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Evaluation of Standardized Uptake Value applying EQ PET
across different PET/CT scanners and reconstruction

Seok Hwan Yoon, Byung Jin Kim, I Sang Moon and Lee Hong Jae
Department of Nuclear Medicine, Seoul National University Hospital, Seoul, Korea

Standardized uptake value(SUV) has been widely used as a quantitative metric of uptake in PET/CT for
diagnosis of malignant tumors and evaluation of tumor therapy response. However, the SUV depends on
various factor including PET/CT scanner specifications and reconstruction parameter. The purpose of this study
is to validate a EQ PET to evaluate SUV across different PET/CT systems.

First, NEMA IEC body phantom data were used to calculate the EQ filter for OSEM3D with PSF and TOF
reconstruction from three different PET/CT systems in order to obtain EARL compliant recovery coefficients
of each spheres. The Biograph true point 40 PET/CT images were reconstructed with a OSEM3D+PSF
reconstruction, images of the Biograph mCT 40 and Biograph mCT 64 PET/CT scanners were reconstructed
with a OSEM3D+PSF, OSEM3D+TOF, OSEM3D+PSF+TOF. Post reconstructions, the proprietary EQ filter
was applied to the reconstruction data.

Recovery coefficient can be estimated by ratio of measured to true activity concentration for spheres of different
volume and coefficient variability(CV) value of RC for each sphere was compared.

For clinical study, we compared SUVmax applying different reconstruction algorithms in FDG PET images of
61 patients with lung cancer using Biograph mCT 40 PET/CT scanner.

For the phantom studied, the mean values of CV for OSEM3D, OSEM3D+PSF, OSEM3D+TOF and
OSEM3D+PSF+TOF reconstructions were 0.05, 0.04, 0.04 and 0.03 respectively for RC.

Application of the proprietary EQ filter, the mean values of CV for OSEM3D, OSEM3D+PSF, OSEM3D+TOF
and OSEM3D+PSF+TOF reconstructions were 0.04, 0.03, 0.03 and 0.02 respectively for RC.

Clinical study, there were no statistical significance of the difference applying EQ PET on SUVmax of 61
patients FDG PET image. (p=1.000)

This study indicates that CV values of RC in phantom were decreased after applying EQ PET for different
PET/CT system and The EQ PET reduced reconstruction dependent variation in SUVs for 61 lung cancer
patients, Therefore, EQ PET will be expected to provide accurate quantification when the patient is scanned on
different PET/CT system.
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Fig. 1. Biograph true point 40 PET/CT scanner was used.
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Fig. 3. Biograph mCT 64 PET/CT scanner was used.

Fig. 4. NEMA |EC body phantom was used.
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1) EQ PET
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Table 1. Target recovery coefficient specifications for maximum
voxel value of NEMA |IEC body phantom in the EARL

Sphere

- Sphere Expected Minimal Maximal
dl(ag]r?]t)er volume (mL) RC RC RC
10 0.52 0.38 0.31 0.49
13 1.15 0.63 0.59 0.85
17 2.57 0.84 0.73 1.01
22 5.57 0.89 0.83 1.09
28 11.49 0.95 0.91 1.13
37 26.52 0.98 0.95 1.16

A
v

Fig. 5. This image shows how to adjust FWHM for EQ filter value.
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Fig. 6. Radioactivity concentration was measured on maximum
voxel values of each spheres.

Table 2. Example of EQ filter value by applying OSEM3D reconstruction in Biograph true point 40 PET/CT scanner

EQ filter =0 mm EQ filter =4.1 mm
Sphere EARL RC True AC EARL AC Measured AC % diff. Measured AC % diff.
diameter (kBg/ml) (kBg/ml) (kBg/ml) vs. EANM AC (kBg/ml) vs. EARL AC
10 mm 0.38 20.65 7.84 9.60 22.3% 8.37 6.6%
13 mm 0.63 20.65 13.01 13.47 3.5% 12.23 -6.0%
17 mm 0.84 20.65 17.35 18.47 6.4% 17.25 -0.6%
22mm 0.89 20.65 18.38 2151 17.0% 20.21 9.9%
28 mm 0.95 20.65 19.62 22.50 14.7% 21.71 10.6%
37 mm 0.98 20.65 20.24 23.42 15.7% 22.55 11.4%
Mean absolute % difference vs. EANM RC 13.3% 75%
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Table 3. EQ filter values for different PET/CT scanners and reconstruction algorithms

Biograph True i i
. Biograph mCT 40 Biograph mCT 64
point 40
Recon. OSEM3D PSF OSEM3D PSF TOF PSF+TOF  OSEM3D PSF TOF PSF+TOF
Iteration 2i 2i 2i 2i 2i 2i 2i 2i 2i 2i
Subset 21s 21s 21s 21s 21s 21s 21s 21s 21s 21s
Gaussian
. 3 5 5 5 5 5 5 5 5
Filter [mm]
EQ
. 5.1 5.7 41 55 45 6.3 4.8 5.8 5.2 6.4
Filter [mm]
14 14
o 12 o 12
5 1 — EANM Max ; 1 — EANM Max
E BI0_OSEM E BIO_OSEM_EQ
e 08 BIO_PSF f 08 BIO_PSF_EQ
E ——— mCT40_OSEM t —— mCT40_OSEM_EQ
E - —— mCT0_pSF ﬁ o6 —— mCT40_PSF_EQ
H B — mCT40_TOF E ——mCT40_TOF_EQ
e | ————
§ mCT64_PSF g —— mCTB4_PSF_EQ
= g7 —— mCT64_TOF & 02 —— mCT64_TOF_EQ
mCT64_TOF+PSF —mCTB4_TOF+PSF_EQ
0 o

10mm 13mm 17mm 22mm 28mm 37mm

sphere diameters

10mm 13mm 17mm 22mm 28mm 37mm

Sphere diameters

Fig. 7. Recovery coefficient graphs of each spheres on NEMA IEC body phantom. (a) before applying EQ PET, (b) after applying EQ PET.

3tjj2] Aol 4] &3 NEMA IEC Body phantom®] <
AollA 67 2] WAks 5 =9] gho] EARLOA] 7= 0= o}
= Wiks sk el o8EEs et Y4 At 2
EQ filtergts Ar&319ch (Table 3)

2) WA

Biograph true point 40 Image size 168 X 168, 1bed/2
943 BSSgom, A A7 OSEMBD, OSEM3D+
PSF, Iteration 2, subset 21, Gaussian filter FWHM
3mm, Biograph mCT 40, Biograph mCT 64 Image size
200x 200, 1bed/1& F8= FSsIAoH, FF A
OSEMS3D, OSEM3D+PSF, OSEM3D+PSF, OSEM3D+TOF,
OSEM3D+PSF+TOF Iteration 2, subset 21, Gaussian
filter FWHM 5mmE -85t} (Table 3).
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Fig. 10. Graphs show Bland—Altman analyses for ratio of SUVmax before and after applying EQ PET between OSEM and (A) PSF, (B) TOF,

(C) PSF+TOF reconstruction.
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Fig. 8. This graphs indicate recovery coefficient of each spheres on
NEMA IEC body phantom for different PET/CT scanners and
reconstruction algorithms. (a) before applying EQ PET, (b) after
applying EQ PET.

Biograph mCT40 PET/CTAHH] oA HALSE 617 9]
ALY FDG PET FA4olA BQ PETS 28 7 &/ A+
AL et 49 Hyt SUVmax:= OSEM3D, TOF,
PSF, PSF+TOF&0 2 Z715t9Aut, B4 702 9o}
Ztol= §loith, (p=0.199) EQ PETS 44 gt OSEMS3D,
TOF, PSF, PSF+TOF @/ A3l A= B+t SUVmax
O =2 YA EE Hylom FAHORE {95 2to]7} ¢l
2k (p=1.000) (Fig. 9)
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Fig. 9. This graphs show mean values of SUVmax before and after
applying EQ PET different reconstruction algorithm in FDG PET
images of 61 patients with lung cancer using Biograph mCT 40
PET/CT scanner.
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zto| 7t 2rAskatH(Fig. 10).
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WAk FE] HA7E 74 E Qlek, PET GA4dolA] H4 3
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719 2k, 1e|a X8 AJAE 7] AR 7t A=t F
4 E ASE AlmE
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