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Hanahan and Weinberg, Cell 2011

18F-FDG : TRACCIANTE DI GLICOLISI

• FDG distribution reflects glucose uptake 
and phosphorylation by cells in the body.

• FDG mimics the native compounds but becomes 
trapped in the cells
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18FDG PET/CT and NSCLC in stadiazione
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PET-CT indicata per 
stadiazione di paziente 
candidato a trattamento 
curativo (anche se TC con mdc 
negativa per lesioni 
extratoraciche)

PET-CT NON è utile valutare 
localizzazioni encefaliche di NSCLC

ECCEZIONI in cui PET-CT 
NON è indicata
- Neoplasia periferica cIA
- GGO >1 cm
- Noduli densità mista con parte
solida < 1 cm



18FDG PET/CT and LUNG CANCER

SOLID PULMONARY NODULE > 8mm in 
diameter with suspicious CT findings

NSCLC STAGING

GOM POLMONE
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• SOLID PULMONARY NODULE > 8mm in diameter with suspicious CT findings

18FDG PET/CT and LUNG CANCER

GROWTH RATE Fast doubling time (20-400 days) more likely infectious or inflammatory cause

LOCATION Upper lobe is more common site for malignant nodules

MARGINS Lobulated os speculated margins are strongly associated with malignancy; 
notches are commonly seen in adenoCA with overt invasion

CAVIATION Irregular thicker walls > 15 mm

CALCIFICATION Punctate and eccentric (evidence of necrosi within nodule) calcification may
occur with malignancy

SIZE Nodules > 2 cm are more likely to be malignant

OTHER features Vascular convergence, dilated bronchus leading into the nodule



MILD pre-test probability (5-60%): 
• Perform PET/CT  → if positive then Biopsy

FDG PET/CT: high VPN → follow up

HIGH pre-test probability (>60%): 
• Surgical Biopsy → then PET/CT for staging
• Non surgical biopsy→ then PET/CT for staging
• PET/CT to guide biopsy

FDG PET/CT: low VPN; histologic evaluation needed

Nodule > 3 cm is more likely to be Lung Cancer

Nodules with higher FDG-uptake compared to mediastinal blood 
pool, are at greater suspicion for lung cancer, regardless of the 
standardized uptake value (SUV) analysis (NCCN 2022)

SOLID PULMONARY NODULE > 8mm

CLINICAL pre-test probability of 
malignancy

NODULE



FDG-PET/CT PITFALLS

• Nontuberculous mycobacterial infection 
• Fungal infection
• Granulomatosis with polyangiitis (Wegener’)
• Pulmonary Langerhans cell histiocytosis
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CAVITARY MASS Positive PET-CT

Biopsy: Mycosis

FALSE POSITIVE

Positive PET/CT (SUVmax 6)SPICULATED LESION

Necrotising
granulomatous
inflammation
(blastomycosis)

Mycoses. 2014 
Apr;57(4):197-208. 

NODULE



FDG-PET/CT PITFALLS

• Below PET-CT sensitivity
• Small nodules near the diaphragm or heart where there is motion artifact
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• Mucinous adenocarcinomas (bronchiolo-alveolare 10% NSCLC)
• Adenocarcinomas with a lepidic growth pattern 
• Adenocarcinoma in situ
• Minimally invasive adenocarcinomas
• Carcinoid tumors

Negative PET

Bronchioloalveolar AdenoCa
(Mucin producing NSCLC)

FALSE NEGATIVE

SOLID component < 
7-10 mm or SITE

LOW tumour density
or Ground Glass 

Lesion

NODULE



Fattori di rischio NSCLC e Sintomi NSCLC STAGING



18FDG PET/CT and LUNG CANCER

Paziente è operabile (NSCLC)?
Clinical Performance*

Malattia metastatica ONCOGENE ADDICTED

CHT

Malattia avanzata Tumore di Pancoast

Con quale tipo di approccio?
Tumour size and location 

Tumore è resecabile?
TNM STAGING

RT planning

BIOPSY (VIABLE tumour)
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*spirometria, DLCO, EGA, rischio cardiovascolare, eventuale Scintigrafia perfusoria

NSCLC STAGING
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18FDG PET/CT and NSCLC

MALATTIA METASTATICA 

ONCOGENE ADDICTEDCHEMOTHERAPY
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MALATTIA LOCALIZZATA MALATTIA LOCALMENTE AVANZATA

NSCLC STAGING



PET-CT STAGING : TUMOUR T

JCO Glob Oncol. 2022 May;8:e2100100.

T1 T2 T3

T4



PET-CT STAGING : TUMOUR T
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• Add specificity to CT findings of LYMPHANGITIC CARCINOMATOSIS 
Sensitivity and Specificity 86% and 100%.

• Identification of OTHER FDG nodule in the LUNG → BIOPSY PLANNING (same lobe T3 vs different lobe T4) 

• GROSS TUMOUR VOLUME definition for RT planning and VIABLE TUMOUR assessment

BUT is suboptimal to assess chest wall invasion, brachial plexus invasion or diaphragm (T4) 
owing to blooming artifact. (better ce-CT and MRI)

NEEDED TO KNOW: Transfissural growth, pulmonary vascular invasion, 
main bronchus invasion, involvement of upper and lower lobe bronchi

Radiographics. 2018 Nov-Dec;38(7):2134-2149

• Differentiate between 
tumor and post-
obstructive atelectasis

NSCLC 
occluding bronchus
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PET-CT STAGING : NODAL ASSESSMENT N

.JCO Glob Oncol. 2022 May;8:e2100100.

T2

N

PROGNOSTIC DETERMINANT: 
• Number of involved nodes in N1 and N2 
• Presence / Absence of skip metastases



PET-CT STAGING : NODAL ASSESSMENT N

• Sensibilità 58%–94% e specificità of 76–96% per LN 
• LN positivi che ostacolano la chirurgia → necessaria confermata endoscopica / FNAC EBUS

FP  PET-CT 20%

• Meta-analysis of 10 studies: VPN for mediastinal metastases was 94% in T1 and 89% in T2 
Clin. Lung Cancer 2012, 13, 81–89.

Radiographics. 2018 Nov-Dec;38(7):2134-2149
Diagnostics 2020, 10, 561; doi:10.3390/diagnostics10080561 

N+

N0



PET-CT STAGING : NODAL ASSESSMENT N
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PERIPHERAL TUMOUR < 3 cm

NORMAL MEDIASTINUM AND HILUM on CT and 
NEGATIVE MEDIASTINUM AND HILUM  on FDG/PET

NO FURTHER ASSESSMENT NEEDED  
(Recommendation C ESR)

A Meta-analysis of 56 studies: pooled 
sensitivities and specificities of FDG-
PET/CT for identifying mediastinal lymph 
node metastasis were 72% and 91%

. JCO Glob Oncol. 2022 May;8:e2100100



PET-CT STAGING : NODAL ASSESSMENT N
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. JCO Glob Oncol. 2022 May;8:e2100100

ANY SIZE CENTRAL LESION

EXTENSIVE involvment MEDIASTINUM AND HILUM on CT
EXTENSIVE involvment MEDIASTINUM AND HILUM on PET-CT

PERIPHERAL TUMOUR

NO FURTHER ASSESSMENT NEEDED 
NO invasive Lypmh node evaluation is needed
(Recommandation C ESR; ESMO LoE A GoR 1)



PET-CT STAGING : NODAL ASSESSMENT N

PERIPHERAL TUMOUR < 3 cm

NORMAL MEDIASTINUM on CT

NO TUMOUR
UPTAKE

EBUS /TBNA or EUS / FNA before treatment
IF Endoscopy is negative but suspected N1/2 disease than Mediastinoscopy

Reccomendation Grade C
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PET-CT STAGING : NODAL ASSESSMENT N

PERIPHERAL TUMOUR < 3 cm

NORMAL MEDIASTINUM on CT

NO TUMOUR
UPTAKE

EBUS /TBNA or EUS / FNA before treatment
IF Endoscopy is negative but suspected N1/2 disease than Mediastinoscopy

Reccomendation Grade C
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• Mucinous adenocarcinomas (bronchiolo-
alveolare 10% NSCLC)

• Adenocarcinomas with a lepidic growth pattern 
• Adenocarcinoma in situ
• Minimally invasive adenocarcinomas
• Carcinoid tumors

FALSE NEGATIVE



PET-CT STAGING : NODAL ASSESSMENT N

PERIPHERAL TUMOUR < 3 cm

NORMAL MEDIASTINUM on CT

PERIPHERAL TUMOUR > 3 cm

FDG AVID IPSILATERAL HILAR NODE  (cN1) WITH / WITHOUT TUMOUR UPTAKE

EBUS /TBNA or EUS / FNA before treatment
IF Endoscopy is negative but suspected N1/2 disease than Mediastinoscopy

Reccomendation Grade C
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PET-CT STAGING : NODAL ASSESSMENT N

SE la PRESENZA DI LINFONODI POSITIVI CAMBIA L’approccio TERAPEUTICO

EBUS /TBNA or EUS / FNA before treatment
IF Endoscopy is negative but suspected N1/2 disease than Mediastinoscopy

Reccomendation Grade C
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PET-CT STAGING : NODAL ASSESSMENT N
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PET-CT STAGING : METASTASIS M

. JCO Glob Oncol. 2022 May;8:e2100100.

M



PET-CT STAGING : METASTASIS ASSESSMENT

M1 occur in 11%–36% of patients with NSCLC.In the results of a 
2013 meta-analysis of nine studies, Detection of distant
metastases with FDG PET/CT had a
• sensitivity of 93%, specificity of 96%, 
• positive likelihood ratio of 28.4%, 
• negative likelihood ratio of 0.08% 
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Diagnostics 2020, 10, 561

PDTA Regione Veneto



PET-CT STAGING : METASTASIS ASSESSMENT
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Diagnostics 2020, 10, 561; doi:10.3390/diagnostics10080561 

BONE METASTASIS The results of a meta-analysis of patients with lung cancer,
investigators found that FDG PET/CT and FDG PET were more accurate methods for the diagnosis 
of bone metastases than MRI or bone scintigraphy, and FDG PET/CT has a higher diagnostic 
value than any other method

Weight loss and bone mts
of unknown origin



PET-CT STAGING : METASTASIS ASSESSMENT

BRAIN METASTASIS. The results of a metaanalysis of prospective studies showed pooled 
sensitivities of 21% and 77% for PET and MRI, respectively, and specificities of 100% and 
99%.  NCCN guidelines recommend MRI n patients with stage II to stage IV
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Radiographics. 2018 Nov-Dec;38(7):2134-2149
Diagnostics 2020, 10, 561; doi:10.3390/diagnostics10080561 

*Chang et al Lancet Oncol 2009, 10:1037-44 ; Yamamoto et al, Lancet Oncol 2014, 15:387-95; Alongi et 
al Lancet Oncol 2014, 15(7):e246-7; Kocher et al, JCO 2011; 29:134-41
PDTA Regione Veneto



PET-CT STAGING : METASTASIS ASSESSMENT
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ADRENAL METASTASTASIS Incidental adrenal nodules are found in 20% of patients with 
NSCLC; most nodules are benign adrenal adenomas
The combination of a mean CT attenuation greater than 10 HU and SUVmax > 3,. had a 
sensitivity and specificity of 97% and 86% for identifying metastatic disease 

Radiographics. 2018 Nov-Dec;38(7):2134-2149
Diagnostics 2020, 10, 561; doi:10.3390/diagnostics10080561 

Histopathologic confirmation is necessary in surgical 
candidates with a single atypical lesion 

**Corbin et al, JCO 2013, 31(11):1384-90; Alongi et al. Oncologist. 2012;17(8):1100-7; 
Gomez et al.LancetOncol.2016Dec;17(12):1672- 1682
PDTA Regione Veneto



PET-CT STAGING : METASTASIS ASSESSMENT
P

O
SI

TI
V

E 
M

+
M

Radiographics. 2018 Nov-Dec;38(7):2134-2149
Diagnostics 2020, 10, 561; doi:10.3390/diagnostics10080561 

AdenoCa SCC



PET-CT STAGING : METASTASIS ASSESSMENT
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Radiographics. 2018 Nov-Dec;38(7):2134-2149
Diagnostics 2020, 10, 561; doi:10.3390/diagnostics10080561 

AdenoCa SCC

PLEURA



PROGNOSTIC ROLE of PET/CT in NSCLC

• Enhanced TUMOUR glycolytic gene expression is related to poor clinical outcomes (OS, PFS)
(increased of lactic acid, one of the products of glycolysis, can increase the function of T regulatory cells and inhibit tumor immunity)
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• Increased Hesokinase II expression and Ki67
• Increased PD-L1 expression (SUVmax cuf off 9.5**)

**Cancer Manag Res. 2020 Jul 27;12:6385-6395. 

IHC: image B Hesokinase II, Image C: GLUT1; Image D: PD1; image E: PD-L1

SUVmax 5
SUVmax 16



WHAT’S NEW ON PET/CT in NSCLC
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OTHER TRACERS: elenco dei farmaci è lungo.. 

ma.. sono principalmente utilizzati in studi pre-clinici



WHAT’S NEW ON PET/CT in NSCLC
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68Ga/18F-FAPI

Cancer associated
fibroblasts (CAF ) 
express elevated 
levels of the type II 
transmembrane serine 
protease fibroblast-
activated protein 
(FAP) which plays key-
roles in migratory, 
invasive, and 
angiogenic activity in 
oncogenic contexts

Front. Oncol. 12:924223.
doi: 10.3389/fonc.2022.924223
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WHAT’S NEW ON PET/CT in NSCLC
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Radiomics is 
quantitative 
extraction of imaging 
features from medical 
scans. 
It may detect 
prognostic features 
and patterns 
unnoticed to the 
human eye



WHAT’S NEW ON PET/CT in NSCLC
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PROMISING results
BUT

Further validation NEEDED 
before replacing traditional 

pathological test



WHAT’S NEW ON PET/CT in NSCLC
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Sfere tra 4-8 mm

• Riduzione dell’effetto “volume dilution” 
• Incremento del SUVmax fino al 70% 
• Riduzione del volume fino al 80%

• Miglior efficienza del cristallo (aumento 
Annichilazioni reali)

• TOF riduzione coincidenze Casuail Random
• Algoritmi iterativi Riduzione Coincidenze Scatter
• Maggior visualizzazione di eventi di annichilazione 

per unità di tempo 
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Patient dose Acquisition time

Patient dose Acquisition time

KEEPING HIGH QUALITY

KEEPING HIGH QUALITY



Negrar FDG: 0,06 mCI/kg   
(2.2 MBq/Kg)

Patient dose
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• 18F-FDG: 2 - 5.4 MBq/kg  (AIMN)
• 18F-FDG : 14 MBq (min/bed)/kg  (EANM)

Patient dose



WHAT’S NEW ON PET/CT in NSCLC
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• NON Digital imaging : 14 minutes

• New Digital PET-CT: 8 minutes

Negrar FDG: 0,06 mCI/kg   (2.2 MBq/Kg)

• 18F-FDG: 2 - 5.4 MBq/kg  (AIMN)
• 18F-FDG : 14 MBq (min/bed)/kg  

(EANM)

Acquisition timePatient dose



PET/CT TAKE HOME MESSAGE 

• TECHNOLOGICAL IMPROVEMENTsNear FUTURE

FUTURE • NEW TRACERS
• RADIOMICS

TNM STAGING • IDENTIFY VIABLE TUMOUR
• TREATMENT PLANNING

• DIRECT SAMPLING ON SUSPECT LN
• INCREASE PREDICTIVE VALUE OF TESTS OF 

MORPHOLOGIC IMAGING

• Identification of METASTATIC DISEASE





18FDG PET/CT and NSCLC
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RADICAL SURGERY  (Stage I)  Esame istologico e molecolare 

MALATTIA LOCALIZZATA
(STADIO 1)

RT stereotassica (non operabile)

pT1a-c N0
pT2a    N0



18FDG PET/CT and NSCLC
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MALATTIA LOCALIZZATA

RADICAL SURGERY  

RT a scopo curativo

CHT / RT adiuvate

CHT + RT a scopo curativo



18FDG PET/CT and NSCLC
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MALATTIA 
LOCALIZZATA

(stadio 2A e 2B)

RADICAL SURGERY  

RT a scopo curativo

CHT / RT adiuvate

CHT + RT a scopo curativo



18FDG PET/CT and NSCLC
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MALATTIA LOCALMENTE 
AVANZATA

Resecabile

NON resecabile (N2bulky) 

pT3pN1

pT4pN0

pTxpN2

- Pluristazione
selezionato

- - Monostazione



18FDG PET/CT and NSCLC
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MALATTIA LOCALMENTE 
AVANZATA

pT3pN1

pT4pN0

Variazioni PDTA 2022 vs 2017



18FDG PET/CT and NSCLC
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MALATTIA LOCALMENTE 
AVANZATA

pT3pN1

pT4pN0

Variazioni PDTA 2022 vs 2017



18FDG PET/CT and NSCLC
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MALATTIA LOCALMENTE 
AVANZATA

pT4pN2



18FDG PET/CT and NSCLC
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MALATTIA LOCALMENTE 
AVANZATA

pTxpN3



18FDG PET/CT and NSCLC

MALATTIA METASTATICA 

CHEMOTHERAPY
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18FDG PET/CT and NSCLC
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MALATTIA METASTATICA 



18FDG PET/CT and NSCLC

TUMORE DI PANCOST
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18FDG PET/CT and NSCLC

MALATTIA METASTATICA 

ONCOGENE ADDICTED
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