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: Road Map for the development of hadron therapy and
associated nuclear medicine methods at JINR:




AND IN RUSSIA
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Procedure for

Diagnostic imaging
Planning

Individual manufacturing
Immobilization
Verification

Irradiation

Follow up

NoOahRWNRE



Computer and Magnetic Resonance
Imaging are used for diagnostics and
preparation

The modern 3D Treatment Planning System (TPS) from
LLUMC is used. This system was adjusted for the use
with Dubna beam and calibrated in several dosimeter
experiments, where the algorithm was checked. Good
agreement of calculated and measured dose distributions
was achieved. Treatment plan is also x-checked by the
local TPS.




Step by step (I)

s 2010:06501514:32




Final stage in preparation is simultaneous
X-ray image with bones structure, low
intensity proton beam and digital
reconstruction of the coordinate axes,
target and critical structures






- Treatment at

No of No of _
accelerator runs  patients treated Diseases treated

3

Astrocytomas —

Paragangliomas — 5 pts

Pituitary Adenomas — 22 pts

AVMs — 63 pts

Brain and other metastasis — 59 pts
Other head and neck tumours — 194 pts
Melanomas - 11 pts

Skin diseases — 45 pts

Carcinoma metastasis of the lung — 9 pts
Breast cancer — 46 pts

Prostate Adenomas — 1 pt

Sarcomas - 14 pts

Other — 28 pts

Number patients treated in 1999-2011 is 780
The geography includes Russia and JINR Member States



World statistics

Patient Statistics (for the facilities in operation end of 2010):

WHERE

WHAT

FIRST
PATIENT

PATIENT
TOTAL

DATE OF
TOTAL

Canada
China
China
England
France
France
Germany
Germany
Germany
Germany
Italy
Japan
Japan
Japan
Japan
Japan
Japan
Korea
Russia
Russia
Russia
South Africa
Sweden
Switzerland
CA., USA
CA_, UsA
IN., USA
MA., USA
TX, USA
FL, USA
OK, USA
IL, USA

Wancouver (TRIUMF)
Wanjie (WPTC)
Lanzhou
Clatterbridge

Nice (CAL)

Orsay (CPO)

Berdin (HMI)

Munich (RFTC)

HIT, Heidelberg

HIT, Heidelberg
Catania (INFN-LNS)
Chiba (HIMAC)
Kashiwa (NCC)
Hyogo (HIBMC)
Hyogo (HIBMC)
Tsukuba (PMRC, 2)
Shizucka

llsan, Korea

Moscow (ITEP)

St. Petersburg
Dubna (JINR, 2)
iThemba LABS
Uppsala (2)

Villigen PSI, incl OPTIS2
UCSF - CNL

Loma Linda (LLUMC)
Bloomington (MPRI, 2)
Boston (NPTC)
Houston

Jacksonville
Oklahoma City (ProCure PTC)
CDH Warrenville

o
CTUOT T O T OO O T OO OO O D gD T OO OO 5T
= = 3

=

1995
2004
2009
1989
1991
1991
1998
2009
2010
2010
2002
1994
1998
2001
2002
2001
2003
2007
1969
1975
1999
1993
1989
1996
1994
1990
2004
2001
2006
2006
2009
2010

thereof

152
1078
126
2021
4209
5216
1660
446
400
40
174
5497
7r2
2382
638
1849
986
648
4246
1362
720
a1
1000
772
1285
15000
1145
4967
2700
2673
21

64702

Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Mar-09
Aug-10
Dec-10
Nov-09
Nov-09
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-10
Dec-09
Dec-10
Dec-10
Dec-10
Jan-11
Dec-10
Dec-10
Dec-10
Dec-10
Dec-09
Oct-10
Total

6661 C-ions
58041 protons

ocular tumors only

ocular tumors only
ocular tumors only
4245 ocular tumors
ocular tumors only

estimate; has to be confirmed
estimate; has to be confirmed
ocular tumors only

47 ocular tumors
ocular tumors only

about 500 with scanning




Dubna results on

v'  Arterio Venous Malformations -

av |Iable for analy3|s Complete obllteratlon was conflrmed i
30- 99% obliteration. Two patients (4,35%) had no effect.

Dubna preliminary analysis gives ~80% compared to the wa
result — 93% and 77% (for 5 and 10 years)

43% and 97% (18months)
60% (no recidive)

70-90% (for micro-adenomas)



http://mtk.jinr.ru




Development of collaboration with INR (Troitsk)
related to 3D conformal proton therapy

tment room

Development of JINR-INR collaboration
Exchange of experts and information about PT technology and TPS
Development of diagnostic and verification methods

Participation in common projects



Proton Therapy technology transfer to the specialized medical centers
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modification of
sector

Vertical betatron Q,=0,25
frequency is
increased at R>80
Vertical coherent 6-7mm 1,5-2mm
beam displacement

. . . . related to effects of
Modifications in the design were |egian plate should

accepted by IBA and an [bereduced
agreement was reached to |Beam losses should | 50% 15%

be reduced at proton
construct such cyclotron at JINR. acceleration
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Beam losses at 50% 25%
. . extraction were
This cyclotron will be used for | 4,ceq
pilot Russian Nuclear Medicine [Reduction of Radiation dose
center, which is constructed by rc";‘,i'litt'fonndecl’;i ;):us gre?]’g'n‘;tsmn
Federal MGdlCO'BlOlOglcal Agency. Caused by Of beam ShOUId be
current losses reduced several

times




June 2011, delivery of cyclotron magnet August 2011, ready for
magnetic field tuning




Assembling and first magWs ofcﬂtron C235 V3 %NR




Dimitrovgrad project

Certification of PT equipment was done for the first time in RUSSIa
(the only one yet)




Cancer Treatment with Carbon beam

254 MeV/u carbon ions
300 MeV/u carbon ions

135 MeV protons

18 MV photons

[
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[
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In collaboration with IBA the JINR team has
designed the C400 - Compact Super
Conducting Cyclotron for Hadron Therapy

8 10 12 % 1B
depth in water [cml




Nuclotron technologies as a basis of
superconducting medical synchrotron for hadron therapy

ﬂm‘n .

") e

One of the possible magnetic structures
and parameters of SC synchrotron




Superconducting Carbon GANTRY

echnology industrial centers should
ovide construction of large scale equipment
ke carbon gantry, provide precision welding
and high quality machining of this equipment.

The project is developed in collaboration with
“Almas-Antej” where such experience exist.
Basics of the project were reported to the
Working Group and Technical Council of
Russian Ministry for Trade and Industry.

Gantry rotation angle,
degree

Positioner rotation
angle, degree

180

Main dipole magnet

Magnetic field, T 3.2
Bending radius, m 2
Weight, t 28




Carbon treatment and on-line dose verification with HC#*

ESIS —Superconducting JIN
lon source, applied for carbo
lon injection

PET/CT and CT images

The technology of formation of primary
carbon ion beam in ESIS was proposed and
successfully tested by the group of E.Donets
from JINR VBLHEP in collaboration with
National Institute of Radiological Science
(Japan)



Development of pixel semiconductor detectors tor C'T diagnostics

Operation principles of X-ray detection in
CT tomography

. » ﬁ }

- » # -

Analyzed X-ray detector
object (with out spectrometry)

— -
- ::‘ '

Spectromeltry detector of
X-rays

Image of object

K-edge and attenuation

o Attenuation Spectrum

—— lodine (33.0 keV)
——— Barium (37 .4 keV)
—— Gadolinium (50.2 keV)
——— Calcium

Water

Photoelectric Effect

Gd

Mass Attenuation Coeff (wp, cm’/g)

Energy (keV)

8800-0%-L8112-20
Y-089- €4}




MAPD Application for PET and combined PET/MRI

B - High Dynamic Range (pixel densities of up to 40000 mm?)
» Photon Detection Efficiency up to 30 %
» Gainupto 10°
+ Better radiation hardness
» Insensitivity to magnetic field.
» Compact and rigid
» Low voltage supply (<100 V)

Drawbacks:
» Temperature dependence (a few %%/°C)

+ High dark rate (> 0.5 MHz/mm?)
+ Large Recovery time.

Synthetic
MR-PET Image




v The method of 3D conformal proton therapy developed at
JINR is effectively used for patients treatment.

v The transfer of this experience to the wide medical
practice is under way. In collaboration with IBA the JINR is
participating in the construction of the first Russian Center of
Nuclear Medicine in Dimitrovgrad.

v" The construction of other centers in Russia and JINR
Member States will profit from this experience. The projects
of such centers are under discussion now.

v' There are plans of further development of hadron therapy
methods and equipment including superconducting
accelerators for carbon treatment and new diagnhostic
devices. These developments are performed at JINR in a wide
International collaboration .
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