From CERN to PET/MR

David W. Townsend, PhD

A*STAR-NUS

CLINICAL IMAGING _
a RESEARCH CENTRE NUS

Mational :_lni-.'ersit!,-
Sciences Institutes SINGAPORE of Singapore

A*STAR

February 10-14, 2014

B ICTR-PHE «» 2014 ¢

A conference that brings
together the International
Conference on
Translational Research in
Radio-Oncology and
Physics for Health in
Europe




Milestones of Non-invasive Imaging in Medicine
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Imaging modalities today

Imaging Spatial Resolution | Acquisition | Molecular Molecular Tissue Signal
Modality (mm) time per probe mass sensitivity penetration | quantification
HETE ) required (mol/L) depth (mm) capabilities
(ng)
PET 1-2 (animal) 1-300 1-100 1011-1012 >300 High
6-10 (clinical)
SPECT 0.5-2 (animal) 60-2000 1-100 1010-10-11 >300 Medium-High
7-15 (clinical)
Optical 2-5 (visible to IR) 10-2000 103-10° 10°-1011 1-20 Low
MRI 0.025-0.1 (animal) 0.1-100 103-106 103-10° >300 High
0.2 (clinical)
Us 0.05-0.5 (animal) 0.1-100 103-106 Not well 1-300 Low
0.1-1 (clinical) characterized
CcT 0.03-0.4 (animal) 1-300 NA Not well >300 Medium-High
0.5-1 (clinical) characterized

From Craig S Levin. Eur J Nucl Med & Mol Imag. 2005, 32(14), S-325-45
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Positron Emission Tomography: how it works
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John Roderick Cameron
1922 - 2005

John Cameron (left) c.1958

His Mission - Making a Difference to Society

“I found collaborating with congenial doctors about
problems that physicists could help solve was very

e »
Sdtl{fj’lng John Cameron




The HIDAC Camera Project, 1977-1988 CERN, Geneva

__p Great Britain

omPHBAY pE

Camera

itzerland
Hopital
«ocantonal

form d (6, w)/r:. with
Iter computation can
s, may be performed
Iter, and two examples

are given to illustrate the use of such expressions.

e

ilE |
e T o |

P X

'

\

¥

a\
-

Dr Henri Mlle
Dr Peter  Tochon Anne
Frey Christin

A
\‘\\.‘,‘""v"‘yr

Dr Antoine
Geissbuhler

First mouse imaged at  Thyroid imaging =
CERN with Na-18F in 1978 with 12

Tribune de Genéve, January-1988

Ir

requengy_sp, filter
onse deio el'rl.éVE

5
[N




The PRT Camera Project 1990 - 1992 rinancially supported by the cers
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CT detectors (Xe)
PET/CT: artist’s impression 1991




First PET/CT device:

1995 - 1998
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Combining imaging techniques can

BY NEIL SAVAGE

at the University of Geneva in Sytzer-
land, built a low-cost positrop€mission
tomography (PET) scanner. JHe design left
some spaces in the instru t’s structure, and
Townsend wondered #hether he could fill
them, and improve#ie machine, by squeezing
a second scanpifig technology into the gaps.
A doctor fpind told him that surgeons wi
more fgfiliar with the anatomical infopefation
progded by computed tomography4CT), so he
ded that, and the PET-CT sedfiner was born.
At first, many in the medical establishment
were sceptical about the instrument’s potential.
“They all thought David Townsend was kind
of loony;” says Michael Vannier, a radiologist at
the University of Chicago. “There was a lot of]

In 1991, David Townsend, a physicist th¢n

foot dragging associated with PET-CT”

But what was unfamiliar 15 years ago has since
become the norm. These days, “any sensible
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At first, many in the medical establishment
were sceptical about the instrument’s potential.

“They all thought David Townsend was kind
of loony; says Michael Vannier, a radiologist at

rc

vide awealth of inf the University of Chicago. " T here was a lot of
foot dragging associated with PET-CT”

son would not use PET g =
adding that the PET-CT "
loon-y or loon-ey also lun-y * (I% nZ) Informal

improved doctors’ ability to
ad). loon-i-er also lun-i-er, loon-i-est also lun-i-est

a lymphoma, allowing mor
decisions.” Simon Chergy

2t the University spliorn 1. Extremely foolish or silly.
+Cl scgp@attached t 2. Crazy; insane. _

t succ
mbine int “I hate to say it, but radiologist and nuclear med-
sperfe®l jeine docs don’t work as a team now most of the
o see details

improve the
ment of ailm

time, and getting the two types of images from
ieaward ONe device won’t change this characteristic.”
Imagin

strugteral information — the physical shape

an organ or a tumour — or functional
information, such as which molecules are pre-
sent or what metabolic activity is occurring.

explains. e end result is higher accuracy.
Wang is trying to improve endoscopy by

combining conventional ultrasound with a

technology called photoacoustics. Ultrasound

OCTOBRER 2013
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Fusion imaging: from software to hardware

Software-based fusion (semi-automated)

(2001

?{i: Bruce H Hasegawa, PhD
& | 1951 - 2008
* iy ~—— Y - \\—_/_z

L Hardware-based fusion: Commercial PET/CT Hardware-based fusion: Commercial SPECT/CT |

£ 2

2010

S L

Hardware-based fusion: Commercial PET/MR




2001: PET/CT in the clinic
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The evolution of PET/CT 1984 - 2013
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Has PET/CT made a real difference?

PET/CT vs PET and CT: average over all cancers: 10-15% accuracy improvement

« Head and neck « Esophageal cancer
Accuracy: 95% vs 83% PET; 73% CT Accuracy: 92% vs 86% PET
* Thyroid « Colorectal cancer

¥ bubMed on PET/CT: 6500+ publications

Accuracy: 96% vs 81% CT Accuracy: 93% vs 78% CT
* Lung cancer « Melanoma
Accuracy: 98% vs 80% PET (T stage) Accuracy: 97% vs 93% PET
* Breast cancer  Unknown primary
Accuracy: 90% vs 79% No difference; 20-40% detected

Czernin, Allen-Auerbach, Schelbert. J Nucl Med 48 (1, Supplement) 2007: 78S — 88S
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2004: SPECT/CT in the clinic

SIEMENS XxSPECT

Conventional SPECT

TRANSVERSE SAGITTAL

0
SPECT/CT

Symbia TX Discovery NM/CT 670

“CT is potentially more valuable for SPECT than for PET”
Bailey DL. Eur J Nuc Med & Mol Imag 2003; 30(7):1045-1046 15



2010: PET/MR in the clinic
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Advances in MR

Over 30+ years
of development

First patient on Aberdeen MRI (1980)

A=A
2 »:::“

SIEMENS Skyra MRI scanner (2013)
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Solid state photodetectors for integrated PET/MR

SiPM-based

APD-based PET detector

PET detector

# _—
E . .
..‘.';;'J;;mm---:::v' |
Block detector g R
MR scanner
B=15T Photodetectors
PMT APD SiPM dSiPM
MR compatible No Yes Yes Yes
TOF capability Yes No Yes Yes
Stability Good Good Unknown Unknown
Amplification High (109) Low (103) High (10°) N/A
Compactness Bulky Compact Compact Very compact
Power HV, ASIC HV, ASIC LV, ASIC LV, simple
Readout Analog Analog Analog Digital

PHILIPS VEREOS PET/CT
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Time-of-Flight (TOF)
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Current designs for MR/PET (/CT)

Vendor Installations

Siemens 39
Philips 12
GE 6
TOTAL.: o7

SF-PET

PHILIPS

SIEMENS mMR 20

~ Achieva-X (3T MR)



Malignant and non-malignant diseases

Tuberculosis

CLINICAL IMAGING
LESEARCH CENTRE
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FDG-PET/MR in patients that are
receiving treatment for tuberculosis

PET/MR
WB radiation dose for PET/MR: ~ 3mSv

Ovarian cancer Therapy response

PET/CT
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Summary:

PET/CT: A technical evolution and an imaging revolution
» 2002 — 2004: Units shipped in USA: 360

Johannes Czernin

PET/MR: A technical revolution and an imaging evolution e

» 2010 — 2012: Units shipped in USA: 14

Is there evidence of real clinical benefit?

v PET/CT over PET and CT separately 1+1=3

v'SPECT/CT over SPECT and CT separately 1+1=4

v'PET/MR over PET(/CT) and MR - TBD 1+1=7?

22



Some challenges for medical imaging:

= to address the concern and “fear” of ionizing radiation
= for screening and early detection of disease (cancer, AD)
* for metabolic diseases such as diabetes (image B-cells)
= to develop molecular imaging as companion diagnostics

... and to do all that at a reasonable and affordable cost

23



Radiation doses for clinical imaging procedures
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Hype from the popular Press

HOT TOPICS:

@NEWS f Health 'Lawy & Ordet' - Rab Simmons - U2 Bona

Home Video News Politics Blotter BiESIM Entertainment Money Tech Travel World N
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Home = Health = Health

CT Scan Radiation May Lead to 29,000 Cancers,
Researchers Warn

Fopular Diagnostic Scans May Be Overused, Some Worry

News Sectors Analysi
& Markets & Industries & Opinia

(Reuters) - Radiation from CT scans done in 2007 will cause 29,000
cancers and Kill nearly 15,000 Americans, researchers said on

M d By Julie Steenhuysen
on E}n". CHICAGO | Mon Dec 14, 2009 4:30pm EST
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“My main frustration is the fear
of cancer from low dose radiation,
even by radiologists”

“Too many radiologists still believe there is a
1isk_from a chest x-ray. Few radiologists can
explain radiation to the patient in words the
patient can understand”

John Cameron

26



More hype from the popular Press
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The BEIR Report: theoretical models

The models:

FROM EXPOSURE TO

1. Linear No Threshold
i pASE 2 2. Threshold
3. Hormesis

LOW LEVELS OF
IONIZING
RADIATION

Biological Effects of
lonizing Radiation
(BEIR) VII Phase 2 (2007)

Potential sources of data:

?

2. Threshold
Japanese Survivor

1. LNT
s Data
»7
/ 3. Hormesis
¥ T

/M -
~y - | 1 1

Background 0.01 0.1 1 10
Dose (Sv)

Radiation Induced Cancer Risk

A. Environmental Radiation Studies

B. Occupational Radiation Studies
C. Medical Radiation Studies
D. Atomic Bomb Survivor Studies

No scientific data to
distinguish between any

of the models
28



The challenge: Michael O’Connor, Mayo Clinic

We need to reduce radiation dose from imaging procedures:

* Not necessarily because it causes cancer
* But because people fear it will cause cancer
 And where does this fear come from?

- inappropriate use of the BEIR risk models

Consequences: Negative impact on patient care:

* Patients declining needed exams or procedures

* Physicians ordering alternate exams, which may be less
accurate, more expensive, or require anesthesia



Amyloid and tau imaging agents for Alzheimer’s Disease

Me 0 .
\Q;%[; matl O n ‘ I n e Thursday January 16th 2014 105 8¢

Can this 'science-inspired’ soft drink to a greater
REALLY help prevent Alzheimer's? ri:i'_"a"t tau

- 'Brainwave' contains ingredients which 'help reduce cognitive degradation’
- Scientifically developed drink 'could help to maintain a healthy mind’

- Available in one flavour, Mango, Pineapple and Jasmine, drink has 2.5 cals
» Comes in multipacks of 24 for £35, from brainwavedrinks.com

| Studies show drinking green
tea at a certain level combined
with other natural ingredients
at a specific dosage encourages
| positive cognitive health

TF-THF Imaging ot t-protein
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Dedicated imaging devices

Field of view Transaxial: 170 mm
Axial: 190 mm
Axial/frame: 94 mm
Spatial resolution Radial: 1.8 mm
Tangential: 1.7 mm
Axial: 1.5mm

Absolute sensitivity 3.6% (250 — 750 keV)
Dual-ring MAMMI breast

PET scanner

Energy resolution 26%

U.S. Patent FbS011 Sheetdof$ US 7.884.331 B2
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4 Fig.8
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Prostate

Helmet PET PET Probe

Brain imaging
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New drug applications and approvals
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R&D costs continue ...yet fewer
to soar ... drug approvals
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The Cost Of Creating A New Drug Now S5
Billion, Pushing Big Pharma To Change
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Translational Research — another challenge

H 18F
Biomarkers
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“I'm going home today. They cured me
using this new miracle drug. | am afraid

it’ll be years before it gets into humans” N




Where should we focus our imaging resources?

Population Growth Ageing Population

Diabetes Mental lliness Cardiovascular Cancer
Disease _
T M~

Joint Disorders

1520% 13429% 1142% 12239,

1190%

Predicted Growth in Healthcare Expenditure: 2003 - 2033

Source Goss, J., 2008 35
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Af"‘STAR-NUS Clinical Imaging Research Centre, Singapore
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