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AIM: To investigate the impact of tumor heterogeneity on the performance of a contrast oriented (COA) segmentation algorithm for tumor 

delineation on PET image and preliminary evaluation of an extended version of the algorithm (2I-A), accounting for lesion heterogeneity

INTODUCTION

CONCLUSIONS
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� Lesion uptake heterogeneity has shown significant impact on the level of accuracy of COA.

� In lesions with heterogeneous tracer uptake, COA seed based algorithm with a second iteration (2I-A) accounting for lesion heterogeneity is recommended.

� Future work:

Evaluation with larger cohort of patients & Investigation of the best trigger for 2I-A application (texture features)
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MATERIALS & METHODS

Data

PET/CT Philips System GEMINI TF TOF (64)

� Retrospectively gated (4D-)PET/CT imaging

� Number of phases:10 

� 10min (PET) and 36 s (CT). 

� BLOB-OSEM-TOF   

2 iterations & 3 subsets

� Image voxel volumes CT: 1.17x1.17x3 mm3

PET: 4x4x4 mm3

8 non-small lung cancer patients

75 ± 3 years old

previously injected (60min)

with FDG  (344±17MBq)

Analysis

• Two iteration algorithm (2I-A)

Proposed algorithm

How significant is the 

impact of heterogeneous 

lesions on COA?

How could it be 

minimized?

COA was extended by a second iteration : 

mean intensity derived from

the segmented volume by COA

(mICOA) was the input value for

mI70 in a second TS

computation by equation (1).

• This proposed method was an attempt to

better account for uptake heterogeneity not

considered by the calibration procedure,

which uses homogeneously filled inserts.

• Computation time is around 3 s.

− COA Accuracy: dependence on lesion heterogeneity. − 2I-A volume accuracy for lesions with COVT>0.3.

RESULTS

For patients with GT COVT> 0.3, segmented volumes by initial COA and by 2I-A were compared with

respect to GTS.

� Taking into account the background around the target has been proved to be necessary in order to derive correct volume information. The

contrast oriented algorithm (COA) is based on this approach [1]:

TS = a × mI70 + b × BG eq. (1)
Where

TS is threshold intensity for volume delineation , BG is mean background, mI70 is mean intensity of all pixels with intensities above 70% of Imax

and a and b were derived from calibration procedure [1] [2] in previous work:

• TS was determined based on the a-priory knowledge of volumes

-Spheres were auto-contoured in the attenuation-corrected slices varying the TS in steps of 0.1.

-Using the resulting optimum threshold values, a regression function was calculated (a and b).

Inserts filled with homogeneous uptake solutions.

For each of the 80 PET images (10/patient)

lesions were manually contoured by 3 experts:

Their STAPLE [3] consensus was established as

the ground truth (GT). For voxel intensities

within GT, heterogeneity was quantified by

COVT=(SD/mean) 

Dice Similarity Coefficient

In order to measure volume accuracy:

COA vs GT Average over 3 pairs 2IA vs GT

of Experts

DSCA DSCE DSC2IA

Accuracy of COA (DSCA) was compared with respect to inter- observer

variability ( DSCE ) as a measure of the level of accuracy: DSCA /DSCE

II. Non-negligible volume underestimation for some patients.

Being A and B two segmented volumes

I. COA algorithm accuracy is within the variability obtained among the 3 experts.

� Significant linear correlation between level of accuracy and lesion heterogeneity

(r=0.751, p=0.032)

� Volume accuracy was improved by 2I-A.

Phantom and results from calibration procedure by Schaefer et al [1]

regression function
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