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Methodological 

Aspects



Literature data

The Tumor Burden is an important 

prognostic tool in Lymphoma …



Volume CT

Morphologic
information

Contour definition

…but the definition on 
CT images is complex 
and time consuming



PET         Tumor Volume            CT



FDG PET 

�Metabolic information (SUV )

but

�The metabolic tumor volume definition needs 

some rules



BTV definition: BTV definition: 

which method?which method?
Several strategies in using PET for target volume definition in 

radiotherapy treatment planning are being investigated:

• visual contouring

• Fixed or relative threshold (SUV=2.5, 30-40-50 % of peak activity…) 

• adaptive threshold (dependence on Signal/Bkg ratio and lesion 

size, dependence on reconstruction algorithm…)

• gradient based (adaptive region growing)

• statistical techniques (fuzzy locally adaptive bayesian, Markov 

models, k-means clustering…)

Accuracy

Robustness
Reproducibility

Automation

PET image segmentation is 

still an open research area 

that requires further 

research and development 

efforts.

Zaidi H et al. Eur J Nucl Med Mol Imaging. 2010 Nov;37(11):2165-87



Validation = Validation = 

““fidelity to the truthfidelity to the truth””

Spherical and 

homogeneous objects Anthropomorphic 
phantoms

Simulated data

Ground truth

Histopathological 
data

BUT the histopathological data evaluation is particularly 

complex, given that:

- PET study must be performed before surgical resection of 

the tumor

- the effects of sample shrinkage in the different 

conditions (in vivo and and in vitro) must be considered.

The volumetric analysis of the the surgical specimen must be 

done through an accurately and reliably procedure.



… and many other tumors

•Esophagus

•Head&neck

•Ovarii

•………..



…. but Lymphoma has particular 

characteristics ….

• Heterogeneous disease

Many different 

• sites

• volumes

• uptakes (SUV)

• backgrounds

• Bulky – non-Bulky





Non-Hodgkin 

Lymphoma

Hodgkin 

Lymphoma



Comparison of 2 semiautomatic segmentation softwares in 2 centers

•PET VCAR - Volume Computer Assisted Reading – GE Healthcare 
Nuclear Medicine Dept – Reggio Emilia (Italy)

•KEOSYS software
Nuclear Medicine Dept – Créteil (France)



Anthropomorphic
PhantomNema 

phantom

Irregular 

phantoms
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Threshold 41%
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The isocontour described as A41 (41% of  max pixel value) 

•generally corresponds best with the actual dimensions of the 

tumour,

but only

•for higher tumour-to-background values and homogenous 

backgrounds



To determine TMTV0, volumes of interest (VOI) are identified by drawing spheres, cylinders or 

cubes around each focus of 18F-FDG uptake on pretreatment 18F-FDG PET/CT scans.

In each VOI, voxels with 41 % or more of the SUVmax of the lesion are incorporated to define 

the volume of each individual lesion



If the uptake is heterogeneous, high local uptake needs to be 

isolated in separate VOI to avoid underestimation of the 

tumour volume. 





Different 

uptake



Different background 



Problems

• Extranodal involvement 

• Bone marrow

• Spleen involvement





Problems

Extranodal involvement 
was considered in the volume 

calculation according to the 

following rules:

•the liver, lung and bone 

marrow were considered 

involved only if there was 

•focal uptake, and the volume 

of each individual 

hypermetabolic lesion was

•computed in a separate VOI

• Homogeneous bone 

marrow uptake was not 

included in the tumour 

volume

• Spleen involvement was 

considered if there was 

focal uptake or diffuse 

uptake higher than 150 % 

of the liver background



Problems

•Not homogeneus lesions

(different SUV max)

•Background 

(organs with high uptake,….)



All the individual lesion 

volumes are added together to 

give the total metabolic 

tumour volume at baseline 

(TMTV0).



Total Lesion Glycolysis (TLG)

Calculation

mean SUV 

x 

metabolic tumor volume



Cancer March 15, 2013



Total Lesion Glycolysis (TLG)

mean SUV : advantages and problems of SUV

x 

metabolic tumor volume



Conclusions

Metabolic Tumor Volume (MTV)

•Many software available

•Clear rules for definition are needed

•41% threshold recommended for a better 

reproducibility

Total Lesion Glycolysis (TLG)

•Interesting 

•Problems of SUV
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