SAM session

Design, implementation and first
results of the future standard for
evaluation of PET-AS methods

CARDIFF Emiliano Spezi, Ph.D.
UNIVERSITY School of Engineering

PRIFY Cardiff University
CAFRDY United Kingdom

This presentation is based on the
paper “Toward a standard for the
evaluation of PET-Auto-
Segmentation methods following
the recommendations of AAPM task
group No. 211: Requirements and
implementation” which was recently
published in Medical physics.

The paper is open access.

8/3/2017

Background

PET imaging important tool in radiation oncology.

Patient staging, prognosis, radiation therapy planning, therapy monitoring, and
detection/prediction of recurrences or metastatic disease

Accurate delineation and reliable PET segmentation methods.

The need for reliable PET-auto-segmentation (PET-AS) methods has been widely
expressed

Reliable technique for routine clinical PET-AS?
There is currently no established agreement on the most reliable PET-AS technique

How to assess PET-AS algorithms?

The development of a standard benchmark has been recognised by many including AAPM
TG211




Objectives

1. Review (a) requirements, (b) design and (c)
implementation of a benchmark tool for the evaluation
and the validation of PET-AS algorithms (PETASset)

2. Show the analysis and report tools available in PETAsset

3. Discuss future developments of the benchmark

Standard requirements

Standard requirements
Usability and accessibility

Easy to use and learn: intuitive GUI -

Comprehensive documentation

Accessible to the public

Extendable _.=
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Standard requirements
Types of Reference Contours

Absolute truth: only available for simulated images.

Single best estimate: surrogate of truth provided for physical
phantom images and in the special case of patient images
for which histopathology data are available.

Multiple equally best estimates: consensus manual expert
delineations when no single delineation can be considered to
be the best.

Kitov AS, Fanchon L. P = Segmeniaton, Cin Transi

Standard requirements
Categories of accuracy metrics

Level I: metrics that assess the agreement in terms of
volumetric properties such as the number of voxels in the
VOI and the statistics of PET signal integrated over that
volume.

Level IIl: metrics that quantify the geometric agreement
including spatial matching between a particular PET- AS
contour and the RC.

Level Ill: metrics that evaluate the clinical relevance of the
disagreement between PET-AS contours and RCs.

Standard requirements
Robustness

Across datasets: governed by differences in anatomy and
physiology

Within a dataset: resulting from differences in tumour volume
shape & size between different patients

Within an image: according to differences in image
reconstruction and noise levels across different realisations
of that image

Hatt M, Lee.J, Schmidtein CR, et Task Group No. 211, Med Phys. 2017:44:e1-e42,




Implementation of
requirements

PETASset
Platform

CERR: Computational Environment for Radiotherapy Research

4

http:/iwww.cer.info
https:/fgithub.com/adityaapte/CERR

& Washingon  (®

University in StTOuis - oo s

putatonal environmentfor radiotherapy research. Med Phys. 2003;30:979-965

PETASset

Package structure and content
Benchmark
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PETASset Data

Images and reference contours
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PETASset Data .
Head & Neck

UCL H&N, 7 different PET scans
each with 2 voxel sizes/PET -
scans.

FDG-PET

Files: UCLPTHN_01.mat.bz2 - UCLPTHN_02.mat.bz2 -
UCLPTHN_03.mat.bz2 - UCLPTHN_04.mat.bz2 -
UCLPTHN_05.mat.bz2 - UCLPTHN_06.mat.bz2 -

UCLPTHN_07.mat.bz2

Daisne J-F, Sibomana M, Bol A, Doumant T, Lonnewx M, Gr egolre V.

Radiother Oncol.
PET

M, Lee a8, etal

PETASset Data
Lung

UCL Lung, 10 different CT and PET scans each with
2 voxel sizes/PET scans.

CT scan PET scan 2 mm PET scan 4 mm

Files: UCLPTLU_O1.mat.bz2 - UCLPTLU_02.mat.bz2 - UCLPTLU_03.mat.bz2 -
UCLPTLU_04.mat.bz2 - UCLPTLU_05.mat.bz2 - UCLPTLU_06.mat.bz2 -
UCLPTLU_07.mat.bz2 - UCLPTLU_08.mat.bz2 -UCLPTLU_09.mat.bz2 -

UCLPTLU_10.mat.bz2

ands etal. cr Radiother Of
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PETASset Data

Tumour shaped phantoms

Milan physical body phantom with Zeolites, 11 different
studies each with 6 different scans (acquisitions).

PET scan 1 PET scan 2 PET scan 3 PET scan 4 PET scan 5 PET scan 6

Files: MILPPAB_01.mat.bz2 - MILPPAB_02.mat.bz2 - MILPPAB_03.mat.bz2 - MILPPAB_04.mat.bz2 -
MILPPAB_05.mat.bz2 - MILPPAB_06.mat.bz2 - MILPPAB_07.mat.bz2 - MILPPAB_08.mat.hz2 -
MILPPAB_09.mat.bz2 - MILPPAB_10.mat.bz2 - MILPPAB_11.mat.bz2

20 ., De Bemardi., Soffien C. etal phani Med Phy

PETASset Data

Simulated

MSKCC PET  simulator https://github.com/CRossSchmidtlein/PETSTEP

PET-PSF 1

5 RC geometries/ 2 reconstructions/ 5
acquisition instances.

Evaluate the robustness of a PET-AS
method as we introduce differences in the
same image by varying the image
reconstruction and noise levels

Berton B, Hagosom!, Ap A etal Phys bed.

PETASset Data

Simulated
INSERM Brest. Numerical phantom, 6 H&N and 2 lung studies to
simulate heterogeneous tracer uptake.

E &

&Hg =
Lung files: BRENPLU_01.mat.bz2 - BRENPLU_02.mat.bz2
H&N files: BRENPHN_01.matbz2 - BRENPHN_02.matbz2 - BRENPHN_03.mat.bz2
- BRENPHN_04.matbz2 - BRENPHN_05.mat.bz2 - BRENPHN_06.mat bz2

Hatt M, Cheze le RestC, DescourtP, etal.



https://github.com/CRossSchmidtlein/PETSTEP

PETASset Code
Workflow

Visualisation & Reportin
Segmentation ik porne
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PET-AS contour Metric value Standardised
A reporl

Reference
contour

PETASset Code

Segmentation
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PETASset Code

Segmentation
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PETASset Code

Segmentation
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PETASset Code

Segmentation

PETASset Code
Segmentation
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PETASset Code
Segmentation
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PETASset Code

Segmentation
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PETASset Code

Segmentation

PETASset Code

Segmentation

PETASset Code

Segmentation
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PETASset Code

Segmentation extended
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PETASset Code

Analysis

Level | metrics are used to provide basic and essential

information on the de

lineated VOI (a) Volume, (b) Mean

uptake value, (c) Maximum update value, (d) Centre of mass

Level Il metrics are used to quantify the similarity between
the PET-AS contour and the RC.
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> planClindexs stuctures)(1) analysit
stuct vith felds:

Volume: 35944
COM: [26.6236 -6.6497 -9.9011]
Mean: 98.0081
Max: 1288421

>> planC{indexs.structures)(2).analysis!
struct with fields:

Volume: 33669
COM: [26.6351 -6.6527 -9.8223]
Mean: 1056920
Max: 128.8421

Figure 3 Resufts of Analysis |

0B =m

el (i3 | Gemtreof Mas (G0N Comra of Mass (COM) ¥ Canire o Mass (COM 2| eam | boms
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PETASset Code
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PETASset Code

Local report

Local Report: designed to summarise the performance of
PET-AS methods for a single study and a selection of
metrics. The structured report contains

(i) PETASset analysis details

(i) Level | analysis

(iii) Level Il analysis

PETASset Code

Local report example

. Benchemark analysis report gerenation
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PETASset Code

Local report example

BENCHMARK ANALYSIS REPORT
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PDF export fil st
reportLpdf

HTML export fle list:
buildReporteM.png
buildReportBM_0Lpng
buildReportBh_02,png
buildReportBM_03.png
buildReportBh_04.png
buildReportBM_05.png
buildReportBh_06.png
buildReportBM_07.png
buildReportBh_08.png
buildReportBM_09.png
reportLhtmi

PETASset Code
Global report

Global Report: designed to include the performance of PET-AS methods across

several cases.
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Conclusions

PETASset was designed and built following AAPM TG211 report which
identified the need for developing a standard evaluation framework
designed for the assessment of PET-AS algorithms.

PETASset includes a shared database of reference images and

contours used in published articles. We expect this database to grow
over time.

PETASset allows users to evaluate segmentation methods by either
importing segmentation contours produced by external applications, or
by coding a new segmentation method in the benchmark platform.

Future work includes the design and implementation of metrics to
evaluate the clinical implications of contour accuracy in radiotherapy
treatment planning (Level lll Analysis).
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