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PET-CT in oncology

The Basics

• An image in nuclear medicine is a picture of a particular 

cellular function

• One radiotracer = one function

• If the function stops, the image disappears





Tissular architecture

Tumor

Necrosis



PET-CT in oncology

FDG

• FDG = GLUT + HK activity

• both increased in the majority of cancers

• FDG is also taken up by inflammatory cells (lymphocytes, 

macrophages)

• FDG // cellular proliferation

• FDG // hypoxia



Response assessment

• Functional response is an early phenomenon

• Tumor response can be assessed early in the course of 

therapy

• However, evaluation of response must be evaluated only 

« when it makes sense »

• is this the right time for imaging ?

• are they alternatives ?

• cost - side effects



PET-CT FDG

Response assessment : when ?

• Chemo : 15 days after last cycle. Day -1 from the next 

cycle

• Radiotherapy : 12 weeks EOT, if you want to get rid of the 

radiation-induced inflammation

• Hormonotherapy : ?

• Immunotherapy : ??



• The key question is the reproducibility

• Same machine, same reconstruction algorithm, same 

interval between injection and scanning, same glycemia = 

ideal situation

• Interpretation : visual ? quantitative ?

• It’s PET-CT, so you need to use both informations (and 

there might be some discrepancies)

PET-CT FDG

Response assessment : how ?



• Methodological considerations

• interval between injection and imaging must be as stable as possible 

• importance of acquisition/reconstruction technologies : PSF increases SUV (QClear, etc…), TOF 

increases the signal-to-noise ratio (which could upstage a visual scale)

• difference in SUV values between machines : EANM harmonization, core lab for multi-centric studies

• SUV-TLG, etc… : beware of the methods used ! large variations based on thresholds used, etc…



Image interpretation

• Visual

• « Quantitative »

• SUVbw, SUVbsa, SUVbw, TLG, MTV, etc…



• SUVmax = hottest pixel 

in the ROI

• SUVmean = average in 

the ROI

• SUVpeak = average 

within a VOI containing 

the hottest pixel (less 

sensitive to noise than 

SUVmax)



• How do we report the results ?

• lymphoma : the Deauville scoring system

• solid tumors : visual scores (e.g. Ann Arbor for H&N) -

EANM or PERCIST criteria



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542859/



• SUVbw and max : EORTC

• SUVlean and peak : PERCIST



PERCIST : - 77 %



EORTC : - 76 %



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5541084/



Lymphoma





• Diffuse B-Cell lymphoma

• Baseline 

• After 3 courses of chemotherapy



10/2015 01/2016

HM 030537



SUVmax 14,7

SUVmax 2,4



• SUVmax mediastinum : 2,2

• SUVmax liver : 2,7

• SUVmax residual mass : 2,4

• Deauville score : 3 - complete metabolic response



05/2018



R-CHOEP 6 courses

01/2019 : CMR



07/2018 10/2018

R-CHOP

3 cycles

R-ESHAP

3 cycles 01/2019

DLBCL

PP2411965



10/2019

Mediastinal primary

B-Cell lymphoma
DT 070775



11/2019

2 cycles

Deauville 4



• (early, after 2 cycles) metabolic response is a prognostic 

indicator

• Metabolic response can be used to adapt treatment

• early switch in non responders

• influence on the total number of cycles





Colo-rectal cancer



10/2018

VM - 140346



FOLFOX-Bevacizumab
01/2019





10/2018 01/2019



06/2019 01/2020Folfiri+Avastin



11/2019 - SUVmax 35 - TLG 208

02/2020 - SUVmax 7,9 - TLG 9,5

CG 130761



Indications of PET-FDG in HNSCC

• Pretherapeutic Staging : M detection

• Restaging the neck after organ-preservation protocols 

(neck dissection or not)

• Diagnosis of relapse in symptomatic patient

• Systematic follow-up in high-risk (stages III-IV, HPV -) 

patients

• Radiation treatment planning

SENS 94 % - SPEC 80 %

NPV 95 %

TNM CHANGE : 20 %

NPV 100 % - PPV 77 %





Restaging the neck

▪ The clinical problem:

▪ After organ-preservation protocols (chemo-radiotherapy), many patients are 

clinically « N0 ».

▪ However, many patients with pre-therapeutic cN+ status would undergo neck 

dissection (uni- or bilateral)

▪ More than 50 % of removed lymph nodes do not harbour tumor cells

▪ There is (was ?) a controversy about the place of systematic 

lymph node dissection....



Restaging the neck

• What the clinician needs is an imaging modality 

with a near 100 % negative predictive value



• Meta-analysis

Sens 94 %

Spec 82 %

PPV 75 %

NPV 95 %

ISLES, CLINICAL OTORALYNGOLOGY 2009

Better accuracy if PET performed more than 10 

weeks after the end of therapy



• «Adjuvant neck dissection reserved for patient 

with residual disease on PET-CT is the dominant 

and cost-effective strategy.»

SHER, ANN. ONCOL. 2009



AFTER R/

RESIDUAL PRIMARY AND NODAL DISEASE

PRE-R/

NOTE THE MUCOSAL UPTAKE DUE TO INFLAMMATION

(OPEN ARROW)





GIST



6/2014



8/2014

2 months Glivec



Oesophagus



VM 2/5/196201/2019



04/2019

01/2019





08/2019



Breast



Baseline

SUVmax 28,3

TLG 115

1 cycle chemo

SUVmax 11,3 : -60 %

TLG 14 : -87 %

End of chemo

SUVmax 10 : -11 %

TLG 3,1: -77 %
LV 030276



18/09/2007

20/01/2008

L67223C

6 

CYCLES 

OF 

CHEMO



6 

CYCLES 

OF 

CHEMO

18/09/2007

20/01/2008

L67223C



example of mixed response and progression

7/2019 2/2020

Femara-Ibrance-XGeva

MD 05081945





Immunotherapy



01/2019

CM 010145

04/2019 03/2020





• Immunotherapy increases the « non specific » FDG 

uptake in and around tumors

• Flare-up phenomenon possible : don’t panic !

• Multiple side effects, often infra-clinical : hypophysitis, 

pneumonitis, lymph node activation, pancreatitis, etc… all 

are possible « false positive » hot spots



PET for assessment of therapeutic 

response in oncology

• Image wisely : when it makes sense

• Always use a baseline set of images for comparison

• Be consistent : standardize your imaging protocol as much as 

possible (incubation period, technical parameters)

• Caution when comparing with other PET centers (even if they 

use the same PET system, parameters could be different)

• Visual interpretation remains the standard, and is more robust 

(i.e. less variable) than quantification


