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Abstract: This study aimed to determine the comparability of tumor-uptake indices of 18F-FDG in positron emis-
sion tomography/computed tomography (PET/CT) and positron emission tomography/magnetic resonance imaging 
(PET/MRI). 2-[fluorine-18]-fluoro-2-deoxy-D-glucose (FDG) PET/CT and PET/MRI were performed on 55 patients with 
confirmed primary malignancies. PET/CT preceded PET/MRI in all examinations. Accumulation of 18F-FDG in lesions 
and normal organs (brain, liver) was measured. Maximum and peak standardized uptake values (SUVs; SUVmax and 
SUVpeak, respectively), metabolic tumor volume (MTV), and total lesion glycolysis (TLG) with margin thresholds of 
SUV of 50% (MTV50%; TLG50%, respectively) were measured as indices for comparison of measurements in tumors. 
Comparative indices with tumor SUVmax and liver ratio (TLRmax), brain ratio (TBRmax) were calculated. These indi-
ces were compared between PET/CT and PET/MRI examinations. The data measured using PET/CT and PET/MRI 
showed significant correlations for all tumor indices. The correlation was strongest for SUVpeak (r = 0.933), followed 
by TBRmax (r = 0.929); and the index ratio of (PET/CT)/(PET/MRI) data was close to 1.0 for TLRmax (1.00 ± 0.22) and 
TBRmax (1.01 ± 0.21), followed by MTV50% (0.82 ± 0.33) and TLG50% (1.18 ± 0.45). The values of all indices showed 
strong correlations between PET/CT and PET/MRI examinations. Among them, TLRmax, TBRmax, MTV50%, and TLG50% 
showed a close value and may be useful for comparison of tumor evaluation between two PET systems. 
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Introduction

The mortality rate due to cancer is high. Ac- 
cording to the World Health Organization, in 
2019, cancer was the leading or second lead-
ing cause of death among people under 70 
years old in 112 of 183 countries and the third 
or fourth leading cause in 23 other countries 
[1]. 

Although computed tomography (CT) is useful 
in imaging studies, it lacks the ability to show 
definitive differences in physiology. Positron 
emission tomography (PET) has the ability to 
measure tissue metabolic activity, but it needs 
the support of high-resolution anatomical infor-
mation. The combination of these two tech-
niques provides the best of both worlds in a 
merged dataset, improving diagnostic accura- 
cy and localization of many lesions [2]. Posi- 

tron emission tomography/magnetic resonan- 
ce imaging (PET/MRI) is considered to have 
advantages over PET/CT. Spatial and temporal 
correlations can be obtained by acquiring PET 
and MRI data simultaneously. Furthermore, 
MRI in PET/MRI hybrid imaging provides useful 
information about pathophysiological process-
es. In addition, PET/MRI may reduce patient 
exposure compared to PET/CT, which is particu-
larly important in pediatric patients [3].

Highly malignant tumors generally have a high-
er glucose metabolism compared to normal  
tissues [4]. 2-[fluorine-18]-fluoro-2-deoxy-D-glu-
cose positron emission tomography (18F-FDG-
PET) plays a crucial role in the accurate diagno-
sis of malignant lesions. Although PET/CT and 
PET/MRI examinations using 18F-FDG have 
improved the ability to diagnose tumors, stan-
dard uptake value (SUVs) vary between facili-
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ties because not all hospitals use the same 
PET equipment or measurement and recon-
struction methods. Therefore, comparing data 
measurements, such as the SUV, is difficult at 
different facilities.

The equivalence of quantitative indices be- 
tween PET/CT and PET/MRI studies has yet  
to be fully reported. Significant correlations 
between maximum SUV (SUVmax), peak SUV 
(SUVpeak), metabolic tumor volume (MTV), total 
lesion glycolysis (TLG), and SUV accumulation 
ratio with the liver (maximum tumor-to-liver 
ratio; TLRmax) obtained from different machines 
have been reported [5]. MTV refers to the  
metabolically active volume of the tumor seg-
mented using FDG PET. TLG of a lesion was  
calculated as SUVmean × MTV, which considers 
both the metabolic activity and tumor burden. 
Although the liver is considered an organ with 
relatively stable 18F-FDG accumulation, there 
are many diphosphatases (e.g., glucose-6- 
phosphatase) in the liver, and the intracellular 
hydrolysis of phosphorylated FDG-6-phosphate 
causes decreased 18F-FDG accumulation in  
the liver [6]. Increased 18F-FDG accumulation in 
the liver of patients with cirrhosis and chronic 
hepatitis has also been reported [7]. Therefore, 
the evaluation of tumors using TLRmax may not 
be sufficiently accurate in patients with liver 
disease. 

In this study, comparisons using SUVmax,  
SUVpeak, MTV, and TLG, the ratios of the tumor 
to the liver and brain were investigated to derive 
and compare various indices in tumor evalua-
tion. By evaluating the concordance between 
PET/CT and PET/MRI data, we can compare 
tumor glucose metabolism data between dif-
ferent facilities and models, enabling us to cor-
rectly assess the tumor and avoid unnecessary  
radiation exposure to patients from repeated 
examinations.

Patients and methods

Patients and study design

We evaluated 123 consecutive patients who 
underwent single-injection dual-imaging with 
18F-FDG-PET/CT followed by PET/MRI for the 
staging and follow-up of malignant lesions  
from November 2013 to July 2014. The inclu-
sion criteria were: (a) patients who had or were 
highly suspected of having malignant lesions; 

(b) aged > 20 years; (c) not pregnant; (d) able  
to tolerate the long duration of image acquisi-
tion; and (e) with no contraindications for MRI 
examination, such as pacemakers or metal 
implants. All patients who met these criteria 
and agreed to undergo PET/MRI were included 
in this study. One patient who underwent PET/
CT and PET/MRI was excluded because of poor 
image quality and elevated blood sugar level 
(363 mg/dL). To measure MTV50% and TLG50% as 
previously described by Lee et al. [5], 55 
patients (24 men and 31 women; mean age, 
60.3 years; range, 20-83 years) with 18F-FDG-
positive tumors with SUVmax greater than 2.5 
were enrolled in this study. All patients had 
blood glucose levels < 142 mg/dL. The patient 
characteristics are summarized in Table 1. 
Patients with the following malignancies were 
included: lung carcinoma (n = 14), breast carci-
noma (n = 11), ovarian carcinoma (n = 5), leuke-
mia (n = 5), esophageal carcinoma (n = 4), uter-
ine tumor (n = 4), pancreatic carcinoma (n = 3), 
stomach carcinoma (n = 2), rectal carcinoma (n 
= 2), and other tumors (n = 5). This study was 
approved by the Ethics Committee of Fuku- 
shima Medical University and was conducted 
according to the Declaration of Helsinki. All 
patients provided written informed consent.

PET/MRI and PET/CT protocols

Imaging protocols: All patients fasted for at 
least 4 h or skipped one meal before their 
examination. The mean glucose level at the 
time of injection was 99.3 ± 11.4 mg/dL (range 
82-142). Patients were injected with 182 ± 
36.5 MBq (range, 110-269 MBq) of 18F-FDG 
according to their body weight. PET/CT preced-
ed PET/MRI for all patients. After 18F-FDG injec-
tion, PET/CT was started after a mean uptake 
time of 63 ± 8 min and PET/MRI after a mean 
uptake time of 98 ± 14 min. Following the PET/
CT examination, patients were immediately 
moved to the PET/MRI room located next door 
to minimize the interval between the imaging 
procedures. No contrast agent was used for 
any study.

PET/CT: 18F-FDG-PET/CT data were acquired 
using Biograph mCT with 128-slice CT (Siemens 
Healthcare, Erlangen, Germany). Acquisition of 
PET data started from the upper thigh and 
ended at the head during shallow breathing. 
The acquisition time was 2-3 min per bed posi-
tion (BP), with 6-8 BPs (21.8 cm/BP). A matrix 
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from 200 × 200 was used. The PET data were 
reconstructed using ordered subset expecta-
tion maximization (3D-OSEM) containing three 
iterations and 21 subsets, with the time of  
flight (TOF), point spread function (PSF), and a 
Gaussian filter of 3 mm and full width at half 
maximum. Attenuation correction was perfor- 
med based on the data obtained from the CT 
scan before the PET scan.

PET/MRI: PET/MRI data were obtained using 
an integrated wholebody PET/MRI system 
(Biograph mMR; Siemens Healthcare) with a 
3.0-tesla MRI scanner. The technical perfor-
mances of the Biograph mMR and Biograph 
mCT systems were summarized in a recent 
paper [8]. Acquisition of the PET data began  
at the upper thigh and finished at the head, 
with shallow breathing during MRI acquisition. 
The PET data acquisition time was 3 min per 
BP, with 4-6 BPs (25.8 cm/BP). Besides the 
Dixon sequence for attenuation correction, 
axial half-Fourier acquisition single-shot turbo 
spin-echo (HASTE) and coronal turbo spin-echo 
T1-weighted (TSE-T1W) images (both with a 6 
mm slice thickness) were obtained. TSE-T1WI 

data from the chest and upper abdominal 
regions were acquired with breath holding, 
whereas TSE-T1WI data from other regions and 
HASTE data were obtained with shallow breath-
ing. The parameters for HASTE imaging were  
as follows: repetition time, 750 ms; echo time, 
73 ms; flip angle, 120; matrix, 384 9 276;  
slice thickness, 6 mm; slice gap, 1.8 mm. The 
parameters for TSE-T1W imaging were as fol-
lows: repetition time, 500 ms; echo time, 8.2 
ms; flip angle, 140; matrix, 384 9 931; slice 
thickness, 6 mm; slice gap, 1.8 mm. A matrix  
of 172 9 172 was used for PET in PET/MRI. The 
PET data were reconstructed using 3D-OSEM 
containing three iterations and 21 subsets, and 
a Gaussian filter of 5 mm in full width at half 
maximum. The PET data underwent automatic 
attenuation correction with attenuation maps 
generated from the two-point Dixon sequence.

Data analyses

To measure MTV50% and TLG50%, 18F-FDG-po- 
sitive tumors with a SUVmax greater than 2.5 
were selected as target lesions and measured 
with a spherical volume of interest (VOI). These 

Table 1. Patients’ characteristics and imaging protocol
Characteristics
Patients (n) 55
Age (years) 60.3 ± 12.4
Male:female 24:31
FDG injection dose 182 ± 36.5 MBq (range 110-269)
Mean glucose level 99.3 ± 11.4 mg/dl (range 82-142)
Scan time from FDG injection PET/CT: 63 ± 8 min

PET/MRI: 98 ± 14 min
Image reconstruction PET/CT: OSEM + TOF + PSF

PET/MRI: OSEM
Diseases Lung carcinoma [n = 14: adenocarcinoma (n = 8), squamous cell carcinoma (n = 

5), small cell lung cancer (n = 1)], breast carcinoma [n = 11: scirrhous carcinoma 
(n = 7), papillotubular carcinoma (n = 1), solid-tubular carcinoma (n = 1), unk-
nown (n = 2)], ovarian carcinoma [n = 5: serous adenocarcinoma (n = 2), serous 
papillary adenocarcinoma (n = 2), mucinous adenocarcinoma (n = 1)], leukemia 
[n = 5: FL (n = 3), DLBCL (n = 1), MM (n = 1)], esophageal carcinoma [n = 4: 
squamous cell carcinoma (n = 3), basaloid carcinoma (n = 1)], uterine tumor [n = 
4: carcinosarcoma (n = 2), serous adenocarcinoma (n = 1), endometrioid carcino-
ma (n = 1)], pancreatic carcinoma [n = 3: adenocarcinoma (n = 2), IPMC (n = 1)], 
stomach carcinoma [n = 2: adenocarcinoma (n = 1), neuroendocrine carcinoma 
(n = 1)], rectal carcinoma [n = 2: adenocarcinoma (n = 2)], and other tumors [n 
= 5: parotid mucoepidermoid carcinoma (n = 1), papillary thyroid cancer (n = 1), 
thymoma (n = 1), HCC (n = 1), intrahepatic cholangiocarcinoma (n = 1)]

DLBCL, diffuse large B-cell lymphoma; FDG, fluorodeoxyglucose; FL, Follicular lymphoma; MM, multiple myeloma; HCC, 
hepatocellular carcinoma; IPMC, intraductal papillary mucinous carcinoma; PET, positron emission tomography; CT, computed 
tomography; MRI, magnetic resonance imaging.
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measurements allowed us to determine the 
anatomical location of suspected PET-positive 
lesions with good reliability using both CT and 
MRI images (Figure 1). All primary tumors were 
included in the measurements when the pri-
mary tumor was identified. In cases where only 
tumor metastases could be identified, larger 
metastatic lesions were preferentially mea-
sured. As described in a previous study, when 
there were numerous PET-positive lesions,  
up to five lesions per organ or compartment 
were chosen to avoid bias from individual 
patients [9]. The measurement was perform- 
ed on a dedicated workstation (EV Insite; PSP 
corporation).

For volumetric indices, isoactivity-contoured 
VOIs were drawn for each target lesion, and the 
volume expressed in milliliters was defined as 
MTV. The mean SUV of the VOI was measured 
to calculate the TLG, which was defined as the 

mean SUV × MTV. Margin thresholds of the iso-
activity contour were set as 50% of SUVmax or 
SUV 2.5 to determine MTV50% and TLG50%, as 
previously described [5].

Spherical VOIs were manually placed for normal 
organs, and care was taken to avoid adjacent 
tissues. SUVmax was measured by placing 3.0 
cm3 of VOI in the right lobe of the liver, and 1.0 
cm3 in the right cerebellar cortex. Similarly to 
the previous report by Lee et al. [5], the maxi-
mum tumor-to-liver ratio (TLRmax), and the maxi-
mum tumor-to-brain ratio (TBRmax) were calcu-
lated for PET/CT and PET/MRI as indices for 
comparison in this study.

Tumor 18F-FDG measurements were perform- 
ed by a radiologist with 20 years of experience 
in diagnostic radiology and nuclear medicine, 
while normal tissue 18F-FDG measurements 
were performed by a radiologist with one year 

Figure 1. Illustration of PET data of comparable quality and of feasibility of anatomical localization by CT and MRI 
in a patient with lung cancer: PET/CT (A) and PET/MRI (B). (Left) maximum-intensity projection overview of findings 
with 18F-FDG PET. (Middle) Axial slices from both modalities showing the primary lesion, representing the primary 
lesion (labeled with red circles). A structural correlate of the PET lesion is detectable on CT and MRI scans. (Right) 
Fusion overlay of PET and CT images, and fusion overlay of PET and MRI images. 
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of experience in diagnostic radiology and nucle-
ar medicine.

Statistical analyses

Percentage differences between PET/CT and 
PET/MRI in terms of concordance and percent-
age accumulation of various indices were cal-
culated; Spearman correlation of SUVmax, 
SUVpeak, MTV50%, TLG50%, TLRmax, and TBRmax 
coefficients were calculated for PET/CT and 
PET/MRI. All statistical analyses were per-
formed using IBM SPSS (version 28; IBM Corp., 
Chicago, Illinois, USA), and P-values less than 
0.05 were considered statistically significant.

Results

A total of 149 lesions were measured in the 55 
patients enrolled. None of the patients had sus-
pected hepatic or cerebellar disorders. Table 2 
summarizes the mean (SD) of PET/CT and PET/
MRI measurements and how they correlate.

The mean values of (PET/CT measurements)/
(PET/MRI measurements) were close to 1 for 
MTV50% (0.82 ± 0.33), TLG50% (1.18 ± 0.45), 
TLRmax (1.00 ± 0.22), and TBRmax (1.01 ± 0.21). 
The mean MTV50% value was higher for PET/MRI 
than for PET/CT, and the PET/CT value was 
higher than PET/MRI for the remaining indices 
(Figure 2). All indices were significantly corre-
lated with PET/CT and PET/MRI (all P < 0.001). 
They also showed higher r-values (all r > 0.9), 
particularly for TLRmax (0.924) and TBRmax 
(0.929), compared to other indices.

Discussion

In this study, except for MTV50%, the values 
measured by PET/CT were higher than those 

measured by PET/MRI. The technical differenc-
es between PET/CT and PET/MRI may have 
influenced these results. PET/MRI uses 3D- 
OSEM reconstruction, while PET/CT uses 3D- 
OSEM with TOF and PSF; TOF and PSF have 
been reported to increase SUVs [10], probably 
due to their improved sensitivity [11]. The 
Signal-to-noise ratio (SNR) was improved on 
images reconstructed using TOF and PSF infor-
mation [12]. Alternatively, lesion SUVs may be 
higher with PET/CT than PET/MRI because  
of the different attenuation corrections used 
[13]. In this study, the number of iterations and 
number of subsets in OSEM for PET/CT and 
PET/MRI were the same, but when OSEM is 
used for tomographic reconstruction, the noise 
and subset-related artifacts in the images 
increase as the number of subsets increases 
[14]. Technical factors such as interscanner 
variability, image acquisition and reconstruc-
tion parameters, and interobserver variability, 
can make a difference. Biological factors such 
as blood glucose level, tracer uptake time, and 
respiratory motion, can have a substantial 
impact on SUV measurements as well [15]. 
Therefore, these factors must be taken into 
account when interpreting the obtained ima- 
ges.

Mean values of (PET/CT measurements)/(PET/
MRI measurements) were SUVmax (1.51 ± 0.29), 
SUVpeak (1.44 ± 0.29); and the difference in  
values was greater between PET/CT and PET/
MRI compared with MTV50%, TLG50%, TLRmax, and 
TBRmax. In a study by Lee et al., the ratio of  
PET/CT measurement value to PET/MRI mea-
surement value in the CT precedent group was 
approximately 1.15 times for SUVmax and 1.1 
times for SUVpeak [5]. This result may be due to 
differences in the performance of the PET 

Table 2. Mean values of (PET/CT measurements)/(PET/MRI measurements) and Spearman’s correla-
tion coefficient

PET/CT PET/MRI (PET/CT)/(PET/MRI) r p
SUVmax 11.7 ± 6.75 7.87 ± 4.38 1.51 ± 0.29 0.924 < 0.001
SUVpeak 8.33 ± 5.07 6.03 ± 3.90 1.44 ± 0.29 0.933 < 0.001
MTV50% 4612.9 ± 9720.8 5600.6 ± 10463.9 0.82 ± 0.33 0.913 < 0.001
TLG50% 42468.5 ± 102887.4 39938.1 ± 96771.9 1.18 ± 0.45 0.932 < 0.001
TLRmax 5.26 ± 3.20 5.33 ± 3.10 1.00 ± 0.22 0.924 < 0.001
TBRmax 1.47 ± 0.91 1.51 ± 0.96 1.01 ± 0.21 0.929 < 0.001
CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography; SUV, standardized uptake 
value; MTV, metabolic tumor volume; TLG, total lesion glycolysis; TLRmax, maximum tumor-to-liver ratio; TBRmax, maximum tumor-
to-brain ratio.
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Figure 2. Mean (PET/CT)/(PET/MRI) and correlation coefficients for SUVmax, 
SUVpeak, MTV50%, TLG50%, TLRmax, and TBRmax with Y = X, added as a dotted line. 
PET, positron emission tomography; SUV, standardized uptake value; MTV, 
metabolic tumor volume; TLG, total lesion glycolysis; TLRmax, tumor-to-liver 
ratio; TBRmax, tumor-to-brain ratio. 

Alternatively, lesion SUVs may 
be higher with PET/CT than 
with PET/MRI because of the 
different attenuation correc-
tions used [13].

Previous comparative studies 
have reported a higher SUVmax 
with PET/CT than with PET/
MRI [9, 13] and vice versa [16, 
17]. In comparative studies in 
which PET/CT and PET/MRI 
are sequentially performed on 
the same day, the influence of 
the imaging time should be 
considered because the up- 
take of 18F-FDG in malignant 
tumor tissues increases over 
time [18-20]. In our study, the 
time from 18F-FDG injection to 
the start of the PET/CT scan 
was approximately 30 min 
shorter than the PET/MRI 
start time, which may have 
resulted in higher tumor ac- 
cumulation on the PET/MRI 
scan. However, the values of 
various indices of PET/CT 
were higher than those of 
PET/MRI, except for MTV50%. 
The impact of different recon-
struction and correction meth-
ods between PET/CT and PET/
MRI may have outweighed the 
impact of the approximately 
30-min increase in uptake 
time.

MTV50% and TLG50% showed 
smaller differences in values 
between PET/CT and PET/
MRI, and higher correlation 

equipment as well as the difference in acquisi-
tion start time between PET/CT and PET/MRI.

In this study, except for MTV50%, the values 
measured by PET/CT were higher than those 
measured by PET/MRI. The technical differenc-
es between PET/CT and PET/MRI may have 
influenced these results. PET/MRI relies on 
3D-OSEM reconstruction, while PET/CT uses 
3D-OSEM with TOF and PSF; TOF and PSF  
have been reported to increase SUVs [10], 
probably due to the improved sensitivity [11]. 

coefficients. PET/CT and PET/MRI may show 
similar trends in the detection of FDG-uptake 
tumor volume, but the details are unknown. 
More volumes below the threshold (50% of 
SUVmax) may have been discarded in PET/CT 
than in PET/MRI, resulting in a larger MTV50% in 
the latter case. This result is consistent with 
the work of Lee et al. [5]. In the study by Kemin 
et al., the effect of TOF and PSF on TLG was 
relatively small [11]. These results suggest th- 
at the volumetric indices may be useful for 
comparison.
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TLRmax and TBRmax showed smaller differences 
in values between PET/CT and PET/MRI and 
higher correlation coefficients than either tu- 
mor uptake or volumetric indices, suggesting 
that the comparative organ index seems to be 
more appropriate for comparisons when the 
relationship of measurements between PET 
devices is unknown. In addition, since TLRmax 
and TBRmax had nearly equivalent correlation 
coefficients and similar values between PET/ 
CT and PET/MRI, using TLRmax for patients with 
no liver problems and TBRmax for patients with 
no cerebellum problems appears feasible. 
However, in the study by Lee et al. [5], TLRmax of 
PET/MRI was significantly higher in the PET/
CT-first group, which is in contrast with the 
results of the present study. This result may be 
due to the difference in the performance of the 
PET equipment and the difference in acquisi-
tion start time between PET/CT and PET/MRI.

In the present study, there was an interval of 
approximately 30 minutes between the PET/CT 
and PET/MRI acquisition times. Liver accumu-
lation has been reported to decrease over  
time, and tumor accumulation to increase over 
time instead [6, 18-20]. If TLRmax increases lin-
early between one and two hours after FDG 
injection and rises to 2.5-fold after one hour 
(assuming 0.8-fold liver accumulation and 2- 
fold tumor accumulation), it should be approxi-
mately 1.75-fold after 30 minutes, which could 
have resulted in a difference of nearly 75% in 
TLR when compared to a PET system with the 
same performance.

TBRmax cannot be compared because there is 
no available data from the literature at pre- 
sent, but as with TLRmax, values may have been 
influenced by PET performance and may not be 
suitable for tumor comparison between two dif-
ferent PET systems. On the other hand, MTV50% 
and TLG50% might be better indicators, as their 
PET/CT and PET/MRI values were close, as pre-
viously reported by Lee et al. [5], although the 
conditions in that study were different from 
those used in the present study.

This study had several limitations. The number 
of female patients was greater than that of 
male patients (24:31). Factors that may affect 
18F-FDG transport and clearance, such as renal 
function, were not considered. PET/CT preced-
ed PET/MRI in all examinations, which system-
atically affected the tracer uptake time; having 

the same number of patients available for PET/
CT and PET/MRI on separate days would have 
been ideal. Many institutions are likely to use 
different equipment and reconstruction meth-
ods. Although the data obtained in this study 
can be used clinically under our testing condi-
tions, a multicenter study is necessary before 
our results can be recommended to be applied 
to clinical practice.

Conclusion

The values of all indices showed strong correla-
tions between PET/CT and PET/MRI. Among 
them, TLRmax, TBRmax, MTV50%, and TLG50% 
showed the closest similarities and may be 
useful for comparison of tumor evaluation 
between the two PET systems. However, con-
sidering previous reports, the comparative 
organ index (TLRmax, TBRmax) may be affected by 
the performance of PET, and therefore volu- 
metric indices (MTV50%, TLG50%) may be better 
indicators.
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