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KU LEUVEN Why personalized or individually planned? 1 teuven

COUNCIL DIRECTIVE 2013/59/EURATOM
of 5 December 2013

[ ] [ ]
O fflCl al Ourn al laying down basic safety standards for protection against the dangers arising from exposure
to ionising radiation, and repealing Directives 89/618/Euratom, 90/641/Euratom, 96/29/Euratom,

97/43[Euratom and 2003/122/Euratom

of the European Union
Article 56

O A “directive” sets out a goal Obtimisat
e . . timisation
that EU countries must achieve P

English edition

For all medical exposure of patients for radiotherapeutic
purposes, exposures of target volumes shall be individually
planned and their delivery appropriately verified taking into

WARNING account that doses to non-target volumes and tissues shall be
as low as reasonably achievable and consistent with the
intended radiotherapeutic purpose of the exposure.

CHALLENGES

AHEAD

pertaining to radiotherapy,

: (81) "radiotherapeutic" means
‘ including nuclear medicine for therapeutic purposes;

Hitchcock, A. (1960). Psycho.
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EETE]  What has been the effect of the Directive 1 i

! |LEUVEN

* There was a response by the NM community

* Initiatives by EANM dosimetry committee
* Internal Dosimetry Task Force
* explore the Potential and Prospects

* European survey

. . . . . . . Internal Dosimetry Task Force Report on:
. W|de. variation .Of MRT practice, |.ncIud|ng megllcal " Treatment Planning
physics expert involvement and implementation of EOBM%QCL”M
: . adiotherapy:
dosimetry-guided treatments Potential Andl Prospects
Soren e o ENMM Pyss 2017428 EJNMMI Physics e
H
=g=:
Variations in the practice of molecular @ ";-=
radiotherapy and implementation of Y
dosimetry: results from a European survey | 88
e e 5 ; A i " ' JROPEAN ASSOCIATION OF
Culne Stes, Cao Cries, i ppht? e B, Mt Sandarom ™ ol Topng's. NUCLEAR M
Mark Konijnenberg'? and Glenn Flux'®
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B2  What has been the effect of the Directive I fuven

Eur J Nucl Med Mol Imaging (2017) 44:1783-1786
DOI 10.1007/s00259-017-3707-3

EDL gy j Nucl Med Mol Imaging
DOI 10.1007/500259-017-3820-3 |.
LET Eur J Nucl Med Mol Imaging (2018) 45:152-154
Th https://doi.org/10.1007/500259-017-3859-1 ‘
of 1 LETTFR TO THE EDITOR I
in ( Dos
iS il Huizing et al. EINMMI Research (2018) 8:89
E' EE fl:‘OI DOSImetry methOdS and C||n|ca| https://doi.org/10.1186/513550-018-0443-z
. ranc cr. . . . .
LSt joian applications in peptide receptor
" ¢2F radionuclide therapy for neuroendocrine
Lsuie tymours: a literature review |

Conclusion: Clinical dosimetry in PRRT is feasible and can result in improved treatment outcomes. Current
clinical dosimetry studies focus on safety and apply non-voxel-based dosimetry methods. Personalised treatment using
sophisticated dosimetry methods to assess tumour and normal tissue uptake in clinical trials is the next step towards
routine dosimetry in PRRT for NET.
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: : : : I
m Medical Physics challenges in Theranostics I Leuven

Aim: the absorbed dose to a target region

D(t) o< A1)

Administered N
activity Source region, Target region,
AO organ tissue, @ organ, tissue, ... 'TI
1L D
INOMIN LY (e
WX ) D)= |  D(ret)dt
0

* NM instrumentation can help with the relative or absolute quantification of
 administered activity Ag ey mme G

* activity conc. in samples (Bq/ml) > | Clinical Dosimetry Workflow
» detection rate as a surrogate for activity

* Follow-up of these quantities over time Erick Mora-Ramirez et al.,

Med Phys 47 (9), Sept 2020
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kU LEWVEN Establishing a clinical dosimetry workflow

LEUVEN
* Andrew Robinson (NPL), 4th scientific workshop for stakeholders (2019)
Measurements (and calculations) in MRT j@lfaosmsmv EURAM’E?-
Calibration

B MetroMRT
ball SPECT/CT |

Metrology for Molecular Radiother‘apy

Patient

) | @Y
Administration VOI definition @9 DOSIMETRY

. Metrology for clinical implementation

of dosimetry in molecular radiotherapy

Sy Time Activity X “The translation
- (Hospital calibrator) " ’ — Curve .
Patient-specific process requires
optimisation ST — .
o P == T good preparation
% Radicactivicy Absorbed dose and time
‘ Standards calculation
alignment”

National Physical Laboratory - 20 May 2019 EMPIR - -
resaarch and Innavation programme and ihe EMPIR g Siates 6




* Enormous technological evolution in healthcare

* NM evolves very rapidly — requires advanced QA & QC
Ml and RNT are becoming very sophisticated disciplines
* Theranostics — trend towards personalized medicine
* Quest for the dose-effect relationship

* One wants to be sure about what is being measured
 Measurement uncertainty influences decision making
e Standardization is important for comparison of results

* Quantification and advanced dosimetry tools

Effect

AN

Dosimetry challenges and objectives

I
'f7 LEUVEN

—Therapeutic effect /'
- -Side effects 4
’

Effect

“Nuclear Physics for Medicine”, NuPECC, 2014
Nuclear Physics European
Collaboration Committee
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KU LEUVEN Roadmap to clinical applications | LEUVEN

* Early discovery and exploration phase
* nuclear physics & radiochemistry
* radiopharmacy

* Preclinical studies
* models, safety, translation

* Clinical trials
* safety, efficacy, dosage
 effectiveness, response & comparison

 Clinical routine
e protocols and procedures Medical

L hysi
* Follow-up and optimization phase S

e quality assurance & control
* patient-specific precision medicine

Discovery &
exploration

Preclinical
studies

Clinical trials

Clinical
routine

+ ol =

FUP &
optimization
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EEEE1 selective Internal Radiation Therapy (SIRT) 'V euven
* SIRT portfolio @ UZ Leuven %"-Spheres@’ 1L

Y-90 resin microspheres .

°, . .
e 9y — S|R-Spheres — Sirtex Medical < TheraSphere’ ¢ QuiremSpheres
» Y — TheraSphere — BTG, Boston Scientific |

e liver tumors (HCC, ICC, metastatic disease, ...)
* a multi-disciplinary approach

Branch vessel

166Ho — QuiremSpheres — Quirem Medical, Terumo

Daughter
vessels

NM, oncology, interventional radiology

nursing units Kennedy, /BN
NM technologists J Gastrointest Oncol.

. 2014;5(3):178-189
radiopharmacy
medical imaging research o

medical physics experts

radiation protection TE I:\’V‘WDRK
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KU LEUVEN SIRT planning — activity prescription I LEuven

 Different dosimetry methods
* body-surface area (BSA)

A Evolution of the prescription method
* modified BSA method 2000 [
* SIRFLOX lookup tables | | 20 1 —
* MIRD scheme 0u | -
ti . ——
e partition method 2o
. o [
* voxel based dosimetry | | o—— 1R
L5% 17% con N Nl = Partition
15.8% o2 N ] = SORAMICS
o I = mixed
2010
23.0% 76 || 20ce |
0% 20% 40% 60% 80% 100%
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KU LEUVEN SIRT in clinical practice

* treatment simulation e

* registration, segmentation

* method selection & dose estimate
* dose volume analysis
* criteria verification (target / non-target)

e performing treatment

e treatment verification

cDVH (entire liver)
A

total liver e

| 1
B0 — 1 — entfre YOI —
L f i

100 T

Right Left

Lobe volume 1494 cm3 | 890 cm3

Volurne fraction(%)

Tumor volume 622 cm3 759 cm3

1 Activity 1557 MBq | 928 MBq

4] a0 100 120 200 Z50
Absorbed Dose (Gy)
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Treatment Verification

Volume fraction(®)

Volume fraction(%)

cDVH (right lobe)
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Workflow In Progress: BETA Ho166 - Activity Planning
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KU LEwEN Calibration requires standardlzat|on /| LEUVEN

* The challenge of standardization is not new

 ell (ulna) — cubit (forearm)

* Nuclear data, e.g. half-life, ...
* branching ratio for positron emission of Y-90 in Fathom

PET acquisition software (2022) _ _
: . . Branching ratio
B30 10

* Imaging standards (e.g. DICOM, ISO-12052)

* time references & decay correction

* device A:32x10°®
* device B:34 x10°

Flemish ell P
Cubit . English ell

Span French ell

18 handbreadths

* It looks like ... there’s much more need for Mark H. Stone, “The Cubit: A History and
. . . . Measurement Commentary”, Journal of Anthropology,
standardization, even before calibration vol. 2014, 489757, 11 pp, 2014.
Bureau
|n|‘ernq|‘iona| des 'I | Organisation Infernationale de Métrologie Légale 20 Mav 2023
| T Poids et IM International Organization of Legal Metrology  \wWyww.world metrologyday.org
4 Mesures
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EIGed  Nuclear Medicine Equipment Standards 1 teuven

* A quantified and traceable measure using an NM instrument
* numerical value — relative or absolute measure
* physical quantity — (SI) unit of measurement

* Nuclear medicine (NM) instruments
 radionuclide calibrator or activity meter (Bq)

. T
e gamma counter samples (Bg/ml) .
* SPECT phantom (cps/voxel) S ———— |

 quantitative PET/CT or SPECT/CT (Bg/ml) |

 Calibration step
e conversion between units

* Verification and follow-up k — 7.

* QA& QC
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LI Standardization challenges S| BASE UNITS

| S1 | Tha2imonet (S1) pranee® comommmmrmmmmos e s
* Crossing the valley of death — translational research
* global : regulatory — radiological protection — medicines agencies

* local : health physics — radiopharmacy — clinical environment

kilogram

me

ampere

* Closing gaps between radiopharmacy and medical physics
* use of standardised recipients : V-vial, 10R Type 1+ Schott vial, ...

* Approach manufacturers
* Approach suppliers )
Bq !
° Approach EMA bei;:]/u?rel
S
) — )
= - ACTIVITY ABSORBED i
e (OF A RADIONUCLIDE) DOSE i

Special Publication (NIST SP) — 1247

: https://doi.org/10.6028/NIST.SP.1247 NNIST
2 Butler, D. Translational research: Crossing the valley of death. National Insfitute of

Nature 453, 840-842 (2008) Standards end Tachnelogy
Personalized NM imaging and radionuclide therapy — Medical physics perspectives — K. Baete — EAN 20t workshop 2-4/10/2023 16




m Calibration

* The “calibration” problem is typically not intercepted
by standard quality assurance measures

Velume 21 = Number 1 = 2021

Journal of the ICRU

ICRU REPORT 96

Dosimetry-Guided
Radiopharmaceutical Therapy

* This can lead to significant inaccuracies with the
determination of the activity of a radiopharmaceutical

* More advanced quality control measures are
therefore urgently required 2 medical physics experts

* Theranostics: quantitative imaging for radionuclide
therapy and personalized dosimetry are based on this

Primary _
Secondary|1AEA J
standards| SSDL SSDLs

Organization

TRS-374 — Calibration of : Field
Dosimeters Used in Radiotherapy ! instruments |
(IAEA, 1994) SRR

FIG. 1. The international measurement system.

Personalized NM imaging and radionuclide therapy — Medical physics perspectives — K. Baete — EAN 20t workshop 2-4/10/2023 17



ol : : : I
KULEUVEN Traceability of radionuclide calibrators | LEUVEN

* Intercomparison and accuracy of radionuclide calibrator measurements =
* stock solution with an activity concentration (Bg/ml)
e 2 recipients: syringe & vial — gravimetrical dispensing

* measurements in a number of Belgian NM departments P —
]
Contents lists available at ScienceDirect : S B ‘
Physica Medica e . //
" Stock solution 2\
journal homepage: www.elsevier.com/locate/ejmp ‘{g\
|\

Original paper

Intercomparison of °°™Tc, 'F and '!'In activity measurements with
radionuclide calibrators in Belgian hospitals

 Additionally, very precise =1 1
activity concentration

measurements in a | B |}
Clarita Saldarriaga Vargas™", Sunay Rodriguez Pérez®, Kristof Baete”*, Stefaan Pommé*, . . S
Jan Paepen, Raf Van Ammel“, Lara Struelens® refe rence ra d ionu CI Id S S 00000,

a Belgian Nuclear Research Centre (SCK-CEN), Boeretang 200, 2400 Mol, Belgi I b t d |
b ULZ L(;Zvc::;:;w;:;z: of };EC;L‘(U’ Medicine, H(::':Lsn('irllffr 49, 3000 Leuuv-:'n,LBc;;:un a O ra O ry a n a n u C e a r

© KU Leuven, Department of Imaging and Pathology, Herestraat 49, 3000 Leuven, Belgium

9 European Commission, Joint Research Centre (JRC), Directorate for Nuclear Safety and Security, Retieseweg 111, 2440 Geel, Belgium re S e a rC h C e n te r I [ ' m

Physica Medica 45 (2018) 134-142

Belgian Nuclear Research Gentre

Institute for Reference
Materials and Measurements
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: : | UZ
Intercomparison using Tc-99m /| LEUVEN

+
£ 10% 99mTe eVial ¢ Syringe
)
1.10
1.05 |
I ¢ i I% %%
St
® 1 < +
=4 0.95 % .%
0.90
— 1314
0.85 T .
; —— * suspension level for accurac
[ | Error bars = +u, (k=2) o
0.80 deviation > 5% for > 100 keV
112334511111 2341234121121 2(12345¢6|1|12 3|1 211 (RP'162,EC2012&NPL2006)
L GM U E J | B | Z A Tl C S |IRID
Radionuclide calibrator £ N PL jﬁ’
Hospital Eum National Physical Laboratory

Commission

Physica Medica 45 (2018) 134-142
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: : I |
Intercomparison using F-18 V| LEUVEN

18F @ Vial & Syringe
1.20 * Involvement of a “Fidelis”,
115 £ - secondary standard
0 radionuclide calibrator

0.30 E | Error bars = +u, (i=2) -ig

Radionuclide calibrator 5 S CI entlfl C SCI{ Cen

Belgian Nuclear Research Gentre

Physica Medica 45 (2018) 134-142
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’f7 LEUVEN

Conversion
electron

Intercomparison using In-111

+10%
1Ty @ Vial Syringe ® Auger electron
1.4 Characteristic
B _ X-rays
B ~
- s —————————————————
131 : §13
R i Equilibrium dose
. - constant, A,
1.2 T Principal E (rad g (Gy kg
5 { radiation (keV)* n; pCi-Th=1) Bqg s
B T Auger electron 2.7 0.98 5.68E-03 4.27E-16
I o 19.3 0.156 6.41E-03 4.82E-16
a4 L1t § i } E § { T Conversion 1446 0.078 2.40E-02 1.80E—15
= § E electron
- % } § § 167.3 0.0106 3.78E-03 2.84E-16
1.0 B i } % E § i 170.5 0.00203 7.37E-04 5.54E-17
T § E 171.2 0.000424 1.55E-04 1.16E-17
218.7 0.0493 2.30E-02 1.73E-15
; § 2414 0.00785 4.04E-03 3.03E-16
B { i ' i E 2446 0.00151 7.87E-04 5.91E-17
0.9t ¢ 2453 0000301 157E-04 1.18E—17
B X-ray 3.1 0.069 460E-04 3.46E-17
[ | Error bars = +u, (k=2) 23 0.235 1.15E-02 8.64E—16
B 23.2 0.443 219E-02 1.64E-15
26.1 0.145 8.06E-03 6.06E—16
411 2 3 411 2|1 2|1 2y1 2 3 45 6f1|1 2 3|1 2|1]|1 Y e ki sl et
2454 0.94 491E-01 3.69E-14
E I | B | Z A | C S [RID
*Average electron energies.
Ei = mean energy per particle or photon; n; = mean number
Radionuclide calibrator of particles or photons per nuclear transition; A; = mean energy
. emitted per nuclear transition.
HOSpltal 111In has the following properties: physical half-life, 67.3 h;

decay constant, 0.0103 h~*; and decay mode, electron capture.

Physica Medica 45 (2018) 134-142
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W Accuracy of activity for 2°Y-SIRT

* SIRT = selective internal radiation therapy of liver cancer

e gamma spectrometry reveals that the °°Y primary SIR-
Spheres® activity calibration appears to be a significant
underestimate of true activity: 1.233 + 0.030

Stephen A Graves, et al.
IJNM, Jan 2022,
DOI: 10.2967/jnumed.121.262650

SIR-Spheres® activity measurements reveal g

Redundant NIST-

High-purity Germanium Traceable Efficiency gSurement Results o
90y 511 keV y-spectrometry Calibration :
0 1
Sample 1 : : : —
100 - - - -
Sample 2 : : :
z a Sample 3 : : :
E | 1 1
3 . : : x
@ 80 Sample 4 1 :‘_ 4
. 1 1 1
70 — Sample 5 ; : : —
R weroe [
495 500 505 510 515 520 525 I I | | | I |
Energy (keV) 0.0 0.2 0.4 0.6 0.8 1.0 1.2 14

Activity Ratio (Measured / Manufacturer)
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;’7. LEUVEN

Silvano Gnesin, et al.

m Accuracy of activity for 2°Y-SIRT

* Cco nfl rm at I on Of p reVi Ous Title: A multicenter study on observed discrepancies between vendor-stated
St u dy an d O bse rvat | ons 90Y activities for both glass and resin microsphere devices

Authors: Silvano Gnesin*, Justin K. Mikell*, Maurizio Contj
Thiago V. M. Lima, Yuni K. Dewaraja.

Graphical Abstract

Evaluated Y vials
- %Y resin microsphere
E / dissolved
e
Glass Resin Chloride 1.2 90Y resin A ~ 50%
Microspheres Microspheres Solution 22 4 microsphere vials
(n=56) (n=18) (n=4) Z|2 . .o
=_ = g3 11 H significant
Tl -
@ Q [ .
%} Vendor Stated Activity HE o X Chioride vials | uncertainty
ol - ____ R o
9 ol 1.0 .
Y PET/CT acquisition and vial activity assessment HE for the ra py
Four centres and five PET/CT devices . Factor of 1.46 between L
Fle %Y resin and #°Y glass ¢
. n _ 0.9 microspheres
i v 0.6
3 . i Gla:ss n::hu:ride Relsin
0.8™Y W 50y glmss § ) -
microsphere vials ®CHUVPETA  ®CHUVPET-2 e Michigan PET-3
PET/CT acquisition VOI segmentation 0 ®LUKS PET4  eNantes PET-5
Figure 1. Distribution of Aper/Ay, ratios for the four vial products tested in this study (i.e *Y-labeled
PET Measured Actlwty glass microspheres, *Y-Chloride solution, *Y-labeled resin microspheres and 2Y-labeled

liquefied resin).
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: : : : |
m Traceable calibration of all instrumentation V' Leuven

* PRISMAP recommends the implementation of
* an end-to-end metrology methodology, and

* the involvement of medical physics experts (MPE) +- -
PRISMAP

edical Radionuclides

for the standardization and harmonization of novel
radiopharmaceuticals for imaging and therapy

Clinical Radiopharmaceutical Pathway Deliverable D4.1
Standards for clinical translation

Production and Secondary Quantitative Dosimetry

Supply I [iaCl Rt I Standards I Imaging I (MRT)

End-to-End Metrology

Calibration SPECT & PET Dosimetry Models, .
Factor I calibration SAFs, S-values WWW.prlsmap.eu

Radiochemistry

Primary
Standards

Nuclear Data

Metrology

Clemens Decristoforo, et al. (2022).

This project has received funding from the European Union’s Horizon 2020 research and https://doi.org/10.5281/zenodo.6599181
innovation program under grant agreement No 101008571 (PRISMAP).
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/
Dosimetry in radionuclide therapy: the clinical role of HIEERER
measuring radiation dose THE LANCET

Courtney Lawhn-Heath, Thomas A Hope, Juana Martinez, Edward K Fung, Jaechoon Shin, Youngho Seo, Robert R Flavell O n CO I O g y

Lancet Oncol 2022, 23:e75-87

* “Health-care infrastructure poses another key challenge in the
implementation of radionuclide therapy dosimetry.”

e “... scarcity of insurance reimbursement codes for physics and dosimetry ...”

e “... new scanners to accommodate the increased volume, increasing
technologist staffing to perform the imaging studies, and increasing physician

and medical physicist staffing to perform the image analysis that is necessary

to establish the amount of activity or number of cycles that can be
administered.”

* “Importantly, increased equipment and staffing outlays are difficult to justify

in the absence of assured insurance reimbursement, emphasizing the need
for advocacy for coverage of dosimetry.”
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KULEUVEN Some take-home messages /| LEUVEN

* Align Medical Physics expertise with the translation process

* There are so many practicalities to prepare for — keep this in mind

- One day, these preparations will become important for the further steps ~ -°" t Reinvent

in theranostics and clinical applications

* A lot of problems have been investigated, however, solutions are not
always easily applicable into the clinical environment

* Inform authorities at the respective levels about the need for
cooperation and sufficient involvement of medical physics teams Perfect It

* A solid quality assurance framework that supports and monitors the
clinical translation process

Editorial

* Early involvement of experts The research versus clinical service role of medical physics

: : Thomas Bortfeld ¢, Alberto Torresin”, Claudio Fiorino “*, Pedro Andreo ¢, Giovanna Gagliardi®
[ ] ’ ’ ’ " ’ - ’
Integratlon of expertise Robert Jeraj ', Ludvig P. Muren ¢, Marta Paiusco ", David Thwaites’, Tommy Knos ™"

Radiotherapy and Oncology
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