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Radioisotopes for diagnosis

T'd bave been bere sooner if it badn't been for early detection.”



Mammary Carcinoma
Survival time since diagnosis of metastases
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Comparison of Therapies
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(Molls, TU Munchen; according to Tannock: Lancet 1998, Nature 2006)
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Immunology approach




Multidisciplinary collaboration
to fight cancer
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Structural Formula of DOTA-TOC/TATE
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1,4,7,10-tetraazacyclododecantetraacetate
11‘1“1 BDY

Ga '7Lu IC, (Y'") =1.6 = 0.4 nM
®Ga VBi Helmut Maecke, EANM-2007.
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Male
36 years of age

Small cell pancreatic
neuroendocrine
tumour

Liver metastases

Ki-67 index 10-15%
(liver biopsy)

4 cycles with 177Lu-
octreotate and
capecitabine

Partial remission

15t thera
id Roelf Valkema, EANM-2008.




What success does PRRT offer?

v CR+ PR + MR in about 50% of patients: YES

v Reduce symptoms and improve quality of life: YES

v Increase survival time: WIES

v' Safety and tolerability: YES

Erasmus MC

Roelf Valkema, EANM-2008. ~(_ 2~




Lymphoma therapy: RITUXIMAB+ 177Lu
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Radioimmunotherapy







The chart of nuclides — nuclear medicine perspective
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131]: radioprotection issues

364 keV gamma ray
emitted with 82% B.R.

3.7 GBq patient dose
= 0.2mSv/hatlm

requires dedicated
shielded treatment
rooms



NY: collateral damage from long range betas ?

Qu. = 2.28 MeV
up to 12 mm range \




Radionuclides for RIT and PRRT

Radio- |Half- E mean Ey (B.R.) |[Range
nuclide |life (d) [(keV) (keV)

Y-90 2.7 934 (3 - 12 mm Established
-131 8.0 182 B 364 (82%) 3 mm Isotopes
Lu-177 6.7 134 3 208 (10%) 2 mm Emerging

113 (6%) Isotope



Production of 177Lu
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Waste problem for hospitals!
R. Henkelmannet al., Eur. J. Nucl. Med. Mol. Imag. 36 (2009) S260.



The curse of the K-isomer !

"So it'll pollute the lake. It will also make the fish
glow in the dark when we go night-fishing !"'
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The rising star
for therapy
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Radionuclides for RIT and PRRT

Radio- |Half- E mean Ey (B.R.) |Range
nuclide |life (keV) (keV) .
ross-fire

) Estab-
Y-90 64 h 934 (3 12 mm ished
-131  8days 182 B 364 (82%) 3 mm isotopes
Lu-177 7days 1348 208 (10%) 2 mm Emerging
113 (6%) Isotopes
Th-161 7days 1548 75(10%) 2 mm
517,40 e 1-30 um
R&D
Th-149 4.1h 3967 a  165,. 25 pm isotopes:
Ge-71 1ldays 8 e - 1.7 pm supply-
limited!
Er-165 10.3h 53 € - 0.6 ym
localized

Modern, better targeted bioconjugates require short er-range
radiation = need for adequate (R&D) radioisotope supply



Terbium: a unigue element for nuclear medicine




Production of non--carrier-added
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target - ion source

proton beam
(1.4 GeV)




% of survived mice

Survival of SCID mice
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G.J. Beyeretal., Eur. J. Nucl. Med. Molec. Imaging 31 (2004) 547.



Targeted Alpha Radionuclide Therapy

KB Tumor-Bearing Mice Treated with 14°Tb-Folate
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C. Muller et al., subm. to J. Nucl. Med.



Imaging Studies Using PET and SPECT

KB Tumor-Bearing Nude Mice

PET SPECT SPECT

152Th-folate: 9 MBq 155Th-folate: 4 MBq 161Th-folate: 30 MBq
Scan Start: 24 h p.i. Scan Start: 24 h p.i. Scan Start: 24 h p.i.
ScanTime: 4h ScanTime: 1h ScanTime: 20min

C. Muller et al., subm. to J. Nucl. Med.
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Folic acid
0 COO




19.4 h

e
5 481
(875; 588. .}
]

89.910

number of fraction (30 pl volume per fraction)

Ho 144 Ho 145 Ho 146 Ho 147 Ho 148 Ho 151 Ho 15 Ho 153
0.7 s 24 = d6s 58s ks | 238 4725y BIm 3im | Z0m
+ pt wt i vadli fa;ftdk
+ 340; 313, +y BE3; G35 + 160, 884; e 4 : 2o
- - 408, BT 457, 1264 ) g
Bp 22-74 m Pp 2463 me g e e
Dy 143 Dg 144 Dy 145 146 Dy 147 D&r p
104 | 56 15 Hss | &8 98 B | -dde L1 m Bse | A
E;-lr. |-{-a. ullg’."-??g' [ [ ”':-;:l! 241 ’.Iw :-n ] /
el i e rouc ) Pl F i M P -
fEd-6 | pe2d-8 | fp 26-4.5 e to g v+ |eerss Mg
Th 142 Th 143 Th 144 Tb 145 T 146 Th 147 Th 148
BOT ms |z;:__317| 47%E | =18 M= L] 23z | Bm 183m | 185h 3 m
t* M Nt | LN L
A* :mm 1’;5 :::._J&'- B : 1&:” F: 15T ptra m* | J UL T -'_f
¥ 515, 465.. a3, e y I Py P ocay ity | 5 1858 5 1368, [T} =]
B AU m | g (L] 1k, mg 1447 157 e, |1 7
Gd 141 Gd 142 | Gd 143 Gd 144 | Gd 145 G‘% 146 | G
MEe | e T0.2s 18m | 288 45 m 0:x | 238m 4845 d 1
| b e, e +3.3 v (e + L7 1037
e | e |53 e [ases |V e |5 e 225 308 . aiha
o T a o) | Bl 630; 347 | 12 " Ty, o <0.00F an,u 003
Eu 140 Eu 141 Eu 142 Eu 143 Eu 144 Eu 145 Eu 148
1.51s iTe | A0de | 122m | 2ds 2.6 m 10.2 5 583d 47.81
h 6} B0 % | B*d.1. [
BT o [ [ | L HOT: 887 | "o s
e o Lpe il a4 + 150
-l S LSO |:,.:;‘ 100 g | Sveemae. fEE . gao
Sm139 | Sm140 | Sm 141 Sm 142 | Sm 143 B EE Sm 147 Sm 149 [ Sm 150
n7s | 257m 14Bm | zem|0am 724 m g5c | BEIm 3.07 14.80 13.82 7.3
by B i g3z [
rreal | el 5 T Heqell il B W a1y B1; (452..)
Faz el 1 26 140. . AN TRRT | MK g 1.0 ' 1 =T 0.08M 010M 0.12M 014M 0.16M 018M 0.20M 0.22M 0.25M 030M  a-HIB concentraion
+ 18 5. a e | 0 ~ (BTE) ¥ 8151 si 05m 05ml  0.5ml 04ml 04ml 04ml 04m 0.4ml 0.4ml  1LOml  volume
Pm138 | Pm139 | Pm140 | Pm 141 | Pm 142 Pr o e
324 m 415m |toem| 924 | 209m 405¢ 1 100 4 Larsara A cvrmimiiey
s H:D:émi-;ia graz |ave F";léz--m Dy-159 i Pm-143,144
*+ 38, ; 463 ot 1223, B « W P
szt T, 368, VO 3TE | ea 134 | ptaa.. ;
403, o 2 143 ] 1 1578... 10 - 9
Md 137 Md 138 MNd 139 Nd 140 Nd 141 1 Ce139
i4g | 388m 51h E5h | #om | 3.37d fz1 | 2GR % Vb-169
BEtza " " — Tm-168
" 5&1 £ }I:-'s ) ; 14 rlr:::' E 14
207 928 B0, ) |5 [ fus | e fE0 =]
3 a2 g T RIS T no y i T 8
Pr136 Pr 137 Pr 138 Pr 138 Pr 140 0 Tb-160
13.1 m T6.6 m 2 h | 1 m 4.5 h 3.4 m 00 £ 01
B* 3035, |eptid.. e as B 1.1 [
1 a4 G40 + 3T, 434, | 1347 1631,
814;180.. 59 L l__]‘.& . ==
Ce 136 Ca 140 0.017
0,185 88450
w (e 0,001 A
] i wiili+ BS v (.58 r T T T T T T T T
La 135 La 139 50 100 150 200 250

F.Roschetal.,, COST D18 Heidelberg (2000)p. 9.




Production of 1499Tb

spallationof Ta (or Hg) target coupled to ISOL (possibly off-line)
(HIE-)Isolde, ISAC, LAMPF, SNS, J-PARC, ESS, ISOL@MYRRHA,...
needs =GeV protons + mass separation

152Gd(p,4n) with 55 MeV protons + chemical separation
Arronax, PSI, KVI, JYFL, LLN, SPES,...
needs grams of enriched 1°2Gd, unknown C.S. & purity

152Gd(34He,6/7n)4°Dy with 120 MeV “He (or 100 MeV 3He) + chem. sep.
KVI, LLN, Karlsruhe ...
needs grams of enriched 1°2Gd, unknown C.S. & purity

144Sm(°Be,4n)1*°Dy with 65 MeV °Be + chem. sep.
needs intense °Be beam, unknown C.S. & purity

142Nd(*2C,5n) with 120 MeV 2C + chem. sep.
SPIRAL2, CSS1, KVI, JYFL, ...
needs target design for high current, optimization of yield vs. purity



Radionuclides for RIT and PRRT

Radio- |Half- E mean Ey (B.R.) |Range
nuclide |life (keV) (keV) .
ross-fire

) Estab-
Y-90 64 h 934 (3 12 mm ished
-131  8days 182 B 364 (82%) 3 mm isotopes
Lu-177 7days 1348 208 (10%) 2 mm Emerging
113 (6%) Isotopes
Th-161 7days 1548 75(10%) 2 mm
517,40 e 1-30 um
R&D
Th-149 4.1h 3967 a  165,. 25 pm isotopes:
Ge-71 1ldays 8 e - 1.7 pm supply-
limited!
Er-165 10.3h 53 € - 0.6 ym
localized

Modern, better targeted bioconjugates require short er-range
radiation = need for adequate (R&D) radioisotope supply
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A.l. Kassis, Rad. Prot. Dosimetry 143 (2011) 241.



Radiobiology of Auger electron emitters ?

M. Jensenet al., DTU Risg




Outlook

The ideal agent for cancer therapy would consistof heavy elements

capable of emitting radiations of molecular dimensi ons, which could
be administered to the organism and selectively fix edinthe
protoplasm of cells one seeks to destroy. While thi Sis perhaps not

Impossible to achieve, the attempts so far have bee  n unsuccessful.

C. Regaud, A. Lacassagne, Radiophysiologie et Radiotherapie 1 (1927) 95.
Translation : A.l. Kassis, Int. J. Radiat. Biol. 80 (2004) 789.

Today we are closer than ever to reach this goal !

What can nuclear physics facilitiesdo ?

1. provide now R&D isotopes for preclinical studies

2. facilitate facility access for remote “mail-out-us ers
from biochemical/medical research groups

3. cleverdesign of beam dumps, collimators, etc.
enabling isotope harvesting

4. get more radiochemists involved



