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Standardized uptake values, often known as SUVs, are frequently utilized in measuring '*F-fluorodeoxyglucose (FDG) uptake in
malignancies. In this work, we investigated the relationships between a wide range of parameters and the standardized uptake values
(SUV) found in the liver. Examinations with '8F-FDG PET/CT were performed on a total of 59 patients who were suffering from liver
cancer. We determined the SUV in the liver of patients with a normal BMI (between 18.5 and 24.9) and a high BMI (above 30) obese,
after adjusting each SUV based on the results of the body mass index (BMI) and body surface area (BSA) calculations, which were
determined for each patient based on their height and weight. Under various circumstances, SUVs were evaluated based on their means
and standard deviations. Scatterplots were created to illustrate the different weight and SUV variances. In addition to that, the SUVs
that are appropriate for each age group were determined. SUVmax in the liver was statistical significance in obese BMI and higher
BSA, p-value <0.001). Age appeared to be the most important predictor of SUVmax and was significantly associated with the liver
SUVmax with mean value (58.93413.57). Conclusions: Age is a factor that contributes to variations in the SUVs of the liver. These
age-related disparities in SUV have been elucidated due to our findings, which may help clinicians conduct more accurate assessments
of malignancies. However, the SUV overestimates the metabolic activity of every individual, and this overestimation is far more severe
in people who are obese compared to people who have a body mass index that is normal (BMI).
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1. INTRODUCTION

In the present day, (‘*F-FDG) PET/CT scan is frequently used for staging, restaging, recurrence identification, and
tracking of therapeutic response in a variety of malignant diseases [1]. '8F-FDG PET/CT identifies malignant lesions by
combining metabolic and anatomical information. To accomplish this, areas with rapid glycolytic metabolism and
expression of membrane glucose transporter (GLUT) proteins are located and mapped out [2]. Malignant lesions aren't
the only type of lesion that can have increased FDG uptake; infections and inflammatory lesions can also have this effect.
Therefore, various more lesions that may demonstrate FDG uptake could be located in the head, neck, lung, mediastinum,
belly, pelvis, bones, joints, lymph nodes, or vascular system [3].

Studies on the benefits and drawbacks of various methods of assessing tissue 'F FDG accumulation on PET/CT,
such as glucose utilization rate (MRglu) [4], FDG clearance, and standardized uptake value, have been carried out in a
number of different instances. Examples of these methods include glucose utilization rate (MRglu) (4). (SUV). The
parameter SUV, which quantifies the amount of tissue FDG concentration per FDG unit, is the one that is used the most
often and the most widely [5].

As a practical and semiquantitative indicator for FDG accumulation in tissue, the standardized uptake value (SUV)
has been presented as a useful tool. To determine it, divide the patient's body weight by the ratio of the amount of activity
present in the tissue per milliliter to the amount of activity contained in the injected dose [6]. The distribution absorption
ratio, often known as the SUV, goes by a few distinct names. One of them is the differential uptake ratio [7,8].

On the other hand, mistakes in liver SUV could be the result of a number of different physiologic factors. These
factors, which also include age, gender, body mass index, serum glucose level, hepatic function, and hyperthyroidism,
might lead to inaccurate PET/CT findings that are either false-positive or false-negative [9]. Therefore, in order for
medical professionals to properly interpret PET/CT images of the liver, it is necessary to first determine the normal SUV
of the liver. According to an increasing number of studies, an SUV's age may have a major impact on its performance. It
is essential to provide scientific rigor and enable repeatability by determining a precise range of liver SUVs using '*F-FDG
PET/CT in multi-aged groups [10].

Despite the fact that many researchers have used SUV as a useful semiquantitative indicator for evaluating FDG
uptake in tissue, it was recently shown that SUV has a substantial positive association with patient body weight, rising by
70%-98% from patients with low weight to those with high weight. This discovery was made despite the fact that many
researchers have been using SUV in this capacity. Despite the fact that a large number of researchers have been used SUV
as a helpful semiquantitative indicator for evaluating FDG uptake in tissue, this was found to be the case [11].

The purpose of this study was to examine the association between age and body weight and standardized uptake
value in liver cancer patients.
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2. MATERIALS AND METHODS

Between November 2022 and December 2022, participants aged 15 to 85 were referred to the Al-Andalus Specialist
Hospital. The study included 59 participants (24 male and 35 female) individuals. The participants' average age was
58.01 + 13.18 years. The hospital's ethical committee accepted our study, and informed patient consent was obtained prior
to doing PET/CT scans.

In the course of our investigation, we made use of a Discovery IQ PET/CT scanner (GE Healthcare, Milwaukee, W1,
USA). This scanner's detector was made up of Bi4Ge3012 (BGO) crystals, each of which measured 6.3 by 6.3 by
30 millimeters. At the one-bed position, the transaxial field of vision (FOV) measured 700 millimeters, the axial field of
view measured 260 millimeters, and 79 axial slices were acquired. The window width for the energy range was
435-650 keV, and the window width for the coincidence time range was 9.5 ns. We obtained a matrix with a dimension
of 192 by 192, and the thickness of each slice was 3.27 millimeters. The amount of slice overlap that occurred between
beds was 19 slices.

Patients who had had a blood sugar concentration in their fasting blood that was more than 200 mg/dL at the time of
the examination were not permitted to take part in any aspect of the study. Before receiving an injection of '*F-FDG, all
of the patients went without food for at least four to six hours. Before giving '®F-FDG to the patient, an intravenous
cannula was put in the patient's arm or hand, and a blood sample was obtained to determine the patient's glycemia.
Images were taken 45-90 minutes following injection of the FDG. Patients were placed in a supine position with both of
their arms elevated. The emission acquisition time per bed position was (1.5-3) minutes. By collecting or calculating these
characteristics for each patient, the association between patient-dependent factors and '*F-FDG PET image quality was
studied. Height and body mass index (BMI) were retrieved from patient data. Determine the body mass index (BMI).

weight in kg

BMI = el 11 X8
(height in m)

(M

The World Health Organization categorizes body mass index (BMI) as follows: underweight (BMI 18.5 kg/m?),
normal (18.5 — 24.99 kg/m?), overweight (25 — 30 kg/m?), and obese (< 30 kg/m?) [12].
Using the following formula, the body surface area (BSA) was calculated [13].

BSA(m?) = (weight in kg)*#?3x(height in m)*7>3x0.007184. )

2.1. Statistical Analysis
To express all results, the mean and standard deviation (SD) were utilized. All statistical analysis was performed
using Microsoft Office Excel 2013. The definition of statistical significance was a p-value less than 0.05.

3. RESULTS
The relationships between SUV and patient body weight are shown in Figure 1. There was statistically significant
difference between the SUV and patient body weight (p < 0.001). The mean values and SD for body weight (kg) were
78.19 £16.18.
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Figure 1. Relationships between patient body weight and SUV.

Statistically significant positive associations existed between BMI and SUVmax (R? = 0.122, p < 0.0001), as shown
in Figure 2.
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Figure 2. Relationships between BMI and SUV.

Mean BSA was 0.065 + 0.0070 m?. The results of the curve fitting of SUV and BSA shows for curve the
(R?=0.0141) with significant difference (p < 0.0001) (see Fig. 3).
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Figure 3. Relationships between BSA and SUV.

When we plotted the SUVmax versus patient age, there was a strong (and significant) p < 0.001) (Fig. 4).
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Figure 4. Relationships between age and SUV.

4. DISCUSSION

Visually evaluating PET scans for regions of abnormal uptake is accurate and sufficient. However, depending on
the PET investigation, a quantitative or semiquantitative technique can analyze factors such as metabolic activity,
perfusion, and receptor density of lesions and tissues more precisely. These assessments are essential for establishing the
grade of the cancer, determining the therapeutic agent dosage, and comparing post-treatment with pre-treatment

studies [14].
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SUV is the most common PET parameter used to evaluate radiopharmaceutical absorption in malignancies and
healthy tissues. Although SUV can be affected by a variety of human, biological, and technological factors that could
cause an overestimation or underestimating of activity, it nevertheless reliably predicts the degree of absorption in lesions
and normal tissues. Suboptimal patient preparation, high blood sugar and insulin levels, diabetes, body mass index, age,
sex, the time of imaging after radiotracer injection, significant extravasation of activity, the image acquisition and
reconstruction parameters, circumstances during the post injection uptake period, and inaccurate entry of patient weight,
height, and injected activity can all affect '®F-FDG uptake [9].

The liver deoxyglucose metabolism of adolescents is significantly lower than that of adults. The increase in '*F-FDG
uptake during development may be a result of age-related alterations in hepatocyte quantity, number, and function [15].
A rise in "®F-FDG uptake may also be explained by the substantial changes in body size, body composition, and blood
volume that occur during development. In addition to body size and age, changes in uptake duration, plasma glucose,
recovery coefficient, and partial volume artifacts affected SUV results [16]. Meier and colleagues postulated, however,
that age-related hepatotoxins may have triggered cumulative inflammatory changes [17].

There are numerous possible biological causes for the observed age-related SUV changes in our study. We
hypothesize that organ degeneration, organ metabolism, and molecular transport could explain the pertinent mechanisms.
In overweight and obese patients, SUV is typically overstated in lesions and normal tissues; in heavy patients, SUVs of
liver were up to twice as high as those in lighter patients (figure 1). Both body surface area and body mass index were
calculated on the basis of patient body weight and height; there was a strong positive correlation between both indices
with SUV, Figures 2 and 3.

5. CONCLUSION
SUV overestimates metabolic activity in all patients, although the effect is particularly pronounced in obese
individuals. Age was found to have the greatest effect of all the variables that influence the liver SUV. We discovered
age-related changes in the physiological absorption of FDG by the liver. Before analyzing oncologic whole-body PET/CT
scans, it must be proven that the liver's background SUV is within the age-dependent reference limits.

ORCID IDs
Aya B. Hade, https://orcid.org/0000-0002-1246-3024; ©®Satar M. Kadam, https://orcid.org/0000-0001-8519-8463
Samar 1. Essa, https://orcid.org/0000-0001-9821-2279

REFERENCES

[1] M.R. Hasan, S.M. Kadam, and S.I. Essa, “Diffuse Thyroid Uptake in FDG PET/ CT Scan Can Predict Subclinical Thyroid
Disorders,” Iraqi Journal of Science, 63(5), 2000-2005 (2022). https://doi.org/10.24996/1j5.2022.63.5.15

[2] R.L.Wahl, “Targeting glucose transporters for tumor imaging: “sweet” idea, “sour”, result,” J. Nucl. Med, 37, 1038-1041 (1996).
https://jnm.snmjournals.org/content/jnumed/37/6/1038.full.pdf

[3] A.D. Culverwell, A.F Scarsbrook, and F.U. Chowdhury, “False-positive uptake on2-[(1)(8)F]-fluoro-2-deoxy-D-glucose
(FDG)positron-emission tomography/computed tomography (PET/CT) in oncological imaging,” Clin. Radiol. 66, 366-382
(2011). https://doi.org/10.1016/j.crad.2010.12.004

[4] S.G. Hasselbalch, G.M. Knudsen, B. Capaldo, A. Postiglione, and O.B. Paulson, “Blood-brain barrier transport and brain
metabolism of glucose during acutehyperglycemia in humans,” J. Clin. Endocrinol. Metab, 86, 1986-1990 (2001).
https://doi.org/10.1210/jcem.86.5.7490

[5] B.Bai,J. Bading, and P.S. Conti, “Tumor quantification in clinical positron emissiontomography”, Theranostics, 3(10), 787-801
(2013). https://doi.org/10.7150%2Fthno.5629

[6] L.G. Strauss, and P.S. Conti, “The application of PET in clinical oncology”, J. Nucl. Med. 32, 623-648 (1991).
https://jnm.snmjournals.org/content/jnumed/32/4/623.full.pdf

[71 K. Kubota, T. Matsuzawa, M. Ito, K. Ito, T. Fujiwara, Y. Abe, S. Yoshioka, et al. “Lung tumor imaging by positron emission
tomography using C-11 L methionine,” J. Nucl. Med. 26, 37-42 (1985). https://jnm.snmjournals.org/content/jnumed/26/1/37 .full.pdf

[8] L.G. Strauss, J.H. Clorius, P. Schlag, B. Lehner, B. Kimmig, R. Engenhart, M. Marin-Grez, et al. “Recurrence of colorectal
tumors: PET evaluation,” Radiology, 170, 329-332 (1989). https://doi.org/10.1148/radiology.170.2.2783494

[9] I Sarikaya, A. Sarikaya, and P. Sharma, “Assessing effect of various blood glucose levels on '8F-FDG activity in the brain, liver
and blood pool,” J. Nucl. Med. Technol. 47(4), 313-318 (2019). https://doi.org/10.2967/jnmt.119.226969

[10] M.H. Mahmud, A.J. Nordin, F.F. Ahmad, and A.Z.F. Azman, “Impacts of biological and procedural factors on semiquantification
uptake value of liver in fluorine-18 fluorodeoxyglucose positron emission tomography/ computed tomography imaging,” Quant
Imaging Med. Surg. 5, 700-707 (2015). https://doi.org/10.3978%2Fj.issn.2223-4292.2015.05.02

[11] C.K. Kim, N.C. Gupta, B. Chandramouli, and A. Alavi, “Standardized Uptake Values of FDG: Body Surface Area Correction is
Preferable to Body Weight Correction,” J. Nucl. Med. 35, 164-167 (1994). https:/jnm.snmjournals.org/content/jnumed/35/1/164.full.pdf

[12] C.Y. Lin, W.Y. Lin, C.C. Lin, C.M. Shih, L.B. Jeng, and C.H. Kao, “The negative impact of fatty liver on maximum standard
uptake value of liver on FDG PET,” Clin. Imaging, 35, 437-441 (2011). https://doi.org/10.1016/j.clinimag.2011.02.005

[13] C.P.W. Cox, D.M.E. van Assema, F.A. Verburg, T. Brabander, M. Konijnenberg, and M. Segbers, “A dedicated paediatric ['3F]
FDG PET/CT dosage regimen,” EINMMI Res. 11, 65 (2021). https://doi.org/10.1186/s13550-021-00812-8

[14] G.G. Bural, D.A. Torigian, A. Burke, M. Houseni, K. Alkhawaldeh, A. Cucchiara, S. Basu, and A. Alavi, “Quantitative assessment
of thehepatic metabolic volume product in patients with diffuse hepatic steatosisand normal controls through use of FDG-PET and
MR imaging: a novelconcept,” Mol. Imaging Biol. 12, 233-239 (2010). https://doi.org/10.1007/s11307-009-0258-4

[15] WHO, Builiding foundations for health, progress of member states: report of the WHO Global observatory for health, (World
Health Organization, 2006).



281
Reevaluation Body Weight and Age with Standardized Uptake Value... EEJP. 2 (2023)

[16] M. Fani, G.P. Nicolas, and D. Wild, “Somatostatin receptor antagonists for imaging and therapy,” J. Nucl. Med. 58(Suppl. 2),
61S-66S (2017). https://doi.org/10.2967/jnumed.116.186783

[17] J. Sastre, F.V. Pallardd, R. Pla, A. Pellin, G. Juan, J.E. O'Connor, J.M. Estrela, J. Miquel, and J. Vifia, “Aging of the liver: age-
associated  mitochondrial ~ damage in  intact  hepatocytes,”  Hepatology,  24(5), 1199-1205 (1996).
https://doi.org/10.1002/hep.510240536

INEPEOINIHKA MACH TIJIA TA BIKY 3A CTAHIJAPTU30BAHUM 3HAYEHHAM INOINTMHAHHSA
MPU PAKY NEYIHKU NJIS1 ['®F] FDG PET/CT
As B. Xane?, Carap M. Kagam®, Camap 1. Ecca®
“Jlenapmamenm ¢pizuxu, Hayrosuil koneoxc, baecoaocvkuil ynieepcumem, baeoao, Ipak
b Tenapmamenm xipypeii, Meouunuii xonedoc, bazoadcvkuii ynieepcumem, bazoao, Ipax

CTaHIapTH30BaHi 3HAYCHHS MOIIMHAHHSA, 4acTo Bizomi sk SUV, 4acTo BHKOPHCTOBYIOTHCS B IPOLECI BUMIPIOBAHHS IOIIMHAHHS
8F-¢ropaesokcurmokosu (FDG) IIpy 31005KICHMX MyXJIMHAX. Y Lill poOOTi MU JOCIIIKYBaIK 3B’SI3KM MiK INMPOKHM Jiala3oHOM
rmapaMeTpiB i CTaHAapPTU30BaHUMH 3Ha4eHHSIMHU nornuHaHHA (SUV), BusBnennmu B nevinii. ObctexxenHs 3a gonomororo [TET/KT
BF-FDG nposezieHo 59 nauienram, sKi cTpakJanu Ha pak nedinkd. Mu Busnadanu SUV y nedinni namiedris i3 nopmansaum IMT
(Bix 18,5 no 24,9) ta Bucoxum IMT (Bume 30) i3 oxupinasm. Ilicis xopuryBaHHs koxxHOTo SUV Ha OCHOBI pe3y/bTaTiB pO3paxyHKiB
innexcy macu tina (IMT) i mnony nosepxHi Tina (II1T), siki BU3HA4aIN 11 KOKHOTO TAllieHTa Ha OCHOBI X pocTy Ta Baru. 3a pi3HUX
00CTaBMH IO3AILIIXOBUKH OI[IHIOBAJIM HAa OCHOBI iX CepeaHiX 3HaueHb 1 CTaHJAPTHHUX BigxwieHb. Jliarpamu posciroBaHHs Oynn
CTBOpEHi, 00 mpointocTpyBaTu pizHi BigxuiaenHs Baru ta SUV. Kpim toro, Oyau BU3HAYCHI MO3aUULIXOBHUKH, SIKI IIXOMSITh JUIS
KokHOT BikoBoi kareropii. SUVmax y mneuiHmi OyB cratuctuuHo 3HadymmM npu IMT i3 oxupinaam Tta BummMm BSA,
p-3nauenns <0,001). Bix BusBuBCs HaiiBaxnuBimuM mpeaukropoM SUVmax i OyB cyrreBo moB’s3anuii i3 SUVmax mediHku i3
cepenHim 3Ha9eHHsIM (58,93+13,57). BucHOBKH: Bik € YWHHUKOM, skuii cipusie 3MiHaMm SUV medinku. Lli BikoBi BigmiaHOCTI B SUV
Oynu 3’siCOBaHi B pe3y/bTaTi HAIMX BHCHOBKIB, IO MOXKE JOIOMOITH KIIHINUCTaM Yy OUTBII TOYHOMY OIIIHFOBAaHHI 3JIOSKICHUX
HoBOyTBOpeHb. OnHak SUV mepeorinioe MeTaboIiuHy aKTHBHICTH KOXXHOTO OKPEMOTO iHAWBiAyyMa, 1 IIe IMepeoniHka € Habararo
CEpHO3HIIINM Y JIIOeH 3 0KUPIHHIM ITOPIBHSIHO 3 JIIOIBMU 3 HOpMaJIbHUM iHIekcoM MacH Tina (IMT).

Kurouosi cioBa: ‘*F-FDG-PET/CT),; cmanoapmusosane snauenns nonunannsa (SUV); neuinka; IMT; eixosa éapiayis





