6r6s  fi vis6e cura t ive ,  11 pa t i en t s  on t  une  ch imio-  
t h 6 r a p i e  en  r a i s o n  de  16sions ex tens ives .  C i n q  
p a t i e n t s  ne  s o n t  pas  o p 6 r 6 s  vu  l ' a b s e n c e  de  16sion 
d 6 m o n t r 6 e .  Ces  r6sul ta ts  son t  conf i rm6s  pa r  un  suivi 
de 9 h 24 mois.  

Peu  d ' 6 t u d e s  se sont  int6ress6es  au  suivi t h6 rapeu-  
t ique  dans  les cancers  co lo rec taux .  H a b e r k o r n  [18] a 
6valu6 des  pa t i en t s  en  r6cidive avan t  et apr6s  rad io-  
th6rapie .  L ' 6 t u d e  de  la f ixat ion du  F D G  ne lui a pas  
pe rmi s  de  p r6d i re  de  faqon sa t i s fa isante  l ' 6vo lu t i on  
t h 6 r a p e u t i q u e  des  p a t i e n t s  ind iv idue l s .  E n g e r h a r t  
[19] cons t a t a i t  p a r  c o n t r e  que  la d 6 m o n s t r a t i o n  d ' u n e  
activit6 t u m o r a l e  r6s iduel le  du  F D G  ind ique  pr6co-  
c e m e n t  l ' e x i s t e n c e  d ' u n e  r6c id ive .  D e s  6 tudes  
r6cen tes  r6alis6es pa r  une  6qu ipe  a l l e m a n d e  [20, 21] 
sugg6ren t  la possibil i t6 d 'u t i l i ser  le aSF-Fluoro-Uracyl  
p o u r  s61ect ionner  les pa t i en t s  r 6 p o n d a n t  ~ la ch imio-  
th6rap ie  au  5 F l u o r o - U r a c y l .  

C A N C E R S  D U P A N C R E A S  

Le p r o n o s t i c  de  cance r  du panc r6as  est  par t icul i6-  
r e m e n t  d 6 f a v o r a b l e .  Cec i  p a r a i t  r6 su l t e r  en  p a r t i e  
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des difficultes rencontrees dans le diagnostic de ce 
cancer qui ne se manifeste que par des symptemes 
non specifiques et des signes indirects en imagerie 
structurelle. 

Divers examens de medecine nucleaire ont ete pro- 
poses dans le passe pour l 'examen du pancreas mais 
n'ont pas permis de visualiser specifiquement la pre- 
sence de tumeur. Plusieurs acides amines qui s'accu- 
mulent dans le pancreas normal (methionine .... ) ont 
ete testes [22] afin de detecter les lesions tumorales 
qui ne captaient pas ces traceurs, mais cette absence 
de captation n'est pas specifique, car elle est egale- 
ment observee en cas de lesions d'autres etiologies 
[22, 23]. 

Plusieurs groupes ont etudie le r61e du F D G  dans 
le diagnostic differentiel de l 'adenocarcinome pan- 
creatique et de la pancreati te chronique pseudotu- 
morale [23-28] (Tableau VI). Une fixation tumorale 
elevee, d' intensite moderee  (SUV > 2), est genera- 
lement observee en cas de cancer (sensibilite sup& 
rieure h 90 % selon les etudes). La fixation du FDG 
dans le pancreas normal est faible. Elle n'est gene- 
ralement pas augmentee sensiblement dans la pan- 
creatite chronique. Occasionnellement,  on observe 
une f ixat ion diffuse he te rogene ,  tandis que, plus 
rarement  une fixation focale elev6e est responsable 
d 'un diagnost ic  faussement  posi t i f  (specificite 
variant en 78 % et 90 % selon les etudes). Ces resul- 
tats sont super ieurs  a ceux obtenus  en TDM 
[24, 25]. 

L'importance d'un contrele de la glycemie, en par- 
ticulier en cas de diabate, a ete soulignee par Bares 
[27]. Celui-ci rappor te  chez des patients insulinoo 
dependants des resultats faussement negatifs en cas 
de tumeur de moins de 13 mm de diam6tre. On sait 
que le glucose entre en competition avec le FDG au 
niveau des transporteurs. Une hyperglycemie peut de 
la sorte diminuer la captation tumorale du FDG et la 
sensibilite diagnostique. Un contr61e adequat  de la 
glycemie, en particulier en cas de diabete frequent 
dans cette population, devrait limiter ces risques de 
faux negatif. 

Le F D G  presente egalement un interet pour detec- 
ter les metastases ganglionnaires ou hepatiques,  
par t icul ierement  frequentes.  Une  detect ion des 
metastases ganglionnaires etait realis6e correctement 
en TEP dans 76 % des cas pour Bares [27]. Dans ce 
travail, les resultats de la TEP etaient positifs dans les 
3 cas de cholangiocarcinomes. Une etude a d'ailleurs 
montre la possibilite de d6tecter de petits cholangio- 
carcinomes chez des patients porteurs de cholangite 
sclerosante primitive, pathologie pr6disposant tace 
type de neoplasie [29]. 

Shreve [30] a attire l 'attention sur la frequence des 
faux positifs en cas de pancreatite aigu6 sur pancrea- 
tite chronique (12 faux positifs sur 42 cas dans sa 
serie). Ces resultats conf i rment  la necessite d 'une 
selection attentive des patients soumis a la TEP pour 
6viter les cas d'inflammation aigu6 (abces ou poussee 
de pancreatite aigue). 

TABLEAU VI 

V A L E U R  D I A G N O S T I Q U E  D E  LA TEP ET D E  L ' IC DANS 
LE C A N C E R  D U  P A N C R E A S  

Auteurs [ref.] n Sensibilit6 Sp6cificit6 Exactitude 

Stollfuss [24] 73 TEP  95 90 
T D M  80 74 

Inokuma [25] 46 TEP  94 82 91 
TDM 89 73 85 

US 89 45 78 
Echoendo 97 64 88 

Bares [27] 40 TEP  93 85 90 
T D M  100 23 

US 75 33 

Friess [26] 80 TEP 94 88 

Zimny [28] 106 TEP  85 84 

TABLEAU VII 

T E P  ET BILAN D ' E X T E N S I O N  
D U  C A N C E R  ( E S O P H A G I E N  

Auteurs  [ref.] Tumeur Metastases Ganglions 
primitive ~ distance locoregionaux 

Kole A C  [33] 
Block MI [35] 
Luketich JD [31] 
Baret to A [30] 
Flanagan FL [34] 
Rankin SC [32] 

25/26 
56/58 
34/35 
24/25 
36/36 
25/23 

8/9 
17/17 
9/10 
5/-  
6/7 
8/-  

12/13 
11/21 
9/2l 
8/14 

22/29 
4/17 

C A N C E R S  D E  L ' ( E S O P H A G E  

Le rele de la TEP dans le bilan d'extension des can- 
cers de l'0esophage a fait l 'objet d'etudes recentes [31- 
36]. Le cancer de l'cesophage garde en effet un pro- 
nostic tres defavorable et son bilan d'extension reste 
difficile ~ etablir. Apres oesophagectomie, la survie 
mediane est de 18 ~ 20 mois avec un taux de survie 
5 ans d 'environ 10 %. Le taux de chirurgie h visee 
curative est estim6 ?a 20 %. Les techniques radiolo- 
giques conventionnelles (angioscannographie spira- 
lee, echoendoscopie,  et echographie) sous-estiment 
souvent l 'extension de la maladie avec des echecs en 
cas de metastases locoregionales et h distance. 
L'echoendoscopie definit le degre de penetration en 
profondeur de la tumeur mais ne permet pas de reali- 
ser le bilan ganglionnaire. Le bilan d'extension deft- 
nitif sera donc realise au cours de l 'intervention chi- 
rurgicale. 

La tumeur primitive est visualisee dans quasiment 
tousles cas (Tableau VII). Dans notre experience, la 
sensibilite etait  de 97 % pour  une serie de 30 pa- 
tients [31]. La TEP detecte la presence de metastases 

distance avec une excellente sensibilite et specificite 
et permet d'identifier les patients pour lesquels la chi- 
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rurgie ne serait pas curative [32-36]. La TEP a 6gale- 
ment montr6 son int6r6t pour la d6tection des mdta- 
stases ~ distance dans le suivi de patients op6r6s [31]. 
Par contre, la TEP ne reconnatt qu'environ la moiti6 
des ganglions locor6gionaux envahis lors du bilan ini- 
tial. Dans certains cas, elle a permis de mettre en 6vi- 
dence une r6cidive ganglionnaire locor6gionale lots 
du suivi des patients. 

Une autre indication potentielle de la TEP est 
l'6valuation de la r6ponse ~ la th6rapeutique (chimio- 
th6rapie et/ou radioth6rapie n~oadjuvante) avant 
chirurgie. Cette modalit6 est parfois propos6e pour 
faciliter l'ex6rhse totale de la tumeur. La TEP devrait 
permettre de mieux s61ectionner les patients suscep- 
tibles de b6n6ficier de cette nouvelle approche. 

C A N C E R  HE, PA TIQUE PRIMITIF  
E T  M E T A  S TASES  H E P A  TIQ UES 

Plusieurs auteurs ont rapport6 des r6sultats dans 
l'6tude du carcinome h6patocellulaire. Ces r6sultats 
restent ddcevants. La fixation du FDG dans ces 
tumeurs est faible et variable et pros de la moiti6 des 
16sions ne seraient pas visualis6es. I1 est possible que 
l'activit6 prolif6rative des 16sions positives soient plus 
61ev6e, mais l'impact diagnostique du FDG n'appa- 
ra~t pas clairement darts cette indication [37-38]. 

I1 en va autrement clans la raise au point des m6ta- 
stases h6patiques (Tableau IV). Celles-ci peuvent 
trouver leur origine clans un grand nombre de 
tumeurs, non seulement digestives mais 6galement 

mammaires, pulmonaires,  etc. La sensibilit6 de la 
TDM dans la recherche des m6tastases h6patiques est 
satisfaisante m~me si certaines 16sions isodenses sont 
parfois manqu6es, mais r6guli6rement la TDM ne 
permet pas de d6finir la nature des 16sions. Les r6sul- 
tats d'Hustinx [39] confirment la meilleure sp6cificit6 
de la TEP par rapport h la TDM (tandis que le gain 
par rapport/~ l 'ultrasonographie porte essentielle- 
ment sur la sensibilit6). 

La TEP est d6s lots fr6quemment indiqu6e, soit 
titre compl6mentaire, soit comme premier examen 
dans le cadre du bilan m6tastatique d'une r6cidive 
suspect6e ou d6montr6e. 

E N  C O N C L U S I O N  

La TEP au 18FDG pr6sente de nombreuses indica- 
tions dans l '6valuation des tumeurs digestives. Son 
r61e principal concerne le bilan d'extension des r6ci- 
dives tumorales d6montr6es ou suspect6es mais des 
indications plus ponctuelles concernent 6galement le 
diagnostic diff6rentiel des masses pancr6atiques et le 
brian initial du cancer de l'cesophage. 

Le principal avantage de la TEP r6sulte de la 
nature m6tabolique du signal, ind6pendant et com- 
pl6mentaire des modifications anatomiques visibles 
en imagerie ctassique. Un autre avantage est Ii6 
l'examen du corps entier aujourd'hui pratiqu6 syst6- 
matiquement. La TEP trouve d6s lors sa place en pre- 
mi6re ligne dans ses diff6rentes indications. 
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The value o f  imaging techniques and endoscopy in 
the evaluation o f  gastrointestinal diseases is constantly 
increasing. Among  these, positron emission tomogra- 
phy (PET) may bring an important contribution for 
cancer. 

Here are briefly reviewed the demonstrated or 
potential roles o f  P E T  in the evaluation o f  various 
tumors o f  the oesophagus, intestine, pancreas, liver 
and bile ducts. 

PHYSIOLOGICAL BASES OF PET IMAGING 

It is known since the report from Warburg [1] that 
malignant transformation is associated with metabolic 
modifications, especially an increase o f  glucose meta- 
bolism. This is related to an increased expression o f  
genes responsible for the synthesis o f  glucose transpor- 
ters, that is to say an increase o f  associated m R N A s  
and o f  m R N A s  encoding for  the transporters them- 
selves, G L U T  I in particular. The production o f  hexo- 
kinase isoform II  is favored and the regulation o f  gly- 
colysis modified towards an overall increase. Other 

metabolic systems are altered to adapt to the accelera- 
ted cell's growth and proliferation, especially the pro- 
tein and nucleic acid synthesis pathways. 

Various tracers have been developed to reveal these 
metabolic alterations, in particular: 18F-fluorodeoxy- 
glucose (tSFDG), a glucidic metabolic tracer," ammo- 
nia (13NH3+), a perfusion tracer; oxygen-15; 11C- 
methionin, a tracer o f  protein synthesis and amino 
acid uptake; thymidine -(3H or ll C), a tracer of  nucleic 
acid synthesis. Among  these tracers, FDG has been the 
most commonly used. It is a glucose analogue labelled 
with 18-fluorine. F DG is a competitive substrate for 
glucose transporters and hexokinase. It penetrates 
inside the cell where it gets phosphorylated. However, 
it is not a substrate for glucose-6-phospho-isomerase. 
Therefore, the FDG-6P remains trapped inside the 
cell in its phosphorylated form. Enzymes able to cata- 
lyse dephosphorylation the reaction are only present in 
very low amounts (with the exception of  the liver) and 
thus do not allow the reverse transformation into FDG. 

In cancer, FDG appears as a marker of  the number 
o f  viable cells as well as o f  tumor cell proliferation in 
some models. 
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I M A G I N G  T E C H N I Q U E S  W I T H  1 8 - F D G  

Patients must fast at least 6 hours before FDG injec- 
tion in order to decrease their glycemia and favor the 
uptake o f  FDG in tumors (an increase in glycemia 
enhances the competitive uptake of cold glucose at the 
expense of  FDG, as well as a myocardial fixation of  
FDG). The injection is performed at rest afier possible 
premedication (a diuretic drug such as furosemide to 
increase the urinary elimination of the tracer; a mus- 
culotrope colic antispasm drug such as mebeverine- 
Duspatalin TM, a myorelaxing drug such as diazepam 
in order to prevent a possible accumulation of the tra- 
cer within striated muscles). Around 200 MBq (6mCi) 
of  FDG are injected intravenously 60 minutes before 
performing the examination. This time delay allows 
for a decrease of  the normal blood and tissue activity, 
for a diminution of  liver activity and favors the 
concentration o f  FDG within the tumor. The best 
signal-to-noise ratio is generally obtained after 
90 minutes, that is to say at half-time through the exa- 
mination. Examinations are performed with a PENN 
P E T  24014 scanner (UGM, Philadelphia, USA) that 
allows the acquisition o f  whole body images. The 
effective axial field is 128 millimeters and the examina- 
tion is performed by overlapping steps of  64 millime- 
ters. Eight to 12 steps are usually required to cover the 
zone of clinical interest (in general from the base of the 
head to the inguinal folds). A transmission acquisition 
is performed in alternance with emission acquisitions 
or after those by using a cesium-137 source operating 
in single photon mode. Reconstruction of data uses an 
iterative filter (OS-EM). Images are viewed in the three 
orthogonal plans: transverse axial, coronal and sagit- 
tal, as well as in tridimensional projection and in 'cine' 
mode. Reconstruction o f  data with an iterative filter 
and correction of  attenuation dramatically improves 
the quality o f  images when compared to older tech- 
niques of filtered backprojection. The clinical value of 
these technical improvements appears very likely when 
results from different teams are compared. However, a 
thorough scientific validation is still needed. 

C O L O R E C T A L  C A N C E R S  

Among the different gastrointestinal tumors, the lar- 
gest experience has been obtained in colorectal cancer. 
These represent around 15 % of malignant tumors in 
both sexes. Surgery is possible in 70 % of  primary can- 
cers, but one third of  patients shall relapse within two 
years. 

The circumstances of  the diagnosis are frequently 
non-specific: constipation, abdominal pain, haemor- 
rhages, degradation of  the general condition..., or 
result from complications. Clinical examination, 
besides rectal examination, is generally inconclusive. 
Radiological examinations (abdomen without prepa- 
ration, baryum enema, chest X-ray, liver echotomo- 
graphy and abdominal scanner) and colonoscopy 
complete the exploration, but staging is principally 
performed by the surgeon during laparotomy. 

PET  has little role in the initial pre-surgical staging 
(in the absence o f  known metastatic lesions). The 
tumor can be revealed as well as some metastases, 
especially liver metastases [2] (Table I). For the detec- 
tion of liver metastases, its sensitivity appears as good 
and its specificity equals that o f  CT. However, the 
detection of  lymph node metastases does not seem to 
be accurate since it was only possible in 4 cases out of  14. 
These results may be explained, i f  one considers that 
lymph node invasions can be found in contiguity of  the 
tumor, therefore non detected by P E T  (lack of resolu- 
tion), or can frequently be of microscopic size. In case 
of  advanced tumors, however, P E T  may play a role in 
the pre-surgical evaluation o f  potential metastatic 
resection [3, 4]. 

TABLE l 

R E S U L T S  OF  P E T  IN C O L O R E C T A L  C A N C E R  
I N I T I A L  S T A G I N G  

Authors [ref] Falk [4] Gupta [5] Abdel-Nabi [2] 

n = 16 17 48 

PET Sensitivity 87 % 90 % 100 % 
Specificity 67 % 66 % 43 % 

TDM Sensitivity 47 % 60 % 
Specificity 100 % 65 % 

P E T  is more useful to detect a regional recurrence 
and to perform secondary staging in case of demons- 
trated or suspected relapse. In particular, in the pelvic 
region, P E T  can differentiate between tumor recur- 
rence and a suspicious scar fibrosis as seen by CT ima- 
ging. Several published series confirm the good sensiti- 
vity and specificity of  PET  when compared to CT all 
sites included (Table II), but more especially for the 
detection of  locoregional recurrences (Table III) and 
liver metastases [4-15] (Table IV). According to our 
own experience, however, peritoneal metastases were 
missed by both procedures (Table V). Even though its 
sensitivity is slightly lower than the one of  portoscan, 
its specificity is far better [9]. When compared to endo- 
rectal ultrasound, P E T  has the advantage of exploring 
the whole body, allowing the detection during a single 
examination of  locoregional, peritoneal, liver, lung, 
lymph node or bone metastases. It is noteworthy that 
endorectal ultrasound often overestimates disease 
extension [16]. 

TABLE II 

RESULTS OF PET IN COLORECTAL CANCER 
GLOBAL STAGING IN CASE OF DEMONSTRATED 

OR SUSPECTED RECURRENCE 
(PER PATIENT) 

Authors 

Schiepers 
Pounds 
Daenen 
Ogunbiyi 
Delbeke 

TOTAL 

[ref] patients 
n 

[10] 76 
[121 33 
[131 19 

13] 58 
[9] 52 

238 

sites sensitivity specificity 
n (%) (%) 

94 98 
47 96 87 
29 95 67 

96 86 
166 92 92 

94 87 
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TABLE III 

COMPARATIVE STUDIES OF COLORECTAL CANCER 
RECURRENCE STAGING BY PET AND CI, 

BY SITES [11 

Authors 
n [ref] 

PET Sens. 
Spec. 
Accur. 

TDM Sens. 
Spec. 
Accur. 

MRI Sens. 
Spec. 
Accur. 

Local �9 )elvic recurrence 

S c h ~ i n x  Ogunb-iyi ] Ito Keogan 
37 [14] 76 [10] { 27 [39] 47 [3] 18 [15] 

I 
91 100 92 93 I 90 100 JI 80 100 97 I 71 

95 I 85 95 100 89 
I 

6! 85 52 
0 80 

63 70 

64 
75 
65 

TABLE IV 
COMPARATIVE STUDIES OF COLORECTAL CANCER 

RECURRENCE STAGING BY PET AND CI, 
BY SITES [2] 

Liver rnetastase 

Authors Schiepers Delbeke Hustinx Vitola Ogu 
n [ref] 76 [i0] 52 [9] 64 [39] 24 [7] 58 

PET Sens. 94 91 97 90 
Spec. 100 95 86 100 1t 
Accur. 98 92 92 93 

TDM Sens. 85 81 72 
Spec. 98 60 75 
Accur. 93 78 81 

Porto Sens. 97 97 
TDM Spec. 5 9 

Accur. 80 76 

Several reports evaluated the impact of  P E T  on 
patient care management and demonstrated a signifi- 
cant contribution to therapeutic decision with a rate of  
non-intervention decision for a curative purpose in 
more than 40 % of  cases [7-10]. One of  the first publi- 
shed studies about the value of  18-FDG P E T  in colo- 
rectal cancer recurrences [8] showed an impact of  PET  
on therapeutic decision in 7 patients out o f  17. The 
detection o f  previously unsuspected metastases in 
17patients out o f  52 [10] also resulted in a modifica- 
tion of  the surgical treatment in these patients, with a 
change of  the operating procedure in 6 patients and an 
abstention from any surgery in 11 cases. 

In case o f  isolated increased A C E  rate, several teams 
demonstrated the value of  PET  for localising the single 
or multiple lesions involved [8, 9, 17]. In a case study 
involving 22 patients, the sensitivity and the negative 
predictive value were 100 % and the specificity 71% 
(15 true positives, 5 true negatives and 2 false positives) 
[17]. The clinical impact of  PET  appears a significant 
one in this study. Four patients underwent curative 
surgery, eleven patients underwent chemotherapy due 
to extensive lesions. Five patients did not undergo sur- 
gery due to an absence o f  demonstrated lesion. These 

TABLE V 

COMPARATIVE STUDIES OF COLORECTAL CANCER 
R E C U R R E N C E  STAGING BY PET AND CI, 

BY SITES [3] 

Authors [ref] 

PET 

TDM 

Sensitivity 
Specificity 
Accuracy 

Sensitivity 
Specificity 
Accuracy 

Non-hepatic localization 

Delheke [9] 

39 

100 
40 
92 

74 
50 
71 

Ogunbiyi [3] Hustinx [39 

47 33 

100 62 
71 
64 

57 

results were confirmed during a follow-up of  9 to 
24 months. 

Few studies have considered the therapeutic follow- 
up of  colorectal cancers. Haberkorn [18] analyzed 
patients in recurrence before and after radiotherapy. 
The analysis o f  FDG fixation did not allow him to pre- 
dict in a satisfactory way the therapeutic evolution of  
individual patients. Engerhart [19] found, however, 
that the demonstration of  a residual tumoral activity of  
FDG precociously indicates the existence o f  a recur- 
rence. Recent studies performed by a German team 
[20, 21] suggest the possibility to use 18F-Fluorouracyl 
in order to select patients responsive to 5-Fluorouracyl 
chemotherapy. 

PA N C R EA TIC  CANCERS 

Prognosis in pancreatic cancer is particularly 
severe. This seems to result partly from difficulties 
encountered during the diagnosis of  this cancer, that 
only reveals itself by non-specific symptoms and indi- 
rect signs in structural imaging. 

Several nuclear medicine examination procedures 
has been proposed in the past for the exploration of  the 
pancreas but none allowed to specifically demonstrate 
the presence o f  a tumor. Several amino acids that accu- 
mulate in the pancreas (methionin...) have been tes- 
ted [22] in order to detect tumoral lesions as uptake 
defects, but this absence of  uptake is non-specific, since 
it is also observed in lesions o f  other origin [22, 23]. 

Several teams studied the role o f  FDG in the diffe- 
rential diagnosis between pancreatic adenocarcinoma 
and pseudo-tumoral chronic pancreatitis [23-28] 
(Table VI). An increased tumoral uptake, of  moderate 
intensity (SUV > 2), is generally observed in case of  
cancer (sensitivity above 90 % according to different 
studies). The uptake o f  FDG in normal pancreas is 
low. It is generally not significantly increased in chro- 
nic pancreatitis. From time to time, an heterogeneous 
diffuse fixation may be observed whereas, less often, 
an enhanced focussed fixation is responsible for a false 
positive diagnosis (specificity ranging from 78 % to 
90 % depending on study). These results are better 
than the ones obtained with CT [24, 25]. 
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TABLE VI 

D I A G N O S T I C  V A L U E  OF PET A N D  CI 
IN P A N C R E A T I C  C A N C E R  

Authors [req n Sensitivity Specificity 

Stollfuss [24] 73 PET 95 90 
TDM 80 74 

Inokuma [25] 46 PET 94 82 
TDM 89 73 

US 89 45 
US endo 97 64 

Bares [27] 40 PET 93 85 
TDM 100 23 

US 75 33 

Friess [26] 80 PET 94 88 

Zimny [28] 106 PET 85 84 

Accuracy 

91 
85 
78 
88 

90 

The importance o f  glycemia control, especially in 
cases of  diabetes, was mentioned by Bares [27]. This 
author reports in insulin dependant patients, false 
negative results in case o f  tumors of  less than 13 mm in 
diameter. It is known that glucose competes with FDG 
for transporters. Thus, hyperglycemia can decrease the 
tumoral uptake of  FDG and the diagnosis sensitivity. 
An adequate control of  glycemia, especially in case of 
diabetes which is frequently present in this population, 
should decrease these risks for false negatives. 

FDG is also valuable for detecting lymph node or 
liver metastases, which are particularly frequent. 
Detection o f  lymph node metastases was accurate with 
P E T  in 76 % o f  cases for Bares [27]. In this report, 
PET  results were positive in the 3 cases of  cholangio- 
carcinoma. Indeed, another study showed that it was 
possible to detect small cholangiocarcinomas in patients 
with primary sclerosing cholangitis, a pathology that 
predispose to this type o f  cancer [29]. 

Shreve [30] pointed out the frequency of  false posi- 
tives cases in acute pancreatitis when compared to 
chronic pancreatitis (12 false positives in 42 cases in 
his series). These results confirm the necessity for a 
careful selection of  patients undergoing P E T  in order 
to avoid cases o f  acute inflammation (abscesses or 
spurt of  acute pancreatitis). 

O E S O P H A G E A L  C A N C E R S  

The value o f  P E T  in the staging of oesophageal can- 
cers has been recently studied [31-36]. In fact, progno- 
sis of  oesophageal cancer remains very bad and its sta- 
ging is still very difficult to perform. Following 
oesophagectomy, the median survival is 18 to 20 months 
with a survival rate at 5 years of  approximately 10 %. 
The rate o f  curative surgery procedures is estimated at 
20 %. Conventional radiological techniques (spiralled 
angioscanning, ultrasound endoscopy and ultrasound 
scan) often underestimate the extension of  the disease 
with failures in case of  locoregional or distant metas- 
tases. Ultrasound endoscopy measures the degree of  

in-depth penetration o f  the tumor but does not allow to 
check lymph node involvement. Definitive staging will 
then be performed during surgery. 

The primary tumor is viewed in almost every case 
(Table VII). According to our experience, sensitivity 
was 97 % in a series of  3O patients [31]. PET detects the 
presence of  distant metastases with excellent sensitivity 
and specificity and allows to identify patients for 
whom surgery would not be a curative procedure [32-36]. 
On the other hand, P E T  only recognizes around half 
of  the invaded locoregional lymph nodes at the initial 
staging. In some cases, it allowed to reveal a lymph 
node or metastatic recurrence during the patients' fol- 
low-up. 

Another potential indication o f  PET  is the assess- 
ment of  the therapeutic response (chemotherapy and~or 
neoadjuvant radiotherapy) before surgery. This moda- 
lity is sometimes proposed to ease the removal of  the 
whole tumor. P E T  should help to better select the 
patients likely to benefit from this novel approach. 

P R I M A R Y  L I V E R  C A N C E R S  
A N D  L I V E R  M E T A S T A S E S  

Several authors reported results in the study of  hepato- 
cellular carcinoma. These results remain inconclusive. 
The fixation o f  FDG in these tumors is weak and 
inconsistent and nearly half of  the lesions would not be 
seen. It is possible that the proliferative activity o f  posi- 
tive lesions is higher, but the diagnostic value of  FDG 
does not clearly appear in this indication [37-38]. 

Results are quite different when liver metastases are 
considered (Table IV). These can originate from many 
different tumors, not only from the digestive tract but 
also from breast, lung etc. The sensitivity of  CT in the 
search for liver metastases is satisfactory even if some 
isodense lesions are sometimes missed, but in most 
cases CT does not allow to define the nature o f  the 
lesions. The results o f  Hustinx [39] confirm a better 
specificity for P E T  when compared to CT (whereas 
the benefit when compared to ultrasonography mostly 
comes from a better sensitivity). 

Thus, P E T  is frequently recommended, either as a 
complementary examination or as first examination in 
the metastatic staging of  a suspected or demonstrated 
recurrence. 

TABLE VII  

PET A N D  O E S O P H A O E A L  
C A N C E R  S T A G I N G  

Authors [ref] Primary Distant Locoregional 
tumor metastases lymph nodes 

Kole AC [33] 
Block MI [35] 
Luketich JD [31] 
Baretto A [30] 
Flanagan FL [34] 
Rankin SC [32] 

25/26 
56/58 
34/35 
24/25 
36/36 
25/23 

8/9 
17/17 
9/10 
5/- 
6/7 
8/-  

12/13 
11/21 
9/21 
8/14 

22/29 
4/17 
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CONCLUSION 

PET with 18-FDG can play many roles in the sta- 
ging of  digestive tumors. Its principal values are its use 
in the staging of  suspected or demonstrated recurrences 
but other indications also include the differential dia- 
gnosis o f  pancreatic masses and the initial staging of  
oesophageal cancer. 

The main advantage o f  P E T  comes f rom the 
metabolic nature o f  the signal, independent and 
complementary o f  the anatomical modifications that 
can be viewed by classical imaging. Another advan- 
tage is linked to the whole-body examination which 
is currently systematically performed. Then P E T  
finds its role in first line for these different indica- 
tions. 
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