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Particle Radiation Including Hadrons in Clinical Radiotherapy
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lonizing Radiations

X-rays — 1895

Radioactivity & Radium — 1898
Biological effects of Radioactivity — 1898
Clinical use of Radium in Cancer — 1903

Era of Superficial X-ray, Deep X-ray, 226-Radium, 137-Cs, Radon
Gold Seed

Discovery of Neutron, VG Generator — 1931-32
Clinical application of Neutrons — 1938 — Poor Results
Radium substitutes, Linear Accelerator — 1951

Proton tt — 1954, Berkley, 1957 Uppsala

Cyclotron — Hammersmith Hospital — 1955

Long gap — renewed interest from 1980s onward



Comparison conventional RT vs Hadron RT

* Conventional (X- & y Rays):
— Sparsely & Indirectly ionizing
— Infinite range

e Hadron RT

— Densely & Directly lonizing
— Finite Range [Brag Peak (not seen in electrons)]
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W H Bragg E O Lawrence Robert Wilson
(1904) (1939-46) (1914 - 2000)

1946: Harvard physicist Robert Wilson suggested:
» Protons can be used clinically

» Accelerators are available (1939-1946)*
» Maximum radiation dose can be placed into the tumor

» Proton therapy spares normal tissues

» Modulator wheels can spread narrow Bragg peak

NOTE: ESS, PSPT & IMPT( SPOT or LINE Scanning now a days




1954: John Lawrence treats first patients at Berkeley
Research centre open for clinical application
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Some Earlier Hadron Therapy Projects

Particle Location

Neutrons

Protons Uppsala, Sweden

Harvard/Massachusetts General Hospital,

United States
Harwell, United Kingdom
Dubna, Soviet Union
Gatchina, Soviet Union
Hoscow, Soviet Union
Chiba, Japan

Helium Berkeley, United States

Heavy lons Berkeley, United States
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Cyclotrons

D-T Generators

Location

Hammersmith, United Kingdom

Edinburgh, United Kingdom

Berlin-Buch, Federal Republic of Germany

Louvain, Belgium

Tokyo, Japan

Chiba, Japan

Anagawa, Japana

Tohoku, Japan

College Station/Houston, United States

Houston, United States

Chicago, United States

National Accelerator Laboratory, United
States (near Chicago)

Cleveland, United States

Seattle, United States®

Los Angeles, United States

Manchester, United Kingdom

Glasgow, United Kingdom

Amsterdam, The Netherlands

Hamburg, Federal Republic of Germany
Heidelberg, Federal Republic of Germany
Philadelphia, United States
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*J. Balosso et al. Nuclear Physics in medicine — Hadrontherapy, 2013 (http://www.nupecc.org/Nuclear Physics in medicine)



*Proton & Carbon lon facilities & Patient capacit
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Evolufion af the number of profton therapy cenfers in the world between 1950 and 2015
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Exponential Growth of Centres, Treatments Rooms & Projected Number of Patients




WorIdW|de Status of Hadron Therapy Facilities
 About 43 (end of 2013)

* About 27 under construction in 2013

* Likely Proton therapy room facilities by 2017 : 255
* Likely Proton therapy room facilities by 2020 : 1000
* No. of patients treated:

— Proton : ~ 1,00,000
— Other lons : ~ 14,000
* Approx. Cost of setting up:
— Cyclotron based Proton : 70 — 80 M
— Synchrocycl. Based Carbon 200M O
* Approx. Tt. Cost for patients:
— Proton Treatment : ~ 3-times of normal RT

— Carbon Treatment : ~ 7-times of normal RT



Evolution af the number of proton therapy centfers in the world between 1950 and 2015
180 9000

2012 Treatment Capacity : > 20 000 patients(*)
2015 Treatment Capacity : > 50 000 patients(*)
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The advantageous dose profile of a charged particle beam compared to X-ray photons -
Weber U, Kraft G. Comparison of carbon ions versus protons. Cancer J. 2009 Jul-Aug;15(4):325-32.
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In a typical treatment plan for proton therapy, the spread 10-Gt bragg peak (SOBP, dashed blue line), is the
therapeutic radiation distribution. The SOBP is the sum of several individual Bragg peaks (thin blue lines) at
staggered depths.The depth-dose plot of an x-ray beam (red line) is provided for comparison. The pink area
represents additional doses of x-ray radiotherapy—which can damage to normal tissues and cause secondary
cancers, especially of the skin - "Proton beam therapy®Levin et al British Journal of Cancer (2005) 93, 849-854



http://en.wikipedia.org/wiki/Bragg_peak
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LET

REE —»

Quality of dose distribution ——»

The RBE for protons is much lower than that of carbon ions or neutrons as it has a lower LET value.
Kogel AVD, Joiner M. Basic Clinical Radiobiology. 4th ed ed: Hodder Arnold; 2009.



L.E.T Related RBE of Hadron Particles
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EXPANDING
PROTON FACILITIES,
PATIENT LOAD
& PATIENTS ROOMS



Patient Statistics
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Worldwide Proton Therapy Facilities in Operation (43 Nos)
US-09, EUROPE-17, JAPAN-10, CHINA-02, CANADA-02, TAIWAN-01, KOREA-01 S. AFRICA-01
Facilities under planning (27)

PT Contracted market shares - PROTON -
(1994-2010) in ROOMS (Total = 96) ( b&

Still River Varian SHI
3% 5% 7% ’

AN

MITSUBISHI

MELCO
1% A l HITACHI

© Sumitomo Heavy Industries. Wd.
QUANTUM EQUIPMENT DIVISION

Hitachi -
VARTAN

13%
medical systems

CHALLENGES TO ADOPTION OF T p———
PROTON TO HERAPY

» Limited vendors/FDA & CE approval CPTIVUS
» Equipment/Software maturity/ integration - T_' ; _'F

> Need based facility layout planning irﬁi/izs’)

» 2D/3D Imaging integration/In-vivo imaging

» Cost/ Gestation for implementation Period SIEMENS
i gi\giltr;r;}orggﬁaggovcgregzgs;fs Proton Facilities under planning (27)
> Dosimetery and delivery QA USA-09, EUROPE-11, JAPAN-01, CHINA-02, KOREA-01,
India-03*

»Lack of knowledge about clinical conditions for * Apollo, TMC, DSCI

which proton therapy provides better cancer care.



Types of Machines: Variable Design

(Specific QA and Safety)
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Home grown (Cyclotron)
H  Harvard Cyclotron
H  Indiana university
Loma Linda (only one of its kind): (Synchrotron)
IBA (Cyclotron)
Hitachi (Synchrotron)
Mitsubishi (Synchrotron)
Sumitomo (Cyclotron)
ProTom (Compact Synchrotron)

Mevion (Superconducting Synchrocyclotron)



PROTONS

Dose distributions for IMRT versus proton plans for a
paediatric rhabdomyosarcoma - Kozak et al, IJROBP, May 2009
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Trofimov A et al. IJROBP,
Oct 2007



PENCIL BEAM SCANNING TECHNOLOGY

Clinically useful IMPT Technoloqgy

e | e Pre- history of
pencil beam Math

X-raytube

Dose
monitor
chambers

Range
shifters

proton bea.n
scanner setting

1884-1944

ireorge D Birkhoff, on drawings composed

iform straight lines Journal de Math.
P%t appl. 1940 (19), 221-36

3 - _ 4 éPrecué e PENCIL BEAM concept
e R e % Arbitrary p eﬁh a pencil and a ruler

L=

-,
Trn

by drawing strai with different
‘intensities’ é

s Pk P 2 : : % Requires both ends of ¥he pencil




Depth Related Layer Wise
Deposit

Pencil Beam Scanning nrincip|e » Deliver many small beams to a tumor using

magnetic beam deflection.

Tumor divided in
iso-energy slices

- y

successive layer.

Scanning magnets in
xandy

» Energy is changed in accelerator to scan each

Kfull set, witha

proton beam e homogenous dose
conformed distally and
proximally

the actual
scanned slice

Layer by Layer Pencil Beam Energy Deposﬂgﬂ-I Over all Uniform Dose to PTV

Pearony, PSI

Mclaren




Some active scanning PTS’s

IBA PTS 220° Gantry Varian PTS 360° Gantry

What if vou didn 't have all 360 degrees?

Horizontal Beam

Pure Vertical Beam BPTC Gantry Angle Summary
B deTrmes P
4’“ 'J’ 12000 All Years
i ax roll or ;' ax roll or | 1omo
tit=15"° i tilt=15"° 8000

600

o,ﬂ,n,,nu,[l,ﬂ,m]ﬂnnnnn Deanfeanlll0enan.

1.3 5 7 © 11131517 1921 2325 27 20 31 33 35

Over 60% of all Treatment
fields were delivered
/ within +/- 10 degrees of
cardinal angles.

d What sites can be
/o treated with this?
(0N e/ No Time/Postdocs

30 Degrees + orizonvgﬂéam o

Flanz 2009 - Erice o ' =

_ 7 _ 35

Jay Flanz, Beam Delivery Systems: Scattermg,%annmg, w/wo Proton Cyclotron e

Gantries or Cost Effective Particle Therapy? lon Beam Therapy (1]

Workshop; Erice, 2009




PROTON THERAPY: THE GAME CHANGER

» Presently radiotherapy plays a major
role in cancer treatment, either
curative or as palliative; alone or in a
multimodality plan, usually In
conjunction with surgery and/or
chemotherapy.

BUT
» Proton therapy will completely change
the present scenario of multimodality
cancer care




CANCER MANAGEMENT IN THE ERA OF

PROTON THERAPY: CLINICAL EVIDENCE

» Tumours that are relatively radiation resistant and lie adjacent to
critical dose-limiting normal structures. These include chordoma and
chondrosarcoma of the skull base.

» Tumours in children, particularly where the target volume is large.
Considerations of the risk of second malignancy and the detrimental
effects of radiotherapy dose on growth and endocrine function are
Important. There is clear evidence that the use of proton beams can
reduce unnecessary dose in many non-target structures .The most
dramatic example of this is in medulloblastoma

(St Clair WH, Adams JA, Bues M, Fullerton BC, La Shell S,Kooy HM, et al, 2009 & Brodin P, Radiobiological optimization including
consideration of secondary cancer risk: A treatment modality comparison study for pediatric medulloblastoma, Master of Science
Thesis, Copenhagen University Hospital (Rigshospitalet), Lund University, June 15, 2010).



CANCER MANAGEMENT IN THE ERA OF

PROTON THERAPY

Clinical Oncologists & Surgical Oncologists
treating Head and Neck cancers and pelvic
malignancies need to familiarize with Proton
Radiotherapy techniques as it could replace
current management standards of
Head/Neck, and Pelvic malignancies which
are the major load of cancer in India.




CLINICAL MANAGEMENT OF CANCER

IN THE ERA OF PROTON THERAPY

Pediatric Malignancies (PBRT & XSBRT candidate)
Sarcomas of the Base of Skull (PBRT & XSBRT candidate)
Sinonasal Malignancies

Nasopharyngeal Carcinoma

Oropharyngeal Carcinoma

Paraspinal tumours (PBRT & XSBRT candidate)

NSC Lung Cancer (PBRT & XSBRT candidate)
Hepatocellular Ca. (PBRT & XSBRT candidate)

Prostate Cancer



NEW PTS:PHYSICAL & CLINICAL BENEFITS

Large majority of the patients were treated
by conventional passive scattering proton
therapy techniques. More and more precise
and sharp dose distributions by new
dynamic/ scanning proton beam technology
along with KVCBCT Image qguidance
including ONLINE PET IMAGING will give
PTS a marked edge over other presently
available competing photon based
radiotherapy technologies resulting In
significant clinical benefits to patients.



CARBON ION
THERAPY:
PHYSICAL
& CLINICAL
BENEFITS



LET

REE —»

Quality of dose distribution ——»

The RBE for protons is much lower than that of carbon ions or neutrons as it has a lower LET value.
Kogel AVD, Joiner M. Basic Clinical Radiobiology. 4th ed ed: Hodder Arnold; 2009.



PHYSICAL ADVANTAGE OF CARBON ION

THERAPY OVER PTS
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Carbon lon Therapy Operational Facilities

(October 2012 report)
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Carbon lon Therapy: Indications &

Clinical Benefits

Photons Protons Carbon
= A i

‘,
, Photons Protons  Carbon

1‘ ‘:«5\
1
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Figure 3 Anatomicl constraints can be overcome with carbon ions for various histologies. Comparing the same histologies at different

sites which have anatomical constraints such as glioblastoma multiforme (intracranial), lung (thoracic region), and rectal carcinoma (abdominal/
pelvic) using treatment planning software for photons, protens and carbon it is evident that implementing carbon ions gives better biclogical

dosage to the target area (tumor) while limiting treatment to surrounding healthy tissue. Adapted with permission from [169-172].
“ = 5 - E 4




Carbon lon Therapy: Indications &

Clinical Benefits

Table 1 Effectiveness comparison for various histologies by anatomical location between Standard of Care (50C) and

Carbon lons

Site Mo. of carbon ion studies S5-year LC range Toxicity range (late = Gl injury) References
S50C Carbon s0C Carbon
Intracranial
Glioma 2 < 20% - Location depandent - Trials :‘)r';:bir';!’:'
Meningioma 2 80-008% - Location depeandent - Trials :‘Jr':;;:}ir';;!’:l
Head and Neck
Adenoid cystic 3 277 % 26-06% 0-1.2.99% 0-17 [141,147
Bone/soft tissue sarcoma 2 A3-7 (%% 24-73 (Mo 2185% [20,140,143-147]
Skull base 3 467 3% B2-88% 079 0-5 [117-121,148]
Thorax
NSCLC 4 BO-07% Q095 0-15 3% (pneumonitis [21,149]
Abdomen and Pelvis
HCC 4 7506 B1-06% 7-27% 3-4% [21,130-133,150]
Pancreas 2 10-2(¥ 66-100% 1.68-204% 7.7% [135,151-153]
Prostate 2 BO-95%"  A7-99%" 4-28% 0.1-25% [21,24,154-150]
Rectal cancer 1 24-28% a5 14-27% - [21,160-162]
Cervix cancer 1 2% 53% HF106 a6-182 [163-165]
Sacral chordoma 1 5572 B8% 176% 50017 [166-168]
Chondrosarcoma 1 2040846 6% - - [167,168]

Abbrevigtions: 50C Standard of Care, LC Local Control, HOC Hepatocellular carcinoma, Gill Grade |l toxicity, 05 (Overall survival); **bPFS (biochemical progression
free survivall; *CLEOPATRA (NCTD1165671); TCINDERELLA (NCTO1166308); *MARCIE (NCTO1166321).




CARBON ION THERAPY
BEAM DEPOSIT MORE
DOSE AT THE DISTAL EDGE
COMPARED TO PROTON
THERAPY BEAM




Dose Profile & Dose Issues Of Small

Beam in SBPT & SBCIT

AllpencﬂbeamsareuSmmalskthWHM lme) T Y N —n . l CARBON
' R 100 | PROTON (150 MeV) [ CARBON (285 MeV/u) el — o e——
Carbon E«155 McVinue ' | ———"% 30— ‘
|b 4 " of (I
| 3 ) 2 (1|
I, ) | S0 B B ’|°,6i. ]
. q ‘~E’E‘E“_E_1_UEME‘L w —— NO APERTURE ; ——NO APERTURE ] x Q/l__, 7 ' s !
E 200} 8 31 <-egstcm APERTURE ‘: T -« gstcm APERTURE N 0.5 |- - — - ——\ ‘
o aton =281 el 0o I |
¢ 8 . l / — ¢ |
< / L | =
8 150p | Y a2 /a0 ) PROTON A
N i € ‘ i |
E m e E']ﬂe}* L / .f ! / s o
'ﬂr; 100} CarbnnE 352 Melinue o 4 Y ] » / 2 %
- 1 TEC 3 ottt | » . d CRN NS P
20 e
5ut _____ { 4 .
FmonE 0 MEV ) ‘K 0.8 s
--------- 0 L | L8 \ \
' i 0 5 10 15 0 5 10 18 :
0.0 - — ) S—
0 50 100 150 200 250 300 350 400 DEPTH IN WATER (cm) DEPTH IN WATER (cm) o e B

Dapth [mm]

Heng Li et al. (2013) have shown that the treatment log file in a spot scanning
proton beam delivery system iIs precise enough to serve as a quality
assurance tool to monitor variation in spot position and MU value, as well as
the delivered dose uncertainty from the treatment delivery system.The analysis
tool developed here could be useful for assessing spot position uncertainty
and thus dose uncertainty for any patient receiving spot scanning proton
beam therapy. Heng Li,Narayan Sahoo et al, Use of treatment log files in spot
scanning proton therapy as part of patient-specific quality assurance, Med.
Phys. 40 (2), February 2013, pp 1-11




RCT EVIDENCE & NEW TECHNOLOGIES

Adoption of new technologies of proton &
carbon ion therapy In situations of
‘uncertain’ clinical benefit is hotly debated.
It should be understood that many
iInnovations, Including cobalt-60 units,
linear accelerators, electron
beams, IMRT and image-guided RT have
entered Into clinical practice without
phase Il RCT evidence.



HADRON THERAPY: PROSPECTS

. Prospects of Proton Therapy System

¢ Proton therapy is booming, but the investments to build the multiroom
centres are large and discouraging.

*» The future of proton therapy is in single-room facilities and
companies are proposing new ‘low cost’ solutions including
gantry design. If proton _accelerators were ‘small’ and ‘cheap’,
no radiation oncologist would use X rays hence protontherapy is
the real game changer.

I1. Prospects of Carbon lon Therapy System

« Carbon ion therapy is developing in Japan and in Europe, but more should be
built to define — with clinical phase lll trials -tumour sites and the protocols in
comparison with proton therapy.

* New carbon ion accelerators will become soon a reality.

+ To move forward, ion gantries should be available; novel ideas are being
proposed but the way is long.

Ugo Amaldi, PARTICLE ACCELERATORS IN TUMOUR THERAPY, http://dpnc.unige.ch/seminaire/talks/amaldi.pdf.,16th Oct,2013,Geneva



http://dpnc.unige.ch/seminaire/talks/amaldi.pdf

Figure 2. Adopter Categorization on the
Basis of Innovativeness

Early
Adopters

1 0

Majority
34%

Laggards

PROTON

THERAPY IN
INDIA

v’ Community of Radiation
Oncologists & Medical
Physicists in INDIA is not a
“Doubting Tom” and has
preferred to be in the “early
majority” group for

-28D -1S8D Mean +1 38D

Time to Adoption (SDs From Mean)

Reprinted with permission from Rogers.?!

D. Berwick,JAMA, April 16, 2003-Vol. 289, No. 15
(Reprinted)

adoption of Proton Therapy
Initially and carbon ion
therapy subsequently.

&
v Our Technology Adoption
will be consistent with our
Strategic and Clinical
Priorities.



BORON CAPTURE THERAPY IS
ANOTHER TYPE OF HADRON
THERAPY WHICH IS NOT IN WIDE
CLINICAL PRACTICE THE
CENTERS WHICH STILL

PRACTICE ARE SHOWN IN THE
NEXT SLIDE



S CY) i 1Bl e Lo ey )
Artistic description of BNCT. The 10B atom, previous arged into the tumour
cell, undergoes nuclear reaction when it absorbs a thermal neutron. The short-

range high-LET reaction fragments destroy the tumour cell.




Immunogenic Cell Deathj 1

-: 'Q L
, °
o.'.‘. s ’.,0.0‘
g n: y . . 3 .
3 Ko @
T CXCL16 4
VCAM-1> § Chemokines

Pathways where radiation can synergize with immune adjuvant therapy for cancer.
1. Immunogenic cell death is promoted by ionizing radiation, through dendritic cell
activation and consequently, T-Cell expansion. 2. Cytokines play a role in radiation

therapy success. 3. NKG2D-Ligands, sensitizing stressed cells to Natural Killer Cells
(innate immunity) are upregulated by radiation. 4. Chemokines can be induced by
radiation, attracting effector T Cells to the tumor. 5. Radiation-induced interferon-gamma

dependent upregulation of cell adhesion molecule also influences antitumor immunity. 6.

Heat Shock proteins sensitize to cytotoxic granzymes. 7. Radiation can lead to enhanced

expression of MHC-I and to de novo expression of neoantigens. 8. Death receptors can

be upregulated by irradiation. 9. CD8 T Cells are essential for the success of radiotherapy.
Image courtesy of Norman Reppingen, TU Darmstadt.



Boron Neutron Capture Therapy (BNCT)

10B has to be carried into or close to the target cell with a drug properly designed for having a better
affinity for tumour cells rather than the surrounding healthy cells. Two drugs are nowadays available for
clinical investigations: BSH (mercaptoundecahydro-cloco-dodecarborate Na2 1°B12 H11 SH) and BPA
(para-borophenylalanine C9 H12 °BNO4).

= TREATED
CENTER STATES NEUTRON SOURCE NEOPLASNMNI
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) . T > /
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y . B E : GB 5 GM
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University Research Reactor. Kyot £
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University. Osaka and Kawasaki 7 Men
Medical School. Kurashiki
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Taipe1r Veterans General Hospital. Republic of THOR. National Tsing Hua HN io
Taipe1, Tatwan China University. Hsinchu, Taiwan
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High Dose Radiation Exposure

Cell Death
Signals

!
!

Endothelial Apoptosis

icrovascular
F Dysfunction

="

l Two modes of cell death following high-dose
Stem Cell Death radiation exposure. In addition to the
l conventional DNA damage pathway, it is
, » hypothesized that very high dose, such as those
Radiosensitive Tumor . . . . ..
Phenotype used in stereotactic ablative radiotherapy, elicit

vascular damage, which contributes to cell death



RADIOLOGICAL PROTECTION ISSUES
IN HADRON THERAPY
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ICRP HAS JUST
RELEASED DRAFT
REPORT IN APRIL 2014
WHICH IS LIKELY TO
BE OFFICIALLY READY
AND PUBLISHED IN
2016. IT WILL BE A
DOCUMENT FOR
PHYSICAL AND
CLINICAL ISSUES IN
HADRON THERAPY




ONLINE IMAGING IN
HADRON THERAPY
PRACTICE



PET FOR IN-VIVO DOSIMETRY IN PROTON THERAPY

1. OFFLINE PET

2. INLINE PET

RELEVANT POSITRON EMITTER REACTIONS IN TISSUE FROM PROTON THERAPY

Reaction Threshold energy Half life  Positron energy
(MeV) (min) (MeV)
"Ofp, pn)"0 16.79 2.037 1.72
"Ofp, w)"N 5.66 9.965 1.19
"Nip, pn)"'N 11.44 9.965 1.19
“Clp, pn)''C 20.61 20.390 0.96
"Nip, o)"'C 3.22 20.390 0.96
"O(p, apn)''C 59.64 20.390 0.96

1. OFFLINE PET IMAGING:

DAILY OFFLINE PET IS POSSIBLE BY TRANSFERRING THE PATIENT TO THE DEDICATED PET CT
ROOM WHICH MAY TAKE TIME MORE THAN THE HALF LIFE OF POSITRON EMITTER IN THE TISSUE
FROM PROTON THERAPY. THE PROBLEM MAY BE OVER COME BY INSTALLING IN ROOM PET CT.



Measured activity Treatment

2. ONLINE PET FOR PROTON

THERAPY IN-VIVO DOSIMETERY

First day

Planned dose

(Reference image)

Buredwo)

Second day

New CT image

Bupedwo)

Re-dose calculating

eqpay

Third day

Re-planning

If comparing result
is "different"
Comparing

QA/ DELIVERY CHALLENGE FOR

MEDICAL PHYSICS
IN-LINE OR ONLINE PET IMAGING : DAILY PET POSSIBILE,
HOWEVER ANOTMICAL IMAGING STILL NOT AVAILABLE.
ADDITION OF DAILY ONLINE KVCBCT ALONG WITH
DEFORMABLE IMAGE FUSION WILL OVERCOME THIS
PROBLEM.

Ninth day

Comparing

Parodi et al (2002, 2005 & 2007), Nishio et al Compating

(2005,2006 & 2010), Lin et al (2008) and Studenski
& Xiao (2010)



MITIGATION OF ORGAN AND
TUMOR MOTION IN HADRON
THERAPY BY PROTON AND
CARBON ION IS AN ISSUE WHICH
IS STILL PENDING SOLUTION IN
OPTIMAL CLINICAL PRACTICE



Proton Facility Project Estimated Cost

( Rs 300 Crores)

H Proton Eqpt. (186 Crores)

M Imaging Support (36 Crores)

M Physics Facility (18 Crores)

M Engineering Facility (18 Crores)

M Building Cost(15 Crores)

M Power Cost 5 year (12 Crores)

M Running Cost 5 years (15 Crores)




Clinical Indications for Hadron Therapy

* Particle therapy is effective in treating certain types of

cancers as well as some non-cancerous tumors:
— Brain tumors

— Prostate cancer

— Pediatric cancers

— Head and neck tumors
— Base-of-skull tumors
— Tumors near the spine
— Lung tumors

— Breast cancers

— Lymphomas

— Testicular cancers

— Esophageal cancers
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