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v Si Gefrd @25°C Si Ge CdTe CZT
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v' CdTe, CdZnTe (CZT), ZnS, GaAs
3. ZMOih FZE (glcm?) 2.33 5.33 6.2 6.0
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/ : . . > L JLE— (eV) 1.12 0.67 1.44 1.5-2.2
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ASHhDFEEFRANSGETEFORNE LIS (Qem) 10 50 10° 101
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v Kb 1E FL3F 4 (sec) 2x103 103 2x10° 5x108
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Schlesinger, James. Semiconductors for room temperature nuclear detector applications. Vol43:p470.
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FB(RDOF®E ~Silicon Photomultiplier (SiPM)~
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FB(RDOF®E ~Silicon Photomultiplier (SiPM)~
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FB(RDOF®E ~Silicon Photomultiplier (SiPM)~
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Frach et al. IEEE Nucl Sci Symp Conf Record. 2009:1959-1965.
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FB(RDOF®E ~Silicon Photomultiplier (SiPM)~

Analog-SiPM
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FB(RDOF®E ~Silicon Photomultiplier (SiPM)~
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Haemisch, et al. Physics Procedia. 2012;37;1546—1560. —
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FB(RDOF®E ~Silicon Photomultiplier (SiPM)~
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FEKRTF

CdTe

FEERRFHIX 2 x4 x 7.5mm3
RHETTE 3fEDOI
IREE—F 3DYRE D H
Transverse 310 mmd® (EESHEREE )
FOV
Axial 250 mm
HAERHRIR 137Cs
mHEAE =
R/ = VL 18
FrRILE 80,000

Shiga T, et al. J Nucl Med. 2009;50:148-55.
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Philips Philips Siemens GE
“Vereos” “Gemini TF” “Biograph Vision” “Discovery MI”
FARH 25 Digital-SiPM PMT Analog-SiPM Analog-SiPM
Axial FOV (cm) 16.4 18.0 26.1 15 (3 ring) / 20 (4 ring)
Transverse FOV (cm) 67.7 67.6 70 70
YRR LY A X (mm3) 4.0 X 4.0 x 19 4.0 X 4.0 X 22 3.2 x 3.2 x 20 3.95 X 5.3 x 25
TOFB§fE 7 fZHE (psec) 310 495 214 375.4
Transverse @1 cm 4.8 3.5 4.2
2R R AL @ 4.2
(mm FWHM)
Axial @1 cm 4.2 4.8 3.5 4.5
& @center (cps/kBq) 5.1 6.6 16.4 7.5/13.7
- 153 kcps 125 cps 306 cps 100 kcps @21 kBg/mL
PRI NEEIR (pm) (@il (S2a L) @55 kBg/mL @17 kBg/mL @33 kBg/mL 193 keps @22 kBg/mL
33.9 27 38.7 40.6

BEL TS0 aY (%)

Rausch I, et al. 3 Nucl Med. 2018. Ahead of print.
Kolthammer JA, et al. Phys Med Biol. 2014;59:3843-59
van Sluis, et al. J Nucl Med. 2019 [Ahead of print].

Hsu DFC, et al. J Nucl Med. 2017;58:1511-8.
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Time-of-flight

TOFAIE R 18
f51)

Philips; 495 psec — 310 psec
GE; 544 psec — 315 psec
Siemens; 540 psec — 214 psec
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P NI E:H:
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Conr!;t} I:I)Er:JIIrIF\)] Nucl Med Mol Imaging. 2011;38:1147-11




Time-of-flight

Impact of TOF on a triangular distribution

Non-TOF (BGO): TOF 540 psec: TOF 214 psec:
Long line-of-response Short line-of-response Shortest line-of-response
) ) ‘ %
v \
A A A
| | 1

Siemens3F Btk &YEFHZHEL. HOKKAIDO
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Time-of-flight
1. “EE"EEHFT L (SNR) LR 2. “EHEEMETB(NEC) . REA AL

D = . D
SNRror = |7 SNRnon-roF Zj#rggff'aﬁ;\ﬁ’iﬁﬁ NECror = 77 NECNon-ToF
6.0 _
EEDOERHELFICHFS !
5.0 - 250 |

—Object size; 40 cm
——Object size; 30 cm
—Object size; 20 cm

—Object size; 40 cm
——Object size; 30 cm
—Obiject size; 20 cm

.
o
T
N
o
o
T

o
o
)

............................. f5l) Object size=40 cmDIHFE
" | Philips; 495 ps — 310 ps

".SNR gain; 2.3 - 2.9

[EEY

o

(@)
T

E$SNR gain (TOF/Non TOF)
w
o

SEZINEC (BEEE) gain (TOF/Non T

2.0
............................. f5) Object size=40 cmDIHFE
1| Philips; 495 ps — 310 ps
10 r 5.0 r ".NEC (B%£)gain; 5.4 — 8.6
\
0.0 1 1 1 1 1 0.0 1 1 1 1 1
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
TOFBfE 73 fZ8E (psec) TOFHFfE 72 #% 8E (psec)



Time-of-flight

Non-TOF TOF
650 psec 500 psec 200 psec
(Ax=9.7 cm) (Ax=7.5cm) (Ax=3.0cm)
~ 3 .e‘{;‘a
= | ra .t = i
9 " %
SNRgain ) 1.0 2.0 2.3 3.7
NEC gain
(Sensitivity gain) ™ 1.0 4.1 5.3 13.3

KBEEAREREZ40 cmEBFE

Clinical implementation of VUE Point FX™. GE Healthcare white paper. &%
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PSF (Point Spread Function)[E#RZ=F|HL-E{21E T
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FEKRTF CdTe

FBURRFHAX 2 X 4 x 7.5 mm?
BRHFE 3EDOI
INEE—F 3DIREDH
Transverse 310 mm® (BESEERE FAH)
FOV
Axial 250 mm
S ERERIR 137Cs
A& =W
REZI=VNL 18
FrRILE 80,000

OO Up,

Shiga T, et al. J Nucl Med. 2009;50:148-55. §
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el o A B
]2 HREFXEBIPET
EEE#%WPET (Siemens Biograph)
Distance Distance
10 mm 100 mm 10 mm 100 mm
Radial 4.8 mm 4.5 mm
. .3 mm 4.2 mm
Tangential 2.8 mm 4.3 mm
PEERPET

EEEFEEPET

(Siemens Biograph)

EKR5. INNERVISION. 2009;25:12.
EHE 5. INNERVISION. 2012;27:12.

All Rights Reserved Copyright © 2008 Hitachi, Ltd., and Hokkaido University
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signal energy
window

energy

signal window

counts
counts

(non-scattered)

noise
(scattered)

—
energy

a: v rFL—21aHE

b : ¥BFRHZE

B1 o FL—2%tdE (a) BLUFHFKRLE b) DIRNF—IANT bI L4
FEFREB TN —DRENEC, BEBKS EEMTESLHSNRIEES,

B HEXEBPET
EEE#%{*PET (Siemens Biograph)
IRI)ILX—nfEEE 4.1% 14.0%
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A SUVmax: 1.4

Gemini TF SUV gradient: 0.7; 0.4
—— Q?Z.?mu Gemlnl TF(?;E%J__:IFL_]PET) ‘F@g"ﬁ:ﬂ:ﬂgg/\‘,

B M USMIOBBULEBIREREL
4 41 _stage I (TIN1IMO)

»

SUVmax: 2.4
SUV gradient: 1.6; 1.8

. VereosTORHAZER
LAILIDRE Y EhIct EiEEY
.- 4A  Stage Il (TIN2MO)

Nguyen N, et al. J Nucl Med. 2015;56:1378-85. % HOKKAIDO
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Physics Contribution

A New Brain Positron Emission Tomography Scanner With
Semiconductor Detectors for Target Volume Delineation
and Radiotherapy Treatment Planning in Patients With
Nasopharyngeal Carcinoma

Norio Katoh, M.D.,* Koichi Yasuda, M.D.,* Tohru Shiga, M.D.,’

Masakazu Hasegawa, M.D.,* Rikiya Onimaru, M.D.,* Shinichi Shimizu, M.D.,*
Gerard Bengua, Ph.D.,” Masayori Ishikawa, Ph.D.,’* Nagara Tamaki, M.D.,’
and Hiroki Shirato, M.D.*

Departments of *Radiation Medicine, 'Nuclear Medicine, and 'Medical Physics, Hokkaido University Graduate School of
Medicine, Sapporo, Japan
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Katoh N, et al. Int J Radiation Oncology Biol Phys. 2012;82:e671—6.
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i EERYFEARPET WEREPET = £ —
Patient S RREOPETEMANBIET, AT
Average = SD 157 299 mL 34.0 £ 20.5 mL EIZBITAERARBENAEEIZ/NEK
p value 0.0006 - B -

iEF#RE (cGy)

K- /Misi#R = (cGy)

BSR4 EKPET

1,475 £ 612 1,816 = 455

Patient no. EEZFEARPET HERBPET

Average = SD 2,001 £+ 347 2,233 £ 209
0.0418 0.0041

p value

SN REEDPETZHLNSZ LT, 214}t
BB EX RO T EMNTES-

Katoh N, et al. Int J Radiation Oncology Biol Phys. 2012;82:e671—6. HOKKAIDO
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Clinical Investigation: Head and Neck Cancer

[*F]fluoromisonidazole and a New PET System With
Semiconductor Detectors and a Depth of Interaction
System for Intensity Modulated Radiation Therapy
for Nasopharyngeal Cancer

Koichi Yasuda, MD,* Rikiya Onimaru, MD, PhD,* Shozo Okamoto, MD, PhD,’

Tohru Shiga, MD, PhD,” Norio Katoh, MD, PhD,* Kazuhiko Tsuchiya, MD, PhD,*
Ryusuke Suzuki, PhD,* Wataru Takeuchi, MS,/ Yuji Kuge, PhD," Nagara Tamaki, MD,
PhD," and Hiroki Shirato, MD, PhD*

Departments of *Radr‘olagy, 'Nuclear Medicine, and ‘Medical Physics, Hokkaido University Graduate School of Medicine,
Hokkaido, Japan; “Central Institute of Isotope Science, Hokkaido University, Sapporo, Japan; and 'Central Research
Laboratory, Hitachi Ltd, Hitachi, Ibaraki, Japan
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Yasuda K, et al. Int J Radiation Oncology Biol Phys. 2013;85:142-7.
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EEPRRIBFZIZH VT, ELE

BRAGIEETRHOGLNS

=Zx1 9 H8F-FDG PET/CTI&

e BYBLRAET SIS
X o =R BZ A
— %% %8 (Interim PET) i{:ﬁ% IRGEEMNES
-~ FRRE . EREMLURE
~ 18F-FDG PETIZ &5 IFIRE |  PET/CTOCTICLHHWIBRE
4.2 mSv 1 ~ 102 mSv

%60 kg, B, 3.7 MBg/kgik 5 DIHEE
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e IR LIRE A D X I
100% dose 50% dose

— Vereos
— 45 kg

— 18F_-FDG (503 MBQ)

- 90 sealbed BEBEEHILTHRS

D EE ESUVmMax

143  suVmax 14.7
Liu X, et al. SNMMI 2016. M
Courtesy of Ohio State University, Philips Japan, Ltd. HOKKAIDO



TR Y) R LERE A~ O 55 fitx

90 sec/bed O sec/bed

_ Xgekrge - r R BRI M9 sec/bed
— 18F-FDG (477 MBQ) o .'. ; T%%h@”@@g
ra N
50 MBoiEED 5=
THE-EZL ! ?
L K. S

Courtesy of Ohio State University, Philips Japan, Ltd. HOKKAIDO
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RS REE DA L 52

RE PN DEERErCH T HE R ZR T AEREC D E R r BE LA SO
R RHEIFRIVTE

2
T EEEEC = 1. 25\/(d/2)2 + 52 + (0.0044R)? + b2 + % (mm FWHM)

EHGE AL £I~1K‘7?V/ / \ \

2UAINDAREE o A NURBRAE Decoding error factor RARL— 30
4
ﬁ . 180 :u.zsgg i .
1
Positron Range Photon Noncollinearity

Moses WW. Nucl Instrum Methods Phys Res A. 2011;648:Supple 1:5236-240. HOKKAIDO
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REPLALDERENZHITHEAZER D AERRGCHIE R

ZEfE 2 fEEEG = 1.25\/(d/2)2 + 52 + (0.0044R)2 + b2 + (25 (mm FWHM)

r24R?

Decoding error ZEfE iR (NEMA)
PMT Digital-SiPM
PMTHEPETICEFH7A—AYYY 7' RB )L EDigital-SIPMAESH—HK (L:18vTYT) —
ZRAV-MEER —MEREFE (mm FWHM) Philips Philips
Ingenuity TF Vereos
ATV 352 333 @ 1cm 4.7 4.0
: 1 ] ' Transaxial
SEEEANE WY ' @ 10 cm 5.2 4.5
AN : @ 1cm 4.7 4.0
e ,'A‘Q__ Y s = oase Axial
@ 10 cm 5.2 4.5

% Philips “Vereos” M & D& &

XERBEHEAE, FBP

Moses WW. Nucl Instrum Methods Phys Res A. 2011;648:Supple 1:5236-240. _
Slomka PJ, et al. Smin Nucl Med. 2016;46:5-19. IJII\(T)I%IP:(II{ASIRQ
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Phantom experiences: Derenzo phantom

15 m

12 m

2 mm voxel

1 mm voxel

Non-PSF

.......
......

(Non-PSF)

Reconstruction parameters: 30 min acqg.; 3D blob-based OSEM; Iteration/Subset, 10/10 in Vereos and 3/33 in TF; PSF iteration, 1; PSF regularization, 6 mm. H OKK ! ID O



Phantom experiences: Spatial resolution

Non-PSF (Non-PSF)

3D brain phantom™ CT images

ﬁﬁé@@

2

f"‘)
" D

-

Vi

*1...lida H, et al. Ann Nucl Med. 2013;27:25—-36.
Reconstruction parameters: 40 min acq.; 3D blob-based OSEM w/ TOF; Iteration/Subset, 10/10 in Vereos and 3/33 in TF; PSF iteration, 2; PSF regularization, 4 mm.




Phantom experiences: Sighal-to-noise ratio

NEMA body phantom

Contrast ratio Non-PSF (Non-PSF)

o
©

o
o]

Recovery coefficient
o =
(e} ~

o
o

o
~

Acquisition time, 3 min; 3.2 kBqg/mL
Sphere size: 10, 13, 17, 22, 28, and 37 mm@

Reconstruction parameters: 3D blob-based OSEM w/ TOF; Iteration/Subset, 3/12 in Vereos and 3/33 in TF; Voxel size, 2 mm in Vereos and 4 mm in
TF; PSF iteration, 1; PSF regularization, 6 mm.

Recovery coefficients

Contrast ratio=3:1
——\Vereos: Non-PSF
—e—\/ereos: PSF
——TF (Non-PSF)
5 15 25 35 45

Sphere diameter (mm)

% HOKKAIDO
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Phantom experiences: Sighal-to-noise ratio

Sphere phantom (Brain size)

Contrast ratio Vereos Gemini TF

-8:1 Recovery coefficients

1.2
Acquisition time
=10 min -
= 1.0
(ah)
Non-PSF 2
— 0.8
[V
)
@)
©06 r
-
m .
> 04 | ——Vereos: Non-PSF
(@)
8 -e-Vereos: PSF
oz r ~—TF (Non-PSF)
0.0 ' ' ' ! .
0 20 40 60

Sphere diameter (mm)

Reconstruction parameters: 6.0 kBg/mL (background); 10 min acq.; 3D blob-based OSEM w/ TOF; Iteration/Subset, 10/10 in Vereos and 3/33 in TF;
PSF iteration, 1; PSF regularization, 4 mm. ' [_] OKKAIDO
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6
1.5 10 : , — 1
— 1.010° | Ideal Trues |
&
< .
7
s
g 5
S 5010° b i
P < Measured Trues
0.0 10° m

0 0.01 0.02 0.03 0.04 0.05 0.06
Specific Activity [MBg/ml]

Phelps. Physics, Instrumentation, and Scanners. Springer.

IR PETEBOTH AL, BEICEKET S

v 91RO EEEE

1 EHOENRLE S

v {EEH'timing windowR IZFEIEFIZA S

V REBRUBOHEATLDEETFOT Mo TY
AIADEWRIZES HBRELEE

—sWTFhtBHBEDODIESICHEICRLE

PETRI VFL—2DH| &85

Nal:TI GSO:Ce BGO LSO:Ce  LYSO:Ce
ZE (glcm3) 3.67 6.71 7.13 7.4 7.25
ENRFES 50.6 58.6 74.2 65.5 66

| EEEERR(nsec) 230 60 300 40 a2 |
HILH S (FA*HE) 100 25-30 15 75 90
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v O IGEMEL vV HmDEEEZ TN &5(Z. Digital-SiPM¥EELPET (Philips Vereos)Tld, o »
» 0x1gB Number of events vs. activity 1. DoFL—2a EDEBECADEBRNTETH
y Y. 1IEDRICEICE#ETORILE S
T _ —ETEREDENE. &:3EE
o s 2. WBHBOUARYAERL
£ e e a v — I REEFE D FEHE
© 1.2x1081 TF * rd - 4
- J SBICHAEZLLOEBRZHFTED
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Miller MA. Focusing on high performance. Philips white paper. 2016. % HOKKAIDO
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Patient images: 18F-FDG whole body scan

— 69 y.0; male; malignant paraganglioma; BW, 76 kg; injection dose, 336 MBg; uptake time, 60 min; 2.5 min/bed

4 mm voxel 2 mm voxel
MIP Coronal

Coronal Axial

R L

:
’

g el
R oL
e

e . ¥
e ‘d
N P

’ o)

.
»
Reconstruction parameters: 3D blob-based OSEM w/ TOF + PSF; Iteration/Subset, 3/12; PSF iteration, 1; PSF regularization, 4 mm. % HOKKAIDO

UNIVERSITY




Patient images: 18F-FDG whole body scan

15 s/bed 30 s/bed 45 s/bed 60 s/bed 75 s/bed 90 s/bed 105 s/bed 120 s/bed 135 s/bed 150 s/bed
or or or or or or or or or or
0.4MBg/kg 0.9MBgkg 1.3MBgkg 1.8MBgkg 2.2MBgkg 2.7MBgkg 3.1MBgkg 3.5MBgkg 4.0MBgkg 4.4 MBg/kg

MIP
SUV
SHE |0
; A - - ;b - - - - -
"'{ » "-fjo ot e "f'- o’ + :o "‘, » o’ . o’ ,.' o Yo o’ .
Coronal “'_f‘ ‘ h‘a “f a “T ") (:c ;) ‘s }) - a - a - ") ‘\'? ’
L 3 t 'u [ : t : .‘..:_' “t : { : { : { : { :
¥ % 3 B 1 H % % $ §
SUVmean 12.8 12.7 12.7 12.6 12.5 12.5 12.5 12.4 12.5 12.4
SUVmax 39.9 35.2 35.2 33.8 32.6 33.0 33.6 34.1 34.5 34.1




Patient images: 18F-FDG brain scan

— 3 y.o child; epilepsy; BW, 12 kg; injection dose, 44 MBq; acquisition time, 10 min

Mid brain

level Striatum level Parietal-lobe level
Red nucleus

2 mm voxel

ANS

1 mm voxel

Reconstruction parameters: 3D blob-based OSEM w/ TOF (Non-PSF); Iteration/Subset, 4/10.



Patient images: 18F-FDG brain scan

Simulation of reduced acquisition time or injection dose (radiation exposure)
— 3 y.o child; male; epilepsy; BW, 12 kg; uptake time, 62 min

0.5 min 2 min 4 min 6 min 8 min 10 min
or or or or or or
2MBg i 9 MBg 18 MBq 26 MBq 35 MmBq 44 \vBq
[0 ) -
0
-
<
o ' 20 o
180 %,
SUVmean : | Radiation exposure =
T . | PET,0.12mSv

CT, 0.3 mSv
Total 0.42 mSv

Reconstruction parameters: 3D blob-based OSEM w/ TOF (Non-PSF); Iteration/Subset, 4/10; 2 mm voxel. H OKK ! ID O
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Take home message

V AURBEEERETA3MTEL U FL—3Z N L CRENIZEET
HAATDHFERPETEEMNHD (F=F=L. BRIEL TS D IR HE
D H)

v Silicon Photomultiplier (SIPM)IZIX. EE%27FR5HAhT 54T
ETORIVHANTHIATHHS

v SIPM#EEPETIE., ZERISERED MR L., MAEELDOIER . TOFhE
DERLGENERAFTES

—ESHEHED LR (ZMiER L. REDOSUVRETHRAEETE)

-5 E (HIR) ZRELL, BYBRLIREMNTEDS

—iREFEZRLL. BADBWNEBZDEEZRLT (T—FI7IMER)
-5 =, ZERREIXZTOERIZ, KYBEZLITS
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PennPET EXPLORER UCDavis EXPLORER

. UNITED =
. IMAGING
3.86 x 3.86 x 19 mm?3 LYSO
Philips DPC digital SiPM
(64 channels)
Crystals: 2.76 x 2.76 x 18.1 mm LYSO
Array: 7 (transaxial) x 6 (axial) = I

SiPMs: 4 - Sensl 6 mm J-series Assembled

200 cm

detector module ot sink ’ .
with 5x14 blocks : y

Detector processing unit »




&RIC ~EsFTRiT~

EXPLORER: First Human Images

' 7.8 mCi FDG
65 kg subject

20 minute scan

1 bed position

90 mins post-injection
OSEM with PSF and TOF
20 subsets, 5 iterations
1x1x1.425 mm?3 voxels

Courtesy of
UC Davis
United Imaging
Zhongshan Hospital
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