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Innovations in PET instrumentation

* Hot topics
— Silicon photomultipliers
— Time-of-flight
— Total-body PET ...

*  What's next?
Brain-dedicated PET
Whole gamma imaging (WGI)
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Smaller in ring diameter, better in resolution

80 cm diam. for whole body
~2 mm resolution loss

40 cm for brain
~1 mm resolution loss

®QST =PRSS RIS o X — > DYIERAZ L —



Conventional PET

High sensitivity

Compact Reasonably
priced
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Total-body PET

High sensitivity

Compact Reasonably
priced
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Brain-dedicated PET

High sensitivity

Compact Reasonably
priced
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Cylinder vs. Hemisphere

H Tashima,..., T Yamaya, SNMMI2013
H Tashima & T Yamaya, PMB, p7205, 2016

"’Cylinder

—

r r
Surface area

(Relative num. 27 X I = 2712 4 7ir? / 2 = 271’

of detectors)

100%
PET

geometrical
sensitivity

28% ave
0%

1.5x sensitivity gain with the same num. of detectors
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Has anybody ever built a hemispherical PET?

Digital PET/CT

:‘\. =—__‘ i [ ~\. Navigate to personaized care ) == '/; . )
’\Eé/i - =
Y = M g
Biograph Vision Cartesion Prime \lerenc Diccoveary Ml ClariTam yMI| 780
(Siemens) (Cannon) imaging)

A cyliers

117777

AN /,‘—‘ _',"f;.:
\\\\\\ /‘\
BresTome? CareMiBrain?3 SAVANT34 Prism-PET> NeuroExplorer3®
(Shimadzu) (OncoVision) (under research) (under research) (under research)

Mizuta, et al. Ann Nucl Med. 2022.

Moliner, et al. Sci Rep. 2019.

Majewski. Bio-Algorithms and Med-Systems. 2021.
Gaudin, et al. IEEE TRPMS. 2019.

Wang, et al. Med Phys. 2022. » , ' o , Catana, J Nucl Med, p. 1044, 2019
Yale University Website: https://medicine.yale.edu/news-article/yale-pet-center-receives-102m-brain-initiative-grant-to-build-new-scanner/
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First prototyping in 2015

H. Tashima, ..., T. Yamaya, PMB, 64 (2019) 065004
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Commercialized as VRAIN by ATOX Corp. in Jan 2022

E. Yoshida, et al., PMB, 145008, 2020

MPPC array

LFS array \S‘ignal processing boar

LFS 4.1 mmx4.1mmx10 mmlL
MPPC 4.0 mm x4.0 mm (1:1 coupling)
54 detectors

TOF, non-DOI
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Depth-of-interaction (DOI) OR time-of-flight (TOF)?

S. Takyu, et al., PMB 035012, 2020

ROI 1 (10 mm sphere) CRC vs COV
100 -
od S
] o
oy 15
X 80 1%
> 1
% 60 . FoF =y 4 ) T AN
(8 ) -
e J
2 40 1 J —+—non-TOF DOI
g ]
£ : - «»- TOF 20 mm
D D (&) 20 d
DOI DOI+TOF . ) better —®—TOF 10 mm
10 20 30 40

Noise (COV) [%]
GEANT4 simulation

TOF + nonDOI + 10 mm thickness
was the best among three settings.

Non-TOF, DOl 280ps TOF 20mm  280ps TOF 10mm
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Biograph Vision

&QST

 Digital PET/CT

Navigate to personalized care

Cartesion Prime

- _)
T e = l\’ !
- —_— g
Vereos Discovery Ml ClariTom uMI 780
325 ps 385 ps 430 ps
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World’s fastest class TOF resolution in clinical PET

TOF resolution ranking

I

Vrain



VRAIN vs. Discovery MI 5-ring

(Paper in prep.)

GE Discovery Ml 5-ring
(10 min)
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VRAIN vs. Discovery MI 5-ring

M. Takahashi, 2021 Report on PET Imaging Physics Research, p. 26, 2022

A VA ,

1.

0 1000
Discovery
MI
5-ring ’
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&QST

Brain-dedicated PET VRAIN: Summary

World’s fastest
class detector

World’s first
hemispherical PET

Unusual seated PET

SFRIFRATHAFRAFEEE A - OYIBRTRT)IL—T

High image quality

World’s least
amount of detectors

Patient-friendly,
world’s smallest PET



Any other method
to increase sensitivity more?
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&QST

Boosted PET sensitivity by WGI

O

O

’

Total-body PET Conventional PET Whole gamma imaging
coincidence No detection Compton mode
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WGI prototyping

GSO (2.8x2.8x7.5mm?3)
4-layer DOI
PMT

66Ccm

Scatterer
GAGG (0.9x0.9x6.0mm3)
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WGI prototyping

T Yamaya, et al, SNMMI2017, No.152
E Yoshida,..., T Yamaya, et al, PMB, 125013, 2020

GSO (2.8x2.8x7.5mm3)
4-layer DOI

66Ccm

Scatterer
GAGG (0.9x0.9x6.0mm3)
non-DOI

SiPM
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89Zr-WGl

H Tashima,..., T Yamaya, PMB, 225038, 2020

511keV
—._
89Zr
Half-life \ }
@ (3.27d) EC positron
77% (23%)
89my(15.7s) 909keV
e

Compton mode
(100%)
89Y (stable) \

Normal mouse measured for 1 hour,
22 hours after injection of 9.8 MBq 8°Zr oxalate.

As of Jun 01 2019
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Compton imaging of mice

Kyoto U JAXA Riken Waseda U
S. Kabuki et al fé::lﬁ\lda e7t a|2 " S A A o8 2013 A. Kishimoto et al
NIMA p606, 2010 S p70, 20 NIMA p656, 2017

Gas + GSO Si + CdTe Ge + Ge GAGG-GAGG

3-D color

1311(364 keV) 858r(514 keV)
b) #Cu-labeled antibody ¢) ZnCl, image

4T1[>'< A431 4T1>. <] A431
ce > co[> Y 85SrCl,-HCL
Z .
'SrCl,-saline
X

131].NaOH
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Dr. Kotaro Nagatsu

Half-life
@ (3-97h) Positron

(04%) N\
2.61 ps
( ) 1157keV
(99.9%)

44Ca (stable)

4.9~6.7mm (FWHM)
1157keV

166 kBq #*Sc
2 hours measurement / position
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New imaging principles

PET Compton camera 44Sc-WaGl
lines-of-response surfaces of cone spots

>

s Tirnes .
| |
= ~Reconstruction—
. . . . Realtime imaging?
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“Quantum PET” ?

K Shibuya, ..., T Yamaya, Commun. Phys., 2020

560 ; ;
30% 100% O,
(P MOSkal et al PMB 055017, 2019) ssol Oz—saturated (N:43 X [0?) -
] 51lkeV 2
— ey \PAIT 8 540p -
— 2 22Na (190kBq)
s ‘
: , : : g 530} Air
Positron Positron  Ortho-positronium (o-Ps) T
. 12
emitter stop n-'o &Air—saturated (N=5.9 x|
o N,-saturated (N=4.9 x 107)
100% N,
510~ '

0 100 200 300 400 500 600 700 800
pO, (mmHg)

O-Ps life time can be a biomarker for hypoxia imaging,
which is necessary for selecting an optimal cancer
treatment method.
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PET Imaging Innovations - Summary

Methods to acquire more gamma-rays from patients for better diagnosis

* Increasing solid angle (detector coverage) e Combination with Compton imaging

*  Minimizing photon non-collinearity e Use of third gamma-ray
(choice of non-pure positron emitters)

Hemispherical brain PET (VRAIN) Whole gamma imaging (WGI)
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More info.

R PETIARIRES
Reports on PET Imaging Physics Research
(JPN/ENG in reports in 2016 and later)

RIREE2020

2020 Report
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