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begin operation of first cyclotron wholly
dedicated to medical isotope production

m 1961 Scanditronix is founded



Applied Exploitatiol niques
ysics Solutions 2 Pointe en Physi

Isotopes

iagnostics and Therapy)
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0gy (migration of elements in soils and
waters)

= Pharmacology (metabolic studies)
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Medicine

'1/CT (Po mission Tomography)
Short-lived positron em
C, BN, 1°0 and 8F
CT (Single Photon E
mography)

ledium Half-Lives

1gle photon emitters

@ Theram,

Isotopes with longer lives that form molecules that
preferentially attach to tumour sites

Decay products have high linear-energy transfer

mission Computed
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Generalized Cyclotron
SPEC flcatlons for Producing

—

viedical Radioisotopes
I/CT Radionuclides

rgies <20 MeV
rrents ~ 50 LA per targ
’ ted near user
trons for SPECT Radionuclides
rgies = 20 MeV to 35 MeV

» ents =~ 500 uA to 1.5 mA

lives permit distant delivery

N Cyclo ons for Therapeutic Radionuclides
= Energies =35 MeV to 70 MeV

s Currents 2 500 uA

» Half lives permit distant delivery




AAPS

Advanced Applied
Physics Solutions

ETPP

Exploitation des Techniques
de Pointe en Physique

Cyclotrons

2roducing Medical Radio
. |sotopes
@ > 600 world wide in 2006
> 850 predicted by 2012
Sales about 50/ year

SOURCE: Data from American College of Radiology Research Department.

Advancing Nuclear Medicine Through Innovation
http:/fwww.nap.edufcatalog/1585.html

NUCLEAR MEDICINE

Nuclear Medicine
USA Growth

22 ADVANCING NUCLEAR MEDICINE THROUGH INNOVATION 2,000 rid
1,800
TABLE 2.1 Procedures per Medicare Fee-for-Service Beneficiary, by & :
Imaging Modality 5 1o g
. = q400 E
Share of All Imaging @ 12 g
Average Annual (o) £ 1200 ]
Growth Rate g
2000 2005 (%) 2000 2005 1.000 B E
3.83 4.99 5 100 g 800 k-]
CT 0.33 0.57 11 9 10 ﬁ 00 1 JE
MRI 0.10 0.19 13 3 3 3
Nuclear Medicine
Non-PET 0.21 0.33 9 5 6
PET and PET/CT 0.00 0.01 80 0.02 0.05
Ultrasound 0.84 1.14 3 22 22 10
Interventional 0.17 0.26 8 5 5 2006 )
Mammography 0.21 0.33 9 6 é =o—total reimburssment
X-ray, excluding =t number of procedures
mammography 1.94 2.14 2 51 49
Other 0.01 0.03 37 0.2 FIGURE 2.1 Number of nuclear medicine procedures that were approved for reim-

bursement by the Center for Medicare and Medicaid Services and total reimburse-
ment for 2003-2005. SOURCE: Data provided by CMS,

21




Vedical Isotope Cyclotrons
Worldwide (from IAEA-DCRP/2006)
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FIG 1. Dizoribution of proton energias as reported by respondants to the I4EA surmvey.




Cyclotlon PET Compounds
(from IAEA-DCRP/2006)
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FIG 3. Number gf repovting institutions that use a particular compound.
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Nuclear Reactions used for

Procduction of Radionuclides
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Selected Medical
Radioisotopes,
some of their
properties,
possible nuclear
reactions, and

yields.
From

T.J. Ruth et al
Nucl. Med. Biol.
Vol 16, No. 4,
pp- 323 - 336
(1989)

Medical Lifetime Nuclear Target Energy | Production | Typic
Isotope Use Reaction Abundanc | Range Yield al
T e (MeV) | (mCi @ sat) | Dose
(%) (mCi)
e 20.4m PET "B(p,n) 80.3| 8-20 40/pA
c 20.4m PET UN(p,o) 996 | 12 100/pA
1c 20.4m PET B(d,n) 19.7 7 10/uA
BN 9.96m PET BC(p,n) 11] 5-10 115/uA
BN 9.96m PET C(d,n) 989 2-6 50/pA
BN 9.96m PET °0(p,a) 99.8| 8-18 65/uA
&l0) 2m PET BN(p,n) 0.36| 10-15 A7/pA
0 2m PET 0(p,pn) 99.8| >26 25/pA
0 2m PET “N(d,n) 996| 8-6 27/uA
BF 109.8m PET 0(p,n) 020 8-17 180/uA | 5-20
“F 109.8m PET “Ne(d, o) 90.5 82/uA
%Cu 127h | SPECT | *Ni(p,n) 093] 5-20 5/uA
*Cu 619h | SPECT | ™Zn(p,2p) 190 >40 0.02/uA
*Ga 783h| SPECT | %®Zzn(p,2n) 19.0 | 20-40 4.5/uA 10
“Sr/*™"Rb |  25d/5m PET “Rb(p,4n)*Sr 722 50-70 | 0.18/pAh
Produces Rb
e 6h| SPECT [ '™Mo(p,2n) 9.7 19 14/pAh 20
%pqg 175d | Therapy | ™Rh(p,n) 100 | 10-15 0.52/uAh
) 67.2h | SPECT | ™Cd(p,2n) 24.1| 18-30 6/uAh 3
12 13.2h | SPECT | **Xe(p,2n)**Cs 0.10| 25-35 27/uAh
—>123X€—>123|
13 13.2h | SPECT | ™Te(d,2n) ™I 089 10-15 20/uAh
124 4.1d PET Te(p,n) 471 10-18 0.1/uAh
124) 4.1d PET Te(d,2n) 471 >20 0.15/uAh
"Re 90.6h | Therapy | **W(p,n) 28.4 18
ISPECT
2 735h| SPECT | **TI(p,3n)*"Pb 295 27-35 0.7/uAh 4
_)201-”
At 7.2h | Therapy | *Bi(a,n) 100 28 1uAh | 0.05-

.01







@ Previously

s Scanditronix (MC
series cyclotrons)

= The Cyclotron

Corporation (TCC/CP
series cyclotrons)

= Japan Steel Works
(JSW/BC series
cyclotrons)

= Computer Technolo%y
and Inaging Inc (C
with their CTI-RDS,
Radio Isotope Delivery

IBA System cyclotrons)

KIRAMS @ Others
Siemens o PSI Injector

Sumitomo o TRIUMF
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ASCI

self-shielded option)

fixed energy)

TR19 (H-, fixed or variable energy)

I'R24 (H-, variable energy, 15 - 24 MeV)

R30 (H- variable energy, 15 - 30 MeV, I £ 1.2 mA)

R30/15 (H-/D-, Variable energy, 15-30 /7.5 -15,1<1.2mA)
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Cyclotron Systems, Inc
[poster MOPCO17]

leV, 100 pA

a N .Energy . leV, 1,500 pA

Energy 70 MeV, 800 pA
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sest Cyclotron Systems, Inc
= [poster MOPCO17]

BEST 14

SERL L

BEST 35 BEST 70




iGhina Institute of Atomic Energy
(CIAE)

5 CYCCIAE- 14 [poster MOPCP030]
= 14 MeV, 400 uA

lon Source and Vacuum Main

Injection Line sy _ = /Chamber " Coil

Beam
P Extraction

Main Coil

Pole

Extraction




(CIAE)

=5 CYCCIAE- 70 [posters MOPC030 & MOPCO031]
« 70 MeV, 750 uA

RF Cavity Main Magnet Elevating System Centering Coil Shimming Bar

YVacuum
Chamber

Main Coil | %

lan Source £
Injection line

Support
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“fremov Institute
~ (NIIEFA)

100/50 pA
& Vertical Acceleration Plane
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EuroMeV

Superconducting, 40 kW, 3.8 ton
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on beam Applications
' (IBA)

poster MOPCP074]

OPCO074
lone 10/5
D-,10/5 MeV, 100/35 pA




Jon Beam Applications
(IBA)

= Cyclone11
= H+, 11 MeV, 120 pA
= Self-shielded
= [poster MOPCPP072]




PSS m Applications
~ (IBA)

e 18 Twin
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(IBA)

= H-, 15-30 MeV, 400 pA
ST

s H-,15-30 MeV, 800 pA

HC

8 H-, 15-30 MeV, 1500 pA

= XP

= H-, 15-30 MeV, 400 pA

= D-, 8-15 MeV, 50 uA

o He++,30 MeV, 50 epA

o [poster MOPCP070]
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70 MeV, fixed-energy
yclone -70 Arronax
- 35-70, 750 nA

D-, 17-25 MeV, 50 pA
He++, 70 MeV, 35 pA
= H,+ 35 MeV, 50 uA
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\/r']! tron Application Laboratory
(KIRAMS)

380 uA

RAMS-30
-, CUSP, 30 MemA




Iemens

S

2 beam lines

, 40 uA

1 MeV
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Sumitomo Heavy Industries

HM-7

» H-/D-,7/3.5 MeV
HM-10

= H-/D-, 9.6/4.8 MeV
HM-12/S

= H-/D-,12/6
HM-18

« H-/D-, 18/10
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parison (E, =< 20 MeV)

Company Cyclotron | Particles Energy Beam lon RF Plane | Cyc. | Shield | Power
Name Model Current | Source Freq. Of | Weight | Weight
(MeV) (uA) Type (MHz) | Accel (® (® (kW)

ACSI TR14 H- 14 >100, Cusp 74 Vv 22 40
ACSI TR19/(9) H-/(D-) 19/(9)| >300/100 Cusp 741371V 22
ABT TableTop H+ 7.5 5 PIG 720 H 3.2 7.6
Best BSCI 14p H- 14 100, PIG 73] H 14
CIAE CYCCIAE14 H- 14 400 Cusp
NIEFA CC-18/9 H-/D- 18/9 100/50 Cusp 38.2 20
EUROMEV | Isotrace H- 12 100 Cusp 108, V 3.8
GE MINItrace H- 9.6 >500 PIG 101] V 9 40
GE PETtrace H-/D- 16.5/8.6] >100/65 PIG 27.2] 'V 22 47
IBA Cyclone 3 D+ 3.8 60 PIG 14 H 5
IBA Cyclone 10/5| H-/D- 10/5] >100/35 PIG 42/  H 12 40
IBA Cyclone 11 H+ 11 1200 PIG 420 H 13 52
IBA Cyclone 18/9| H-/D- 18/9] 150/40 PIG 42  H 25
KIRAMS Kotron-13 H+ 40372 1000 PIG 773 H 20 80
Siemens Eclipse RD H- 11 2x40] PIG H 11 39
Siemens IEFC,/"Sste H- 1] 2x60 PIG 72
Sumitomo HM-7 H-/D- 7.5/3.8 V 30
Sumitomo HM-10 H-/D- 9.6/4.8 V 52
Sumitomo HM-12/S H-/D- 12/6)] >60/30 PIG 45 V 11 56
Sumitomo HM-18 H-/D- 18/10f >90/50, PIG 45 H 24 86
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(E, <20 MeV)

Company Cyclotron | Particles Energy Beam lon RF Plane | Cyc. | Shield | Power
Name Model Current | Source Freq. Of [Weight | Weight
(MeV) (pA) Type (MHz) | Accel (® (® (kW)
ACSI TR14 H- 14 >100 Cusp 74 V 22 40
ACSI TR19/(9) H-/(D-) 19/(9)] >300/100| Cusp 74137 22
ABT TableTop H+ 7.5 5 PIG 721 H 3.2 7.6
Best BSCI 14p H- 14 100 PIG 73] H 14
CIAE CYCCIAE14 H- 14 4000 Cusp
NIIEFA CC-18/9 H-/D- 18/9| 100/50 Cusp 38.2 20 6
EUROMEV |Isotrace H- 12 100] Cusp 108 V 3.8 4
GE MINItrace H- 9.6 >50 PIG 101] V 9 40
GE PETtrace H-/D- 16.5/8.6 >100/65 PIG 2721 'V 22 47
| IBA Cyclone 3 D+ 3.8 60 PIG 14 H 5 14
IBA Cyclone 10/5| H-/D- 10/5/ >100/35 PIG 421 H 12 40
IBA Cyclone 11 H+ 11 120, PIG 421 H 13 52
IBA Cyclone 18/9] H-/D- 18/9] 150/40, PIG 421 H 25
KIRAMS Kotron-13 H+ 40372 1000 PIG 773 H 20 80 18"
Siemens Eclipse RD H- 11 2x40  PIG H 11 39
Siemens jg}g’Tse H- 11l 2x60 PIG 72
Sumitomo HM-7 H-/D- 7.5/3.8 \Y 30
Sumitomo HM-10 H-/D- 9.6/4.8 \Y 52
Sumitomo HM-12/S H-/D- 12/6f >60/30| PIG 45 'V 11 56 4
Sumitomo HM-18 H-/D- 18/10, >90/50] PIG 45 H 24 86 5
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Comparison
20 = E. < 35 MeV

P X

Company | Cyclotron Particles Energy Beam lon Peak | Hill RF Plane | Cyc. |Power
Name Model Current | Source | Field | Valley | Freqg. Of |Weight
(MeV) (uA) Type (T) | ratio [ (MHz) [ Accel ® | (kW)

| ACSI TR24 H- 24 >300] Cusp 2.1 4 83.5( Hor V 84 80

ACSI TR30/(15) H-/(D-) 30/(15)1500/400; Cusp 1.9 H 56 150
Best BCSI 35p H- 15-35 1500 Cusp 700 H 55 280
IBA Cyclone 30 H-/(D-) 30/(15) 1500/?f Cusp 1.7 14 H 50

KIRAMS |KIRAMS-30 15-30 500
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Comparison
E, = 55 MeV

Company | Cyclotron | Particles | Energy | Beam lon Peak | Hill RF | Cyc. |Power
Name Model Current | Source | Field |Valley| Freq. [Weight
(MeV) (nA) Type (T) | ratio | (MHz) | () | (kW)
- | Best BSCI 70p H- 70 800| Cusp 1.6 58 195 400
CIAE CYCCIAE70 H- 70 750 Cusp
IBA Cyclone 70 H-/o
30-70/15-
Cyclone 70 H-/D- 2x350/5
IBA (Arronax) [Ho+/He™ 35 0 /50/35 L7 e Gy A

[17.5/70
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- 'OJected 99mTc Use/demand

A o ommissron Report SANCO/C/3/HW D(2009) Rev. 8

| @ Europe " Asia / Pacific B N.-America Bl Cthers

30M

25M

20M

- Estimated in vivo nuclear medicine procedures with M Te/ Mo, lab tests excluded, for major world
regions 1990-2020 (million procedures per year).
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'‘roduction of 2°MTc

icine Depends on Mo/ mTc



Wirect Production of 2°MTc

= 9OMo(p,2n)”™Tc yields 15 mCi/pAh at 20 MeV

= Each medical procedure uses about 20 mCi
B B.Scholten et al. / Applied Radiation and Isotopes 51 (1999) 69-80

-
g 8

g

g

2
Integral yield [MBg/uAh]

g

Integral yield [mCi/pAh]

[y]
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=

—
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< = 0
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Fig. 4. Integral yields of **"Tc and Mo calculated from our excitation function curves given in Figs. 1 and 2.
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P"OJECted Future for SPECT

2E o) 111[55[0[1 Report SANCO/C/3/HW D(2009) Rev. 8
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Projected Future for PET

FGOTMMIission Report SANCO/C/3/HW D(2009) Rev. 8

2008 2025

s PET-modahties s S PECT-moedalities
“CT-modalities e MRI-modalities
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PETNET

10,000,000

Gontinued Growth of Nuclear
Medicine

- Growth of FDG produced by

FDG (MCi)

9,000,000

8,000,000

7,000,000

6,000,000

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

Ci per month of FDG produced — PETNET production records Dec 2001 to present



\pplie: -\ Exploitation des Techniques
Solutions . de Pointe en Physique

‘cyclotrons address PET
demands?

ns need to reduce footprint
ates Weight with Current

log

ey switch to a Single Dose Modality
: 1ces Cyclotron Current
-. uc eCyclotron Energy
. 2duces Shielding Required
Simplify Operation
= Single Button Operation
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SINGLE DOSE
TARGET
VOLUME

Chemistry on a
Chip under
development
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