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18F-FDG PET CT18F-FDG PET CT
and liver metastases from and liver metastases from colocolo--

rectal cancerrectal cancer

Preliminary  comments :Preliminary  comments :

!! FDG PET is not a specific investigation for liver studies. ItFDG PET is not a specific investigation for liver studies. It
makes the scanning of the whole body (excepted brain)  and ismakes the scanning of the whole body (excepted brain)  and is
efficient in the diagnosis of liver metastases including liverefficient in the diagnosis of liver metastases including liver
metastases from metastases from colocolo-rectal cancer.-rectal cancer.

!! FDG PET is not FDG PET is not anatomopatholgy anatomopatholgy ! It investigates ! It investigates glucosisglucosis
metabolism which is special IN MOST OF cancerous cells. Thismetabolism which is special IN MOST OF cancerous cells. This
have important consequences for interpretation.have important consequences for interpretation.



PET and PET-CT and isotopesPET and PET-CT and isotopes

Background :Background :

!! PET :  detection of a couple of photons coming from the disintegrationPET :  detection of a couple of photons coming from the disintegration
of one positronof one positron

!! CT : computed tomographyCT : computed tomography

!! PET-CT : makes the fusion of the two acquisitions : but makesPET-CT : makes the fusion of the two acquisitions : but makes
attenuation correction very important to see the deep organs and helpsattenuation correction very important to see the deep organs and helps
us to see the anatomy which cannot be appreciate by PET pictures onlyus to see the anatomy which cannot be appreciate by PET pictures only

!! Radiopharmaceutical : is specific of an organ or a system : FDG,Radiopharmaceutical : is specific of an organ or a system : FDG,
CholineCholine, F-DOPA, FLT, Rubidium, F-DOPA, FLT, Rubidium



BackgroundBackground

• positron annihilationpositron annihilation

  with an   with an éélectron andlectron and

  emission of 2 x 511   emission of 2 x 511 keV keV 

    photonsphotons

•• 18 18F : radioactive isotope F : radioactive isotope 

Half live : 110 minHalf live : 110 min
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Acquisition des imagesAcquisition des images

Transmission Transmission Emission Emission 



Images TEP - Images TEP - 1818F-FDGF-FDG

with with attenuation attenuation correctioncorrection

without attenuation correctionwithout attenuation correction
Fusion PET-CTFusion PET-CT



PET-CT FusionPET-CT Fusion



18F-FDG

18F-FDG-6-phosphate

Le  FDGLe  FDG--(18F)(18F)

hexokinase

consommation consommation de glucose de glucose ""  (  (transporteurtransporteur,,

activitactivitéé enzymatique enzymatique))
Cellule Cellule canccancééreusereuse

18F-fluorodésoxyglucose

    = analogue radioactif du glucose glucose-6-

phosphate

isomérase 

glucose-6-

phosphatase

Les Les traceurs traceurs TEPTEP



FDG PET and the liverFDG PET and the liver

!! No uptake in the normal No uptake in the normal hepatocyte hepatocyte cellcell

!! This allows detection of liver metastasesThis allows detection of liver metastases

!! This explains there is no uptake in This explains there is no uptake in hepatohepato--
cellular carcinoma (if well differentiated)cellular carcinoma (if well differentiated)

!! This explains the intense uptake inThis explains the intense uptake in
cholangiocarcinomacholangiocarcinoma

Hepatocyte Hepatocyte cells have strong glucose-6 cells have strong glucose-6 phosphatase phosphatase activity :activity :



PET and colorectalPET and colorectal
cancercancer

Main indicationsMain indications

!! For initial diagnosis and initial staging : NO INDICATIONFor initial diagnosis and initial staging : NO INDICATION

!! Recurrence of colorectal cancer : exploration of non identified lesionRecurrence of colorectal cancer : exploration of non identified lesion
or unexplained rising CEA levelor unexplained rising CEA level

!! Recurrence versus fibrosisRecurrence versus fibrosis

!! New staging before surgery in case of isolated secondary localizationNew staging before surgery in case of isolated secondary localization
(hepatic most of time)(hepatic most of time)



PET and liver metastases fromPET and liver metastases from
colorectal cancercolorectal cancer

Main indications : Main indications : No specific indication for hepatic metastases but :No specific indication for hepatic metastases but :

!! Characterization of a liver lesion : metastases versus hepatic Characterization of a liver lesion : metastases versus hepatic angiomaangioma

!! Residual abnormalities after radiofrequencyResidual abnormalities after radiofrequency

!! Before surgery of a single liver metastasesBefore surgery of a single liver metastases

!! Evaluation of therapiesEvaluation of therapies



PET and liver metastases fromPET and liver metastases from
colorectal cancercolorectal cancer

In fact, discussion is :In fact, discussion is :

!! WhatWhat’’s happening when we see hot spot in the liver ?s happening when we see hot spot in the liver ?

!! Is FDG PET-CT more or less sensitive and specific than the otherIs FDG PET-CT more or less sensitive and specific than the other
imaging modalities : CT and MRIimaging modalities : CT and MRI

!! Pitfalls and artifacts must be known by every one for not inducingPitfalls and artifacts must be known by every one for not inducing
false positive or false negative resultsfalse positive or false negative results



PET and liver metastases fromPET and liver metastases from
colorectal cancercolorectal cancer

PET-CT versus CT alone or MRI for liver metastases fromPET-CT versus CT alone or MRI for liver metastases from
colorectal cancer:colorectal cancer:

!! Same Sensitivity (91-95 %) et accuracy (90 %) between PET-Same Sensitivity (91-95 %) et accuracy (90 %) between PET-
CT and CT alone.CT and CT alone.

!! But PET is more specific for lesions > 1 cm andBut PET is more specific for lesions > 1 cm and

PET > CT (Sp = 100 % VS 50 %) in prior PET > CT (Sp = 100 % VS 50 %) in prior hepatectomyhepatectomy

Selzner Selzner M et al, Ann M et al, Ann Surg Surg 2004, 240, 1027-362004, 240, 1027-36

!! MRI > PET for small lesionMRI > PET for small lesion

Kong g, Kong g, Eur Eur J J Nucl Nucl Med Mol IM, 2008, 1323-9Med Mol IM, 2008, 1323-9



PET and liver metastases fromPET and liver metastases from
colorectal cancercolorectal cancer

Important Message:Important Message:

!! Hepatic Hepatic angioma angioma and Focal Nodular Hyperplasia : NEVERand Focal Nodular Hyperplasia : NEVER
UPTAKE OF FDGUPTAKE OF FDG

!! Red Blood cell Red Blood cell scintigraphy scintigraphy seems to be replaced today by FDGseems to be replaced today by FDG
PET-CT for characterization of giant PET-CT for characterization of giant hemangiomashemangiomas



Detection of recurrenceDetection of recurrence

New staging before surgery of a single lesion +++++New staging before surgery of a single lesion +++++

!! Single liver Single liver metastase metastase ::

- Research other localizations (lungs, nodes, peritoneal - Research other localizations (lungs, nodes, peritoneal carcinomatosiscarcinomatosis, suprarenal, suprarenal
glands, etc...)glands, etc...)

TEP :  Se = 91,5 % TEP :  Se = 91,5 % Sp = 95,4 %Sp = 95,4 %

TDM : Se = 60,9 %TDM : Se = 60,9 % Sp = 91,1 %Sp = 91,1 %

- New staging the liver itself :- New staging the liver itself :

TEP :  Se = 88,0 % TEP :  Se = 88,0 % Sp = 96,1 %Sp = 96,1 %

TDM : Se = 82,7 %TDM : Se = 82,7 % Sp = 84,1 %Sp = 84,1 %

MMééta ta analyse analyse de de Wiering Wiering B et al ,Cancer 2005, 104, 2658-70 et al,B et al ,Cancer 2005, 104, 2658-70 et al,

((Langhenhoff  Langhenhoff  et et Lonneux Lonneux 2002)2002)



Recurrence detectionRecurrence detection

Evaluation of a single localization before surgeryEvaluation of a single localization before surgery

Unexpected lesions revealed by FDG PET with modification ofUnexpected lesions revealed by FDG PET with modification of
management in :management in :

!! 42 % of cases (Beets, 1994)42 % of cases (Beets, 1994)

!! 32 % of cases (Lai, 1996)32 % of cases (Lai, 1996)

!! 32 % of cases (32 % of cases (Valk Valk 1999)1999)

!! 28 % of cases (28 % of cases (Delbeke Delbeke 1999)1999)

!! 20 % of cases (20 % of cases (Ruers Ruers 2002)2002)

!! 21 % of cases (21 % of cases (Selzner Selzner 2004)2004)

!! 20 % of cases (20 % of cases (Kuker Kuker 2007)2007)
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Bilan dBilan d’’une une lléésionsion
du du segmentsegment
VIII chez unVIII chez un
patient patient opopéérréé
dd’’un un adadéénono--
carcinomecarcinome
rectalrectal

1 1 volumineusevolumineuse
mméétastasetastase
hhéépatiquepatique
uniqueunique



Patiente opPatiente opéérréée e lele
28/12/200628/12/2006
dd’’uneune
colectomiecolectomie
gauchegauche

AdressAdresséée e lele
09/01/200809/01/2008
Suspicion deSuspicion de
mméétastasestastases
hhéépatiques patiques etet
de de carcinosecarcinose
ppééritonritonééaleale

Nombreux Nombreux foyersfoyers
hhéépatiquespatiques
droits maisdroits mais
aussi aussi gauchegauche

Pas Pas dd’’activitactivitéé sur sur
les imagesles images
tissulairestissulaires



Bilan dBilan d’’uneune
probableprobable
rechuterechute
mméétastatiquetastatique
hhéépatique patique dd’’unun
cancer cancer du du coloncolon
traittraitéé  en 2000en 2000

Volumineuse Volumineuse lléésionsion
du du segmentsegment
VIIIVIII



Bilan dBilan d’’uneune
probableprobable
rechuterechute
mméétastatiquetastatique
hhéépatique patique dd’’unun
cancer cancer du du coloncolon
traittraitéé  en 2000en 2000

Volumineuse Volumineuse lléésionsion
des segmentdes segment
VIII et IVIII et I



MasseMasse
correspondant correspondant àà
un ganglionun ganglion
coeliaquecoeliaque



Un ganglion hyper-Un ganglion hyper-
mméétaboliquetabolique
inter inter aorticoaortico
cavecave

Fixation Fixation coliquecolique
gauche diffusegauche diffuse
((ce nce n’’est est pas depas de
la la carcinosecarcinose))

Et...Et...



Un foyerUn foyer
pulmonairepulmonaire
gauche visiblegauche visible
surtout sur surtout sur lesles
images nonimages non
corrigcorrigééeses



Detection of recurrencesDetection of recurrences

After radiofrequency :After radiofrequency :

!! After radiofrAfter radiofrééquency ablation of liver metastases : no uptake.quency ablation of liver metastases : no uptake.

PET > CT for detection of recurrence after radiofrequencyPET > CT for detection of recurrence after radiofrequency

Travaini Travaini LL et al, LL et al, Eur Eur J J Nuc Nuc Med Mol Med Mol Im Im 2008, 1316-222008, 1316-22

PET = MRI for detection of recurrence after radiofrequencyPET = MRI for detection of recurrence after radiofrequency

Kuehl Kuehl H et al, H et al, Eur Eur J J Radiol Radiol 2007, 362-712007, 362-71

!! Evaluation in the first 12 hours (evaluation of efficiency) or after 6 Evaluation in the first 12 hours (evaluation of efficiency) or after 6 àà 8 8
weeks (recurrence) : inflammation from the 3rd day with hot spot rimweeks (recurrence) : inflammation from the 3rd day with hot spot rim
(granulation)(granulation)

Avril Avril N, 2006, 47, 1235-37N, 2006, 47, 1235-37



ThThéérapeutic Evaluationrapeutic Evaluation

Chemotherapy :Chemotherapy :

!! Early evaluation of therapeutic to detect answering fromEarly evaluation of therapeutic to detect answering from
non answering patients : evaluation after 1 or 2non answering patients : evaluation after 1 or 2
administrations (3 or 6 weeks)administrations (3 or 6 weeks)

Bender H et al, Bender H et al, Hybridoma Hybridoma 1999, 18, 87-911999, 18, 87-91

Delbeke Delbeke D et al, J D et al, J Nucl Nucl Med, 1999, 40, 591-603Med, 1999, 40, 591-603

Small RM et al, J Small RM et al, J surg Oncol surg Oncol 2008, 99, 93-982008, 99, 93-98

!! CHIP : pas de CHIP : pas de protocole particulierprotocole particulier



Patiente opPatiente opéérréée e enen
fféévrier vrier 20072007
dd’’une une lléésionsion
coliquecolique. L. Léésionssions
secondairessecondaires
hhéépatiquespatiques
((synchronessynchrones))

CT CT jusqujusqu’’auau
23/11/200723/11/2007

Pas Pas dd’’image image dede
rrééfféérence !!!rence !!!

Aucune activitAucune activitéé
sur sur les lles léésionssions
hhéépatiquespatiques



Erturk et al. Eur J Radiol 2006, 229-235

Before chemotherapy After chemotherapy

Hepatic and peritoneal

metastases



Before therapy                After therapy

Bienert et al. Eur J Nucl Med, 2005, 32, 778-87

After treatment of the right

lobe of the liver by intra

arterial injection of

microspheres labeled by

Y-90



Pitfalls and ArtifactsPitfalls and Artifacts

Limitations of FDG PET (1) :Limitations of FDG PET (1) :

!! HISTOLOGICAL PATTERN : HISTOLOGICAL PATTERN : Mucinous adenocarcinoma Mucinous adenocarcinoma : Se: Se
= 58 % VS 92 % for non = 58 % VS 92 % for non mucinousmucinous

Whiteford Whiteford MH et al, MH et al, Dis Dis Colon Rectum, 2000, 43, 759-67Colon Rectum, 2000, 43, 759-67

!! SIZE : poor sensitivity (25 %) for lSIZE : poor sensitivity (25 %) for léésions < 1 cmsions < 1 cm
Fong Y et al, Am J Fong Y et al, Am J Surg Surg 1999; 178, 282-71999; 178, 282-7

!! CHEMOTHERAPY : cell CHEMOTHERAPY : cell sideration sideration in the 3 weeks afterin the 3 weeks after
administrationadministration



Cas CliniqueCas Clinique
H 67H 67 ans ans (LEGUI) (LEGUI)

•• K reinK rein op opéérréé en en
08/0608/06

•• Apparition de 2Apparition de 2
massesmasses
hhéépatiquespatiques (II et (II et
III) en 02/06III) en 02/06

•• Bilan dBilan d’’opopéérabilitrabilitéé



TEP-TEP-
FDG:FDG:

FoieFoie
RASRAS

MAISMAIS

fixationfixation
coliquecolique
droitedroite



kysteskystes
parasiparasi--
tairestaires

++

cancercancer
dudu
coloncolon
((colocolo

scopiescopie
nnéégatigati

veve !!!) !!!)
……



Pitfalls and ArtifactsPitfalls and Artifacts

Limitations of FDG PET (2) :Limitations of FDG PET (2) :

!! MELLITUS DIABETES : competition between FDG blood MELLITUS DIABETES : competition between FDG blood glucosisglucosis. Bad. Bad
tissular tissular penetration ; poor sensitivitypenetration ; poor sensitivity

!! BRAIN : Intense uptake because of poor glucose-6 BRAIN : Intense uptake because of poor glucose-6 phosphatase phosphatase activityactivity

!! Localization beside a natural hot spot (bladder) : Localization beside a natural hot spot (bladder) : signal is notsignal is not
distinguished from the hot spotdistinguished from the hot spot



Patient de 66Patient de 66 ans ans

opopéérréé en 2000 en 2000 d d’’uneune

lléésionsion pulmonaire pulmonaire

gauchegauche

DDéécouverte dcouverte d’’uneune

lléésionsion c céérréébralebrale

frontale supfrontale supéérieurerieure

gauchegauche

RechercheRecherche d d’’autresautres

localisationslocalisations



LocalisationLocalisation

ccéérréébralebrale visible en visible en

TEPTEP

PasPas d d’’autreautre foyer en foyer en

particulierparticulier

pulmonairepulmonaire

surrsurréénalien ounalien ou

osseuxosseux



Foyer frontal gaucheFoyer frontal gauche



Patient Patient opopéérréé
dd’’une une lléésionsion
sigmosigmoïïdiennedienne
en en octobreoctobre
20062006

CT CT jusqujusqu’’enen
juin juin 20072007

UniqueUnique
ganglionganglion
iliaqueiliaque
primitifprimitif
gauche gauche sursur
le scannerle scanner
et et ll’’IRMIRM

Fixation Fixation sursur
LE ganglionLE ganglion
iliaqueiliaque
primitifprimitif
gauchegauche



AspectAspect
confirmconfirméé
sur sur desdes
imagesimages
tardivestardives



Pitfalls and ArtifactsPitfalls and Artifacts

False positives :False positives :

!! INFLAMMATION :INFLAMMATION :

- Uptake is effective on inflammatory nodes  : - Uptake is effective on inflammatory nodes  : granulomatosisgranulomatosis, , sarcosarcoïïdosisdosis, infection,, infection,
etc...etc...

- post-surgical inflammation- post-surgical inflammation

- - DiverticulititisDiverticulititis

- (MICI et adenomas)- (MICI et adenomas)

!! Radiotherapy : uptake in the field during 4 to 6 monthsRadiotherapy : uptake in the field during 4 to 6 months

!! Brown adipose tissueBrown adipose tissue

!! INFECTION : hepatic abscess, other infectionsINFECTION : hepatic abscess, other infections

!! ARTIFACTS : physiologic uptake on gut, or ARTIFACTS : physiologic uptake on gut, or uretersureters



 R Rééalisationalisation
dd’’une une TEPTEP
dans dans lele
cadre dcadre d’’unun
cancer cancer dudu
poumonpoumon
chez unchez un
patientpatient
prpréésentantsentant
une maladieune maladie
de de CrohnCrohn
connueconnue



SarcoSarcoïïdosisdosis



Brown fat uptake



Caractérisation d!un nodule pulmonaire
du LSG - Tuberculose



TEP - FDG coupe frontale

Pitfalls and artifactsPitfalls and artifacts

Antécédent de cancer colique opéré: diagnostic de malignité d’un ganglion

rétropéritonéal

Adénopathie maligne

Stase urétérale de traceurRein



Pitfalls and artifactsPitfalls and artifacts

Bilan dBilan d’’extension extension dd’’un un lymphomelymphome

? ??

UtUtéérusrus

CavitCavitéé  ututéérine en phaserine en phase

menstruellemenstruelle,,

= fixation = fixation muqueusemuqueuse



PerspectivesPerspectives

Autres traceurs Autres traceurs TEP en TEP en oncologie oncologie ::

!! ProlifProliféération ration cellulaire cellulaire : : 1818F-F-FluoroFluoro--thymidinethymidine

!! SynthSynthèèse protse protééique ique : : 1111C-C-mmééthioninethionine

!! Hypoxie cellulaire Hypoxie cellulaire : : 1818F-F-FluoromisonidazoleFluoromisonidazole

!! Captation mCaptation méédicamenteuse dicamenteuse : : 1818F-FluorouracilF-Fluorouracil

!! Et encore... La Et encore... La 1111C-C-CholineCholine, le , le 1818F-F-CholineCholine......

TEP - FDG, TEP - FLT, TEP -TEP - FDG, TEP - FLT, TEP - Choline Choline, etc...., etc....



Impact Impact ééconomique conomique ::

* * Examen cherExamen cher, , remboursrembourséé  par la SS:par la SS:

1 000 1 000 "" / 1000 examen ( / 1000 examen (forfait forfait technique)technique) puis  puis 550 550 ""

 + 89,54  + 89,54 "" /  / examen examen ((honoraires mhonoraires méédecindecin))

  2,5 M2,5 M""  ll’’appareil appareil TEP-TDMTEP-TDM

400 400 "" la dose de FDG la dose de FDG

* * Economie Economie de santde santéé  prouvprouvééee dans tous  dans tous les pays, par la diminution les pays, par la diminution dudu
nombre nombre de procde procéédures dures invasives invasives et le et le meilleur ajustement du traitementmeilleur ajustement du traitement

* Beaucoup plus * Beaucoup plus dd’’indications remboursables  indications remboursables  par par MedicareMedicare aux USA aux USA
((ééconomie conomie grgrââce au TEPce au TEP en 2004:  en 2004: 3003 $/patient3003 $/patient))



Perspectives :Perspectives :

* Etudes TEP avec de * Etudes TEP avec de nouveaux nouveaux traceurstraceurs  plus plus spspéécifiques cifiques desdes
mméétabolismes tabolismes des cellules des cellules nnééoplasiques oplasiques (18F-(18F-CholineCholine, 11C-, 11C-CholineCholine,,
11C-Ac11C-Acéétate, 18F-tate, 18F-FluorothymidineFluorothymidine, 18F-, 18F-FluorodopaFluorodopa, 18F-, 18F-FNaFNa……))

* * DosimDosiméétrie trie patientpatient::

- 18 - 18 mSvmSv/ex (1/3 TEP-2/3 TDM)/ex (1/3 TEP-2/3 TDM)

- irradiation - irradiation naturellenaturelle: 2,4 : 2,4 mSvmSv/an/an

- radio - radio pulmonairepulmonaire: 0,1 : 0,1 mSvmSv

*  *  DosimDosiméétrie trie personnelpersonnel  soignantsoignant: 3 : 3 ##SvSv/ex (LMA: 20 /ex (LMA: 20 mSvmSv/an)/an)



ConclusionConclusion

FDG PET-CT and liver metastases from colorectal cancerFDG PET-CT and liver metastases from colorectal cancer

!! FDG PET-CT is not the illustration of the Holy BibleFDG PET-CT is not the illustration of the Holy Bible

!! This is in an other hand a wonderful tool for This is in an other hand a wonderful tool for cancerologiccancerologic
investigations and specially for colorectal cancer management givinginvestigations and specially for colorectal cancer management giving
informations informations for liver and whole body staging with high accuracyfor liver and whole body staging with high accuracy

!! Artifacts and pitfalls must be known by every one and the clinicalArtifacts and pitfalls must be known by every one and the clinical
history of the patient well known by the nuclear medicine physicianhistory of the patient well known by the nuclear medicine physician

!! Importance of PET before liver surgery (other localization) andImportance of PET before liver surgery (other localization) and
probably more and more for therapeutic evaluationprobably more and more for therapeutic evaluation


