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• FDG-PET useful to distinguish benign vs malignant nodules 
– many well documented prospective series 

– Meta-analysis Gould et al; JAMA, 2001 

• sensitivity 96% - specificity 78% - accuracy 91% 

• Limits 
– sensitivity: subcentimetric nodules – carcinoids- BAC- GGO 

 Nomori et al; Lung Cancer 2004 

• 136 non-calcified nodules <3cm 

• 20 nodules <1 cm: 0/8 cancers true + 

• 101 solid nodules 1-3 cm: 57/63 cancers true + 

• 15 GGO nodules 1-3 cm: 1/10 cancers true + 

 

– specificity: inflammatory/granulomatous lesions 

• Use of threshold values (e.g. SUV >2.5) not superior 

• Dual time point imaging 

 

PET in Lung Cancer -  Diagnosis 





Characterization of SPN 

Accidential finding of a SPN in RLL adjacent to  

the oesophagus. 

Bronchoscopy normal; Sputum cytology normal 

EUS +FNAC  fibroblasts, epithelial cells, benign aspect 

PET  

Thoracotomie: Hamartoma 



 

• For lesions > 1 cm without GGO aspect 
– overall good NPV: correct exclusion of malignancy in the vast majority 

of nodules seen in daily practice 

– surgical procedure can be avoided, repeat XR or CT after 3, 6, 12 and 
24 months to confirm absence of growth 

 

• For lesions < 1 cm 
– Negative PET does not exclude malignancy 

– high PPV 

 

• PPV can be disappointing in region with endemic granolumatous 
diesease  

PET in Lung Cancer -  Diagnosis 
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PET for T- staging 

• T-stage depending on size and local extension 

– Limited value of PET due to poor anatomical resolution 

– DD  T4 in Lung Ca based on 2 lesions or atelectasis 

• Caution: false negatives in small lesions!!!! 

T4  (2 lesions) T1 + fibrotic mass 



FDG uptake as prognostic marker 

125 ptn 91 ptn –R0 resection 

J Vansteenkiste et JCO 1999; 17: 3201-3206 

 

 Can PET guide adjuvant therapy? 

  Prospective studies needed 

 Threshold = center dependent 

  Standardization and cross calibration 

 

 



• Diagnosis of metastatic involvement based 

on increased metabolism 

– Detection of M+ in small LN 

– Exclusion of M+ in inflammatory enlarged LN 

 

PET for N-staging 



PET for N-staging 
Meta analysis Gould et al. Annals of Internal Medicine 2003 



PET for N-staging 

P P 

pT1N0 

pT1N2 



pT2N0 

pT2N3 

pT1N0 

DD malignant vs benign LN 



PET for N-staging 

• Pitfalls 

– Minimal disease       false negative 

– Inflammatory disease      false positives 

– Limited spatial resolution   N1 vs N2, central T 

              



Impact of size of metastatic foci 
Nomori et al, J. Thorac cardiovasc Surg 2004 



Definition of PET+LN 
Hellwig et al, JNM 2007 

Retrospective analysis of 95 patients with suspected NSCLC and underwent 

mediastinoscopy and had PET prior to surgery 

Comparison of visual analysis (> mediastinal BG) and SUV max LN 



Include “pattern”and CT features  in LN characterisation 

Lee et a (Korea), PET/CT in TB endemic region 





PET for  N-staging 

Impact of integrated PET-CT 

pT2N1 



PET for  N-staging 

Impact of integrated PET-CT 
Lee et al. (Journal of Thoracic and cardioovascular surgery 2007) 

 

Comparison of PET (n=210) and intergrated PET-CT (n=126) with ISS 

Definition of PET+ = visual (> mediastinal BG) 



PET for N-Staging 
Langen et al, Eur J Cardio Thor Surgery 2006 



PET for N-staging 

Langen et al, Eur J Cardio Thor Surgery 2006 



PET for N-staging 
Predictors of false negative PET 

Al-Sarraf et al. (Eur J of cardiothoracic Surgery, 2008)  

 Retrospective analysis  in  patients who underwent direct thoracotomy after a 

negative mediastinal PET-CT and were found to have occult N2 disease 

 PET+ if SUV max >2.5 

 N= 153; occult N2 in 25  (16%) especially ATS 7 and 4R 

 

Univariate analyse 

 Central tumour   p=0.049 

 RUL   p=0.040 

 Enlarged LN on CT  p=0.048 

 PET N1  p=0.006 

 Histology, T stage, differentiation, SUV max primary  p=NS 

Multivariate analysis 

 Central T, RUL and PET N1 

 



• High NPV of PET-CT in LN staging  

   -> omit invasive tests 

 

• BUT “side conditions” 

–  adequate FDG-uptake of primary tumour 

–  caution with central tumours and hilar N1 disease 

–  Large nodes on CT 

 

• Always confirm PET+ nodes histologically 
– PET and EBUS/EUS are complementary 

 

PET for N- staging 

Conclusions 



ESTS guidelines 2007 



• PET improves conventional staging (CS) 1 

– detection of lesions missed on CS (5 - 20%) 

– differentiation of lesions equivocal on CS (7 – 19%) 

• caution if lesion < 1 cm ! 

– change in overall stage in 27 - 62% (up > down) 

 

• PET impacts on choice of treatment in 25-41% 2 

 

• Never alter treatment based on PET+ only 

– Up to 50% of single lesions are not M+!!! 3 
 

 

1 Pieterman et al, N Engl J Med 343:254-261, 2000 

2 Hicks et al, J Nucl Med 42:1605-1613, 2001 

3 Lardinois et al, J Clin Oncol. 23:6846-6853, 2005 

PET for M-Staging 



Mac Manus et al. Int J. Rad Oncol Biol Phys. 2002 

PET for M-Staging 



pTx N2 M1 

PET for M-Staging 



A 
C 

B 

PET for M-Staging 



1. Reduction number of thoracotomies 

  20/91 (22%)  38/98 (39%) 

2. Reduction number of futile thoracotomies 

 21/60 (35%)  38/73 (52%) 
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IIIA-N2 induction 
treatment 

surgery good 

non-radical 
bad 

? 

 Important prognostic factors 
 -tumour clearance of mediastinal LNs (so-called LN downstaging) 
 -pathologic response of primary tumour 
 These factors can only be assessed post-surgery 

CT 

PET 

re-med 

EUS 

Stage III-N2 NSCLC 



PET after IC Residual N2 disease 
Corneline Hoekstra et al, Journal of Clinical Oncology 2005 

Pathology in 25 patients 
Sensitivity 50% 
Specificity       71% 
PPV  66% 
NPV  67% 
 

0 12 24 36 48 
months from start chemotherapy 
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N0, N1 
N2, N3 

 PET: P =0.035 



PET for N-restaging 

Study Year N Stage CTRT Imaging Sensitivity Specificity

Vansteenkiste et al. 2001 31 IIIA-N2 0% PET + CT (visual corr.) 71% 88%

Akhurst et al. 2002 56 I-III 29% PET + CT (visual corr.) 67% 61%

Ryu et al. 2002 26 III 100% PET + CT (visual corr.) 58% 93%

Cerfolio et al. 2003 34 IB-IIIA 21% PET + CT (visual corr.) 50% 99%

Hellwig et al. 2004 37 III 70% PET + CT (visual corr.) 50% 88%

Port et al. 2004 25 I-IIIA 0% PET + CT (visual corr.) 20% 71%

Hoekstra et al. 2005 25 IIIA-N2 0% PET + CT (visual corr.) 50% 71%

Cerfolio et al. 2006 93 IIIA-N2 100% Integrated PET-CT 62% 88%

Pottgen et al. 2006 37 IIIA/B 100% Integrated PET-CT 73% 89%

De Leyn et al. 2006 30 IIIA-N2 0% Integrated PET-CT 77% 92%



Mediastinal downstaging after IC 

• De Leyn et al, JCO 2006 

–  Prospective study 

–  30 patients stage IIIA-N2 NSCLC 

–  Cisplatinum based IC 

–  PET-CT after IC prior to surgery 

–  Re – mediastinoscopy 

–  Lymphadenectomy at surgery 



Example PET-CT after IC 
 

PET-N2  PET-CT N0 PET-N2 = PET-CT N2 

340105v026 
480419v054 



PET-N2  PET-CT N1 

580324v469 

Example PET-CT after IC 
 





Hoekstra et al, Journal of  Clinical Oncology 2005 

PET as a surrogate marker of OUTCOME 

Chemo Chemo Chemo 

Surgery / RT 

PET  PET  PET  

CR/PR/SD 

After3 cycle 

ΔSUV <60% 

ΔSUV >60% 

After 1 cycle 

ΔSUV <35% 

ΔSUV >35% 



PET and Response after IC 
Corneline Hoekstra et al, Journal of Clinical Oncology 2005 



PET for Restaging in NSCLC 

• Lower accuracy for detection of mediastinal in 

volvement compared to chemonaive patients 

– Use of other modalities  

• eg. PET-CT + EBUS/EUS upfront, re-mediastino after 

 

• Promising results as an early  prognostic marker 

– Validation in a multicenter setting 
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• Patient selection 

 

• Follow-up during/after radiotherapy 

 

 

• Target volume delineation 

 

Use of FDG-PET in RTP 

- Detection of “unknown” M+ in 10-20% of patients 
 

- Better discrimination between viable tissue vs  
  necrosis/fibrosis/scar 
 
- But also uptake in inflammatory tissue! 



PET in  Radiotherapy planning 

Target volume delineation 

• New RT techniques are able to accurately conform the dose to 
PTV 

– Steep dose gradients 

    reduced dose to normal tissue 

         allows dose escalation in some patients 

 

– Accurate delineation of gross tumor volume (GTV) is crucial 

 

• Drawbacks of CT-based GTV 

– High inter-observer variability 

– Relatively low accuracy for nodal staging 

 Is PET-CT better? 



11 RO delineate 22 NSCLC pts 

  

mean GTV   36cm3 - 129 cm3 

 

Difficulties 

 DD Tumor/atelectasis/inflamm 

 identification of involved LN 

 



Courtesy of  Prof  Baum, Bad Berka, Germany 

PET in  Radiotherapy planning 

Target volume delineation 

  No FDG uptake in atelectasis 



Van Baardwijk et al, Cancer treatment reviews, 2006 

PET in Radiotherapy planning 

Target volume delineation 

 Alterations in GTV by adding PET data in 25-50% of patients 
 Decrease in GTV (atelectasis, PET- enlarged LN);  
 sometimes increase in GTV (PET+ non-enlarged LN) 
 Reduced inter-observer variablity 



What are the pitfalls? 



Display window setting affects lesion size 

Courtesy of  Humm 

PET in Radiotherapy planning 
Target volume delineation 



Nestle et al , JNM 2005 

PET in Radiotherapy planning 
Target volume delineation 

GTV-CT 
GTV-PET bg 
GTV-PET 40 



• What is the best method? 

–  lack of “gold” standard (pathology) 

–  comparison with phantom data/CT volumes 

–  Best results currently SBR 

  Center dependent!!!!!! 

 

• Control of patient set up and organ motion 

–  hybrid PET-CT in treatment position 

–  respiratory gating 

 

 

PET in Radiotherapy planning 
Target volume delineation 



Courtesy of Højgaard 

PET in Radiotherapy planning 
Target volume delineation 



• T staging 

– Limited additional value 

– SUV max as prognostic factor? 

• N-staging 

– Important additional value for INITIAL staging 

• High NPV omit invasive procedures 

– Cave! Central tumors, large LN 

• Always confirm PET+ nodes 

– Restaging and use of RTP still experimental 

• M-staging 

– Most important additional value 

– Confirm PET + lesions alter treatment 

 

PET in NSCLC 


