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Wilhelm Conrad Roentgen
(1845 ~1923)

= Cathode (83): electron &
" Anode (¥3): X-ray &4

EINE NEUE ART

STRAHLEN.

Wilhelm Roentgen
“On a New Kind of Rays'

Professor
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e Uranium, 1896

A (X-d)2| 58

1} (Penetration)
t2t(Scattering)

T (Absorption)

2 (Photosensitivity)
1-2H(Fluorescence)
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THE ELECTROMAGNETIC SPECTRUM
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0| 23} &AM (lonizing Radiation)

* lonization
- two charged particles or ions
- the molecule with a net positive charge
- the free electron with a negative charge
* Each ionization releases approximately 33 eV of energy
- enough E to disrupt the chemical bond
- directly or indirectly remove electrons from most molecules
e Three main kinds of ionizing radiation
, Which include two protons and two neutrons
, which are essentially high-speed electrons

and x-rays, which are pure energy (photons)




LN-MRI Diffusion MRI

1900 1920 1940 1960 1970 1980 1985 1990 1995 2000 2001 2002 2003 200}

Modified from Weissleder & Pittet, Nature

Roentgen (1901, X rays)

Bragg(s) (1915, X ray energy levels)
Hounsfield, Cormack (1979, CT)
Rabi (1944, X}7| S EE4)

Bloch et al. (1952, X}7| 3 &

Ernst (1991, X}7| 3 H A4
Wuthrich (2002, X}7| 3 HE4h
Lauterbur, Mansfield (2003, X}7| 3 H &4}




Iréne Joliot-Curie -
Biographical

Becquerel, Curie (1903, X}

)
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Soddy (1921, WAL

Joliot-Curie (1935, M2
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anzfe| 27 (flipper)

Ornithorhynchus anatinus
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X-H FAl (Fluoroscopy)
TE A3, B S2| 0|4




Z Y& (Angiography)

ZHH|(contrast agent)E TSI ol

* High .

definition Arrhythmia * Personalized
imaging, : management : 4D dynamic
low dose v imaging

Motion free
* One beat, at i with or * Multiple
any heart / without N . exams from
rate . beta ! e A just one
blockers % beat
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definition
imaging

aad. .}':\
il
1A
r‘. .‘ﬁ

Y

* Whole brain

in one
rotation QJ»« :

4 |

Reduced
metal
artifacts

Personalize
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dynamic
imaging

1'%“ & 210

Reduced
beam
hardening

* Next
generation
dose
reduction
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Axial image
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High
definition
imaging

\ * Flexible
scan
modes
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Personalized
4D dynamic
imaging

* Next
generation
dose
reduction

Access for
more
patients
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High definition
imaging

Reduced metal
artifacts

MMAR and
3D collimator
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4D kinetic joint
studies

Low signal IQ
for hips and
shoulders
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Personalized Personalized
scans for 4[_) dyn_amic
every patient A\ imaging

* Next
generation
iterative
recon

* Advances _ Low dose,
for low kV e motion-free
imaging ¥ . cardiac




Brain SPECT Dacryocysto-
I scintigraphy
Thyroid scan

stric emptying,

Hepatobiliary, Renal
Adrenal scan
bleeding scan,
o sckel’s scan
Testicular scan,

Rl venogram, \
RI lymphangio one scan

-gram

U (LY E/ B

PET/MRI

Total sea ration (min)

0 10 20 30
1097 | Partial ring (8GO} IIRIEREREIES it o . B 20 ﬁéﬁ\él‘ injection

Full ring (BGO) I ™ ju-,

L | L
i, \
:‘%"i -
Diffusion MRI PET/MRI e
0 Lo 1.2x107 0 60
ADC (mms} = %IDig
Thomas 5.C. Ng et al. JNM. 2012

Panel PET/CT |

Townsend et al, JNM 2004




Tc-99m-MDP SPECT/CT

14/M, Spondylolysis
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PET/CT

a winning
combi

Two Ameritans working in the Alps come
with a plan to merge two widely used scanning
devices—the PET and the CT—into one

BY LEON JAROFF

Sumitomo, 12MeV




Positron Emission

n ¢t positron
< EEa ' _—_—N
, | B |
o Coincidenc@l
Nucleus of F-18 ey
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X

511 keV

511Kev
=

Annihilation Angle Blurring




Beta Decay

* Type of radioactive decay in which a beta particle
(electron/positron) is emitted.

* B-(electron) emission: weak interaction converts a
neutron(n) into a protor High N/P ratio 3 an
electron(e) and an elec (V")

1H

3 2
>He Beta particle
Copyright ® 2007 Pearson Prentice Hall, Inc.

® B+(positron) emission: eonvert a
proton into a neutron, a LOW M= ralo wutrino
\

p=—n+e +y°

A

o2

F

(a) Nuclear change accompanying positron emission.

Positron Radioisotopes

203 =
10.0 &
204 =
109.8 &
8.3 Al 2t
70.92 &




Positron Radiopharmaceuticals

18F-fluorodeoxyglucose (FDG)

- LS CHAF
11C-methionine

- OOl = &F CHAL, ©HERA
11C-palmitic acid

- Kl 2H&F CHAL
13N-ammonia

=
18F-DOPA, ''C-spiperidol
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Postop. Ovarian
Serous Cystadeno-
carcinoma: After
radiation therapy,
the activity has
disappeared(arrow).

AXS LA MOLE.
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* CA125: 87.9 (6-9)/
8.7 (8-17)

ZEZ AL SIX] OHY

- PETICTE?E’—E!%"MQI
N Et5t 2 K| &0l 2 2.

j.| [:H Bk” __LIJ__ 2| _LL =
(Diffuse Large B-cell Lymphoma)
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FDG= &A|ZE2| =& TCHAl
PETHELC} =7}E ooz

e GBS, A&

B xla Absto| O]z

OrET T

PET/CT, PET/MRI !




3-Dimensional Images

PET/MR
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Courtesy of Philips Company




3-D Conformal RT
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Evolution of Precision Targeting Technology

ANRT

<1972

NRT

= 1972

IMRT

1 S5

CyberKnife
Today

-

X-Ray
=~ Imaging

“m, CT
__,-"--

Imaging

High speed
computers

Robotic e
=]nmg&Gukmﬂ ;}
Technology -

Radiafion Therapy

= Chantry -based

= Paor defination of tumer
shapeldacation

» Large T volume

+ Maiwy fractions (20-30)

= Better defimed hamor
losatian

= Ciantry-based

= Smaller T volume

= Many fractions (20-30)

10 - 20 mum error margin

= Inverse T Planning

= Shaped & defined T volume
= Gantry-based

= Camnot treal lesions near
enitical strucheres (c.p. near
spane, liver, and prostate) due
Bix €TTOT TIEAELN

= Mulnple Fractons (20-30)

Roadionregery

1-F mm error margin

« Robatic srm with & DOF

+ Image-guided tamor tracking

+ Shaped & defined T volume

» High level accuracy allows
dose escalation and treatmem
near sensthive! eritical struchures
+ Fewer fractons {1-5)

SHARP SHOOTERS

SUXc-12) K| &

NATURE 3 April 2014, Vol. 508, 133

GREATEST
HITS

Raciatian can, kill
cancer celks by
darmaging their DNA.
Xerays can hit ar miss.
Praten are slightly
more Iethal ta cancer
cols than ¥rays.
Carben icre e
around 2.2 fimes as
damaging asX-rays.
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radiotherapy in the world

Germany : GSI, HIT

France : University of Caen
Italia : CNAO

Austria : MedAustron

NIRS(HIMAC)
HIBMC

GHMC

Saga, Kanagawa

Yttrium-90 Microspheres

» Resin---35u diameter

e Beta 0.93MeV

e 64.1hrs half life

e Penetration 2.5mm mean
11Tmm max




2 CrYder 282 &4

(Cancer is a heterogeneous disease)
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Theranosis = Therapy + Diagnosis
‘ f\ Q Rl for

Targeting probe Imaging

99mTc' 123|' 111'“,
18F' 11C, 68Ga' 64Cu' 124|'

RI for
Chelator 3 Therapy
(DOTA)

131] 89Gy, 90y 177]y 188Re
223R4, 211At, 213Bj, etc




AE|E XA B

YAESHHAEAL: HEUHEHI YA =

90Y.DOTATOC(ONALTA)

['8F]FP-Gluc-TOCA PET

20094

MEoIQIA X|Zo| XHx

O o

o

Theranosis  Therapy

7N

Targeting probe

Chelator
(DOTA)
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RADIOACTIVE

MATERIALS




Published: October 15, 2009

! The first radiobiclogy experiment.
Pierre Curie using a radium tube to
produce radiation ulcer on his arm.
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500+ rad

P-32 - 6.5 rad/hr/uCi

S-35 - 2.5 rad/hr/uCi

e
At 7|12t = ZCH E%: 11 mSv/h
(3E 15¢ 9:00 AM)

- EZM SHOIX SALE, AN HILHA

Dl21ol NHK 52 HE: 400 mSv/h
1 159 10:30 AM)
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S 20 Al A (Hormesis) 2}

X SHtS (Adaptive Response)

Hormesis - X412 ZA0| 25]2 o] %HE

- AtAYASO] E2 X[ e BAE0| =X Hoj H|s| 23|15 RS

- MM HIAPME TALIE Fo| £HO| CfX20j HI8| 23|23 =

¥z

Adaptive response
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Linear-no-threshold model vs Hormesis

3 models:
= LNT
linear-quadratic
threshold

Threshold

BEIR VIl Summary Slide

Hormesis — The Most Effective Tool for Enhancement

Sunlight and vitamin D

Some Antioxidants , ROS/ ... 4mm )ust Right

Not Enough

Too much Inflammatory , ROS
Too Much

Exercise

Inhibition I Stimulation

Some Glucose out of cells' , ROS! ...

Adrenal axis fatigue
Too much cellular inflam matory ,

ROS ... Hormesis

Hormesis is the
Some Stress),ROS! ... term for a

beneficial
Fructose, lactate pathway , bio|ogica|
ROS ... response to low
exposures
of strefsors.

Too much

Invokes stress, Response
genes | ...

Some
Life span

extension

Too much Damaging effects on cells ...




Radiation Hormesis (Radiation Hormeostasis)

Volume 29 - Issue 14, 14-27, 2012
INDIA'S NATIONAL MAGAZINE
from the publishers of THE HINDU

Reliahle

Potential damage to health

- Dese causing sbservable
AVarage yaarky exposura zdverse health eflecks

Adaptive Responses [t = CLELELERIL

DNA Repair Radiation Protection
Increased activity of repair genes

Gene Induction b A 1 Adaptive response

Cell/cell communication
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ALARA 84

As low as

Time(AZH

reasonably oisenceri2)

Shielding (X))

aChievabIe. Contamination Control

(294 HAH)

9 a%e}, AYCE HA
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= 30MeV & 50MeV Cyclotron
= RI Platform
—_—
i e
ClEREAY
: 70 MeV Cyclotron®} £ FH¢ld)
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= 30MeV Cyclotron
= RI Biomics
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(Defense in depth)
- CtZ%S (Multiple barriers)
- Fail Safe Concept, Conservatism, Single failure criterion, etc.
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Nuclear Kadiation

medicine oncology
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Transform Medicine from Curative to Preemptive

Predictive =—» Personalized «—» Preemptwe

! /

Participatory
Era of Precision Medicine
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