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Nuclear Medicine (NM)

» medical specialty that makes use of radiopharmaceuticals
for the diagnosis and staging of disease, for monitoring of
a disease process, and for radionuclide therapy (RNT)

« used in basic sciences such as biology, drug discovery
and in preclinical medicine.

» clinical aspects
» radiopharmaceuticals

* instrumentation
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What are the trends in NM pee—— :

Thousands per year (MEDRaysintell-scenario)

Alfa-isotopen

* remarkable radiopharmaceutical market growth
) ] ] Other beta
« the NM journey looks like it has only begun and
there are a lot ... a lot of challenges ahead Lu177
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Increased demand for personalized medicine &

68Ga-DOTATATE

» “personalized” or “precision” medicine Publed
« tailor-made prevention, diagnosis and treatment o -""'”"284
+ theranostics — “see what you treat and treat what you see” 2
« sustainability, cut healthcare costs, avoid unnecessary ... {.
B g
Bodei, L., et al. Nat Rev Clin Oncol 19, 534-550 (2022). -."-'." l . '

Diagnostic phase Therapeutic phase Follow-up
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Personalized or precision nuclear medicine e

COUNCIL DIRECTIVE 2013/59/EURATOM
of 5 December 2013

[ ] L J
O fflClal ]Ourn al laying down basic safety standards for protection against the dangers arising from exposure

to jonising radiation, and repealing Directives 89/618/Euratom, 90/641/Euratom, 96/29/Euratom,
97/43/Euratom and 2003/122/Euratom

of the European Union
S Article 56
N A “directive” sets out a goal

- that EU countries must achieve

* g x

Optimisation
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
account that doses to non-target volumes and tissues shall be

WARNING
as low as reasonably achievable and consistent with the
intended radiotherapeutic purpose of the exposure.
CHALLENGES
AHEAD (81) "radiotherapeutic" means pertaining to radiotherapy,

including nuclear medicine for therapeutic purposes;
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www.isotopes.gov

Si-32  Oceanographic research
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Am-241 Radiopower source, smoke detector

University of Missouri (MURR)

Savannah River National Laboratory

Ac-225 Cancer therapy

Ra-223 Cancer therapy

1r-192 Industrial Radiography
*RPF (Radioisotope Proc. Fac,)
Stable Isotopes Inventory:
E.g., Ca-48, Ga-69, Rb-87, CI-37
Stable Isotope Production:
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Technological advances in NM

* novel detector technology | Total-body PET/CT

* new gantry designs

HIHOTIIX3N

First PET scanner — www.bnl.gov ‘ LSO - SiPM

DYNAMICS MEDICAL

\ SPECTRUM
. \)
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Quantitative imaging ol
% ‘I.‘ :- *g':’ "‘1
 targeted molecular imaging — NET ‘ ’i"a"'i
* ['8F]-MFBG-PET / ['23]]-MIBG-SPECT comparison ;,‘,
« for that: PET & SPECT quantification > Bg/ml &
5 i .

European Journal of Nuclear Medicine and Molecular Imaging
https://doi.org/10.1007/500259-020-04830-x

IMAGE OF THE MONTH

Improved resolution and sensitivity of ['®FIMFBG PET compared
with ['?*IIMIBG SPECT in a patient with a norepinephrine
transporter—expressing tumour

Elin Pauwels ' - Sofie Celen® - Mathilde Vandamme? - William Leysen? - Kristof Baete "' - Oliver Bechter” -
Marie Bex® - Kim Serdons "+ Koen Van Laere " - Guy Bormans? + Christophe M. Deroose '

Received: 4 March 2020 / Accepted: 14 April 2020

© Springer-Verlag GmbH Germany, part of Springer Nature 2020
123 MIBG  ['8F]MFBG
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Dosimetry and therapy planning L &

« General aim: the absorbed dose to target region(s) | —Therapeutic effect '
- r ~ -=-Side effects 4
Admlr;llslttered rg It ';'
activity Source region, Target region, 1+ /
AO === | oOrgan, tissue, ... organ, tissue, ... 2 ;]
hA INI\/IN /
\ ‘ W lll '/II\ ) Acceptable ,”
it N
T e=’ .
* : Dose
D(t)e<A(t)  D(rr)= [  D(rr.t)dt .
O =8 A ’I'
4
/
’I
Reconstruction ’l
& Corrections )
©
Q "
& !
’l
Acceptable A,’
Registration & side effects ’
s Segmentation . I [ X d R
- Erick Mora-Ramirez et al., Med - .
1 2 3 4 5 6 Phys 47 (9), Sept 2020 Die g
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: s 3 MRT
Measurements (and calculations) in MRT & BOLimMETRY @

Metrology for clinical implementation
of dasimetry in molecular radiotherapy

Calibration

Patient , i . NN
Administration VOI| definition m!l

AN

Standards Time Activity =¥

(Hospital calibrator) Curve

Patient-specific
optimisation

Primary
Radioactivity Absorbed dose

Standards calculation

National Physical Laboratory - 20t May 2019 EMPIR 4

0 Andrew Robinson (NPL), 4t scientific
/' LEUVEN workshop for stakeholders (2019)
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The roadmap to clinical applications in NM

« early discovery and exploration 7 r discovery &
exploration
» nuclear physics & radiochemistry ’
 radiopharmacy & medical physics %

preclinical
studies

preclinical studies
* models, safety, translation

clinical trials
 safety, efficacy, dosage
« effectiveness, response & comparison

clinical trials

clinical
routine

clinical routine

 protocols & procedures clinical
routine

follow-up and optimization
 quality assurance & control
 patient-specific precision medicine

FUP &
optimization
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Selective Internal Radiation Therapy (SIRT) &

 primary liver tumors: HCC, ICC o0 .
. ® QuiremSpheres®

* liver predominant metastatic disease: mCRC, breast, NET %-Spheres

. SlRT portfo“o @ UZ Leuven Y-90 resin microspheres @ TheraSPhere®
» 90Y — SIR-Spheres — Sirtex Medical Europe GmbH

« Y — TheraSphere — Boston Scientific Benelux NV
» 166Ho — QuiremSpheres — Quirem Medical, Terumo

 patient selection & work-up (CBCT, SPECT)
* pre- & post-SIRT procedures & analysis

Branch vessel

Daughter

Kennedy, J Gastrointest Oncol.
uz Y Radionuclide Metrology for Nuclear Medicine — EURADOS School 2025 — K. Baete KU LEUVEN
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Challenges: standardization

 the challenge of standardization is not new
* ell (ulna) — cubit (forearm)

WORLD

* nuclear data, half-life, e.g. branching ratio for positron METR_OLOGY DAY
emission of *0Y in PET acquisition software ~ _» . | 20MAY2025

H R - . . B (0.011%)
* device A: 32 x10° Branching Ratio |
Bq é% e+ B-B+—0 £=1760,720 keV

e device B: 34 x 10

* imaging standards (DICOM, 1SO-12052, ...)
« time references & decay correction

* it looks like ... there’s much more need for ~t~
standardization, even before calibration !!!
Cteratine In support of the World Metrology Day 2025 150 years Of thé Metre Convention
1 = A7 Wy 20202058
BIPM L } 5¢0} juilg unesco "ln\s I Devaiopment " Measurements for all times, for all people

worldmetrologyday.org
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Nuclear Medicine Equipment Standards

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

nuclear medicine (NM) instruments
 radionuclide calibrator or activity meter (Bq)
* gamma counter samples (Bg/ml)
« SPECT phantom (cps/voxel)
« quantitative PET/CT or SPECT/CT (Bg/ml)

a calibration step
* conversion between units

verification and follow-up
* QA & advanced QC

’ri LE”’UVEN 15 Radionuclide Metrology for Nuclear Medicine — EURADOS School 2025 — K. Baete KU LEUVEN




PET activity meter cross-calibration S,

« uniform cylinder with 8F solution
radionuclide calibrator (RC) measure (Bq)
- ~ known cylinder volume (ml)
known Bg/ml > measured cpm/voxel
cross-calibration factor determined

uniform
cylinder

= pre- and post

2 L compare to establish
Z| injection assays

scanner calibration
factor for kBg/ml

PET ?
scanner
dose decay corrected
calibrator net activity
A
A
10.1 mCi

N
JLL

pre- and post

" s
« same RC used for patient J

injection assays - -
. . ¢ Patient \.Nelght
administration — & holght)
Scanner scanner global decay corrected
* measure d C p m/VOXG I dose calibration factor net activity

calibrator Y

« converted to Bg/ml, SUV, ...

Kinahan et al. min Ultr: nd CT MRI
,r' uz anan et al., Se Ultrasound C Radionuclide Metrology for Nuclear Medicine — EURADOS School 2025 — K. Baete KU LEUVEN
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Additional calibration using gamma counter &

* problem for radionuclides with short T, ,
« 1C, BN, 150, 68Ga, ...

» positron emitters -> narrow E window
« correction factor for positron branching ratio

» F-18 eff. (%) =34.2 cps/positron

10

Table 1 Experimental measurements of gamma counter efficiency (mean + SD) for '°F
and °®Ge/*®Ga

Counts per minute (x103%)
5

Isotope Efficiency (%) Positron fraction Efficiency (%)/positron fraction
/ 'SF 344+0.18 097 355+0.18
0 500 1000 *8Ge/*Ga 30.1 £0.07 0.89 33.8+0.07

Energy (keV)

Both isotopes were measured using a 409- to 613-keV energy window.

uz Lodge et al., EINMMI

r» f ; inine — —
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Quality assurance — gamma counter efficiency

Eff. (cps/positron)
« 68Ge reference sources
0.355
0 —_—
* mean eff. (%) = 33.5 £ 0.4 cps/pos 0350
0.345
i W 0.340
ul = iegl el ()
=] ECkert & Zleg er Industrial Gauging and Medical Imaging Lahoratory P_M 0.335
Isotope Products il g elohee A "
8_ 0.330
CERTIFICATE OF CALIBRATION >
GAMMA STANDARD SOURCE = 0.325
gl = ey Gloliy, 0.320 -
Catalog No.: GF-0318-220N Reference Date: 2017-02-01 12:.00 PST
Source No.: 1924-30-2 Contained Radioactivity: 2257 nCi 8351 Bq 0.3 1 5
(Ge-68 only)
Physical Description: 03 10
A Capsule type: T(12mm tj.hameter x75 lmm length)
g- 2:;1[:;;;2;\;!3;2:; E;?ri:{si:ndagli?::r?fl{g 7124 grams; balance filled with inactive epoxy) 0.305
D. Backing: Plastic
E. Cover: Plastic O 300
Raciaimpurities: Uz-175 Uz-174 Uz-151 UzZ-150 Uz-130 Uz-128
None detected (Ga-68 daughter in equilibrium)

Method of Calibration:

This source was prepared from a weighed aliquot of solution whose activity in pCilg was determined using a
pressurized well type ionization chamber.

Uncertainty of Measurement:

A Type A (random) uncertainty: + 00 %
B. Type B (systematic) uncertainty: + 30 %
C. Uncertainty in aliguot weighing: + 00 %
D. Total uncertainty at the 39% confidence level: + 30 %

Notes:
- See reverse side for leak test(s) performed on this source.
- This document uses the date convention YYYY-MM-DD in accordance with 1SO 8601
- EZIP participates in 2 NIST measurement assurance program ta establish and maintain implicit traceability
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Linearity analysis — gamma counter

background corrected
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Standardization in PET and SPECT cop

al01x

L
« international effort > accreditation of PET
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I UZ Daisaki, H. et al., Sci Rep 11, 8517 (2021)
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TRADITIONAL DERIVED cOHERENT DERIVED UNITS WITH SPECIAL NAMES AND SYMBOLS
BASE UNITS UNITS ———— MULTIPUCATION == --- DIVISION
ilogra ere elvi

ter

Standardization challenges in NM

crossing the valley of death — translational research
 global : regulatory — radioprotection — medicines agencies
* local : health physics — radiopharmacy — clinical environment

me!

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

approach manufacturers

approach R-pharma suppliers

—)

approach EMA, FAGG,

Bq
becquerel
(1/s)

ACTIVITY ABSORBED ‘E
(OF A RADIONUCLIDE) DOSE o
| o .
Special Publication (NIST SP) — 1247
https://doi.org/10.6028/NIST.SP.1247 Nm:m.ﬂ

Butler, D. Translational research: Crossing the

valley of death. Nature 453, 840-842 (2008)

Radionuclide Metrology for Nuclear Medicine — EURADOS School 2025 — K. Baete
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I

Volume 21 » Numbaer 1 = 2021

Calibration challenges in NM

 the “calibration” problem is typically not intercepted by standard
quality assurance measures in nuclear medicine (unfortunately)

Journal of the ICRU

ICRU REPORT 96

Dosimetry-Guided
Radiopharmaceutical Therapy

+ this can lead to significant inaccuracies with the determination of
the activity [Bq] of a radiopharmaceutical

* more advanced quality control measures are therefore urgently
required - medical physics experts & metrology experts

 theranostics: quantitative imaging for radionuclide therapy and

‘personalizec[l dosi[m'?try'are t_)ased on thls | N :,:SE?Q: BIPM k PSDLS
AT g SEE SN — o —
\\l\ ‘]/\/' Secondary|IAEA ¢
g standards| SSDL aS0is
World Health |AEA
Organization

TRS-374 - Calibration of | . Field
Dosimeters Used in Radiotherapy ~ | 'MStruments L]
(IAEA, 1994) FIG. 1. The international measurement system.
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Traceability of radionuclide calibrators

Physica Medica 45 (2018) 134-142

. ; z : M e B
Contents lists available at ScienceDirect o
Physica

FEuropean Journal

of Medical Physics

LU

Physica Medica

st S
ELSEVIER journal homepage: www.elsevier.com/locate/ejmp

Original paper

Intercomparison of **™Tc, '®F and '''In activity measurements with )
radionuclide calibrators in Belgian hospitals sy

Clarita Saldarriaga Vargas™’, Sunay Rodriguez Pérez”, Kristof Baete™*, Stefaan Pommé*,
Jan Paepend, Raf Van Ammel", Lara Struelens®

“ Belgian Nuclear Research Centre (SCK-CEN), Boeretang 200, 2400 Mol, Belgium

bUZ Leuven, Department of Nuclear Medicine, Herestraat 49, 3000 Leuven, Belgium

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

'JEumpean Commission, Joint Research Centre (JRC), Directorate for Nuclear Safety and Security, Retieseweg 111, 2440 Geel, Belgium

sckcen IE U

European

Commission
|

Institute for Reference
Materials and Measurements

b UZ Saldarriaga Vargas C, et al.
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Traceability of radionuclide calibrators

e results for Tc-99m

 use of Fidelis — secondary standard radionuclide calibrator

+ 10%

I ‘ uz
,r, LEUVEN Bl

99m e @ Vial < Syringe
1.10
105 ff= = == = = - Fm —___.% ______
”“%m%% RO it
095 ffm"m = = === = - —%———— _%§____
0.90 Jf *
0.85 + i

Error bars = u, (i=2) |

0.80 +

1123345111 234[1234f12[12|12123456|1]123]12[1]1

L GM U E 1|B|zZ A T| ¢ | s [R|D

Radionuclide calibrator
Hospital

Saldarriaga Vargas C, et al.
Phys Med. 2018;45:134-142.
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TABLE 3. Nuclear Data for '11In

Equilibrium dose

Traceability of radionuclide calibrators &

radiation (keV)* n uCi-'h™") Bg's)
Auger electron 2.7 0.98 5.68E-03 4.27E—-16
19.3 0.156 6.41E—03 4.82E—16

* results for In-111 — “The Good, the Bad and the Ugly” Comversion 1445 0078 24002 180E-15

electron
167.3 0.0106 3.78E—-03 2.84E—16
170.5 0.00203 7.37E-04 5.54E-17

111 —) 90 : : Fig. 4. Ratio of the massic activity obtained from radio- 171.2 0.000424 1.55E-04 1.16E-17

In p roxy for Y ® Vial @ Synnge nuclide calibrator measurements and the reference value for gl?: o 0433 i.30§—02 1'735_::5

14 samples of 1*1n in a vial and a syringe container. RCs 1 and 2446 g 331:? 7$E:$ :g?E:1§
3 from hospital L were measured twice (first and second 2453 0.000301 1.57E—04 1.18E-17

§ § % % § % % measurement campaigns). x-ray 3.1 0.069 4.60E—04 3.46E—17

1.3 3 % % o 23 0235  1.15E-02 B.64E—16
% i § n 23.2 0.443 2.19E-02 1.64E-15

+ 10%

2.8047d 26.1 0.145 8.06E-03 6.06E—16
EC Y 171.3  0.902 3.29E-01 2.47E-14
§ % § % 245.4 0.94 491E-01 3.69E-14

120 ps *Average electron energies.

99 T T SN 0 SRR T R 1

& L1H } E, = mean energy per particle or photon; n, = mean number
— i—i — S — e é — j — — of particles or photons per nuclear transition; A; = mean energy

L ? ? ¥ ® i- Y 171.28 keV emitted per nuclear transition.
1.0 é i @ i i MIn has the following properties: physical half-life, 67.3 h;

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

Y 245.40 keV Cd 173
r | Error bars = +u, (i=2) | X-rays
O 8 B v
1 12334511{1234(123412|12(12(12345606|1|123]12(L|1 247
L GM U E I |B|Z A Tl C S [RID .
Conversion
electron

Radionuclide calibrator
Hospital

@ Auger electron

Characteristic ! J

X-rays
Y keV

Saldarriaga Vargas C, et al. o -
25 Radionuclide Metrology for Nuclear Medicine — EURADOS School 2025 — K. Baete KU LEUVEN
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Accuracy of activity for 90Y-SIRT

« SIRT = selective internal radiation therapy of liver cancer

« gamma spectrometry reveals that the %0Y primary SIR-
Spheres® activity calibration appears to be a significant
underestimate of true activity: 1.233 £ 0.030

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

SIR-Spheres® activity measurements reveal §

- : ; Redundant NIST-
High-purity Germanium Traceable Efficiency rement Results o
9Y 511 keV y-spectrometry Calibration :

110

Sample 1
100
Sample 2
— 90
z Sample 3
=
@
80+ Sample 4

Sample 5

Average

T T T T T I
495 500 505 510 515 520 525

Energy (keV)

0.0 02 0.4 06 08 1.0 12 14
Activity Ratio (Measured / Manufacturer)
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Accuracy of activity for 90Y-SIRT sianoresi, ot ()

JNM, Nov 2022,
DOI: 10.2967/jnumed.122.26

 confirmation of previous
StUdy and observations 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
= == 4 %Y resin microsphere
= - dissolved
Glass Resin Chloride 1.2 90Y resin ~— S|g nificant
Microspheres Microspheres Solution 22 4 microsphere vials ot )
(1=56)  (n=18) (n=4) HE A - : uncertainty
HE I . for therapy
Vendor Stated Activity H K / - A
D oyl R e s —P—— A
90y PET/CT acquisition and vial activity assessment g s 109 . = %
Four centres and five PET/CT devices |2 Factor of 1.46 between o
als %Y resin and %Y glass
0.9 microspheres 06
5= 1 L ]
i Glass Chloride Resin
' 0.8 - ®CHUVPET-1 *CHUVPET-2 e Michigan PET-3
PET/CT acquisition VOI segmentation SLUKBFET4 o Nantes PET:S
i ; ' Figure 1. Distribution of Apgr/Ay ratios for the four vial products tested in this study (i.e “Y-labeled
PET Measured Activity glass microspheres, “Y-Chloride solution, *Y-labeled resin microspheres and *Y-labeled
liquefied resin).

"7' }.JEZUVEN 27 Radionuclide Metrology for Nuclear Medicine — EURADOS School 2025 — K. Baete KU LEUVEN




Synthesis and dispensing shielded isolator for cGMP (&

Phaedra Combo (Comecer, Italy)

2 activity meters, both 14 bar Argon, internal elevators
» VIK-202: well-type, for preparation & synthesis vial
» DVK-103: pass-through, for dispensed vials

* DVK-103 is most important for the end-user

* measurement of vial containing radiopharmaceutical for
administration to patients or equipment calibration

COMECER

an & company
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Problems encountered during acceptance testing &

« DVK pass-through chamber * limited number of ] eSS U ‘ g
. . =T 5
+ SAT by Comecer using '3’Cs calibration factors ;
« accuracy deviation: 3%  suspected influence of @ g
. the elevator i
« MPE acceptance using *’Co AR S | E
« accuracy deviation: 18% * no traceability i 7| ! i
120.00% -
% 7 )
100.00% / \ ! i ﬁ
7 \ E HINNEEE
g 60.00% = 1
e/ \ TN N
g 40.00% =
height dependency L I
20.00% / DVK-103 \ H ) \\ b EH\% |
{5 COMECER' —
O N d e g e B PRET el TN
cm from the hottom:f t‘_l:e‘l_:‘ha‘:nh‘t:r.N " mmlrwﬁ;ﬂ'm ASSE‘"BUI\TDC?lBR:AmRIE LI E— " 3803D17100.00u§
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; i Hl ; Scintillati
[imp.]EE0} T+2I]B ke

Energy response SE==

* influence of the wall, elevator, T

recipient holder | TR
0012% 022% i017% ¥ | 208 ke
3854 v| 208 keV 2457 ket [

R(E)x E - (1 - e_“(E))-(e_”(E)> e

o 12,9 kv HPGe

[ ket

o . . ) ) B:100% Q=4983keV 1TTHF
ionizations  attenuation interaction gas 2
s M T @
1.0 i Py YL 1 .
i femmmmmmmmmsoSmEmmEEEEm T i 7)) | . . i ﬁﬁ
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- I "f" I ® = : S E
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R ‘I" (e r [\ \]
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Performing on-site traceable calibration sclk cen &

« Comecer adjusted the gain of the DVK-103 for >’Co and '3’Cs ref. sources
« deviation of the accuracy for °’Co changed from 18% to 0.1% -> recalibration !!!

 involvement of the SCK Fidelis secondary standard radionuclide calibrator

_____________________

» reference geometry: 10R Schott type 1+ vial

* master solution with a fixed activity concentration (Bg/ml)
* mass derived reference and secondary geometries
10R Schott type 1+ L

5 2060 —

master solution reference geometries

 on-site calibration for 9Zr, 1777Lu and %8Ga |

\————-———-—--_d

Phaedra Combo stand-alone stand-alone
VIK-202 & DVK-103 VIK-202 CRC-55tR
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» calibration factors for

Results

* the reference geometry
* 10R Schott vial (10 ml)
* 4 g solution

sckcen . @

--------
oooooooooooooooooooooooooooooooo

Calibration certificate
SCK - BELAC

LEUVEN

ISO/IEC 17025:2017

32 With the help of Liviu-Cristian Mihailescu (SCK)

CRC-55tR 499 x 1 (§)
VIK-202 (stand-alone) 786 x 1
VIK-202 (Phaedra)

DVK-103 (Phaedra)

CRC-55tR 456 x 10 (§)
VIK-202 (stand-alone) 751 x 10
VIK-202 (Phaedra)

DVK-103 (Phaedra)

CRC-55tR 416 x 1
VIK-202 (stand-alone) 749 x 1

VIK-202 (Phaedra)
DVK-103 (Phaedra)

462 x 1
770 x 1
773 x 1
692 x 1

449 x 10
763 x 10
758 x 10
597 x 10

430 x 1
755 x 1
758 x 1
669 x 1

ou mm -

content 4 g solution Factory IF / SF | New IF / SF m

-6.3%
-6.9%

IF = isotope factor / SF = scale factor / § = clinical trials

Radionuclide Metrology for Nuclear Medicine — EURADOS School 2025 — K. Baete
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Results DVK-103

Schott 1R _4g_ = 597 x10 566 x 10 75%
» calibration factors for SV25-A I ~5g |  597x10 566 x 10 1 -7.5% |
- an operational geometry sv25-A 1 ~10g i 597 x 10 582x 10 ! -3.7% i

- SV25A vial (25 ml) SV25-A i ~15g | 597 x 10 596 x 10 i +0.2% |
Sv25-A | ~20g ) 597 x 10 608 x 10 | +2.7% |

 performed for 177Lu
* influence content SV25A ~ 10% (~5 > ~20 g)

Phaedra - DVK-103
12%

10% AN .
£ 8% 10% .
a0 ~ ..
o] .-
Z§ 6%
g 4% .
2%
0% ‘--‘ N
3 8 13 18
massa (g)
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Traceability pyramid

Value of metrology I

European Union: 2013/59/EURATOM
 art. 56 — Optimisation: “...verification of admlnlstered activities .

”

» Belgium: Medical Exposure Decree (2020) I I
« art. 9 — Optimisation: “... verification of administered activities ...”
« art. 60 — Reporting: “... deviation of >10% of the intended activity”

* recipients often do not meet the calibration requirements

« Unknown calibration uncertainties on certificate of analysis CSIR-National Physical Laboratory, New Delh, India

* lack of knowledge about the unbroken chain of traceability or
calibration path for radioactivity prescription by a physician

* how to compare that to the concept of maximum permitted
tolerance on “content” in the EU (76/211/EEC) ¢ ?77?

" 34 ASIITEL IDURS I 243, T8e=TD) (20T Radi lide Metrology for Nuclear Medici EURADOS School 2025 — K. Baet
I LEUven doi.org/10.1007/512647-020-00376-3 IO L EElE IO e e e = FIGRIESESESEEE ] KU LEUVEN




Status of traceability in NM

 production and supply chain of radiopharmaceuticals
* single or multi-“dose” vial
« on-site radiopharmaceutical preparation

involvement of national metrology institute (NMI)

clinical practice
* manufacturer settings of radionuclide calibrators

clinical trials
» calibration of equipment towards the “trial standard”

no control over the traceability of the manufacturer or the supplier

(17
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Standards for clinical translation

 PRISMAP recommends the implementation of
* an end-to-end metrology methodology, and
* the involvement of medical physics experts (MPE)

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

Clinical Radiopharmaceutical Pathway

Production and Secondary Quantitative Dosimetry

Supply Radiojiacaacy I Standards I Imaging I (MRT)

End-to-End Metrology

Calibration SPECT & PET Dosimetry Models,
Factor calibration SAFs, S-values

Radiochemistry

Primary

Starickards Nuclear Data

Metrology

This project has received funding from the European Union’s Horizon 2020 research
and innovation program under grant agreement No 101008571 (PRISMAP).

b UZ Clemens Decristoforo, et al. (2022).

BMININYANE *°  https//doi.org/10.5281/zen0d0.6599181

+27 EU
PRISMAP

Medical Radionuclides

Deliverable D4.1

Standards for clinical translation

WWW.prismap.eu
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