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PET/CT PET/CT 
Combines multi-Slice CT  and PET-Scanner

Integration of  state of the art PET and CT instrumentation

Synergistic diagnostic value of each modality

Development and validation of quantitative structural
and biological parameters



FDG PET/CT FDG PET/CT indicationsindications

•• EstablishedEstablished: Staging und Re: Staging und Re--staging staging 

•• PET/CT:  PET/CT:  FunctionalFunctional and and morphologicalmorphological imaging imaging 

State of State of thethe artart imaging in imaging in oncologyoncology

•• TherapyTherapy assessmentassessment ((earlyearly))

•• IndividualizedIndividualized therapytherapy
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• Surrogate for efficiency / clinical benefit

• Definition: WHO / RECIST

• Evaluation ³ 8 weeks after Tx initiation

Therapy response



Limitations of morphological criteria to 
monitor cytotoxic therapy

• Historic and arbitrary definition
• Reduction of tumour size by effective therapy 

takes considerable time (weeks/months)

�� NonNon--responding patients undergo responding patients undergo 
prolonged treatment without benefit prolonged treatment without benefit 

�� Responding patients are erroneously Responding patients are erroneously 
classified as nonclassified as non--respondingresponding



• Agreement of response criteria with histo-
pathological evaluation

• Correlation between response and clinical
outcome

• Early detection of response with high 
negative predictive value

• Development of quantitative criteria for
individual tailoring of therapy

Monitoring of cancer therapy



HistopathologicalHistopathological responseresponse
Becker et al., Becker et al., CancerCancer 20032003

Response grade IResponse grade I

I a: no vital I a: no vital tumourtumour--cellscells

I b: Vital I b: Vital tumourtumour--cellscells < 10%< 10%

Response  grade IIResponse  grade II

Vital Vital tumortumor--cellscells 10 10 -- 50%50%

Response grade IIIResponse grade III

> 50% vital > 50% vital tumourtumour--cellscells



• Tumor glucose utilization can be assessed by 
FDG-PET with high reproducibility

• The decrease of glucose utilization during 
therapy correlates with the reduction of viable 
tumour cells

• In responding tumours a reduction of glucose 
utilization occurs early after initiation of therapy 

FDG-PET for monitoring 
of cytotoxic therapy in cancer



Time (weeks)Time (weeks)

MorphologicMorphologic
imagingimaging

PETPET

00 11 22 33 44 55 66 77 88 99 1010 1111 1212 1313 1414 1515 1616

cycle 1cycle 1 cycle 2cycle 2

resection
resection

CTxCTx

--11

Weber et al. J Weber et al. J ClinClin OncolOncol (2001)(2001)

Early detection of response to chemotherapy in 
patients with adenocarcinomas of the esophagus



Early decrease of FDG-Uptake and 
histology after surgery

--100%100%

--80%80%

--60%60%

--40%40%

--20%20%

00

20%20%

40%40%

> > 10% vital 10% vital 
tumourtumour cellscells

(N=(N=2828))

< 10% vital< 10% vital
tumortumor cellscells

(N=(N=99))

p < 0.001p < 0.001

--35%35%

Weber et al. J Weber et al. J ClinClin OncolOncol (2001)(2001)

SUV = 15SUV = 15

DD SUV = 53%SUV = 53%

SUV = 7SUV = 7



Ott et al. J Clin Oncol (2006) 

Final results of a prospective studyFinal results of a prospective study
esophageal canceresophageal cancer

Survival – all patients (n=56) Survival – R0 resected (n=41)

Metabolic responder:       n=18
Non-responder n= 38
p=0.01

Metabolic responder:        n= 16
Non-responder n= 25
p=0.009



Prediction of histopathological response: 
preoperative chemotherapy in gastric cancer

Decrease of FDG-Uptake 

>35% <35%

Response (n=13) 10 3 Sens.: 77%
Non response
(n=22)

3 19 Spec.: 86%

PPV: 77% NPV 86% Accuracy: 83%

Ott et al. J Clin Oncol (2003) 

P < 0.001



ResponderResponder

d0 d14

Pat 1:Pat 1:

SUVSUVmaxmax:: 9,1    3,59,1    3,5

SUVSUVmeanmean::6,1    2,96,1    2,9 --52%52%



NonresponderNonresponder

d0 d14

Pat 2:Pat 2:

SUVSUVmaxmax:: 9,8    8,49,8    8,4

SUVSUVmeanmean::7,7    6,47,7    6,4 --24%24%
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Survival

>35% decrease, n=13

Median: not reached

p=0.002

<35% decrease, n=22

Median:   18.9 months

Median follow-up
17.5 (6.5-58.2) months

Ott et al. J Clin Oncol (2003) Ott et al. J Clin Oncol (2003) 

MetabolicMetabolic responseresponse in FDGin FDG--PETPET
and and overalloverall survivalsurvival in in gastricgastric cancercancer



ResectionResection statusstatus ::
GenderGender :: Not resected:Not resected: 5   (7%)5   (7%)

femalefemale :: 21   (30%) 21   (30%) RR00--resection:resection: 53 (75%)53 (75%)
male.:male.: 50   (70%)50   (70%) RR1/21/2--Resektion:Resektion: 13 (18%)13 (18%)

LocalizationLocalization :: ypTypT --categorycategory ::
proximalproximal :: 50   (70%)50   (70%) ypTypT 00:    4 (6%):    4 (6%) ypTypT 11:    8 (12%):    8 (12%)
middlemiddle :: 16   (23%)16   (23%) ypTypT 22:  33 (50%):  33 (50%)
distaldistal :: 5     (7%)5     (7%) ypTypT 33:  14 (21%):  14 (21%) ypTypT 44:    7 (11%):    7 (11%)

Lauren Lauren classificationclassification :: ypNypN --categorycategory ::
intestinalintestinal :: 33   (46%)33   (46%) ypNypN 00:  27 (41%):  27 (41%) ypNypN 11:  23 (35%):  23 (35%)
non non intestinalintestinal :: 38   (54%)38   (54%) ypNypN 22:  12 (18%):  12 (18%) ypNypN 33:    4   (6%):    4   (6%)

GradingGrading ::
GG1/21/2:: 17   (24%)17   (24%) Med. Med. FollowFollow --upup :: 56,0 56,0 monthsmonths (35,1(35,1--104,2)104,2)
GG3/43/4:: 54   (76%)54   (76%) Med. Med. survivalsurvival :: 35,235,2 monthsmonths

Final results of a prospective studyFinal results of a prospective study
Gastric cancerGastric cancer



Problem: Problem: 
TumoursTumours withwith unsufficientunsufficient FDGFDG--UptakeUptake

22/71 (31%) 22/71 (31%) unsufficientunsufficient FDGFDG--UptakeUptake

Association Association withwith::
•• LocalizationLocalization ((middlemiddle and and distaldistal thirdthird)    p=0,029)    p=0,029
•• Signet Signet cellscells p=0,13p=0,13



PosttherapeuticalPosttherapeutical responseresponse and and 
earlyearly metabolicmetabolic evaluationevaluation

MetabolMetabol. Resp.. Resp. PosttherPostther. Resp.. Resp.
00 11

00 2727 55 3232
11 66 1111 1717

3333 1616 4949

SensitivitySensitivity:: 11/1611/16 (69%)(69%) NPV:    27/32   (84%)NPV:    27/32   (84%)
SpecificitySpecificity:: 27/3327/33 (82%)(82%)
AccuracyAccuracy:: 38/4938/49 (76%)(76%)

HistopathHistopath. . regressionregression grade I:grade I: 5/215/21 (24%)(24%) notnot quantifquantif..
(n=66 resected (n=66 resected patientspatients)) 5/295/29 (17%)(17%) metabolmetabol. NR. NR

11/1611/16 (69%)(69%) metabolmetabol. R. R
p=0.001p=0.001



p=0.037p=0.037

N=17N=17

N=32N=32

PrognosisPrognosis and and earlyearly responseresponse evaluationevaluation



PrognosisPrognosis: PET negative : PET negative tumourstumours??

p=0.095p=0.095

N=32N=32

N=17N=17

N=22N=22
p=0.11p=0.11



•• 22/71 (31%): no 22/71 (31%): no therapytherapy
monitoringmonitoring possiblepossible

HistopathHistopath . . regressionregression scorescore I:I:
5/21 (24%) 5/21 (24%) -- unlikelyunlikely

•• Change of Change of treatmenttreatment
strategystrategy in 32/49 (65%) in 32/49 (65%) 
of of thethe patientspatients

•• 5/32 (16%) 5/32 (16%) wouldwould notnot receivereceive
an an efficientefficient therapytherapy

HistologicalHistological
ResponderResponder

n=16n=16

HistologicalHistological
NonresponderNonresponder

n=33n=33

Metabolic nonresponder
n=32

MetabolicMetabolic responderresponder
n=17n=17

ClinicalClinical consequencesconsequences



AssessmentAssessment of of earlyearly therapytherapy responseresponse
withwith FDGFDG--PETPET

*        1*        1--yearyear--PFS; **      2PFS; **      2--yearyear--PFS; ***     5PFS; ***     5--yearyear--PFS  n.e. PFS  n.e. notnot reachedreached
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�� SavesSaves costscosts / time / / time / toxicitytoxicity inin
patientspatients, , thatthat havehave no no benefitbenefit fromfrom CTxCTx

�� FollowFollow up up studiesstudies: : OptimizeOptimize strategystrategy inin
biologicallybiologically definieddefinied subgroupssubgroups

�� PETPET--responseresponse guidedguided conceptconcept
feasablefeasable and and usefuluseful

�� SelectionSelection of of patientspatients, , thatthat benefitbenefit fromfrom CTxCTx

FDG PET(/CT) Response evaluation FDG PET(/CT) Response evaluation 



Locally
adv.

Es.-ca

LocallyLocally
advadv ..

Es.Es.--caca

CTxCTx

ResectionResectionResection

ResectionResectionResection

Non-ResponderNonNon --ResponderResponder

ResponderResponderResponder

CTx: 3 MonthsCTx: 3 CTx: 3 MonthsMonths
PET d0PET dPET d00

PET d14PET dPET d1414

110 110 patientspatients includedincluded (2002(2002--2005)2005)

Treatment plan: MUNICON study Treatment plan: MUNICON study 

LordickLordick et al. WCGIC (2006) et al. WCGIC (2006) 



0,002

<0,001

p-value

0%58%
Histological
remission

74%
(n=40)

96%
(n=48)

R0-resection
(without residual tumour)

PET-Non-Responder

(n = 54)

PET-Responder

(n = 50)

Lordick et al. WCGIC (2006) 

End points:
Histological response and resectability
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Median recurrence freeMedian recurrence free
survivalsurvival
[95% CI] in months:[95% CI] in months:

Responder: Responder: 
33.5 [28.4; 38.6]33.5 [28.4; 38.6]

NonNon --Responder:Responder:
19.1 [14.6; 23.7]19.1 [14.6; 23.7]

LogLog--rank prank p--value: value: p<0.001p<0.001

Median followMedian follow--up: up: 
27.8 months27.8 months

PETPET--NonNon--ResponderResponder

PETPET--ResponderResponder

LordickLordick et al. WCGIC (2006) et al. WCGIC (2006) 

Recurrence free survival Recurrence free survival 



SummarySummary

•• Evaluation of Evaluation of therapytherapy responseresponse byby meansmeans of of 
morphologicalmorphological criteriacriteria: : LimitationsLimitations

•• FDGFDG--imagingimaging providesprovides robust and robust and reproduciblereproducible
criteriacriteria forfor earlyearly therapytherapy responseresponse

•• EarlyEarly evaluationevaluation of of therapytherapy responseresponse forfor
individualizedindividualized therapytherapy managementmanagement



FDG

More than FDG-imaging ….
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FDG + FLT PET/CT: FDG + FLT PET/CT: GastricGastric cancercancer
EarlyEarly therapytherapy responseresponse

SUV mean: 3,3

SUV mean:                  4,0 2,2 

FLT

FDG



Imaging of angiogenesisImaging of angiogenesis

Blood vessel
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Overall Overall summarysummary

• PET/CT with FDG as metabolic marker improves
detection, staging and therapy monitoring in 
patients suffering from cancer

• New radiopharmaceuticals allow the visualization
of individual tumour biology

•• MolecularMolecular imagingimaging will will playplay an an importantimportant rolerole forfor
thethe differentiationdifferentiation of of specificspecific therapeutictherapeutic effectseffects
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