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Terms of Reference

Mandate:

Objective: to develop dose coefficients for radiopharmaceuticals administered to patients in
diagnostic nuclear medicine.

Main tasks:

< to develop biokinetic models for new substances and to improve current models where
needed, aiming towards harmonization with models developed by TG?5 (IDC)

< to develop a computer code (IDAC 2.1) implementing the new dosimetric and biokinetic

models (QA with BfS code DOSAGE)

< Electronic radiopharmaceutical dose viewer

< to update Publication 128 (2015) using new biokinetic models (it available), new ICRP
adult and paediatric reference voxel phantoms, Publication 107 nuclear decay data and
Publication 103 dosimetry methodology

< Guidance documents on the collection of data from clinical studies needed for modelling
and on the use of the revision of Publication 128
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Munich
October 2022
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September 2023
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Revision of Publication 128

* Text has been harmonized as far as possible with text of publication
on public exposures.

* The work with the update biokinetic models of radiopharmaceuticals
(Transition towards fully compartmental models)

* Dynamic bladder model

* Model for the cerebrospinal fluid space

* Brief chapter on dose to embryo and fetus
* Update/Harmonization on breast feeding
* Guidance on extravasation

* About 100 substances




Dissemination of TG-36 results

Submitted manuscript

A.Kamp, M.Andersson, S.Leide-Svegborn, D.NoBke, S.Mattsson, A.Giussani. A revised compartmental
model for biokinetics and dosimetry of BF-FDG. Submitted to EJNMMI Physics

Congress presentations

M.Andersson, A.Giussani, S.Mattsson, L.Johansson: Age dependent dynamic absorbed dose
calculations to the urinary bladder wall for ICRP compartmental models of radiopharmaceuticals.
ICRP2019, Adelaide, Australia, 17.-21.11.2019.

M.Andersson, A.Kamp, D.Nogke, S.Mattsson, A.Giussani: A revised compartmental model for
biokinetics and dosimetry of 8 F-FDG. EANM21, Virtual, 20.-23.10.2021.

A.Giussani. Die Aktualisierung der Dosiskoeffizienten der ICRP fur diagnostische Anwendungen in der
Nuklearmedizin. Nuklearmedizin 2022, L eipzig, Germany, 27.-30.4.2022.

A.Giussani. lodine model - an update - EURADOS Annual Meeting 2022, Belgrade, Serbia, 21.6.2022

A.Giussani, M.Andersson, M.Hosono, A.Kamp, K.W.Kang, S.Mattsson, D.Nosske, J.C.Ocampo-Ramos,
N.Petoussi-Henss. Quality Assurance of the revised ICRP dose coefficients to patients from diagnostic
radiopharmaceuticals. European Radiation Protection Week 2022, Estoril, Portugal, 9.-
14.10.2022.

A.Kamp, M.Andersson, A.Giussani, M.Hosono, K.W.Kang, S.Leide-Svegborn, S.Mattsson, D.Nosske,
J.C.Ocampo-Ramos, N.Petoussi-Henss, L.Soderberg: Revision of the reference biokinetic models for

I‘”/mez‘ry in diagnostic nuclear medicine. EANM22, Barcelona, Spain, 15.-19.10.2022 (e-Poster).



Biokinetics: New model for FDG
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In the revised model, the presence of blood as a central compartment, that is,
after an intravenous injection, transfers 2-['8F]FDG to other body organs and tissues,
I‘R? and the inclusion of pancreas and spleen as source regions, which were not considered in Pub 128



The revised model of 18F-FDG

Revised model
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I GR? Ref: Andersson et al., EANM Congress 2021

Kamp et., A revised compartmental model for biokinetics and dosimetry of 18F-FDG, submitted EJINMMI Physics




Dynamic bladder model

7
=g Wyvar. .
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For the urinary excretion a dynamic 2yt
urinary bladder model is assumed.
Assumptions for reference individuals:
Bladder is emptied at discrete steps.

Possibility to simulate different emptying

SChemeS Source: shutterstock.com
e depending on investigation protocols ‘ o S
) I'able 2.41. Reference values for daily urinary excretion (Section 8.3.2)
¢ d a y/n I g ht Excretion (ml/day)
Flowrate can be increased to account for  ae Viale Female
forced hydration. Nenboe 300 300
5 years 500 500
10 years T00 700
15 years 1200 1200
Adult 1600 1200
Voiding periods in ICRP Publication 128
Age (years) Adult 15 years | 10 years | 5years | 1year Infant
I‘R? Voiding period (h) 3.5 3.5 3.5 3.0 2.0 2.0
9




Table xx.2. - Dose coefficients for “Radiopharmacentical”

Presentation of data B

Absorbed doze in m{a WEg

Adults 15 years 10 years 3 xpars, 1 year
Orgame Male FEgmgle | Male Female| Male Female| Male Fomgle | Male Eemale |
Adrenals §9E-01 96E-02 | 61E-02 7.0E-02|93E-07 9.5E-01|13E-01 15E-01]22E-01 22E-01
N ¢ the radionhar tical (templat Erain 15E02 17E-02 | 2.8E-02 29E-02|42E07 42E-01|61E02 62E-01| 10E-01 1.0E-0]
ame of the radiopharmaceutical (template) Breast 21ED2 2SE-02 | 24E-02 26E-02|33E02 33E-02| 60E02 60E-02|98E02 98E-02
Colon wall 3.0E02 31E-02 | 29E-02 19E-02|44E-01 43E-01|74E-07 7.0E-01| 13E-01 1.5E-01
Endnstanm
o ) (bome surfage) | 20E-02 2.5E-02 | 2.5E-02 2.8E-02|6.5E-00 6.3E-02|E7E-0 S4E-02|13E-01 13E-01
(x.1. Biokinetic information ET rezion 13E02 18E-02 | 42E-02 42E-02|58E-07 35.8E-02|7.1E-02 7.0E-02| LIE-01 1.1E-01
(33l bladdas
(A.1) Text describing the major biokinetic features of the radiopharmaceutical, including wall LIE-O1 13E-01 | LIE-01 12E-01f1.3E01 15E-01(20B-01 2.0E-01|32E-01 3.2E-01
‘ fthe sciontific literature (it will be i " dantation of th ¢ text Heart wall 5TE02 7.0E-02 | 64E-02 7.8E-02| 12E01 12E-01| 1SE01 1.8E-01|31E-01 3.1E-01
,uminaryo € scientinc literatare (1 W1 € 111 MOoSt case an a apalono e current tex )., Kidnexs ATE02 52E-02 | 3aE02 s4E02| ssE0r seE02| oEEn? o8E-02 | 18E-01  1.SE-01
Liscax 17E01 2.]E-01 | 22E-01 24E-01|33E01 33E-01|47E-01 47E-01| 81E-01 B.1E-01
x.2 Biokinetic model Lung SUEDZ S9E-02 | 5.5E-02 §3E-02|92E07 92E-02| 13E01 14E-01|23E-01 2.5E-01
Lamaphatic 3IE-
Table xx.1 — Values of the transfer coefficients oads, 0z 36E-02 |30E-02 3.E-02|42E-02 42E-02| T4E-02 T4E02| 13E01 13E-01
Fr T Value (b)) Muscle 20E-02 24E-02|22E-02 23E-02 | 3.6E02 34E-02|57E0Z S7E-02| LIEDL 1.IE0]
rom o Oesophagus | 3.7E-02 42E-02 | 3.7E-02 4.5E-02|6.7E-02 6.8E-02|11E-01 11E-01|16E-01 1.6E-01
Blood 1 Blood 2 [ 2E-04 po—" Omal mugpza | 13B-07 19E-01 | 43E-02 42E-02|3532E-07 52E-02|358E-0 59E-01|87E-0 8.7E-02
) Lungs | T Blood 1 Chearies. —  435E02| -—  76E02| — 10B01| —  15E01| —  26E0I
Blood 1 Lungs 5.6E-07 (Plasma) || | Heartwall1 Banceeas 60E-D? S9E-02 | 34E-02 44E-02| 6.6E-01 6.6E-01|8OE-01 S9E-0I|14E-01 14E-01
Tood . I Prtate SEED? - |39E02 - |1O0B01 - |13E01 - |3IE01
Blood 1 Liver 8.9E-01 Liver | 3 Salivan glands | 4.8E-02 6.0E-02 | 8.7E-02 S3E-02| 1L1E-01 1.1E-01|14E-01 14E-01|18E-01 18E-01
Blood 1 Heart Wall1 | 2.3E-04 Heart wall 2 Skin 13E02 16E-02 | 16E-02 18E-02|27E-02 2.JE-01|44E07 45E-01| 84E-02 B4E02
- Small intestine
o Al _ wall 30E02 39E-02 | 30E-02 3SE-02|43E07 45E-02|76E07 SOE0I|13E-01 15E-01
HE . BT Spleen 5EE0 7.E-02 | 5.8E-02 6.8E-02|9.7E-01 9.7E-02|15E-01 1.5E-01|28E-01 2.8E-01
Lung Blood 1 H;l Stomachwall |44E-02 S4E-02 | 41E-02 48E-02|7.E-02 72E-02|96E-0 9.7E-02|2.0E-01 2.0E-01
: Testes 18E02 - |34E02 -~ |40B02 -~ |74B02 - |LIE-0l  —
Liver Blood 1 Pancreas > Other 2 Thymus 24E-07 29E-02 | 32E-02 34E-02|54E-02 S4E-02|81E-02 BIE-02|15E-01 135E-01
Heart Wall L | Blood 1 Other Thaseid 19E02 23E-02 | 29E-02 29E-02|427E02 42E-02|74E-00 74E-0I|12E-01 12E-01
Ulinam: bladde:
Heart Wall 1 | Heart Wall 2 | .. spleen > _ wall 12E01 12E-01 | 14E-01 15E-01|19E-01 19E-01|28E-01 2.8E-01|73E-01 74E-01
€ = Kidneys| L’g::g Utsrue/cemix —  63E02| — 9g0E02| —  13ED1| - 18ED1| -—  S6ED]
Effective dose
l content Sy MEBal 4.7TE-02 52E-02 T.7TE-02 L1E-01 21E-01
Blood 2
(RBC) Diatriment-waighted radiztion dose to specific patiant groups¥: (mEv MBg )
Patient group 1 DOSE
Blood Patient group 2 DOSE

I‘n? *additional information which may be given or not, depending on the specific RP



QA of biokinetic and dosimetric calculations

Chapter 4. QA on Time integrated activity coefficients (TIAC)
. ° For Quality Assurance (QA) the time inteprated activity coefficients (TLAC) were compared with other
® For ad I I rqd |op hq rcheUtICG IS the biokmetic calulations from CVUT, IRSN and BfS (SAAM). All calulations used the same model
o N o N N d perdiction. The results are shown in table below.
same bIOkI netlc a nd dOSl metrlc coae Table 4.1 Organ specific time integrated activity coefficients in MBg-h/MBq.
W " M ORGAN ICRP(IDAC)|CVUT |(IRSN  |BfS (SAAM)|% Duff| CVUT/ICRF |IRSN/ICRP |BfS/ICRP
! I I b € use d ’ an d p resen te d n Blood 2.78e-01 2.79e-01 |2.79%e-01 |2.78e-01 0.36% 0.36%  [0.00%
[ )
d | ffe ren t Do sere po r't S Brain 1.52e-01 1.82e-01 |1.82e-01 [1.82e-01 0.00 % 0.00%  [0.00%
Lungs 8.25e-03 8.262-03 |8.25¢-03 [8.252-03 0.12% 0.00%  |0.00%
[ ) [ ] [ ) [ )
°® wW Liver 7.23e-02 7.240-02 |7.23e-02 (7.232-02 0.14% 0.00%  [0.00%
The bIOkI netlc.SOIve': I" be Heart wall 1.32e-01 132e-01 |1.32e-01 (13201 0.00 % 0.00%  [0.00%
com pq red main Iy w|th st (SAAMI I) Kidneys 2.63e-02 264202 |2.642-02 |2.64e-02 038% 0.38%  [038%
Pancreas 6.44e-03 6.45e-03 |6.45e-03 |6.44e-03 0.16% 0.16%  [0.00%
° For the QA Si m pli-ﬁed assum ptions Spleen 6.60e03  |6.61e03 |6.61e-03 |6.60e-03 015%  |015%  [0.00%
. UBC (Mo voding) | 6.40e-01 6.41e-01 N/A N/A 0.16 %
Wi " be Used to be a ble to pe rfo rm Other 1.28e+00  |1.29e+00|1.29e+00 |1.29e+00 0.78 % 0.78%  [0.78%

comparison with codes use in the
OIR/EIR-series

Dose report on the validation of biokinetic for 18F-FDG



QA of dosimetric of 18F-FDG

Chapter 5. QA Dose Report with Nuclear dosimetry tool (HMGU)

For Quality Assurance (QA) the calculated absorbed doses were compared with Nuclear

e Absorbed dose
dosimetry tool (HMGU). The results are shown in table below. The target regions in the

re po rts were table is named after the nomenclature givpnin the HMGI I tanl The reculte are aiven with

I o d d o two significant values and the percentage _ _
vaiiadad te a g ain St on the provided data. In brackets are also|  Chapter 6. QA Dose Report with ORNL CRPK dosimetry code QCAL

Slg nificant values (to avoid pDSSib'E round QA with Oak Ridge Mational Laboratory (ORML) Center for Radiation Protection Knowledge
H M G U ( H e I m h o I tz {CRPK) dosimetry code QCAL. The QA are both on the biokinetic and dosimetric part.

The calulated time integrated activity coefficients are shown in table 6.2 and the

corresponding absorbed doses are shown in figure 6.b. The results are given with two

X . .
Z e n t r’u m M U n C h e n Table 5. Absorbed dose per Lnit al_‘tl".l'lt‘_lll' ad significant values and the percentage differences is calculated based on the based on
the provided data. In brackets are also the percentage differences calculated with four
Diose report | WMT significant values (to aveoid possible rounding difference).
tOOI an d O RNL Organs [mGy/Mba] Male Male

Table 6.b. Absorbed dose per unit activity administered (mGy/MBq)

O k R' d O-mmcosa 8.BE-03 §.8E-03 Dose report|QCAL  |Difference [%] |Dose report| QCAL | Difference [%]
( q I g e DE:nphag'us 1.5E-02 1.5E-072 Organs [mGv/Mbq] Male Male AM Dnff Female Female |AF Dnff

° O-mucosa 88E03  [B.8E-03 (0% (0.1%) 99E-03  [LOE-02 (1% (0.1%)
N q t I o n q I St-stem 1.IE-02 1.ZE-02 Oezophazus 15E-02  |1.5E-02 0% (0.1%) L7E02  [1.7E-02 |0% (0.1%)
Sl-stam 1.3E-02 1.3E-02 St-stem 12E02  |1.2E-02 |0% (0.1%) 13E-02  [1.3E-02 |0% (0.1%)
Lq b o rq to ry) RC-stem 1 1E.02 L 1E-02 SI-stem 13E-02  |13E-02 0% (0.1%) 1.6E-02  |1.6E-02 |0 % (0.1%)
RC-stem LIE02  [1.1E-02 0% (0.1%) 13E02  [13E-02 |0% (0.1%)
d M t d LC-stem 9.8E-03 9.8E-03 LC-stem 98E-03  [9.8E-03 [0% (0.1%) 13E02  [13E-02 |0% (0.1%)
os' m e ry Co e ES-stem 1.9E-072 1.9E-07 RS-stem 1.9E-02  [1.9E-02 (0% (0.1%) 21E02  [2.1E-02 |0 % (0.1%)
Q C AL — T T ET1-bas 46E-03  |4.6E-03 |0% (0.1%) 62E-03  [62E-03 (0% (0.1%)
ET2-bas 76E-03  |7.6E-03 0% (0.1%) §5E03  [8.5E-03 |0 (0.1%)
LM-ET BAE-03  [BAE-03 (0% (0.1%) 1L0E02  [1.0E-02 |0% (0.1%)

IGR? Dose report on the validation of absorbed dose for 8F-FDG



QA for B8F-FDG (15-, 10- and 5-yrs )

Table 6.c. 15-yrs. Absorbed dose per unit activity administered (mGy/MBq)
® TG36 WO rks are Dose report| QCAL |Difference [%] |Dose report| QCAL |Difference [%]

Organs [mGy/Mbg] Male Mala AM Dnff Female Female |AF Dnff

d e p en d en t on t h e O-mucosa 20E-02 |20E-02 [0% (0.1%)  |20E-02 |2.0E-02 [0 % (0.1%)

: Oesophazus 1.6E-02 [1.6E-02 [0% (0.1%) 1.6E-02 |1.6E-02 |0 % (0.1%)
I RP SAF PUbI. St—‘:l‘EIII T 1T AN T 1T AN mas ANTESN 1T AT AN 1T 3T A% M as AN T8N

Table 6.d. 10-yrs . Absorbed dose per unit activity administered (mGy/MBq)

° ° o ffe Sl-stem
Pa e d I q t rl C S p e C I fl c RC-ctem Drose report |QCAL  |Difference [%)] |Dese report|QCAL  |Difference [%a]
. LC-stem Organs [mGv/Mbg] Male Male AM Duff Female Female |AF Duff

A bs o rb e d F ra Ct I o n s 'RStem | O-mucosa 2TE02 2.7E-02 |0 % (D.1%:) 2T7EAN2 2.TE-02 [0 % (0.1%)
ET1-bas Oesophazus 2 5E02 2.5E-02 |0 % (0.1%) 25E02 2.5E-02 |0 % (0.1%)

(S A F s) ET2bas  |Ststem 1.8E-02 1.8E-02 |0 % (0.1%) 1.8E02 1.BE-02 [0 % (0.1%)
‘trET | 5l-stem 1.8E-02 1.3E-02 [0 % (D.1%:) 1.8E-02 1.8E-02 |0 % {0.1%)
Broniom  |RCotm

Table 6.e. 5-yrs. Absorbed dose per unit activity administered (mGy/MBq)
Dose report|QCAL |Difference [%] |Dose report|QCAL |Difference [2%o]

TG3 6 d d Q A Behiol-sec RS_L Organs [mGy/Mbq] Male Male |AM Diff Female Female |AF Diff
o conducte FTi ,

Bronch-sec LC-stem

O-mucosa 33E-02 3.3E-02 [0 % (0.1%) 3.3E-02 3.3E-02 [0 % (0.1%)

ET2-bas
fo r t h e re a d U I ts W Oesophagus 4.0E-02 4.0E-02 [0 % (0.1%) 4.0E-02 4.0E-02 |0 % (0.1%)
p ’ — St-stem 3.1E-02 3.1E-02 [0 % (0.1%) 3.1E-02 3.1E-02 [0 % (0.1%)

Bronch-bas

q fte r CO m p I ete d t h e F— SI-stem 3.3E-02  [3.3E-02 |0 % (0.1%) 34E-02  [3.4E-02 0% (0.1%)

- RC-stem 3.7E-02 3.7E-02 [0 % (0.1%) 3.8E-02 3.8E-02 |0 % (0.1%)
° Bechiol-sec
QA fo r Ad U I ts fl rst O LC-stem 2.8E-02 2.8E-02 [0 % (0.1%) 2.9E-02 2.9E-02 |0 % (0.1%)
RS-stem 4.8E-02 4.8E-02 [0 % (0.1%) 3.9E-02 3.9E-02 |0 % (0.1%)
ET1-bas 3.6E-02 3.6E-02 [0 % (0.1%) 3.6E-02 3.6E-02 |0 % (0.1%)
ET2-bas 2.9E-02 2.9E-02 [0 % (0.1%) 2.9E-02 2.9E-02 |0 % (0.1%)
LN-ET 3.6E-02 3.6E-02 [0 % (0.1%) 3.6E-02 3.6E-02 |0 % (0.1%)

IGR? Dose report on the validation of absorbed dose for 18F-FDG



Special cases

e Dose coefficients were not necessarily calculated for all
radiopharmaceuticals for all age groups/sexes, depending on the
foreseen application. E.g. Substances administered for Parkinson’s or
Alzheimer’s diagnostics, or PSMA (Prostata specific membrane

antigen)  BE AWARE FOR NEW APPLICATIONS!

e Detriment-weighted effective dose be calculated if patients of one sex
only are involved, or for pathological situations with anatomical
changes with respect to reference:

o thyroid after ablation:;
o liver/spleen tor ditfuse parenchymal disease;
o unilateral kidney blockage.



Dynamic data from University of Bern
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contact your local Siemens Healthineers organization for further details. W I t C m

New TG-36's member Kuangyu Shi, University of Bern,
Switzerland has a PET camera with a FOV with 106 cm

Images from - A quantum leap in PET/CT
I‘R? imaging, Clinicians and researcher at Inselspital Bern University hospital share experience, .
with Biograph Vision Quadra



http://www.siemens-healthineers.com/

Dynamic collection of data

Deloar

e Dynamic collection of data
and automatic
segmentation of organs

e Data transfer agreement

between Univ. of Bern and
ICRP

e Good agreement between
data and new model

proposed by ICRP TG
(Here: brain as an example)
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The ICRP biokinetic model for Brain
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Model prediction for brain for 8F-FDG with new dynamic patient data
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ICRP Dose viewer app

The app has been released and is available on:
e Google Play (Android)

Dose viewer

Select ICRP internal dose coetficients

Effective Dose ICRP Publ. 60

e App Store (IPhone)
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e Currently working on including data from TGI13
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Diagnostic X-ray Imaging Examinations

ICRP downloadable material

Educational material )

App operated by Martin Andersson
Click for questions or review
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IGRP for Dose viewer with data of TG113




e TG36 is finalizing the new report, revision of Publication 128.

® This report gives age-dependent dose coefficients for patients
undergoing diagnostic investigations in nuclear medicine. This
document replaces Publication 128 and all related documents.

® As in the previous Publications, dose coefficients are presented in
this report for 3-mo-old infants, 1-, 5-, 10-, and 15-y-old children,
and adults.

® The data provided in the report are tables of organ absorbed doses
per activity administered (mGy MBq-1) , given separately for male
and female, and effective dose per activity administered (mSv MBq-
1) for each age group.
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