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The Effect of PET Scan Time on the Off-Line PET Image
Quality in Proton Therapy
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Proton therapy can deliver an optimal dose to tumor while reducing unnecessary dose to normal tissue as
compared the conventional photon therapy. As proton beams are irradiated into tissue, various positron emitters
are produced via nuclear fragmentation reactions. These positron emitters could be used for the dose
verification by using PET. However, the short half-life of the radioisotopes makes it hard to obtain the enough
amounts of events. The aim of this study is to investigate the effect of off-line PET imaging scan time on the PET
image quality.

The various diameters of spheres (D=37, 28, 22 mm) filled with distilled water were inserted in a 2001 IEC body
phantom. Then proton beams (100 MU) were irradiated into the center of the each sphere using the wobbling
technique with the gantry angle of 0°. The modulation widths of the spread out bragg peak were 16.4, 14.7 and
9.3 cm for the spheres of 37, 28 and 22 mm in diameters respectively. After 5 min of the proton irradiation, the
PET images of the IEC body phantom were obtained for 50 min. The PET images with different time courses
(0-10 min, 11-20 min, 21-30 min, 31-40 min and 41-50 min) were obtained by dividing the frame with a duration
of 10 min. In order to evaluate the off-line PET image quality with the different time courses, the
contrast-to-noise ratio (CNR) of the PET image calculated for each sphere.

The CNRs of the sphere (D=37 mm) were 0.43,0.42, 0.40, 0.31 and 0.21 for the time courses of 0-10 min, 11-20
min, 21-30 min, 31-40 min and 41-50 min respectively. The CNRs of the sphere (D=28 mm) were 0.36, 0.32, 0.27,
0.19 and 0.09 for the time courses of 0-10 min, 11-20 min, 21-30 min, 31-40 min and 41-50 min respectively.
The CNR of 37 mm sphere was decreased rapidly after 30 min of the proton irradiation. In case of the spheres of
28 mm and 22 mm, the CNR was decreased drastically after 20 min of the irradiation.

The off-line PET imaging time is an important factor for the monitoring of the proton therapy. In case of the
lesion diameter of 22 mm, the off-line PET image should be obtained within 25 min after the proton irradiation.
When it comes to small size of tumor, the long PET imaging time will be beneficial for the proton therapy
treatment monitoring.

Proton Therapy, Off-line PET, Contrast-to-Noise Ratio, Image Summation

- Received: September 29, 2017 Accepted: October 20, 2017
- Corresponding Author: Gun—Chul Hong

- Address for correspondence : Department of Nuclear Medicine,
Samsung Seoul Hospital, Irwon—dong, Kangnam—gu, Seoul,

135—170, Korea

+82—2—-3410—-2663, Fax: +82—2-3410-6284
E—mail: gunchul.hong@samsung.com

74



0] & Yt xR0 B4 ES Azt W2 Off Line PETY 284 AE

i

M B

o o 2| &S0 shol ok AR A 2= AL of| |
& =50 YAE o &= T EokR U
o] o]-g-5to] Yt -2 oA TS Al
AU 78S A A o] T PR == DA 7 At
Z19] WpabAd 2| B oY o= 2 QIR0 g PSR o
BAE 2 AUAZ 7IEAA GAZE o= A 5o
B FIAAS AWE T6h B2 ol daF 2%}
SHHA oF 22]0] Qli= 3ol Z[ o o U A& il B H]
2 1 7] F(bragg peak)” ] &2 & EA4-& 7FA| 1L Q)o], 7]
AS o] &3 AR =of| WISl FAF-8-S FEolHA F&Tt
BENE 4L 5 Ak PR B FUAPE UET] )

by
2o

13

rr

2
i)
o
[e}
o
ol
o
re
o
re
)
=
1o
N
>
i)
2
oo
ol
o
Q
o
fus
2
N
i

[}
Z A7 Aok e e ARt e 2 s
o|& PET BH| & 3l S50l 42| 2.2 H2H4
= A g AgEet? s ', PN, Fo, YK of e

¢
r

i)
flo & K o rr

2y

PETo|2} gt} $kx} &2 o] glom, w2 7| Zadh= WAL
g9 2a0] AHo] 4 glo] B0l THs it % 1
A= FAL R ZALF Y-S S8l H O R o535k PET ¢
AF8- 315351 in-room PET = on-Line PETo]2} 8}=1), o]

S90e Bl olESIA ozbel B A AT AI7HH <

o] PET ]2 o]%5HA] Elcha off-Line PET ola}i &
t}.>” in beam PET¥} in room PET 2] 7% -2 ulk7}7] o] vpA}
A ENHTH A = R 25 o|Holl YA S S
0.1} off-Line PET 9] 74-9- $kx}2] o] 5 A 2|} A7+HE a1
sto] P afjof Ttk 1 =t ol A= A AL @ 32t
%1 PET HAP} 7Fa3h Azt G4 g5 Al k& 264
= Yot EA A= O] HHd JA| =l 5FarA} Fir

O

e

iz W Y

1.2 &t & M=

Al$] o] AR8-%l &)= PET/CT GE Discovery-STE16 H]
(GE Healthcare, Milwaukee, USA)o]H, o] ZHH]= F-7HE3]
5 5.1 mm, 7%=+ 8.5 cps/kBq, FEA]0F=50 cm o]t} 183l A
ol AFEE 2EH-2 2001-NEMA IEC body Phantom ©.&
24.1%30.5%24.1 em ©] 7)o LA = A 2l8F9.7 ¢ ©] Hul=
4R glom, Ak FAle] M7 237, 28, 22 molch
(Fig. 1).

Fig. 1. This is 2001—NEMA IEC body Phantom(A), water phantom
for different size of sphere(B).

OFAJ A} ZALS QI3 o)A E]-L CT 590RT (GE Healthcare,
Milwaukee, WI, USA)E ARS-51o] 14 Z7|HE 212 =4
2 gsto] 51l o, X & A|E]-S Raystation ( Raysearch
Laboratories AB, Stockholm, Sweden) ©. 2 ZA} HFA1S- A4
3t &, 9FAIR[= Proton therapy system (Sumitomo Heavy
Industry, Ltd, Japan)2 A|Z}7} 5P| A} = %Ack(Fig.
2)(Table. 1).

Fig. 2. This is Proton therapy system (Sumitomo Heavy Industry, Ltd,
Japan).
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Table 1. Plan data of proton therapy for different size of sphere

sphere size  SOBP Range Nominal Collimated
(mm) (cm) Energy field
" “ (MeV) diameter (cm)
37 16.4 160 5
28 14.7 150 4
22 14 146 3
2. AlEiah

SRR S e e 37,25, 2 A0 TS B
) 4¥9) 3 AL Ao nfet 1 29) 24} H 2l wobbling
technique, gantry 0%, 100 MU, =23 =Z.71% H9)+=37 mm A
of] 16.4 cm, 28 mm A ] 14.7 cm, 22 mm =A|of] 9.3 em 2.2 A H
Sfol QPARE: 24 SHITHFig. 3). 2AHF A A 2710
A PET A1)} 9= 30,2 58 U] o] 5tgick. o] 5 PET 4
H]of| A o] A5 o]-g-5o] KL o] FH| 2] FlAlof $1AIA7]
I CTE 744 BA 7S 2831 5 PET QAN S QA Sl =
HER sjo] 184 50 3] 85 shaick. ]3] dojAl o]
BEdEAog ujExlA 37 128 x 128, Z-= X5 |, HE
B 0] whE 14 28], RIS 20, EAJORE S0 an,

T HE=4.29 m FWHM O 2 714 HP-S 2185191t ®
B H= H|ofEf= AlRE A tel] wh2 E Mg S A
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Fig. 4. This is after establishing an region of interest (ROI) by dividing
into a hot and background.

Tumor - Background

CNR =
N
or=3% 2B 6 o= T RE2HL

Fig. 5. Contrast noise ratio was calculated by the following formula.

(4) PR Eei T2 YR X 24
g aol| tiet 2] 2| =2o| RIS Lotk ffste] 27
74]2011 AR ElolE o] Hel 71 w) S A H 7} 2] 57 PET
G/l v =Y 2010 L2135 o] 8-5ko] y= Aol 2wt
A7 sto] DAY == gt Gk 2| o] LA| = A1 E v

FAcH(Fig. 6).
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ofi= Al T 2] B 48%, 2042 F-ofi=28%, 304 Fofl=19%
405 Tofl= 14%, 508 o= 9% of a3l Aot

22 mm

(Table. 2)(Fig. 7).
-1
o 11 Table 2. The overall count demonstrated
. stz 37 mn 28 mn
min
1 122,456 48,649 57,475
10 51,860 24,755 26,524
: 20 32,697 16,377 17,331
30 22,404 10,927 12,013
J AUV ST AT 40 15,658 7,730 8,354
' » 50 10,740 5,502 5,853
L i
Bu Tk e s | L
S | _ | O o
e -
- s « B :
: A B &
"
[
- Fig. 7. PET—CT image for different size 37 mm (A), 27 mm (B), 22
mm (C) of sphere
= 2. T BHAF 3 Mol A T
SHARE ol 2T RIS o83t Aol Hg 7L
= 37 mn FA9] 1-10 7FR] GAFol Al 0.43. 11-200f 4] 0.42,
21-3090|1 4] 0.41, 31-400)| 4] 0.31, 41-50 SHALo] A= 0212 L+
et} 28 mm Ao A= 1-100)4 0.36, 1120014 0.32,
21-300]|4] 0.27, 31-400]| 4] 0.19, 41-503Ato]| A= 0.102 A+
= Ho™, 22 mn Aol A= A A - R 0.25,0.25,0.19,
745} th(Table. 3)(Fig. 8).
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Fig. 6. (A) Obtained images is from PET
(B) Y—axis profiles is measured by Matlap 2010
(C) Decreasing point of plan data and the bragg peak
S
0.11, 0.08= FAF<Q] o]
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Table 3. CNR of different size of sphere

1~10 11~20  21~30  31~40  41~50

37 mm 0.43 0.42 0.41 0.31 0.21
28 mm 0.36 0.32 0.27 0.19 0.10
22 mm 0.25 0.25 0.19 0.11 0.08
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Fig. 8. This is CNR of sphere that show a sharp decline.
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Fig. 9. This figures shows profiles of dose and PET—CT for different size 37 mm(A), 27 mm(B), 22 mm(C) of sphere.
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