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133La/135La theranostlc pair
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1331 a/13>La theranostic pair
La-133

ec,B*: 100%

1.83 4.04 1.13 3.91

Ty, [h]
E B(+| [[':/Z']G)V] 0.250 (96.7) 0.632 (94.3) 0.829 (89) 0.461 (7.2)
E, [keV] 278.3 (2.4)
(vl %)) - 1157 (99.9) 1077 (3.2) -
F-18 Ga-68 La-133

adapted from Nelson et al., ] Nucl Med 2022; 63:584-590
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1331 a/13>La theranostic pair
La-133

ec,B*: 100%

1.83 4.04 1.13 3.91

Ty, [h]
E B(+| [[':/Z']G)V] 0.250 (96.7) 0.632 (94.3) 0.829 (89) 0.461 (7.2)
E, [keV] 278.3 (2.4)
(vl %)) - 1157 (99.9) 1077 (3.2) -
F-18 Ga-68 La-133

adapted from Nelson et al., ] Nucl Med 2022; 63:584-590
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1331 a/13>La theranostic pair

La-133

3.912 h
ec,B*: 100%

Ty, [h]
E B(+| [[':/i']e)vl 0.250 (96.7) 0.632 (94.3) 0.829 (89) 0.461 (7.2)
E, [keV] 278.3 (2.4)
(VI %)) - 1157 (99.9) 1077 (3.2) -
F-18 Sc-44 Ga-68 La-133

adapted from Nelson et al., ] Nucl Med 2022; 63:584-590
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133La/13>La proton induced production

La-133 130Ba 132Ba 134Ba 13SBa 136Ba 137Ba 138Ba
3.912h 134Ba(p,2n)133La
e 4 AT Nat BaCO, [%] 0.11 (1) 0.10(1)  2.42(15)  6.59(10)  7.85(24)  11.23(23)  71.70(29)
Enr.1¥BaCO,[%] | 0.005(1)  0009(1) 84.242(41) 6.116(15) 1578(15)  1.440(4)  6.610(35)
135B3(p,n)!3La Enr. 135BaCO,[%] | 0.0011(1) 0.0037(3)  0.190(2) 93.338(49) 3.135(9)  0.742(10)  2.590 (28)

(t;/, =59 min) (t;, =3.912 h)
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(t,, =4.59 h) (t;, = 24.6 min)

(t;/, = 6.49 min)
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133La/135La productlon LINAC vs cyclotron

HC LINAC — CERN & Tera-Care Foundation Biomedical Cyclotron — University of Bern

Protons = 18 MeV

LINAC by CERN Next lon Medical Machine Study (NIMMS)

He ions < 28 MeV
Protons <7 MeV

He ions < 28 MeV
Protons < 15 MeV

W

He ion current <2 mA 12m
Proton current £ 3 mA

Drift Tube Linac (DTL)
By Tera-Care Foundation

Proton current <150 pA
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The Bern IVIedlcaI Cyclotron laboratory

' @@@ \

=  Two H ion sources .'
| |

High current (max 150 pA) ’ .O
8 out ports: X \

4 18F liquid targets [industrial production]

2 58Ga hybrid targets [industrial production] \

Beam Transport Line (BTL) [research]
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The Bern IVIedlcaI Cyclotron laboratory

Beam Transport Line (BTL
- p (BTL)
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Half Ilfe measurement 133La

Activity [kBq]

Residuals [%]

Residuals [%]

"‘.. 4 Test1-enr. 134BaCco;
""n..' 4 Test2 - enr. 134BaCoO;
'-...“‘.“‘
. "'-....' Test 1 Test 2 Final Value NDS Abel 2018
102 Boenc .
l.,.‘ "Iq..
“-._‘_ "‘-M‘ 3.91 (3) 3.94 (3) 3.93 (2) 3.912 (8) 3.89 (3)
1,*_“‘ ..,
ey 3.98
10! N i
Trea, 3.96
3.947 7T L d
10% 5 10 15 20 25 = 3.92 4
10 b ® 1 }
e Test1-enr 3BaC0, o
51 . — 3.901
. . * o .- . ' ¢ 4
0 .- w a [1] .I o v e I. . '.. .. N '.- ... 3.88 .
—51 hd
3.861 1
-10
0 5 10 15 20 25
10 ® Test2-enr. 13BaC0, 3 84 ~ I ’L () 6) )
X, X, ) “%
’ T & & & ® O
o 0 a . & i 6\ ‘Q
0‘--_---_---_---_-----.-‘--T' * ™ L] . ® e ¥ ® o* ¢ Q\<\ v
-5 L] ‘e
G. Dellepiane et al, to be submitted to App/ Radiat Isot (2026)
—10, 5 10 15 20 25
Time [h]
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Half- Ilfe measurement 135La

T

10°
4 Test1-enr. 135BaC0O,
4 Test2-enr. 133BaC0O;
102 Test 1 Test 2 Final Value NDS Abel 2018
= 19.02 (16) 19.07 (14) 19.04 (10) 19.5(2) 18.91 (2)
2]
E 10!
2 19.8
% —
10° 19.6
A
101_;0 25 50 75 100 125 150 175 200 =) 19.41
e Test1-enr. 1¥*BaCO; o 4
£ 5 L e 1921
] "o o o o® ° oo
é Uwﬁ'rg'bxﬁﬁ: ‘:'1:;:.:'.;“:';:;.:.'.'";: """"""""""
¢ > 19.0
-10 i
0 25 50 75 100 125 150 175 200
10 18.8 - - -
e Test 2 -enr. 1¥BaCcO;
o | . l. é& é’L ?}\)e éofo Q,\/tb
g e T 2 2 \~\ é\f
g UﬂMMM l?‘-’#‘ -. . ---‘vi"\-.-.- “;---;.';“-n-."'.-‘-!-. ----- q&’b ?\’0
g Se . °
= . G. Dellepiane et al, to be submitted to App/ Radiat Isot (2026)
) 25 50 75 100 125 150 175 200

Time [h] Gaia Dellepiane - gaia.dellepiane@unibe.ch 11



Cross-section measurements
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Cross-section measurements

| # @ ': / T N X
% : 1 .v_’?"“i ¢ ol 4 p L
2 4 : = ‘“": —
i N E=—— \—’ Oror = € 0(p,X) + € o(p,y)
Target for cross-section measurements {
\ y
Flat beam procedure Electron
suppressor ring

! M(e;, €)

-_— Att t .

- entators Linear-system method
— /

_—

Oh = €A~ o(p,x) + €A - o(p,y)

Proton beam
with
flat profile

08, = €8 olp,x) + €8 - a(p,y)

Target material
N~~~

Malea, €r); Mg(ep, €8)

Grounded

collimator Insulators
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G. Dellepiane et al, to be submitted to Appl/ Radiat Isot (2026)

Energy [MeV]
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Cross section [mb]

Cross section [mb]

Energy [MeV]

14

104
+ 13%Ba(p,2n)133La (natural BaCOs3)
4 13Ba(p,2n)'*3La (enriched 13*BaC03)
% Prescher 1991
_*_
1034 :;;_ff_:--ﬂ-_- -----
—0’7‘”
-
10! T T T L i ] T T
4 6 8 10 12 14 16 18 20
Energy [MeV]
104
103. e
] ﬁ—“?—.j’?#’— ——
7*’_ i '\_."\
102 * _+_ e
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1351 3 optimized production

13084 132g4 1344 13584 1364 1374 1384
Enr. 135BaCO, [%] 0.0011 (1) 0.0037 (3) 0.190 (2) 93.338 (49) 3.135(9) 0.742 (10) 2.590 (28)
Irradiation time =10 h
w0 10!
La-131 ’_7.-;—_""'_-‘}'—#--."——’:.__'_ — La-131
+ Lla-132 ot R — la-132g
-t —— L S
2] La-132m $-== P S et P 0l La-132m
1077 4 Lass e 10
4+ La-134 //, 1 m\“ I/l
_ 4 La-135 7*_ 436\ 9 ‘,-r—.—""‘—___’-_ﬁ;-,.:—o— _____________________
2 10'7 4+ La136 - T 7 T 1074
lE. /I ’ ’,’ f” ‘<~::
5 —— 7/ U s
e 04 - £ R """ a33h -2
§ 10 ; 7,_+_ ﬁb‘\‘a."e,’.__,,_._ —/9,—— ta:3.91h O 10
wn ’,l ,I, /”f” ’// E
3 L4 — /
R i 4 e 107
[l .
! Il ,’, ______ e e— ¢ T~
' b =T e— ' — el
1072 i ',r’ + {: S S s S 1044
[ I s ' i -V
T S ]
10_3 l,' 1 ! s I ! | lr f I ] 10—5 I I 1 ] I | I
2 4 6 8 10 12 14 16 18 4 (3 8 10 12 14 16 18 20

Energy [MeV] Entry energy [MeV]
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1351 3 optimized production

EOB t.=2h
TTY (335La)
0.67 0.62
[GBa/uA]
P [%] 63.25 99.94
Proton energy: 14 MeV; irradiation time: 10 h

0.8 100

0.7 1 r99
_. 0.6 r98
<
3
@ 0.5 97
S
20.4 96
2
E
s 0.3 r95
o
a 0.2 t 94

0.1 r93

*Proton energy: 14 MeV; Irradiation time: 10 h
0.0 ; - - - - 92
0 2 4 6 8 10 12

Cooling time [h]

Purity [%]

0.09

0.08 1

0.07 1

0.06 1

Yield [GBqg/uA]

0.031

0.02 1

0.01

0.00

Proton energy: 14 MeV; irradiation time: 1 h

0.057

0.04 1

200

Gaia Dellepiane - gaia.dellepiane@unibe.ch
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1351 3 production tests

0.46-mm thick

enriched 135BaCO; pellet
Test1 Test 2
E [MeV] 13.6£0.5 14.1+£0.5
Irradiation time [h] 0.38 0.18
Charge [pAh] 0.0029 0.0079
135 3 [GBaq/pAh] 0.0((Sg 015(;)003 0.05(;. (i) 5043304
1333 [GBq/pAN] - -
Purity 2h after EOB 99.946 + 0.002 99.903 + 0.007
[%] (99.943) (99.913)

Y(E) [GBa/uAR]

101

10721

10-3

4 La-135
+
9 11 13 15 17
Entry energy [MeV]
18

Gaia Dellepiane - gaia.dellepiane@unibe.ch

19



Production optimization: 33La
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137Ba 13SBa

13OBa 13ZBa 134Ba 13SBa 13GBa

1.578 (15) 1.440 (4) 6.610 (35)

0.009 (1) 84.242 (41) 6.116 (15)
Proton energy: 18 MeV; irradiationtime: 1 h 10

Enr. 134BaCO, [%] 0.005 (1)

103 —— =" 100
A = — Y(La-133) /
((\ _—”—.—‘ -7 e— 7
o e s ——__ — Y(La-135) /
. P e P ——___ | = /
102, - ] 4 too
—— P
r,’ &89“ -__:.______—;ﬁ;. ,,I
PR R S N !
—4 ¥ \:"r _______ _i _____________ —— e " . /,’ 5
o 10! A et g . : —o 151 = 10~ 7 0.8 o
’ ) - | /
.g. i L —— o e 1 4 La-132 3 Y _8
i ’ 7 136 3‘9‘% ! ~ , =
5 Y : La-132m = ©
o 10° A i + La-133 ] 0.7 ©
g ! + Lla-134 o 4 m
0 H_ ! = v —
o ) + La-135 .>°__J =
o 1011 7 }I - ," 4 La-136 102 /r’ 0.6 m—l
© 7] ,,I ______ ,'- """""""""" ,,/ m
/: ,’I E T _‘_7'_._+ ~~~~~~~ //
- 1 + ~_~ L
r” /’I i 7"_ i s R SO /z’
102 . i ot :' : N > . 0.5
1 1 ,/ A —--‘
’l’l Ilr i 7’-’0— :’ ______________________ —
/o i /, L
/o i { .--zz=9=2 H 10_3 0.4
-3 |_-2==""7 =4 m— ] I I | .
10 — e ' - ' ' 0 200 400 600 800 1000
2 4 6 8 10 12 16 18 .
Target Thickness [um]

Energy [MeV]
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13313 optlmlzed productlon with an 18 MeV cyclotron

Proton energy: 18 MeV; irradiation time: 1 h
0.45 100

o
W
o

0.47-mm thick enriched 13*BaCO; pellet
EOB t.=2h

©
N
Ul

Purity [%]

Y (133|_a)
[GBq/pA]

P [%] 37.87 99.34

0.41 0.29

133| 3 activity [GBqg/uA]
o
N
o

0 2 4 6 8 10 12
Cooling time [h]
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—

Yield [GBqg/uAl

FLorence 15-19 FEB 2026

oIC 2426

1071

=
o
N

=
o
&

1074

o

121+ INTERNATIONAL
ONFERENCE on ISOTOPES
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Target Thickness [um]

9
/
6
r3
v — Y(La-133)
— Y(La-135)
| | | 0
0 200 400 600 800 1000

135] a/133La ratio [%]

133La activity [GBa/uA]

0.10

0.081

0.061

0.04 1

0.021

0.00
0

EOB t.=2h
Y (133|_a)
0.066 0.047
[GBa/uA]
P [%] 10.94 97.70

Proton energy: 14.5 MeV; irradiation time: 1 h; thickness: 0.17 mm

100

r98

r96

F94

2 4 6 8 10
Cooling time [h]
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Yield [GBg/uA]

10°

10—1.

10—2_

1073

10~

Proton energy: 14.5 MeV; thickness: 0.17 mm

— Y(La-133)
— Y(La-135)

I E——

r0.70

2 4 6 8 10

Irradiation time [h]

1.00

0.85

135 5/133 3 ratio [%]

r0.55

0.40

Proton energy: 14.5 MeV; thickness: 0.17 mm

100
—— t;=1h
—— t; = 2.5h
98 -
g? 96 -
ey
g 941
92 1
90 - - - -
0 2 4 6 8 10 12
Cooling time [h]
23
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1331 a production tests

10°
4 La-133
4+ La-135
0.47-mm thick 1)
enriched 134BaCO;, pellet 10
Test1 Test 2 =
<
E [MeV] 14.2 +0.5 18.2+0.4 3
o) 10—2_
Irradiation time [h] 1.03 0.97 S,
w
Charge [pAh] 0.22 0.0034 = Tl
13313 0.051 + 0.004 0.44 £ 0.03 .,
[GBq/pAh] (0.052) (0.40) 107
13513 0.0032 + 0.0004 0.0025 + 0.0004
[GBq/nAN] (0.0039) (0.0019)
Purity 2h after EOB 92.34 +0.88 99.27 £+ 0.10 104 , , , , , ,
[%] (90.85) (99.36) 12 13 14 15 16 17 18

Entry energy [MeV]

Gaia Dellepiane - gaia.dellepiane@unibe.ch 24
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Conclusions and outlook

0O We investigated the production of the theranostic pair 133La/!*33La via proton irradiation of Ba targets

0 The half-lives of 133La and 13°La were measured experimentally

O Cross sections were obtained by irradiating natural Ba, enriched 3Ba and enriched 13°Ba

ALLOWING individual nuclear reaction contributions to be derived (some of them for the first time)

O Production yields and radionuclidic purities were evaluated to determine optimal irradiation conditions for

-a 15 MeV LINAC
- an 18 MeV biomedical cyclotron

Q 1353 production was demonstrated feasible with both accelerator types

0 For 3La, LINAC-based production is limited by relatively low radionuclidic purity
THEREFORE further studies are needed to evaluate clinically acceptable purity levels

Q This study provides a solid experimental basis for future proton-induced production of La radionuclides

Gaia Dellepiane - gaia.dellepiane@unibe.ch 25






	Slide 1: Towards optimized 133La and 135La production through cross-section measurements  from barium targets
	Slide 2: THERApy + diagNOSTICS = THERANOSTICS
	Slide 3: 133La/135La theranostic pair
	Slide 4: 133La/135La theranostic pair
	Slide 5: 133La/135La theranostic pair
	Slide 6: 133La/135La theranostic pair
	Slide 7: 133La/135La theranostic pair
	Slide 8: 133La/135La proton-induced production
	Slide 9: 133La/135La production: LINAC vs cyclotron
	Slide 10: The Bern Medical Cyclotron laboratory
	Slide 11: The Bern Medical Cyclotron laboratory
	Slide 12: The Bern Medical Cyclotron laboratory
	Slide 13: Half-life measurements
	Slide 14: Half-life measurement: 133La
	Slide 15: Half-life measurement: 135La
	Slide 16: Cross-section measurements
	Slide 17: Cross-section measurements
	Slide 18: Cross-section results
	Slide 19: Production optimization: 135La
	Slide 20: 135La optimized production
	Slide 21: 135La optimized production
	Slide 22: 135La production tests
	Slide 23: Production optimization: 133La
	Slide 24: 133La optimized production with an 18 MeV cyclotron
	Slide 25
	Slide 26
	Slide 27
	Slide 28: 133La production tests
	Slide 29
	Slide 30

