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Introduction: EURATOM BSS

» Molecular Radiotherapy in the clinic requires patient release criteria and
instructions

» Related to the requirements of EURATOM BSS:

Member states shall ensure o —
the establishment of: Official ]Ournal L13

. _ of the European Union
= Dose constraints for public exposure

= Dose constraints for medical exposure ]
. Englizh cdition Legislation 17 January 2014
— protection carers/comforters/volunteers

Il Non-legislative acts

Council Directive 2013/59/Euratom of 5 December 2013
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
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Introduction: heterogeneity of release criteria

» Considerable heterogeneity in
release criteria and dose constraints

among member states SAMIRA Study on the Implementation of the
Euratom and EU Legal Bases with Respect to

~ Responsibility for setting dose the Therapeutic Uses of Radiopharmaceuticals

constraints and release criteria
varies across member states

» Different decision levels can §i m p | e rad

influence the setting of release
criteria and instructions
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Complex setting of dose constraints release criteria

» Setting patient release criteria/instructions

Complex

Influenced by different
decision levels

Some decisions can have
political dimensions

Member states may adopt
different interpretations

Individual of a critical group

Comforter/Carer Member of the public
(medical exposure) (public exposure)

Dose constraint Dose constraint
medical exposure public exposure

Patient release
criteria

Patient instructions

Decision on type of exposure

Decision on level dose constraint

Risk assessment method
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Risk assessment challenge

Patient release
criteria

Patient instructions

Biokinetics

Radiopharmaceutical

Excreted activity/pathways

External dose rate at time T,

. Administered activit
distance D y

Challenge at short distance

“Avoid close contact with... during the next... days”
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Current risk assessment methods and limitations

0. 0.03 m$v/h

1000 MBq
1-131

Typically H*(10) measurement

!

Extrapolation for close contact scenarios:

e Point-to-point inverse square law model

* Point-Line source model (Broggio, 2022)
— Extrapolated H*(10) = E exposed individual

0 @«—— Measured value

18 \\
16 \
W\

N Decay using single value
12 R / of effective half-life
N

Dose rate @ 0.1m (uSv/h)

Time post administration (h)

Nuclear medicine patient as a radioactive source!

* Physically large source

* Patient-specific biokinetics change the activity distribution over time
* Isotope- and pharmaceutical-specific

* Combination of ‘point measurement’ and ‘unique effective half life’

= canresultin errors for typical ‘close-contact scenarios’ when assessing

an Effective dose for an individual of a critical group
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Joint EURADOS-EANM initiative computational approach

TICRP Publication 128 (2015)

*Kamp A, et al. (2023) 4ICRP Publication 145 (2020)
3Taprogge J, et al. (2021)
4Siebinge H, et al. (2024) >Lombardo P, et al. (2018)
Flexible mesh-based computational models for both Individual organ absorbed dose rate of the exposed
( N T patient and exposed individual (typical contact postures) individual at time T for a specific contact posture = E
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Strategy

Benchmark of the computational framework

= Comparison between different Monte Carlo codes

|

= Comparison with H*(10) measured patient data (1m distance)

Choice of contact postures

= Everyday life (Adult/Child)

|

= Preliminary simulations diagnostic/therapeutic radiopharmaceuticals

Case study: Adult (patient)—>Child (exposed individual)

= 777Lu-PSMA-617, Na™3| (Hyperthyroidism)
®* Influence of uncertainties in biokinetics

= Comparison with existing extrapolation methods

" [mpact on cumulated dose using specific exposure scenarios
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Benchmark of the computational framework
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Comparison between different MC-codes

ICRP128 biokinetic data
hyperthyroidism
Patient: ICRP ref female voxel

phantom

E [usv/h]/mBq

4,0E-02

3,5E-02

3,0E-02

2,5E-02

2,06-02

1,56-02

1,0E-02

5,0E-03

0,0E+00

0,1

MCNPX  --—- PHITS

— —GEANT4 —-- TRIPOLI_4

1,0

10,0
Time after administration (min)

6,0E-02

Ambient dose 55602
equivalent rate H*(10)

—Gate

100,0

5,0E-02

4,5E-02

4,0E-02

3,5E-02

H'(10) [usv/h)/MBq

3,0E-02
2,5E-02

2,0E-02
0,10

Effective dose rate E

1000,0

Na'¥'l @ 1m from patient model

—-- TRIPOLI_4 — —GEANT4

1,00 10,00 100,00 1000,00

Time after administration (min)

ICRP128 biokinetic data
hyperthyroidism

Patient: ICRP Ref female voxel
phantom

Exposed individual: average of
female/male ICRP ref phantoms
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H*(10) comparison Hyperthyroidism Na'31l data

1.0E-01

Simulations ICRP128 (“Mean uptake”)
9.0E-02

8.0E-02

7.0E-02

6.0E-02

5.0E-02

4.0E-02

F(10) [uSv/h/MBq]

3.0E-02
2.0E-02
1.0E-02

0.0E+00
0 20 40 60 80 100 120 140 160 180

Time after administration (min)
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H*(10) comparison Hyperthyroidism Na'31l data

1.0E-01 Simulations ICRP128 (“Mean uptake”)

SOE-0= = == == Simulations ICRP128 (95% CI| Low—"Low uptake”)

8.0E-02 . 5 : ;
eseeee Simulations ICRP128 (95% CI High »>“High uptake”)

7.0802 P Ut

G'OE-Oz § ----------------------------------------------------

5.0E-02

4.0E-02

F(10) [uSv/h/MBq]

30E02 | e mmmmmmmmm—m——m——m o
2.0E-02 #
1.0E-02 |

0.0E+00
0 20 40 60 80 100 120 140 160 180

Time after administration (min)
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H*(10) comparison Hyperthyroidism Na'31l data

@ Patient measurements

1.0E-01

Simulations ICRP128 (“Mean uptake”)
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H*(10) comparison Hyperthyroidism Na'3'l g

Cont Py

H*(10) [uSv/h/MBq]

ime after administration (min)
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H*(10) comparison 7/Lu-PSMA-617 data

Lu-PSMA-617
Tumour = spine

Simulations Biokinetics Siebinga et al (Mean uptake)
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H*(10) comparison 7/Lu-PSMA-617 data

Lu-PSMA-617
Tumour = spine . . o o
Simulations Biokinetics Siebinga et al (Mean uptake)
7.0E-03 ,
= == == Simulations Biokinetics Siebinga et al (95% CI| Low—”Low uptake”)
6.0E-03 N o
«sseee Simulations Biokinetics Siebinga et al (95% CI High—”"High uptake”)
= 5.0E-03
o
=
£ 4.0E-03
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=
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T 2.0E-03
1.0E-03
0.0E+00

Time after administration (h)
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H*(10) comparison 7/Lu-PSMA-617 data

F(10) [uSv/h/MBq]

Lu-PSMA-617
Tumour = spine
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I

o «sess+ Simulations Biokinetics Siebinga et al (95% CI| High—”High uptake”)
° |

: ® Patient measurements

$ |

e e Patient measurements

Time after administration (h)
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Choice of contact postures
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Specific contact postures

» Nature
= Guided by situations that occur in everyday life
= Guided by typical questions that may arise after NM procedures
» Variety exposure situations
=  Adult patient <> adult (female<>male)
=  Adult patient (female<>male) < child (1 y old)
» Tens of simulations carried out
= Calculated effective dose rate of the exposed individual as a function of time

= Diagnostic/Therapeutic radiopharmaceuticals
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Specific contact postures

0-50 cm

r
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Case study: Adult (patient)—>Child (exposed individual)
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Simulations Male—Child 77Lu-PSMA-617

Effective dose rate (uSv/h/MBQq)

1.00E+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

177Lu-PSMA-617 (mean uptake)
Tumour = spine

————— Child in arms standing_low
— — Child on lap back to front
—— Child on lap front to front
— — Child sitting behind adult
----- Child sitting next to adult_L (chair)
——— Child sitting next to adult_L (floor)
Child & adult standing F-to-F
Child & adult standing B-to-B
Child & adult standing S-by-S
— — child sitting behind adult (@1m)
----- Child sitting next to adult_L (chair) (@1m)
- Child sitting next to adult _L (floor) (@1m)

Child & adult standing F-to-F (@1m)

Child & adult standing B-to-B (@1m)

0 50 100 150 200 250 Child & adult standing S-by-S (@1m)

Time after administration (h) H*(10) @1m
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Simulations Male—Child "7/Lu-PSMA-617

Effective dose rate (uSv/h/MBQq)

177LU_PSMA_61 U (mean upta ke) : D R | (- Child in arms standing_low k
" Contact postures with high exposure
Tumour = spine .
1.00E+00 — — Child on lap back to front
—— Child on lap front to front )
1.00E-01 /~— —Child sitting behind adult -
----- Child sitting next to adult_L (chair)
1.00E-02 ——— Child sitting next to adult_L (floor)
Child & adult standing F-to-F
1.00E-03 Child & adult standing B-to-B
Child & adult standing S-by-S
1.00E-04 — — child sitting behind adult (@1m)
----- Child sitting next to adult_L (chair) (@1m)
1.00E-05 ——— Child sitting next to adult _L (floor) (@1m)
Child & adult standing F-to-F (@1m)
1.00E-06 . Child & adult standing B-to-B (@1m)
0 50 100 150 200 250

\ Child & adult standing S-by-S (@1m)

J

Time after administration (h) H*(10) @1m
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Main findings after simulations

» Classification
= Typical postures associated with high exposure (close contact)
= Postures associated with lower exposure (social contact)
» Future general risk assessment: classify postures into two groups
— avoid too much complexity
» Specific postures can always be used to refine the risk assessment!

» “Distance” not always the determining factor associated with the exposure
within the close contact group and the social contact group!
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Simplification of the postures into two groups

Close clontact Sociallcontact

/ Close-contact <30 cm
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Simulations Male—Child 77Lu-PSMA-617

Effective dose rate (uSv/h/MBQq)

177LU_PSMA_61 U (mean upta ke) : D R | (- Child in arms standing_low k
" Contact postures with high exposure
Tumour = spine .
1.00E+00 — — Child on lap back to front
—— Child on lap front to front )
1.00E-01 /~— —Child sitting behind adult -
----- Child sitting next to adult_L (chair)
1.00E-02 ——— Child sitting next to adult_L (floor)
Child & adult standing F-to-F
1.00E-03 Child & adult standing B-to-B
Child & adult standing S-by-S
1.00E-04 — — child sitting behind adult (@1m)
----- Child sitting next to adult_L (chair) (@1m)
1.00E-05 ——— Child sitting next to adult _L (floor) (@1m)
Child & adult standing F-to-F (@1m)
1.00E-06 . Child & adult standing B-to-B (@1m)
0 50 100 150 200 250

\ Child & adult standing S-by-S (@1m)

J

Time after administration (h) H*(10) @1m
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Male-Child exposure "/Lu-PSMA-617: worst cases

Effective dose rate (uSv/h/MBQq)

1.00E+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

177Lu-PSMA-617 (mean uptake)

Tumour = spine

-
-
-

s Max of close contact
— ~— e -
e~ —
------------ Max of social contact
100 150 200

Time after administration (h)

250

— —Child on lap back to front
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Female-Child exposure Na'3l (Hyperthyroidism): worst cases

Na'31l (mean uptake)

1.00E+01
— — Child in arms standing_high
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Case study: Adult (patient)—>Child (exposed individual)

Influence of uncertainties in biokinetics
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Variation in patient biokinetics

Lu-PSMA-617

Tumour = spine @ Patient measurements (Elena Prieto, thanks Elena §

@ Patient measurements (CHUV, thanks Laurent & )
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Simulations Biokinetics Siebinga et al (mean)
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; @® Patient measurements
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1.0E-01 e Simulations ICRP128 (“Mean uptake”)
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Effective dose rate (uSv/h/Bq)

Male-Child exposure "/Lu-PSMA-617: patient biokinetics

1.00E+00

1.00E-01
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177Lu-PSMA-617 (mean uptake)

Tumour = spine
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Time after administration (h)

250

Max of close contact (mean uptake)

Max of social contact (mean uptake)
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Effective dose rate (uSv/h/Bq)

Male-Child exposure "/Lu-PSMA-617: patient biokinetics

1.00E+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

77Lu-PSMA-617 (mean/low/high uptake)

Tumour = spine

50

100 150 200
Time after administration (h)

250

Max of close contact (mean uptake)
Max of close contact (low uptake)

Max of close contact (high uptake)

Max of social contact (mean uptake)
Max of social contact (low uptake)

Max of social contact (high uptake)
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Effective Dose rate [uSv/h/MB(q]

Female-Child exposure Na'3ll: patient biokinetics

Na''l (mean uptake)

1.00E+01
— — Max of close contact (mean uptake)

1.00E+00 N

—_—
— e c—
e e .
— — —
—— —— —
— — —
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1.00E-01

1.00E02 — 1 e e e e e e e | T Max of social contact (mean uptake)

1.00E-03

1.00E-04
0 50 100 150 200 250

Time after administration (h)

€URADOS

€uropean Radiation Dosimetry Group



Female-Child exposure Na'3| : patient biokinetics

Na'¥1l (mean/low/high uptake)

1.00E+01
— — Max of close contact (mean uptake)

----- Max of close contact (low uptake)

1.00E+00 —— Max of close contact (high uptake)

1.00E-01

1.00E-02 e e e e e e e ——— — — Max of social contact (mean uptake)

----- Max of social contact (low uptake)

e
bl

—— Max of social contact (high uptake)

Effective Dose rate [pSv/h/MBq]

1.00E-03

1.00E-04
0 50 100 150 200 250

Time after administration (h)
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Case study: Adult (patient)—>Child (exposed individual)

Comparison with existing extrapolation methods
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Existing extrapolation methods

—)

Use of scaling factors for risk assessment at short distance
* Point-to-point inverse square law model
0. 0.03 m$v/h 100em = 10em: 100 E} Fixed value over T
100cm —> 20 cm: 25

Point-line source model (Broggio, 2022), patient= 178 cm tall
100 cm — 10 cm: 20.2} .
Fixed value over T

0 05 1 C2m 100 cm — 20 cm: 9.3
1 * This computational approach with realistic geometries?

H*(10) measurement posture, sim, T

H*(10)sim, T
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Comparison with existing extrapolation methods

Scaling factor (Effective dose /H*(10) @1m)

50

45

40

35

30

25

20

15

Inverse square model @10cm

0 50

100 150
Time after administration (h)

200

——Line model @10cm

— —Line model @20cm

Inverse square model @20cm
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Comparison with existing extrapolation methods

Inverse square model @10cm

50
——Max Close Contact 177Lu-PSMA-
E 45 617 - Mean uptake
© 40 - - -=Max Close Contact Na1311 - Mean
<9 uptake
x
E 35 ——Line model @10cm
@ 30 eesepmansonsmee
© e — —Line model @20cm
() /
> 295 |- e e
E 20 ‘\ S B S S ————— Inverse square model @20cm
S
£ 15
)
» 10—
£
B
2 5
0
0 50 100 150 200

Time after administration (h)
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Comparison with existing extrapolation methods

Inverse square model @10cm

50
45 —— Min Close Contact 177Lu-PSMA-
£ 617 - Mean uptake
g 40 - - -Min Close Contact Na131l - Mean
g . uptake
*
E ——Line model @10cm
o 30
o
g 25 — —Line model @20cm
o
I s e I e Inverse s del @20
T quare model @20cm
S 15
O
S
w 10
£
S 5
%]
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0 50 100 150 200
Time after administration (h)

€URADOS

€uropean Radiation Dosimetry Group



Case study: Adult (patient)—>Child (exposed individual)

Impact on cumulated dose using specific exposure scenarios
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Exposure scenarios

» Difficult to predict a specific pattern for contact between adult and child

» The pattern can be corrected by following specific patient instructions after
discharge

» Not many guidance documents are available

» Data from Dutch report
Typical daily contact Adult-Child without

specific patient instructions:
‘ Close contact: ~ 1 h/day

Social contact: ~ 6 h/day

Nucleair-geneeskundige therapieén:
potentiéle blootstelling voor derden
Dosisberekeningen als basisinformatie voor de
herziening van maatregelen en leefregels

RIVM-briefrapport 2020-0113
A. Kloosterman et al.
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Risk assessment using exposure scenarios

Cumulated dose (mSv)

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

B Close contact max values (1h/day)

B Social contact max values (6h/day)

77Lu-PSMA-617: 131] (Hyperthyroidism)
Administered activity: 7.4GBq Administered activity: 400MBq
Patient discharge: 24h post admin. Ambulant therapy

Total exposure time: 8 days Total exposure time: 14 days

Mean uptake Low uptake High uptake Mean uptake Low uptake

177Lu-PSMA-617 Na131l

High uptake
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Risk assessment using exposure scenarios with restrictions

5.0 B Social contact max values (6h/day)
4.5
4.0 77Lu-PSMA-617 131] (Hyperthyroidism)
= Administered activity: 7.4GBq Administered activity: 400MBq
E 3.5 Patient discharge: 24h post admin. Ambulant therapy
7(.0? 3.0 Total exposure time: 8 days Total exposure time: 14 days
5
0 2.5
g Which biokinetic model?
S 2.0
=
=)
O 1.5
1.0
O.o —— - _
Mean uptake Low uptake High uptake Mean uptake Low uptake High uptake
177Lu-PSMA-617 Na131l
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Patient tailored?

Lu-PSMA-617 (min - mean - max model parameters) — —H*(10) @1m (mean)

Tumour = spine

H’(10) [uSv/h/MBq]
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0.0E+00
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----- H*(10) @1m (min)
o | ) . —e—pat 5 PSMA
Difficult to predict at early time-points

—e—pat 7 PSMA
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— —
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To conclude...

» This is a computational framework!
= To refine risk assessment studies in specific situations

= |tis flexible and can be adapted to various situations for diagnostic and therapeutic
procedures

=  Optimisation of a component in the bigger process of setting patient release criteria
» First results

= Large influence of the nature of the close contact posture

= Large influence of variations in biokinetics
» Next...

= Focus on otherradiopharmaceuticals

= Development of a tool for user-friendly calculations
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Thank you!

Happy to be the
spokesman here for
multi-centre work...

ESCOLA SUPERIOR DE
TECNOLOGIA DA SAUDE
DE LISBOA

sckcen = ... W8

= fiir Strahlenschutz

Exploring a better tomorrow

s N R Autorité de
‘ ‘ ‘ slireté nucléaire
\ ZAi‘(;RBEE et de radioprotection

@ StUK ﬁf MOLECULAR
IMAGING & THERAPY
- RADIATION AND NUCLEAR \° RESEARCH GROUP

SAFETY AUTHORITY
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