- ‘ [e—

LEUVEN

I

l
KU LEUVEN

Alpha-emitting Radionuclides:
Ra-223

prof. dr. K. Goffin

Nuclear Medicine and Molecular Imaging
Department of Imaging & Pathology
UZ Leuven i KU Leuven
v Belgium




Background

5
A
(©]
=
m
=
m
(o=
4
<
m
oo
@
5
u
=

F
m
C
<
11
<

A Bone metastases are present in
I CRPC (castration resistant prostate cancer) patients: > 90%
I MBC (metastatic breast cancer): up to 80%

A Bone metastases are a major cause of mortality, pain,
morbidity (decrease of quality of life)

A Bone metastases cause skeletal events

(need for radiation of bone or for orthopedic surgical intervention,
spinal cord compression, pathological bone fracture)

Needfor effectiveandtolerabletherapiesthat improvesurvival
andreduceskeletalevents




THE ONLY SAFE WEAPONS
AGAINNST CANCER ARE
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Radium-223

Radium Targe i e Metastases
by Acting as a|Calcium Mimetic

. Radium’s Place on the Periodic Table of Elements*

5 X M hydrogen B poor metals
Li Be alkali metals & nonmetals
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Alfa versus Beta
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Helium-nucleus .‘.’&:‘;:
High LET: 80 keV/um
Short range (~um)
2000-7000 ionpairs/pm
Double strand DNA breaks
Irrepairable

2-3 tracks kill cell
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Elementary particle
Low LET: 0,2 keV/um
Longer range (~mm)
5-20 ionpairs/um

DNA damage can be repaired
Cross-fire necessary

+/- 1000-10000 tracks kill cell
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a-particle radiation
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Tumor
cells

Bone
marrow

Osteoblast X : v

Radium-223 et il s i II Alpha-

deposition : : = particle
radiation

Newly Osteoclast
formed
bone
Targets new bone growth within Irradiates adjacent tumor cells leading
and around bone metastases to highly localized tumor cell killing

Nilsson, Am Soc Clin Oncol Educ Book, 2014



U-particle tracks in different bone areas
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Spongious bone Osteoblastic zone

Fig. 2. Microautoradiography NOte the Short traCk

from a dog injected with an

a-emitting bone seeker. Distribution |ength
of a-particle tracks in normal

spongious bone (A, /eft) and an

osteoblastic zone (B, right).

Bruland, Clin Cancer Res, 2006



Decay scheme radium-223
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Total energy emitted by Radium-223 decay chain
radium-223 and daughters is (predominant type of decay)

28,2 MeV
- 95,3% as a particles
- 3,6% as b particles

- 1 . 1% as g Photon emissions associated?

Nuclide  Energy Intensity
(keV) % per
decay
223Ra M7 22.90
22Ra 45.8 12.70
223Ra 55.8 18.50
223Ra 81.1 15.20
223Ra 83.8 25.10
223Ra 949 11.50
?2’Ra 269.5 13.90
219Rn 271.2 10.80
21Bi 351.1 13.00

207pb
stable

Henriksen, Cancer Res, 2002
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Radionuclides for therapy of bone M+
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Radionuclides/radiopharmaceuticalsed for thetherapy of bone metastases

Isotope Radiopharmaceutical  Halflife  Energy (MeV) i-Energy  Softtissue range (mm) UsualActivity
(days) (maximum/mean) (keV) (%) (maximum/mean)

“p 32P—orthophosphate 14.3 MPT K)DT noi- ydPpkooi 0 5-10 mCii.v. 10
12mCi p.o.
*sr ®srcl 50.5 Mdnckn®dpy 091(001) TKH®N 61 0 4mCiiv. 460
pCilkg i.v.
153 153 ;o . n
Sm SmMEDTMP 1.9 nedymkn®Ho 103(28) odnkndc o) 1mCikgi.v.
*Re *ReHEDP 3.7 MOPNTKADop 1379 o dPTKMOM 6 35mCiiv.
*Raci p®cnmear) v 154 (5.6) (_0.050.08 1.4 uCilkg i.v.
269 (13.6)
117m 117m o o
Sn SnDTPA 13.6 0.127.0.129 and 0.1£159 0.2-0.3 (conversion  0.050.27mCikg
(conversion electron: electrons) V.

Goldsmith, Nuclear Medicine Therapy, 2013



Bone surface to red bone marrow ratio
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Table 4. Characteristics of some bone seekers used clinically in patients with skeletal metastases

Radiopharmaceutical Physical t,,, (d) Average particle Range in tissue (mm) Bone surface to red bone
energy (MeV) per decay marrow dose ratio
Metastron (¥9SrCl,) 50.5 0.58 2.4 1.6%
Quadramet (***Sm-EDTMP) 1.9 0.22 0.55 4.47
Alpharadin (?2°RaCls,) 11.4 27.4° <0.1 10.3¢

*Based on values presented in prescribing information at:http://www.cytogen.com/professional/quadramet/pi.php.
‘Based on values presented in prescribing information at:http://www.amershamhealth-us.com/shared/pdfs/pi/Metastron.pdf.

Including daughter nuclides.
iAverage ratio estimated based on the ICRP-67.

Bruland, Clin Cancer Res, 2006
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Imaging of *2°RacCl,
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Small bowel

0-10m 20-30m

e U

1d | __2d No liver
N No gallblader

Colon

232 min post

7t .
1 3 5

6d '\'/o'iume rdered C Bone sce;n -D13

Carrasquillo, EJNMMI, 2013



Bone targetting one day after injection
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Tc-99m MDP Ra-223 Carrasquillo, EINMMI, 2013
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ALSYMPCA trial
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Alpharadin in Symptomatic Prostate Cancer Patients

Parker, NEJM, July 2013



