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Production of n.c.a. radionuclides for therapy at TUM
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Examples of n.c.a. radionuclides for therapy

A Generator systems
188\ (T, =69 d) —~2—> 18Re (T, = 16.98 h)
l.e. for percutane transluminal angioplasty (PTA)

A Reactor produced nuclides )
176yh Ny 177Yh (T,,=1.9h) —2—> 177Lu(T,, = 6.71 d)
1604 —™ 5 161Gd (T,, = 3.7 m) —2—> 161Th (T,,, = 6.90 d)
l.e. for peptide receptor radiotherapie (somatostatin analoga)

A Cyclotron produced nuclides
228Ra (p,2n) 22°Ac
l.e. for alpha-immunotherapy of myeloid leukemia
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Development of an improved 130 GBq
188\\//188Re generator

R. C. Perego, B . Wi erczinski, K. Z h
|l nstitut f ¢r Radi ochemi e, ]

T. Nikula, O. Buck
| sotopen Technol ogien M¢nec
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188\\y / 188Re generator

188Re no carrier added
high specific activity
easily and continuously available for hospitals etc.

188\ from enriched 185W via (2n, 2y) reaction
high flux reactor
thermal and fast neutrons
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188Re and its applications

188Re: 71 % b decay 2.12 MeV Therapy
26 % b- decay 1.96 MeV

16 % y-emission 155 keV T Imaging Ty, =16.98h

Applications: radioimmunotherapy of solid tumors

palliative treatment of bone metastases
and of rheumatic arthritis

endovascular radiation therapy,
l.e. for restenosis after angioplasty:
PTA (Percutanous Transluminal Angioplasty)

!

High specific activity required: > 4-5 GBg/ml (100-150 mCi/ml)
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Generator development

Choice of best aluminum oxide and optimal adsorption conditions

W adsorbed on Al ,0O4
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Max. adsorption: ~0.1 g W/ g Al,O4
l.e. 18.5 GBq 88W / g Al, O,
Example: 7 g Al,O5: 129.5 GBq (3.5 Ci) generator
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Generator development

Optimization of elution profile: dependent on ratio W/AI, O,
Elution profiles of W-188/Re-188 generators

100
90 - /
X
(= 70 -
=
S 60 -
& 50 -
[V
g 40 - —— 3 cm column. W/AI2O3 = 1 % max capacity
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10 - — 7 cm column. W/AI203 = 60 % max capacity
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Volume [ml]

80% of activity in first 4 ml => specific activity 14 GBg/ml|
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Application of *®Re-PTA

March 2006: Female patient (19y) with 2 in-stent stenosis in the only blood
supply to the only remaining kidney was successfully treated at Klinikum
Augsburg with 18Re-PTA from Radi ochedai € M¢inche
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177Lu and *1Tb: therapeutic twins?

K. Zhernosekov, Z. Dvorakova, S. Lehenberger,
Ch. Bar khausen, A. Terl e
Technische Universita?@at M¢ T

177Lu in collaboration with
R. Henkelmann, T. Nikula, O. Buck
| sot open Technol ogien M¢ncl

itm

161TDh in collaboration with
R. Schibli et al.,
Paul Scherrer Institut

PAUL SCHERRER INSTITUT

(==
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New research reactor FRM-Il Munich

Ahi gh neutron lcuaiks?

A flexible irradiation facility and sample
handling

A long-term irradiations

A next-door facility
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177y & 161Tb

—%— Ga-67

—&— In-111

. , | | Tumor size:
10" 10" 10” 10 10 Mass (g)
6.2 62 620 6200 20000 Radius (um)

TND: Dose ratio Tumor to Healthy Tissue

Uusijaruvi H. e t - aad PogitrdroEInéting Radiolmthamides far Therapy:
Aspects of Dosimetry and Production.” Journal of Nuclear Medicine(47): 807-814
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Production path ways of ¥/Lu and %1Tb

31.83

T 63
n. o <0.00002

Usable thermal flux of FRM-II: 1.3 x 104 n/cm?/s
— production of 0.1 TBqg 1’“Lu is possible

Lu 177 Tb 161

160.1d | 6.71d 6.90d
s-02 |p-0s.. |~ Moderate B-energy

iz lis.. | imageable yrays — | 605,06
m - ' ’ “en
e B | .- Auger- and — -~

conversion electrons
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177Lu 1 specific activity (in-growth of 175Lu!)
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Chemical separation of lanthanides

90 -
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7Lu 7 quality control / applications
50 mg target; 14d irradiation

A Transfer into chloride form:

i breaking of UHIBA complex
i separation from U-HIBA
I transfer into chloride form

A Final product ca. 0.75 Ci

A Labelling efficiency: 99,5%:
ratio7Lu ( mCi ) : DOZIATOC ( Og)

A Efficient labeling possible even after 2 weeks
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77Lu T future

Build an automated production facility to produce n.c.a.
177Lu radiopharmaceuticals under GMP conditions

(to be financed by ITM and Bayerische Forschungsstiftung)
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In-growth of %Dy (without chemical separation)
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Production of 22°Ac at the TU Munich cyclotron
via the 2?°Ra(p, 2n) reaction

R. Henkel mann, J. Moreno, E. Kab:
A. Eursch, E. Huenges, M. Mentler, F.G. Parak

Techni sche Universitat Mgl
V. Bechtold

€X

Actinium Pharmaceuticals, Inc.
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Decay chain of 22°Ac
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Direct production pathways of 42°Ac

U 233 part of 23’Np
2381,232Th(p, spall.) 159200 a decay series

Z

Th 228 | Th 229

e —

??°Ra(y,n)

226Ra(n,2n) —*
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Limited availability of 2°Ac —
bottleneck to clinical trials

All 225Ac available for clinical trials is obtained by separation from 229Th:
A Oak Ridge National Laboratory, United States
A Institute for Transuranium Elements (ITU), Germany

A Obninsk, Russia
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Sustainable Supply of 22°Ac — %?°Ra(p,2n) process

Radium Recycling
Radium Processing

Ac-Purification

Ra/Ac Separation Target Preparation

Target Processing Target Transportation

Target Irradiation
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Sustainable Supply of 22°Ac — 4%°Ra(p,2n) process

A What has been done:

Aproof of principlei obtained at
C. Apostolidis et al. Appl. Radiat. Isotopes 62: 383 (2005)

A What we want to achieve at TUM:

devise an industrial process and build a pilot plant to supply several
3,7 GB(g (100 mCi) %%>Ac / month for clinical trials produced by the
226Ra(p,2n) process with comparable product quality as obtained by
separation from 22°Th.
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Resources at TU Munich
Available 22 MeV H*-cyclotron, internal beam, 300 uA max. operated by
Physics department — chair of physics and biophysics (E17)

Available (empty) experimental hall with licenses for handling radioactive
materials adjacent to cyclotron

Cyclotron staff and operators
Radiochemistry with (radio-)analytical tools, know-how and 2?°Ra

Mechanical engineering, Institute for Machine Tools and Industrial
Management

Nuclear medicine, Klinikum rechts der Isar
Industrial partner, Actinium Pharmaceuticals Inc.

INSTITUT FUR
RADIOCHEMIE

Actinium Pharmaceuticals, Inc.
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Extraction system and beam line
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Rotating target

Dummy target ~—
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