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Cancer In Japan

National Cancer Center

(Press Release on July 15, 2016)

Statistical Predictions for Cancer in 2016 Released

Cancer patients: Approximately 1,010,000
Deaths: Approximately 370,000

« As unprecedented aging of
society continues in Japan, the
number of cancer patients is
Increasing.

« Today, one in every three
people dies of cancer.



What is Radiation Therapy
for Cancer?



Three Major Cancer Treatments

e Surgery
e Chemotherapy (anticancer therapy)
e Radiation therapy
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It is essential not only to treat, but  Implementation rate

to maintain a reasonable quality of  for radiation therapy:

life (QOL). 30% in Japan
60-80% in the West



Radiation Used in Cancer Treatment
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Action of Radiation on Cancer Cells

Cancer cells /Direct action Indirect actior\
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_i%% Single strand break (SSB)
- Mostly repaired within a few minutes
Double strand break (DSB)
- Takes time to repair or is irreparable

Standard administered dose in radiation therapy is 2 Gy each
time ([Gy] = [J/kg]); total dose of 60-70 Gy. (Cf: whole body

> nm €xposure of 4 Gy leads to half fatalities within 30 days.y



Radiation (X-Ray/Electron) Therapy Equipment

TrueBeam/Varian STx/Brainlab

Synergy/Elekta
CyberKnife/Accuray

TomoTherapy/Accuray Vero/MH1



Radiation (Heavy Particle) Therapy Equipment

Proton/IBA

Carbon Ion Beam/Toshiba

BNCT (Boron-Neutron Capture Therapy)
/Sumitomo Heavy Industries



High Technology in Radiation Cancer Therapy

High-Precision X-Ray Therapy

Proton Therapy



Cutting-Edge Radiation Therapy
- Case 1 -

Intensity-Modulated Radiation
Therapy (IMRT)
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Radiation (X-Ray/Electron) Therapy Equipment
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General Radiation Therapy

In conventional radiation therapy:

© Shape of MLC (multileaf collimator)
: J
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Radiation field in the shape of the tumor
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Intensity-Modulated Radiation Therapy (IMRT)

Intensity of radiation (X-ray) is adjusted to
each irradiation spot, concentrating dose on

the tumor.

Making the best use of computer technology.

Inverse planning: Calculating optimum
irradiation dose so as to deliver a uniform, high
dose to the tumor and as little as possible to

Important organs.
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Intensity-Modulated Radiation Therapy (IMRT)

In IMRT:
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Intensity-Modulated Radiation Therapy (IMRT)
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Cutting-Edge Radiation Therapy
- Case 2 -

Proton Therapy
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Proton Characteristics

Dose &2 Damage to cell

< Therapeutic effect

Photon

Extended Bragg peak
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Depth

Normal tissue

18



Proton Therapy System
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Proton Accelerator

Cyclotron

Proton

Accelerate protons to a speed equivalent to 4.5 orbits of the
earth per second, and irradiate it to a cancer with an accuracy
of one millimeter

2/3 the speed of light
Proton

Cancer
20



Rotating Gantry for Proton Therapy Equipment

360 degree rotation with delivery
accuracy of one millimeter

Weight of about 250 tons 21



Formation of the Irradiated Region
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¢ “A complex array of precision instruments is required.”
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Formation of Uniform Dose Distribution

Formation of tumor shaped dose
distribution

Formation of lateral compongnt of  Formatio deep section of
uniforfn dose distribution uniform dose distribution
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Irradiated Region Formation System
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Irradiated Region Formation System
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Irradiated Region Formation System
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Irradiated Region Formation System
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Proton Flight Times from Accelerator to Patient

“Fleming’s left-hand rule”

Bending magnet

A proton travels the distance of 30 meters from the
accelerator to the patient in only 0.00000015 seconds
(150ns = 1.5 x 10™-7s).
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Apparatus for Determining Internal Tumor Position

Fluoroscopes and beds are
positioned by means of robotic
arms.




Proton Treatment Planning Device

Minute calculations by computer
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Method of Formation for Tumor Shape Dose Distribution

Passive irradiation

Respiratory-gating irradiation
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Intensity-Modulated Radiation Therapy: IMRT

Line scanning irradiation

270 deg. : “N” “KA”
315 deq. : “C" “SHI"
O deg. : IICII IIWAII




Proton Therapy Dose Distribution

Head and Neck

Large regions of
“zero dose”




Smaller Proton Therapy Equipment

Conventional Smaller equipment
equipment

Smaller

Sumitomo Heavy Industries
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Varian/ProBeam 34
IBA/ProteusOne
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Recent Improvements In Precision

Various technological developments have rapidly brought to increased
precision therapy.

— Highly-precision radiation therapy: From preventive and
palliative treatments to definitive treatments

Highly accurate
radiation therapy is an

« Radiation physics
IMRT/IGRT

Proton therapy « Radiometry

« Electro magnetics

« Accelerator physical
engineering

« Statistical physics

* Nuclear physic?%6




Convergence of High Intensity and High Precision

Dose is high. In turn, unless careful planning and
accurate delivery are achieved, administration of the
dose to the target will be insufficient and/or high
doses will be provided to important organs.

j> Tumor may remain or recur, and other problems may arise.
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Directing High Dosage to the Tumor

Tumor

- Simulate accurately !

« AIm accurately !

- Irradiate accurately !
These are essential -




Research & Development of Four Advanced Technologies
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High-Precision Radiation Therapy

Irradiation system

Dose verification tool
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Imaging system < 3 Simulation system
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Medical Physicists to Carry
the Future of Radiation Therapy
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Medical Physicists

“Medical physicists” work in hospitals, schools and research institutes,
contributing to medicine and medical care in aspects of physical engineering,
and have passed examinations as medical physicists.

(There are now about 1,200 in Japan.)

High-precision radiation therapy
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High-precision radiation therapy requires
more than improved devices and 41
technology.




Medical Physicists

d Implement treatment plans for
each patient and management of
dose precision.

A At clinical sites, contribute to
maintenance and management of
precision, the performance of
therapeutic devices and their
Improvement.

ad Contribute to growth/development
of medical physics in research and
development aspects.

A Contribute to human resource
development and further education
In medical physics.
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Attraction of Medical Physics

[ Has a very clear purpose: to treat cancer patients.

A Includes the “consciousness and responsibility” of
a medical professional.

A Enables fostering a “broad personal perspective”
though interactions with people in a wide range of
jobs

d “There are almost limitless research subjects,” some

offering results in a short period and others requiring
extended time.

A Because it is a field not yet well established in Japan,
it affords the opportunity to become a “pioneer in the
area of medical physics,” subject to your effort.




Attraction of Medical Physics
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Attraction of Medical Physics
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Attraction of Medical Physics

Almost the same number

100,000 light years

Number of cancer cells in a cup: 200 billion
(Number of cells in the human body: 37 trillion)

Number of stars in our galaxy: 200 billion
(Number of stars in the universe: 10722) W (=) /,%HH@ (548)

Distance between stars is great:
4 light years on average == /

(Sun to Earth: 8 light minutes) -
“Reciprocal actions between stars can be ignored.”
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Mechanisms of the human body are more Human cells and molecules
complex and difficult than star structures interact electromagnetically
in the cosmos 46



Medical Physics

Medical physics, as the name implies, combines
medicine and physics.

It is quite possible to learn
- adequately at a medical site
after graduating from college.

Ideally, basics of physics are
learned adequately at

e undergraduate/graduate
school.
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Medical Physics

Medical physics, as the name implies, combines
medicine and physics.

SUDIPIA
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Medical Physics

Medical physics, as the name implies, combines
medicine and physics.
The field of study called medicine is broad.

49



Medical Physics is ---

Medical physics, as the name implies, combines
medicine and physics.

The field of study called medicine is broad.

SJISAUd

A broad foundation in physics is the base. *°



Medical Physics is ---

In medical physics,

medical-engineering collaboration

— medical, science, engineering, health science

— medical-science-engineering-health science collaboration

SJISAUd

A broad foundation in physics is the base. ™



Study and Education in Medical Physics through
Industry-Academia-Government Collaboration
Rikkyo Univ. Univ. of Tokyo St Luke's Intl
Medical'PhysiecssStudies Hospital

Tokyo Women'’s Medical College
Waseda University

Nationa! Cancer
I Japan

:/:4——\”3*“ | TN,
\|

We hope to establish close
cooperation in research and
human resource development
— with the nuclear field.
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Thank you for your kind attention.

Tokyo Women'’s Medical University, Graduate School of Medicine,
Department of Medical Physics
— Graduate School Specialized in Research and Education in Advanced Medical Physics —

4 Teachers in Medical Physics

First Focus on Medical Physics If you are interested in this, please contact
In Japan nishio.teiji@twmu.ac.ip



