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) Aims of Comparison Exercises @

1. Need for standardization of quantitative imaging  §Mediso

i Problem Numerousimagingmodalities & systems. PHILIPS
No standardization of activity determination. ~ >IEMENS

I Plan Comparison exercise with different SPECT/CT system
BUT standardized activities & reconstructions.

T AIm: Protocol for commissioning and QI.
2. Lack of validation between dosimetry software tools ;"()':@D:
I Problem Numerous tools available falosecalculation. T
No validation across different tools. ODOSE
I Plan Calculate doses with available dosimetry tools based .3
on simulated postherapy dosimetry dataset.
o + many irhouse
I AIm; Protocol for commissioning dosimetry platformspproaches
Uniklinikum U‘( 3 MRT 2 m
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(@ Participating Systems Vv

¢

SPECT/CT Hardware available at Participating Sites:

AOSP GE Discovery 690 2016 3/8"
ASMN Siemens Symbia T2 2009 3/8"
Christie 1 GE Discovery 670 2015 3/8"
Christie 2 GE Infinia Hawkeye4 | 2006 3/8"
LUND GE Discovery 670 2012 5/8"
NPL Mediso AnyScarsCP 2017 3/8"
OUHT 1 GE Discovery 670 2011 3/8"
OUHT 2 GE Infinia Hawkeye4 | 2008 3/8"
RSCH 1 GE Optima NM/CT 640 2014 3/8"
THG (PGNI) GE Optima NM/CT 640 2015 3/8"
UKW 1 Siemens Symbia T2 2006 5/8"
UKW 2 Siemens Symbia Intevo 2016 3/8"

A 5 Countries.
A SPECT/CT systems of 3 large vendors.
A 2 different detector crystal thicknesses.

Uniklinikum =3 MRT 3 m
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Outline

Quantitative Imaging Comparison Exercise (UKW)

1.

2.
3.
4

Sensitivity Determination (Jaszczakylinder)
Partial Volume Assessment (6-sphere Phantom)
Quantitative Imaging Exercise (3D-printed 2organ Phantom)

Validation of Radioactive Test Sources  (Bal33 Surrogate vs. Liquid81)

Dose Comparison Exercise (The Christie)

1.

2.
3.
4

Uniklinikum U‘(

Extend Printed Phantom (4-Organ 3[Bprinted phantom)
Generation of Ground Truth TAC & Dose (PK Model & MC Simulation)
Measurement of TAC (Experimental & MC Simulation)
Dose Calculation & Comparison (Commercial & irfhouse
+<3 MRT . NHS

S % DOSIMETRY The Christie
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€ Outline V

Quantitative Imaging Comparison Exercise (UKW)

1. Sensitivity Determination (Jaszczakylinder)

2. Partial Volume Assessment (6-sphere Phantom)

3. Quantitative Imaging Exercise (3D-printed 2organ Phantom)

4. Validation of Radioactive Test Sources  (Bal33 Surrogate vs. Liquid81)

/ Partl & 2 \ f Part3 \ f Part4 \

Sensitivity] 3D-printed ICRP Sealed Bd 33
Partial Volume 2-organ phantom vs. liquid 1131

e 9
\ j \Ba—lSS Liquid I-lle

Uniklinik ( MRT
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Uniklinikum

Wiurzburg \li{f/ @g§g|METRY [1] Counts-per-second-per-MBq

1.1 Sensitivity Determination

Reconstruction
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@) 1.1 Sensitivity Determination
Calibration protocol
(produced within theVIRTDosimetryroject)
NPLE

| Physical Lab y

MRTDOSIMETRY TASK 2.1

PROTOCOL FOR CALIBRATION OF A SPECT CAMERA FOR
TRACEABLE QUANTITATIVE IMAGING

ANDREW ROBINSON, ANA DENIS-BACELAR, ANDREW FENWICK,
KELLEY FERREIRA, MICHAEL LASSMANN, VERE SMYTH,
JOHANNES TRAN-GIA, JILL WEVRETT

[BEV-PTP, OUHT, THG, ASMN, CHRISTIE]

NHS!
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"Wersrg U< & BEEIMETRY " The Christie



() 1.1 Sensitivity Determination 4

Approach

A Fill large phantom (to reduce partial volume effects) with
traceable amount of activity.

A SPECT/CT imagifig.q + clinical reconstruction.

A Calculate conversion factor: — > Filled

Phantom
Total counts A
2 | C ola
( 4 — Total (6)

Aplwnlom (,Rc_/' )‘1.4("Q

Decaycorrected Total live time
activity Ay

SPECT
Imaging

A Unit: countsper-s-per-MBg(cps)
Uniklinikum U‘( m

<. MRT
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(@ 1.1 Sensitivity Determination &

Protocol:

Table 1: Suggested carvier solution chemistry for common radionuclides,

t Radionuclide Suggested chemdstry of carrier solution
hard 1 Sodium pertechnetare in an aqueous solution of 0.1 mol dm™' sodinm hydroxide also
containng inactive rachserimn at a concentration of 10 pg g:‘:
my Sodium jodide in an agueous solution of 0.1 mol dm’ sodiim hydroxide also

containing inactive iodine at o concentration of 10 ug gt

MLy Lutetnun chloride in an aqueons solution of 0.1 mol dm hydrochloric acid also
containing inactive lutetimn at a concentration of 10 pg g*

Y Yienun chlonde m an aqueous solution of 0.1 mol dm™” hydrochloric acid also
containing inactive yttrivm at a concentration of 10 pg g*

Suggestions on Carrier Solution
(MRTDosimetryOnly Lul77 and 4131)

Suggestions on Phantom Selection
(1) — (6) 3.2 MEASUREMENT EQUIPMENT

Nl - => bl The phantom to be used shall have a minimum height of 80/mm and minimum radius of 100 mm and
a maximum volume of 10000'ml. Ideally, the phantom should have a eylindrical profile, However, an
elliptical phantom, which meets these requirements. may also be used. The phantom shall be constructed
of PMMA or equivalent material with a maximum wall thickness of 7 mm. The Data Spectrum

2 5 Corporation ECT Jaszczak phantom series [6; 7] and Data Spectrum Corporation Elliptical ECT/ELP/P

Ao Ts » A3 Ts phantom [8] are examples of commercial phantoms which meet these requirements. The model number

of the phantom used for measurements shall be recorded.

(3) 4)

=>

Suggestions on
Phantom Filling

www.biodex.com

Uniklinikum

<3 MRT
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(@ 1.1 Sensitivity Determination

Protocol:Suggestions on SPECT/CT Acquisition

A Positioning in center of rotation.

SPECT
Crystal

| SPECT
“_/Centre of Rotation

: SPECT/CT Positioning

Figure 2: Alignment of phantom and SPECT head In the coronal plane (arrows indicated parallel edges).

A Acquisitionparameters asn clinicalprotocol
(e.g. 60 projections, 30per-projection, nonrcircular orbit).

A Lowdose CT for attenuatiooorrection.

NHS

Uniklinikum (1l¢ 2~3 MRT
iiniam UK GO N BTiMETRY " Ihe Christie



%] 1.1 Sensitivity Determination ¢

Protocol:Suggestions on
SPECT/CT Reconstruction

A Projectionwise decay correction.

SPECT/CT
Reconstruction

A Scatter(e.qg.triple-energywindow) & attenuation correction (e.g. €T
based) as in clinical protocol.

A Filtering (e.g. Gaussian pe#tering) & resolution recovery as in clinical
protocol.

1EW08 ¢
A lterate untilnumberof oeor | «c 000 s
counts has converged a7 | .
as functionof updates
(iterationsRsubsets).

7.6407 |
8E+07 |

5.E+07 }

Total number of counts
)

4 E+07 |

LLLLLL

3E+07 b —— —
0 5 10 15 20 25

Number of effective iterations
Uniklinikum jl¢ #57. MRT 11 NHS
Wiirzburg ~=>- 2 DOSIMETRY The Christie
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() 1.1 Sensitivity Determination 4

Example from UKW (L1i/'7)

SPECT Lu177 SPECT/CT Fus
Flash3D, 6i6sOm

Uniklinikum J(¢ @ MRT 12 NHS

Wiirzburg ~2 - DOSIMETRY The Christie



(@ 1.1 Sensitivity Determination &

Protocol: VOAnalysis

A Define cylinder ROI itentraltransaxiakslice.
A 130% of phantom radius.

A 120% of phantom length. [ M\
\ J

Calculate conversion factor

B ¢ ola

phantom ([Ref ) ACQO

Uniklinik ¢ &2 MRT
"Worsurg Y& O BDOSIMETRY “ " The Christie



@ 1.1 Sensitivity Determination

Reconstruction

g

y R
V= '

<70 TNHER <= anil

Counts per
Voxel

AREMERL.

Conversion according to

sensitivity (cps/MBQ)
Activity per voxel

4 J|Y Activity d

Uniklinik (¢ <3 MRT
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€) Outline V

Quantitative Imaging Comparison Exercise (UKW)

1. Sensitivity Determination (Jaszczakylinder)

2. Partial Volume Assessment (6-sphere Phantom)

3. Quantitative Imaging Exercise (3D-printed 2organ Phantom)

4. Validation of Radioactive Test Sources  (Bal33 Surrogate vs. Liquid81)

/ Partl & 2 \ f Part3 \ f Part4 \

Sensitivity 3D-printed ICRP Sealed Bd4.33
Partial Volume

2-organ phantom vs. liquid 1131

e 9
\ j \8&133 Liquid I-lB/l

Uniklinik ( MRT
" UK COL NBLMETRY " Ihe Christie



1.2 Partial VolumeAssessment ¢V

All spheres-should ideally have homogeneous SPECT sign

Goal of this section: Assess the partial volume! ‘Simulation

PSF @
(Gaussian - O

Object
Filtered object

O

Uniklinik (¢ 23IMRT
nikinium UK LN METRY " Ihe Christie
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€)) 1.2 Partial Volume Assessment V

Approach

A Fill sphere phantom with known geometry (known radii) with
traceable amount of activity?(ere)-

A SPECT/CT imagifigd) + clinical reconstruction.
A Draw sphere VOIs based naminal diametersand CT.

A Obtain ratio of spilled out counts:

~
€

} 0 SPRE/CT
YO Q = - Phsicto® VOIS
T
Froml.1
SPECT
Uniklinik ¢ 223 MRT m
nikinikum UK GO MBI METRY “" " Ihe Christie
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) 1.2 Partial VolumeAssessment v

Optional in calibration protocol (Appendix)

5 APPENDIX 1: SUPPLEMNTARY MEASUREMENTS

This appendix (or seres of appendices) will provide advice on additional measurements or analysis
techniques that can be used to quantify the performance and addittonal uncertainty associated with the
effects described below. These measurements should be considered ancillary to the calibration protocol
The mformartion m this appendix is not mtended to provide a fully comprehensive treatment of these

phenomena

51 PARTIAL VOLUME CORRECTION
5.1.2  Measurement equipment

The equipment to be used for this measurement s defined in section 3.2, A set of Six fllable sphere
mnserts which are compatible with the phantom used for the measurement is also required. An example
of appropriate inserts 1s the Data Spectrum Corporation ECT/HS/SET6 [12]| which provide volumes
from 0.5 ml to 16 ml. In addition, a calibrated balance (with 10 mg accuracy) 1s required. http: /lwww.biodex.com

b=

MRTDosimetrgomparison exercise

A 1EC NEMA Phantom
A 6 sphere inserts (diameters: 487 mm, volumes: 0626.5 ml)

NHS

Uniklinik (¢ Z3IMRT
"Werzsurg UK % BOEIMETRY ® The Christie



() 1.2 Partial Volume Assessment

Phantom Filling Procedure Qg\j

(This procedure assumésat the sphere
volumesV . Were premeasured)

A Prepare Stock solution (500 ml container).

Carrler

500 ml Container

- 0 h 0 i
(6)) . ;
0 s 0 s

A Ensure spheres are empty.

ACAftf &LIKSNBa dzyuAaf Al

A Sphere activities: & 2

Uniklinik
"Wiirzburg U< U“ @ N8 iMETRY

X<

The

v
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) 1.2 Partial Volume Assessment @@

SPECT/CT Acquisition

* Positioning in center of rotation.

SPECT/CT Positioning

Fhgre 20 Aot of st tims wnid SEECT b b0 e conmmad phoae (rress ilbeatedd praralied sgesh

* Acquisition parameters as in clinical protocol
(e.g. 2x60 projections, 30s-per-projection, non-circular orbit).

* Low-dose CT for attenuation correction.

SPECT/CT Reconstruction SPECT/CT

Reconstruction

* Projection-wise decay correction.

* Scatter (e.g. triple-energy-window) & attenuation correction
(e.g. CT-based) as in clinical protocol.

* Filtering (e.g. Gaussian post-filtering) & resolution recovery as
in clinical protocol.

Acquisition & Reconstruction as for sensitivity.

Uniklinikum (1l¢ 2~3 MRT m
wiirzburg U8 € DOSIMETRY * " The Christie
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) 1.2 Partial Volume Assessment 9

Example from UKW (L1i/'7)

Lu-177 SPECT/CT Fus
Flash3D, 6i6sOm

SPECT

Uniklinikum (( MRT 21 m

Wiirzburg \_,l/ *DOSIMETRY The Christie




1.2 Partial Volume Assessment W

Correct partial volume by voluméased recovery coefficient
(strictly: correction restricted to sphere geometry).

0.53

O O 0.73

Uniklinikum \lﬂ(/ @. MRT - 22 NHS

Wirzburg DOSIMETRY The Christie
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e Outline V
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Quantitative Imaging Comparison Exercise (UKW)

1. Sensitivity Determination (Jaszczakylinder)

2. Partial Volume Assessment (6-sphere Phantom)

3. Quantitative Imaging Exercise (3D-printed 2organ Phantom)

4. Validation of Radioactive Test Sources  (Bal33 Surrogate vs. Liquid81)

(" Patig2 O\ (  pat8 O\ /7 pata

Sensitivity 3D-printed ICRP Sealed Bd433
Partial Volume 2-organ phantom vs. liquid 4131

\ / \Ba—lBS Liquid I-lB/l

M +F f ARF G Sealistic, Ay j dzF & A

anthropomorphic phantom
Unikdinikum (¢ @MRT 23
Wiirzburg ~ 2> DOSIMETRY The Christie




() 1.3 Quantitative Imaging Exercise v

3D Printing Template:
2 Organs (Kidney & Spleen)
of ICRP 118 Voxel Phantom

A Average male/female.
A Segmented & modified CT of individual.

A Voxel size (1.8 x 1.8 x 4.8 Mmlaces limit on
resolution of organs.

A Accepted as dosimetry standard.

Uniklinikum [jl¢ #3 MRT icati 24 NHS!
Wiirzburg \U’L(/ DOS'METRY [1] ICRAPublication110. Ann ICRP 39(2), 2009. The Christie



(€ 1.3 Quantitativdmaging Exercise &

Phantom Design

Convert voxels Smoothen Extrude walls, add
to surface < surface < filling & supports, cut

Voxels Cortex

Uniklinik (¢ ¥ MRT NHS!
"Worsurg Y& O BDOSIMETRY ®  The Christie



© 1.3 Quantitative Imaging Exercise v

Phantom Fabrication

FDM 3DBPrinting Printed parts Completed
(Ultimaker3) (Medulla & Cortex) phantom

Uniklinik <3 MRT
niinicurs Ui &L M8 imeTRY " The Christie



© 1.3 Quantitative Imaging Exercise

Phantom Fabrication

Final design Final printed phantom

Jaszczak phantom

Top baseplate

Bottom baseplate' | : -

Uniklinik (¢ ¥ MRT NHS!
"Worsurg Y& O BDOSIMETRY " The Christie



© 1.3 Quantitative Imaging Exercise

Phantom Fabrication
G. dzf { LINR RdzOU A 2 y €SPECT/CT quality control

A Designed for thdVIRTDosimetryproject as QI phantom.
A Fits a standardaszczaghantom.
A One phantom set will be sent to each participating partner site.

NHS

Uniklinik (¢ 23IMRT
Mk UK L N8BT imMETRY ® " Ihe Christie



© 1.3 Quantitative Imaging Exercise v

Phantom Filling: Setup at UKW

Clamp Stand Dose Calibrator

2 Stock Solutions:

A High Activity Concentration
(Kidney Medulla)

A LowActivity Concentration
(Spleen& Kidney Cortex)

Uniklinik (¢ ¥ MRT NHS!
"Worsurg Y& O BDOSIMETRY " The Christie
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Phantom Filling

A
Date
Estimated time between preparation and measuremant
Reproducibility Scale
Accuracy Dose Calibrator

Target Activities & Organ Volumes
Organ
Cortex

9 Madulla

10
11
12
13
11
1%
l(’
17
L]

2
2
P2
23
24
25
26
27
Pl
29

- o

Uniklinikum

Splaen

Neaded Activity
Stock

High

Low

High Activity Concentration Stock Solution
Target Activity

Target Volume

Empty Container Welght (wel)
Drawn up Activity (Asl)

Time (ts1)

Full Syringe Waight (wsl)
Residual Activity (As2)

Time (ts2)

Empty Syringe Weight (ws2)
Full Contalner Weight (we2)

. Spreadsheet

1] D E
180722018 Half-life Lu-177 [min]
Oh
0.02 g
3%
Target MBg/ml Volume [mL] Activity [MBq] Decay Corrected
1.5 5 1125 113
0.5 35 17.5 18
1.5 125 187.5 188
3175 18

Target MBg/ml Target Volume [mi]  With 20% Extra  Total Activity [MBg)

1.5 200 240 160
0.5 35 42 271
181
Amount Unit Error Unit
160 MBqg
240 mi
107,92 8 0.02 &
474 MBq 10,422 MBg
12:19 hh:mm
338 8 0.02 g
0.374 MBq 0.01122 Miiq
12:20 hhv:mm
523 g 0.02 g
34821 ¢ 0.02 g

1.3 Quantitative Imaging Exercise &

I G M | }
6,647 [d]
9571.68 [min]

Decay Corrected [MBq)

60
21
181
Amount  Unit Error Unit
Solution Waelght 240,49 ml 0,03 ml
Date 18.07,2018
Time (ts1) 12:19
Time Diffarence 1 min
Acti 347.0 MBg 10,42 Mbg
0,04 MBag/ml

To be filled out by participant / Automated uncertaistimation

Wrzburg

732 MRT
\U,_‘).</ @DOSIMETRY

The Christie



Q) 1.3 Quantitative Imaging Exercise v

Filling & Mountlng Stejpy-Step Instructions

+ |&

Rotate Medulla to 45° Rotate Medulla to 0°, Close 1st filling hole.
Fill first 20 mL. Fill until liquid is visible, Remove any overflow,
Close 2nd filling hole.

X

Mounting Instructions

e cull Bt T
OF & ANO

Always weigh Use torch to visualize fill level. Spleen can be ¥
with ALL screws, filled at 0 O

Filling Instructions

vuua

T ——_—
'! y

*  Green circles Screw holes for attachment to Jaszczak phantom
*  Red circles Attachment rods for fixation of top & bottom baseplate
*  Blue circles: Holes for fixing the 2 Inserts to the base plate

Uniklinikum U m

(
iiniam UK GO N BTiMETRY > The Christie



© 1.3 Quantitative Imaging Exercise v

SPECT/CT Acquisition

* Positioning in center of rotation.

, o
bisass >f>“' J

] LIS
B CONITR UT Ratation

SPECT/CT Positioning

Fhgoore 20 Abgnomstt of pastbomt onid SEECT bnd bn (e commaal phone (arvess ithontend paraliel segess

* Acquisition parameters as in clinical protocol
(e.g. 2x60 projections, 30s-per-projection, non-circular orbit).

* Low-dose CT for attenuation correction.

SPECT/CT Reconstruction O s .

Phantomspecific
organpositioning!

* Projection-wise decay correction.

* Scatter (e.g. triple-energy-window) & attenuation correction
(e.g. CT-based) as in clinical protocol.

* Filtering (e.g. Gaussian post-filtering) & resolution recovery as
in clinical protocol.

Acquisition & Reconstruction as for sensitivity & partial volume.

Uniklinik (¢ 23IMRT m
nikinium UK LN METRY * Ihe Christie



() 1.3 Quantitative Imaging Exercise v

i

Lu177 Measurement at UKW:
ACfl&aKo5 6{ASYSyaQa
A Attenuation correction.

A Scatter correction.

A Resolution recovery.

A 4 iterations, 8 subsets.

A No postfiltering.

SPECT

NHS

Uniklinik l¢ <3 MRT
nikinikum UK A NBLiMETRY > Ihe Christie
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Quantitative Imaging Comparison Exercise (UKW)

1. Sensitivity Determination (Jaszczakylinder)

2. Partial Volume Assessment (6-sphere Phantom)

3. Quantitative Imaging Exercise (3D-printed 2organ Phantom)

4. Validation of Radioactive Test Sources  (Bal33 Surrogate vs. Liquid81)

/ patigz N\ Ptz O\ /  pata )

Sensitivity 3D-printed ICRP Sealed Bd33
Partial Volume 2-organ phantom vs. liquid 4131

e 9
\ / \8&133 Liquid I-ly

M ¢ S &183 as durrogate
for liquid I-131

Uniklinikum \Ui(/ @MRT 34 m

DOSIMETRY The Christie




{© 1.4 Validation of Radioactive Test Souf¥&

Quality control often based on liquid sources.
M 5AalRGFYyOGF3Sa NBEIFNRAY3I (A

|dea:
Replace liquid-131 sources by sealed H&3 sources.

Uniklinikum \lﬂ(/ MRT 35 m

Wirzburg *DOSIMETRY The Christie



{© 1.4 Validation of Radioactive Test Souf¥

A Design of 4 B433 sealed sources.
. Ba133
Concentration Activity Diameter Length Volume [BIlglElgtilolglSR ARG (V[

(kBd/g) (MBg)  (mm)  (mm) (cm"3)

200 0.34 7.5 38.0 1.7 .
200 134 150 380 6.7 3Dprinted
200 5.38 30.0 38.0 26.9 containers
200 21.48 60.0 38.0 107.4
- H n g CAD Models.
A Production of 4 identical containers . Liguid
to be filled with liquid4131.

A Validate sealed Ba33against liquid-L31sources.

Uniklinikum U m

(
iiniam UK GO N BTiMETRY *® " The Christie



> 1.4 Validation of Radioactive Test Souf¥®

7.5mm/40mm

[ T T T ) | Fr—— B n = o =
1.8} ~——d=60mm with Gaussian (FWHM 20mm) | JaszczaRhantom
- =theoretical 60-mm cross-section SolidSources
1.6+ ——d=30mm with Gaussian (FWHM 20mm) | .
- |= =theoretical 30-mm cross-section ‘ Partial Volume 15mm/50mm
2 14/ ~==d=15mm with Gaussian (FWHM 20mm) | |
s |= =theoretical 15-mm cross-section 1 60mm/95mm
Q 12} d=7 .5mm with Gaussian (FWHM 20mm)| |
P — =theoretical 7.5~ -secti |
2 ‘ ‘ retica mm cross-section 30mm/60Mm
2 1
=
3 o.a}
So6t ]
? Attachment holes
804/ f / Jaszczakylinder
0.2t |
0
1 ] 1 1 ] 1 |
-60 -40 -20 0 20 40 60

phantom dimension [mm]

Estimation ofpartial volume effects :
(resolution high energy collimator: 20 mm)

Baseplate produced by Christie

Uniklinikum m

(¢ FXMRT
Werzsurg YIC & DOSIMETRY * " The Christie



{© 1.4 Validation of Radioactive Test Souf¥

A Production of sealed B&33 sources by CMI, Czech Republic
and CEA, France.

A Production of hollow containers for liquidlB1 comparison.

Filling
hole

Ba133 sourceproduction at CEA. Hollow 60mm container
attached to baseplate.

Uniklinik (¢ #IMRT
"Worsurg Y& O BDOSIMETRY * The Christie



{© 1.4 Validation of Radioactive Test Souf¥

Filling, Mounting, Acquisition & Reconstruction:
Stepby-Step Instructions

Attach base plate3 screws}. Attach Bal33 sources. Positioning on patient
Attachattachment rods 4 circle3. Close Phantom. bed.
Fill with water.

NHS!

Uniklinik (¢ Z3IMRT
"Worsurg Y& O BDOSIMETRY * The Christie



(© 1.4 Validation of Radioactive Test Sou&

Ba133 Measurementat UKW:
ACtllaKo5 6{ASYSyaQa : _
A Attenuation correction. SPECTA%&E?A
A Scatter correction.

A Resolution recovery.
A 4 iterations, 8 subsets.
A No postfiltering.

SPECT

NHS

Uniklinik (¢ 23 MRT
nikinikum UK A NBLiMETRY " Ihe Christie
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(€ Outcomes / Deliverables v

1l

QI Comparison Exercise:

A Protocol for commissioning and QC of SPECT/CT imaging
systems.

A Multi-center assessment of quantitative accuracy of
different SPECT/CSystems.

A Validation of B&l33 as surrogate for liquidli31.

2R ”
4

Uniklinik (¢ 23IMRT m
"Wirzburg UK € DOSIMETRY " The Christie




(o= : " i -
) Aims of Comparison Exercises @

1. Need for standardization of quantitative imaging  $Mediso

i Problem Numerousmagingmodalities & systems. PHILIPS
No standardization of activity determination.
I Plan Comparison exercise with different SPECT/CT systemr
BUT standardized activities & reconstructions.
I Aim: Protocol for commissioning and Ql.
2. Lack of validation between dosimetry software tools [';"O'S’Tg':’:
S0
I Problem Numerous tools available falosecalculation. T
No validation across different tools. QDOSE
I Plan Calculate doses with available dosimetry tools based .3
on simulated postherapy dosimetry dataset.

. : .. _ + many irhouse
I AIM: Protocol for commissioning dosimetry platformspproaches

Uniklinikum m

(¢ F5XMRT
Werssorg UK C% DOSIMETRY “ " The Christie
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€) Outline V

(" Patigz N\ Pz O\ /  Pata

4-organ phantom Serial SPECT Dose Calculations
Ground truth TAC Imaging

M \‘LJ A ;s

o ) o )

Dose Comparison Exercise (The Christie)

1. Extend Printed Phantom (4-Organ 3[Bprinted phantom)

2. Generation of Ground Truth TAC & Dose (PK Model & MC Simulation)

3. Measurement of TAC (Experimental & MC Simulation)
4. Dose Calculation & Comparison (Commercial & irhouse)

NHS

Uniklinik (¢ Z3IMRT
"Werzsurg UK % BOEIMETRY “ " The Christie
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Partl & 2

Outline

N [

4-organ phanton

=

¥

Ground truth TAC

L NN

)

Part 3

Serial SPECT
Imaging

~

\‘ L/

Dose Comparison Exercise (The Christie)
(4-Organ 3[Bprinted phantom)

1. Extend Printed Phantom

732 MRT
\U,‘).</ @DOSIMETRY

v

-

.

Part4
Dose Calculations

.S

~

J

The

Christie



(@ 2.1 Extended 3D Printed Phantom ¢

Jaszczak phantom
Top baseplate

Bottom baseplate

A Current phantom is useful for QI exercise.
A Not fully representative for Dose Calculations.
Uniklinikum U m

(
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(@ 2.1 Extended 3D Printed Phantom ¢

Bespoke
elliptical
phantom
Spleen Tumour
Liver
Left Kidney Right Kidney

A 3D Printed phantom extended to include 2 kidneys (each with
separate Cortex & Medulla), Spleen, Liver, and Tumour.

A Phantom based on ICRP110 models.

Uniklinikum m

(¢ F5XMRT
Werssorg UK C% DOSIMETRY * The Christie



@ 2.1 Extended 3D Printed Phantom ¢

A Imaged in large elliptical phantom.

Uniklinik <3 MRT
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() 2.1 Extended 3D Printed Phantom @

A Preliminary imaging undertaken to help with
develop design of printed phantoms.
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Part1 &2 \

4-organ phantom

Ground truth TAC

¥

L NN

)

Outline

/ Pat3 )

Serial SPECT
Imaging
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Dose Comparison Exercise (The Christie)
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2. Generation of Ground Truth TAC & Dose (PK Model & MC Simulation)
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() 2.2 Ground Truth TAC v

Uptake

Time (h)

A Organ Time Activity Curves:

I TAC is required before designing experiments & calculating
ground truth dose.

I Mimic Lul77 Dotatate Therapy.
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(&) 2.2 Ground Truth TAC

¢

=N . Actvity Concentration Data from FX Modsl
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A Organ Time Activity Curves:

I Implemented compartmental Pharmacokinetic model using published data [2], altering the
volumes to match printed phantom

i Cortex & Medulla to have 3:1 activity concentration ratio [3].
I Initial injected activity: 7.4 GBq equivalent.

Uniklinikum [il¢ 23 MRT 2] Brolin, et al. Phys. Med. Biol. 60 (2015) 66349 51 m
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(™))

2.2 SFactor Computation

Bivtidatent Dose Map Prowstur

Liver
LKCortex
LK Medulla
RK Cortex
RK Medull

(mGy/MBg.hr)

S
(9]
=2
®
®
=)

Tumour

Liver
6.57E02
3.64E04
2.96E04
1.08E03
6.51E04
2.93E04
3.28E03

LK Cortex
3.63E04
9.10E01
1.79E02
4.22E04
3.08E04
1.75E03
2.91E04

Source
LK Medulla RK Cortex RK Medulla Spleen
2.96E04 1.08E03 8.07E04 2.93E04
1.80E02 4.21E04 3.76E04 1.76E03
1.94E+0 4.13E04 3.87E04 9.87E04
4.18E04 1.09E+0 2.35E02 1.85E04
3.17E04 1.89E02 1.87E+0 1.30E04
9.81E04 1.82E04 1.59E04 6.71E01
2.30E04 7.87E04 6.48E04 2.24E04

Tumour
3.27E03
2.85E04
2.27E04
7.91E04
5.20E04
2.20E04

5.21E+0

A Simulated in Geant4 & Gate to calculate S

Factors for the phantom, required for

dosimetry.
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4-organ phantom
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Dose Comparison Exercise (The Christie)
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3. Measurement of TAC
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@ 2.3 PosiTherapy Ll 77 SPECT ImagirN

A Imaging time point picking:
i Different centres have different guidelines

A SiteA typically image PRRT patients at 4 tipoénts: 1 h, 24 h, 72 h, 144 h.
A Site B at 5 timgoints. 1 h, 4 h, 24 h, 40 h, 70 h

i We will image at time points 1 h, 4 h, 24 h, 40 h, 72 h, 144 h allowing us to generate number

of datasets of 4, 5, or 6 points.
i Filling & scanning follow SOP defined in QI comparison exercise.
Uniklinikum U‘( ’ 54 m
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”,~, @
€) 2.3 Slmulated Measurements &
Lt Inserm st GY

STLs voxels

to to

voxels proj.
—>

A Lund simulating SPECT with SIMIND and CT with a
stoichiometric calibration method

A INSERMsimulating SPECT with GATE
A{ / Y i:siBulating CT with GATE

Uniklinikum U‘( m
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@ 2.3 Generating device agnostic imag&®
SCK- CEN

A Experimental data taken on GE Discovery 670.
A Simulated data may be in nddlCOM format.

A{/ YT I 9develpeditSolto convert simulated images
to DICOM with correct header information to be
reconstructed on clinical workstations.
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Uniklinik (¢ <3 MRT
Mk UK @A N8 iMETRY * " Ihe Christie



”
o~

(¢

-

-

o

Part1&2  \

4-organ phantom
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4. Dose Calculation & Comparison
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16 2.4 Dosimetrysystems available

Commercial

HERMES
MEDICAL
SOLUTIONS

GE Healthcare

s

ooseFx 59 COMECER

MIRADA

medical

DOSIH7-soft

QDOSE

The next Step in IRT,

Uniklinikum

<3 MRT
Wirzburg \%, & BOLIMETRY

____InHouse

LUNDADOSE

RAYDOSE

PRIFYSGOL
CAFRDY®

VoxelMed
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