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1. Introduction

1. Introduction

- 3isotopes ofscandiumpresent physical characteristics compatible with
nuclearmedicine purpose:

-Sc47(T,,=3.351days, -=100m h G8%)M targetedradiotherapy

-Sc43(T,,=3.891hours, +=88.1%)Y diagnosis
KatharinaA. Domnanich talk.

- Sc44g (T, =3.97hours,i +=94%,r =99.9%)Y diagnosis

Jerzy: A O O Otalk (Aithf End this talk (with pand d).  (available ag*Ti/**Sc generator.)

- Theranosticapproachpossible with scandium.
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-Sc47(T,,=3.351days, -=100m h G8%)M targetedradiotherapy

-Sc43(T,,=3.891hours, +=88.1%)Y diagnosis
KatharinaA. Domnanich talk.

- Sc44g (T, =3.97hours,i +=94%,r =99.9%)Y diagnosis

Jerzy: A O O Otalk (Aithf End this talk (with pand d).  (available ag*Ti/**Sc generator.)

- Theranosticapproachpossible with scandium.

Specialemphasis on Sd4 characteristics :
- Sc44g is a positron emitter witla halflife betweenthat of Ga68 andCu-64.
Y good candidate for PET imaging.

- . = )
Two states Sc44m(T,,, =58.6hours) - possibilityto producethe
InternaITransiti(\rZiO keV - Sc44m/Sed44ggenerator
98.8%
i Sc44g (T,,=3.97houry J - Production in cyclotron.
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2. Sc44 applications

2. The dfferent Sc44 applications

- Sc¢44g can be used foPET(1) with smallvector moleculeslike peptides.
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- Sc44g is of interest foB r imaging (2) (511keVannihilation + @ 1.157MeV).

L new technique developed at SUBATECH laboratot
(Xenon group)

- Anisomeric stateéSc44m exists and mainly decays to-8dg throughIT.

Y HuclierS.et al(Nantes) havelemonstrated that SeA4m/Sc-44g
IN-vivo generator (3) isfeasible.

Y Interestingto enlarge the use ddc44gto antibody labelling.
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2. The dferent Sc44 applications

- Sc¢44g can be used foPET(1) with smallvector moleculeslike peptides.

- Sc44g is of interest foB r imaging (2) (511keVannihilation + @ 1.157MeV).

L new technique developed at SUBATECH laboratot
(Xenon group)

- Anisomeric stateéSc44m exists and mainly decays to-8dg throughIT.

Y HuclierS.et al(Nantes) havelemonstrated that SeA4m/Sc-44g
IN-vivo generator (3) isfeasible.

Y Interestingto enlarge the use ddc44gto antibody labelling.

Y Our goal find the best route for the Sd4 production for each scenarid.,2,3).
Y Our selected targetcalcium44.

- Datafor Ca44(p,n)Sc44reaction are available ilterature.
- Nodata for the deuteron route

Y Exp. cross section measurements has been carried out at the ARRONAX cycl
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3. The ARRONAX cyclotron

'3.The ARRONAX cyclotron
3.1 Studyof the Cad4(d,2n) reaction

Accelerator for the ReactionCa44(d,2n)Sc44
Researchin
Radiochemistryand Ehresho=6-9MeV
ﬁgz?elzgyat Deliveredparticles Energy(MeV) Max.intensity ({ A) Dualbeam
Atlantique Protons 30-70 2 x 350 Yes
X Deuterons 15-34 2 x50 Yes
)| particles 67.4 70 No

Y Deuteronsbeamenergydeliveredby ARRONAXermits
to coverall the energyrangeof interest
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'3.The ARRONAX cyclotron
3.1 Studyof the Cad4(d,2n) reaction

Target

/

Targetform:
Ca44CQO, dep03|t

-

on Al foil

Accelerator for th : K
ccelerator for the ReactionCa44(d,2n)Sc44 %z
Researchin OO
Radiochemistryand Ehresho=6-9MeV >
ﬁgtr:]?elzgyat Deliveredparticles Energy(MeV) Max.intensity ({ A) Dualbeam
Atlantique Protons 30-70 2 x 350 Yes
X Deuterons 15-34 2 x50 Yes
)| particles 67.4 70 No

Y Deuteronsbeamenergydeliveredby ARRONAXermits
to coverall the energyrangeof interest
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3. The ARRONAX cyclotron

'3.The ARRONAX cyclotron Monitor Degrader

3.2 Experimentalmethod for Sc44 A Targg' nat) /(Al-na)

7
%
QNN
- For prod. cross section determinatioh Ot@cked-Z&l E1 06 O
#1 1 AEOEBI
| A8D SN REA A® 18D )) -
A= O == Target characteristics
I AND N 8w8 BKEA d® &2 ),

Cross section recommended by the IAEA - |rradiation conditions
In our casdi-nat(d,x)V-48

= Produced radionuclide

v Nuclear Data Serwces
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4. r spectrum

4.r spectrumanalysis

- Highpurity Gedetector usedto determinethe activity in eachfoils.
- HPGecalibratedin energyandefficiencywith certified Eu-152
[ source

. . . . H}h purity Ge detector
- Threedifferent countingmeasurementsin the sameconditions,

to validatethe activity values
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4. r spectrum

4. r spectrumanalysis

- Highpurity Gedetector usedto determinethe activity in eachfoils.
- HPGecalibratedin energyandefficiencywith certified Eu-152
[ source

. . . . Hia purity Ge detector
- Threedifferent countingmeasurementsjn the sameconditions,

to validatethe activity values

Thispeakhelpsfor Sc44m |
activity determination. Thispeakpermitsto deduce :Na-24

Sc44g contribution.

i €-/e+ annihilationpeak

63.6 ke¥ Cursor at Chan 9954, 1262.3 ke¥ with 55 counts 1601.3 keV
The centre of peak 17 is at 1733.3 ke¥. - Significance is 37.9

Sample:- taken nn_lZ—A_ug—Zm-l at 8:30

From Detector 2 Live Tine is 4160, T Time is 4340 seconds, Collctod on 12 Aug 2014 at 8:30 34 MeV deuterons
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5.Sc44 K

5.Sc44 production cross sections

Y Sc44m : T, = 58.6hours Y Sec44g: T, =3.97hours

g 300 ] D800 [ T
R Ca-44(d,2n)Sc-44m ] ol Ca-44(d,2n)Sc-44g

£ 250 f ] 8 - _

E e 2015, Duchemin et al. E 600 L * 2015 Duchemin st al

S 200 | + + 1S 50k + + +

150 — + + ' 400 *
100 | Enreshold + T . Ethreshold+ + +

I 1 200 r
50 [ + + ] :
I L 100
0 I S o T T S S S N T Y N IR S RN ] 0 Y 'T._‘I |||||||||||||||||||||||||
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Deuteron energy (MeV) Deuteron energy (MeV)

Y First data availablén the literature for the Cat4(d,2n) production route.

Y In addition, data on Sd3, K-42and k43have been obtained.

Resultspublishedin Physicsn Medicineand Biology60 (2015)684 7-6864

Charlotte DUCHEMINg ICTRPHE2016 z Nuclear Medicine session Februaryl5th 2016 6



6. Sc44TTY

'6.Sc44 ThickTarget productiorields(TTY)

Y Comparisorwith Ca44(p,n) production route
N.B.: in the cas@herethe targetisentirelycomposedy Cad4atoms
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Resultspublishedin Physicsn Medicineand Biology60 (2015)684 7-6864
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- - With protons as projectiles: Mitchell et al., 1982, Deuterons
Levkovskij, 1991 and Krajewski et al., 2013
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7. Best production routes

7. Conclusion on the best SB1 production routes
with protons anddeuterons

Scenario

Cyclotron type

Sc44g for PETusing
small moleculesas
vectors
Needs:
- High Se44g activity
- Limit the Se44m act.
(additional dose to the
patient)

Sc44gfor3r EI A
developed at SUBATEC
laboratory
(Xenon group)
Needs:
- Limit Sc¢44m and Se43
act.(dose + background)

Production of the
Sc44m/Sc44g in-vivo
generatorpaired with
antibodies as vector:
Needs:
- High Se44m activity
- Limit Sc¢44g and Se43
act.

15MeV protons ++ ++ -
15MeVdeuterons - + +
30MeV protons + == -
30to 35MeVdeuterons - - ++

Resultspublishedin Physicsn Medicineand Biology60 (2015)684 7-6864
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Thankyou for your attention

Specialthanksto the membersof the PRISMA group (SUBATECH) and of the GIP ARRON

The ARRONAXcyclotronis a project promotedby the RegionalCouncilof Paysde la Loire
financedby local authorities,the Frenchgovernmentand the EuropeanUnion Thiswork has
been, in part, supportedby a grant from the FrenchNational Agencyfor Researchcalled
"Investissementd'Avenil, EquipeXArronaxPlusn® ANR11-EQPX0004and Labexn® ANR11-
LABX001801.

Charlotte DUCHEMIN
PhD,TemporaryLecturerand Researcheat the Universityof Nantes and SUBATEBI(France)
Charlotte.Duchemin@subatech.in2p3.fr
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' Theexperimentalset-up

Target Monitor Degrader
Ca44C03 Ti Al

Capsule

Aluminatarget underirradiation




Production cross sections

Others radionuclides detected
Y K42 : 'I1,2 = 12.26hours

Ca-44(d,a)K-42

® 2015, Duchemin et al.

K43 'I1,2 - 22 3hours
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' Sc43ThickTarget productiornyields(TTY)

Y Sc43can not be chemically separated from-84. Its production has to be controlled.

Y Ca44(d,3n)Sc43production cross section data.

Y TTYcomparisorwith proton route.

Ethreshold =17.1MeV
Ethreshold: 14.5MeV

*The TALYS cods nucleamreactionprogramthat included
theoriticalmodelsby default.

Resultspublishedin Physicsn Medicineand Biology60 (2015)684 7-6864




