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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 

fulfilment of the requirement for the degree of Master of Science 

AGREEMENT BETWEEN VARIOUS MEASUREMENTS  OF 
STANDARDISED UPTAKE VALUE NORMALISED BY LEAN BODY MASS 

IN DETECTING BACKGROUND 18F-FDG ACTIVITY IN PET/CT 
ONCOLOGIC IMAGING 

By 

NUR HAFIZAH BINTI MOHAD AZMI 

March 2018 

 Chair : Subapriya Suppiah, PhD 

 Faculty : Medicine and Health Sciences 

PET/CT Scan is a diagnostic imaging tool predominantly used in oncology cases. 

Standardised uptake value (SUV) is the widely accepted method to quantitatively 

assess lesions detected on PET/CT. There is a limitation to the utility of this 
method, however, as this value becomes falsely reduced in overweight patients. 

Thus, we propose another quantitative method of using Standard Uptake Lean 
Body Mass (SUL) which can give a more consistent reading in patients having 

extremes of body mass index (BMI) values. As the prevalence of obesity is rising 

in this current decade, the utility of SUL becomes more relevant and necessary. 

This study correlated SUV and SUL values using the liver as a baseline reference 

organ and identified the pattern of distribution across various BMIs.  There have 

been some studies that assessed the variations of SUV and SUL in obese 
subjects, but there have not been any studies that analysed whether there is a 

significant difference in SUL in subjects who undergo contrast-enhanced PET/CT. 

Interestingly, this study confirmed that SUL reading is consistent even among 
overweight patients and the utility of contrast media in PET/CT scans does not 

significantly differ from low dose non-contrast-enhanced scans. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

sebagai memenuhi keperluan untuk Ijazah Master Sains 

PERSETUJUAN ANTARA BEBERAPA CARA PENGUKURAN 
STANDARDISED UPTAKE LEAN BODY MASS DALAM MENGESAN 

AKTIVITI BACKGROUND 18F-FDG DALAM KES ONKOLOGI 
MELIBATKAN IMBASAN PET/CT  

Oleh 

NUR HAFIZAH BINTI MOHAD AZMI 

Mac 2018 

 Pengerusi : Subapriya a/p Suppiah, PhD 

 Fakulti  : Perubatan dan Sains Kesihatan 

Imbasan PET/CT adalah alat yang digunakan dalam kes onkologi. Nilai Standard 
Uptake Value (SUV) adalah kaedah kuantitatif yang diterima secara meluas bagi 

mentafsir kerosakan yang dikesan pada imbasan PET/CT. Terdapat kekurangan 

ke atas kaedah ini kerana ia berubah pada pesakit yang berlebihan berat badan. 

Oleh itu, kami mencadangkan satu kaedah kuantitatif menggunakan Standard 
Upatake Lean Body Mass (SUL) yang memberi bacaan yang lebih konsisten 
terutama pesakit yang mempunyai peningkatan pada indeks jisim badan (BMI). 

Malahan, didapati isu obesiti semakin meningkat masa kini maka SUL menjadi 

lebih relevan dan diperlukan. 

Kajian ini mengkaji hubung kait nilai SUV dan SUL menggunakan organ bahagian 

hati sebagai rujukan asas untuk mengenal pasti nilai kuantitatif bagi pesakit yang 

berbeza BMI. Terdapat beberapa kajian yang menilai kepelbagaian SUV dan SUL 
pada pesakit gemuk, tetapi tidak terdapat lagi kajian yang menganalisis sama 

ada terdapat perbezaan yang ketara bagi nilai SUL pada imbasan PET/CT 
berkontras. 

Menariknya, kajian ini mengesahkan bahawa nilai bacaan SUL adalah konsisten 

walaupun di kalangan pesakit yang berlebihan berat badan dan obes. 
Penggunaan media kontras dalam imbasan PET/CT tidak memberi bacaan yang 

ketara daripada nilai asasnya. 
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CHAPTER 1 

 
 

INTRODUCTION 

 

1.1 Background of Study 

 

Positron Emission Tomography / Computed Tomography (PET/CT) is a hybrid 

diagnostic imaging tool predominantly used in oncology cases; to diagnose and 
stage cancers as well as to monitor treatment response. The commonly used 

radio-isotope in oncology imaging is 2-(18F)-fluoro-2-deoxy-D-glucose (18F-
FDG) which is a radioactive isotope tagged to a glucose analogue. Increased 

utility of glucose by most types of cancer cells forms the basis of PET/CT 

interpretation of deranged physiological uptake at a cellular level. Therefore, it 
is important to have a reliable quantification method to assess 18F-FDG uptake 

in lesions detected by this scan. There are two types of ways to quantify 18F-
FDG uptake; namely visual qualitative assessment - comparing uptake in 

diseased tissue relative to the normal surrounding tissue, and the other is a 

semi-quantitative assessment using standardised uptake value. Standardised 
Uptake Value (SUV) is the most widely accepted method to semi-quantitatively 

assess lesions detected on PET/CT [1],[46],[47],[48] and [49]. This value is 
dependent on several factors, namely the patient’s body habitus and the dose 

of the injected radioisotope. There is a limitation to the utility of this method, 
however, as this value becomes falsely increased in overweight and obese 

patients. This is caused by very little accumulation of FDG in white fat or adipose 

tissue during fasting state, hence leading to a higher FDG redistribution and 
uptake in non-fatty tissue [2]. 

 
 

Alterations in 18F-FDG intracellular metabolism is a useful non-invasive 

biomarker for monitoring treatment response that occurs in cancer cells. A 
consistent baseline reading is important to enable reliable comparison to be 

made in serial scans of cancer patients. Accurate measurements of relative tissue 
uptake of 18F-FDG are necessary. Unfortunately, these measurements are 

significantly influenced by variations that occur in daily clinical practice, 

particularly caused by the quantity of injected 18F-FDG dose and patient 
morphometrics [3]. Thus, we propose another semi-quantitative method of 

using Standard Uptake Value normalized for Lean Body Mass (SUL) which can 
give an improved consistency of measurements, particularly in cancer patients 

who have extremes of body mass index (BMI) values. As the prevalence of 
obesity is rising in this current decade, the utility of SUL becomes more relevant 

and necessary.  
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1.2 Problem Statement and Justification 

 
 

Semi-quantitative evaluations of most 18F-FDG PET/CT scans in oncology 
imaging are frequently done using Standardised Uptake Value (SUV) 

measurements. This can be automatically calculated using a vendor installed 
computer-generated (CG) software. It indirectly measures the in vivo distribution 

of injected 18F-FDG in cells of body tissue. This reading is reliable in subjects 

who have a body weight that is within the range of the ideal body mass index 
(BMI). This reading, however, becomes falsely elevated in overweight and obese 

subjects [2],[3] and [4]. Thus, there are studies that propose using SUV 
normalized for lean body mass (SUL) to correct for this, especially in overweight 

and obese patients [5]. SUL can be acquired through computer-generated 

automated methods (SUL-CG), via calculations based on estimations of fat 
weight based on CT data [6]  as well as using calculations based on predictive 

equations for lean body mass (LBM) such as James LBM formula and 
Janmahasatian LBM formula [5],[7),[38],[39] and [45].  Furthermore, as a large 

proportion of Malaysians currently fall in the overweight and obese category as 
evidenced by a recent study [8]. Thus, the issue of improving standardization of 

PET/CT quantitative calculations becomes even more relevant. Almost all 

previous studies have been based on low dose non-contrast-enhanced PET/CT 
scan images. Many centres nowadays perform contrast-enhanced PET/CT scans, 

thus there is a need to know whether the effect of contrast media would alter 
the standardization of SUL measurements [52],[55] and [56]. In particular obese 

patients may have abnormal range of readings. Hence, there is a need to identify 

whether SUL calculated using computer-generated values are more accurate 
compared to using estimates based on predictive equations for LBM staging [41]. 

 
1.3  Main Aim and Specific Objectives of the Study 

 
 

The purpose of this study was to answer certain research questions. 

Research questions included: 
 

1. What is the quantitative range of measurements of SUV and computer 
generated SUL in the liver area? 

 

2. What is the inter-reader agreement for measurement of  
a. SUV in non-contrast-enhanced PET/CT studies? 

b. SUL (Computer generated) in non-contrast-enhanced PET/CT 
studies? 

c. SUV in contrast-enhanced PET/CT studies? 

d. SUL (Computer generated) in contrast-enhanced PET/CT 
studies? 
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3. What is the correlation between the measurements of liver SUV and liver 

SUL (Computer-generated)   
a. In non-contrast-enhanced PET/CT scans?  

b. In contrast-enhanced PET/CT scans?  
4. What are the independent variables/ factors that affect SUV and SUL 

measurements in contrast-enhanced PET/CT scans? 

 
5. What is the agreement between two types of methods to measure SUL 

using predictive equations namely, SUL-James (PE1) and SUL-
Janmahasatian (PE2)?  

 
6. What is the correlation between SUL (using contrast-enhanced scans 

compared to SUL using non-contrast-enhanced scans) with  

a. BMI groups?  
b. gender ? 

 
The overall aim of this study was to identify the agreement of SUL (computer 

generated) and SUL derived by predictive equations at the liver area. This study 

also assessed the correlation of SUL measurements in contrast-enhanced scans 
compared to non-contrast-enhanced scans (within different BMI groups) as a 

semi-quantitative parameter in 18F-FDG PET/CT oncologic imaging for Malaysian 
population. Subsequent research findings that arise from this study can be a 

source of reference for improving technique and patient management in 
oncology imaging in Malaysia. 

 

Specific Objectives of this study were: 

1. To identify quantitative measurements of SUV and SUL at the liver area.  

2. To measure inter-reader agreement for SUV and SUL measurements.  

3. To measure the correlation between the measurements of liver SUV and 
liver SUL (Computer-generated). 

4. To find out the independent variables/ factors that affect SUV and SUL 

measurements in contrast-enhanced PET/CT scans. 
  

5. To test agreement among three different methods of measuring SUL i.e. 

computer generated SUL (interchangeably referred to as SUL or SUL-CG), 
as well as predictive equations for lean body mass based on James (SUL-

James) (PE1) and Janmahasatian (SUL-Janma) (PE2). 

6. To measure the correlation between SUL (using contrast-enhanced scans 
compared to SUL using non-contrast-enhanced scans) with BMI groups 

and gender. 
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1.4  Organisation of Thesis 

 
 

The organisation of this thesis is as follows. In the next chapter, we review 
previous works in studying the various factors that affect SUV and SUL values. 

We then focus on the effects of body mass index on readings of SUV and SUL. 

We will explain why the liver was used as a site for baseline measurements. We 
will then highlight the effects of extremes of BMI upon SUV and discuss the 

benefits of using SUL. We will also compare the reliability of various methods 
used for achieving SUL readings i.e. SUL computer generated and SUL derived 

from predictive equations. We will also discuss the significance of obesity in 
causing derangement of standardized baseline semi-quantitative PET/CT 

assessment, which will be highlighted in the last subsection in Chapter 2. 

 
 

Chapter 3 provides a brief description of how we developed our study protocol. 
We will explain our materials and methods in conducting this study. We will 

discuss the need for a multicentre study and explain the statistical methods we 

used in analysing the study results.  
 

 
In Chapter 4, we present our results from Centre A i.e. Centre for Diagnostic 

Nuclear Imaging, Universiti Putra Malaysia and Centre B Prince Court Medical 
Centre in the form of tables, graphs and PET/CT image figures. Our related work 

has been published in the Malaysian Journal of Medicine and Health Sciences 

(2017) and also presented at the International Conference of Translational 
Molecular Imaging and Aerospace Medicine & Physiology Showcase (2016) at 

KLIA, Sepang. 
 

 

In Chapter 5 we highlight the discussion for the very first large scale study 
conducted to analyse the effects of BMI on semi-quantitative assessment of 

contrast-enhanced PET/CT scans. We also compare our results based on a multi-
centre study involving one government-based centre that performs mainly 

contrast-enhanced PET/CT scans and the other a private medical centre that 

mainly performs plain low dose PET/CT scans. In this chapter, we also give a 
summary of this thesis as well as discuss significant findings from the study and 

directions for future works. Subsequently, there is a brief description of 
biographical data of the student. 

 
 

 

 
 

 
 

 

  



© C
OPYRIG

HT U
PM

104 

 

REFERENCES 

 
 
[1]  Boellaard R, O’Doherty MJ, Weber WA, Mottaghy FM, Lonsdale MN, 

Stroobants SG, et al. FDG PET and PET/CT: EANM procedure guidelines 

for tumour PET imaging: version 1.0. Eur J Nucl Med Mol Imaging. 
Springer-Verlag; 2010;37(1):181–200. Available from: 

http://link.springer.com/10.1007/s00259-009-1297-4 
 

[2]  Malladi A, Viner M, Jackson T, Mercier G, Subramaniam RM. PET/CT 
mediastinal and liver FDG uptake: Effects of biological and procedural 

factors. J Med Imaging Radiat Oncol. 2013;57(2):169–75. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23551774 
 

[3]  Kinahan PE, Fletcher JW. Positron emission tomography-computed 
tomography standardized uptake values in clinical practice and assessing 

response to therapy. Semin Ultrasound CT MR. NIH Public Access; 

2010;31(6):496–505. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/21147377 

 
[4]  Kim WH, Kim CG, Kim D-W. Comparison of SUVs Normalized by Lean 

Body Mass Determined by CT with Those Normalized by Lean Body Mass 

Estimated by Predictive Equations in Normal Tissues. Nucl Med Mol 
Imaging Springer; 2012;46(3):182–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24900058 
 

[5]  Tahari AK, Chien D, Azadi JR, Wahl RL. Optimum lean body formulation 
for correction of standardized uptake value in PET imaging. J Nucl Med. 

NIH Public Access; 2014;55(9):1481–4. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24963129 
 

[6]  Narita A, Shiomi S, Katayama Y, Yamanaga T, Daisaki H, Hamada K, et 
al. Usefulness of standardized uptake value normalized by individual CT-

based lean body mass in the application of PET response criteria in solid 

tumours (PERCIST). Radiol Phys Technol. 2016;9(2):170–7. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/26873140 

 
[7]  Erselcan T, Turgut B, Dogan D, Ozdemir S. Lean body mass-based 

standardized uptake value, derived from a predictive equation, might be 
misleading in PET studies. Eur J Nucl Med Mol Imaging [Internet]. 

Springer-Verlag; 2002;29(12):1630–8. Available from: 

http://link.springer.com/10.1007/s00259-002-0974-3 
 

[8]  Yang WY, Burrows T, MacDonald-Wicks L, Williams LT, Collins CE, Chee 
WSS. The Family Diet Study: a cross-sectional study into the associations 

between diet, food habits and body weight status in Malay families. J 

Hum Nutr Diet. 2016;29(4):441–8. Available from: 
http://doi.wiley.com/10.1111/jhn.12356 



© C
OPYRIG

HT U
PM

105 

 

[9]  Suppiah S, Chang W, Hassan H, Kaewput C, Asri AA, Saad FA, et al. 

Systematic review on the accuracy of positron emission 
tomography/computed tomography and positron emission 

tomography/magnetic resonance imaging in the management of ovarian 
cancer: Is functional information really needed? World J Nucl Med. 

2017;16(3):176. Available from: 

http://www.wjnm.org/text.asp?2017/16/3/176/207271 
 

[10]  Martinez-Outschoorn UE, Lin Z, Trimmer C, Flomenberg N, Wang C, 
Pavlides S, et al. Cancer cells metabolically &quot;fertilize&quot; the 

tumour microenvironment with hydrogen peroxide, driving the Warburg 
effect. Cell Cycle. Taylor & Francis; 2011;10(15):2504–20. Available 

from: http://www.tandfonline.com/doi/abs/10.4161/cc.10.15.16585 

 
[11]  Sayre GA, Franc BL, Seo Y. Patient-Specific Method of Generating 

Parametric Maps of Patlak K(i) without Blood Sampling or Metabolite 
Correction: A Feasibility Study. Int J Mol Imaging. Hindawi Publishing 

Corporation; 2011 ;2011:185083. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21912742 
 

[12]  Wahl RL, Jacene H, Kasamon Y, Lodge MA. From RECIST to PERCIST: 
Evolving Considerations for PET response criteria in solid tumours. J Nucl 

Med [Internet]. NIH Public Access; 2009;50 Suppl 1(Suppl 1):122S–50S. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/19403881 

 

[13]  Massaro A, Cittadin S, Milan E, Tamiso L, Pavan L, Secchiero C, et al. 
Reliability of SUVmax vs. SUVmean in FDG PET/CT. J Nucl Med [Internet]. 

Society of Nuclear Medicine; 2009 [cited 2017 Apr 2];50(supplement 
2):2121–2121. Available from: 

http://jnm.snmjournals.org/content/50/supplement_2/2121 

 
[14]  Pouya Ziai, Mohammad Reza Hayeri, Aliaksei Salei, Ali Salavati, Sina 

Houshmand, Abass Alavi, Oleg M. Teytelboym. Role of Optimal 
Quantification of FDG PET Imaging in the Clinical Practice of Radiology; 

RadioGraphics 2016; 36:481–496. 

 
[15]  Delbeke D, Coleman RE, Guiberteau MJ, Brown ML, Royal HD, Siegel BA, 

et al. Procedure Guideline for Tumour Imaging with 18 F-FDG PET/CT 
1.0*. [cited 2017 Apr 6]; Available from: 

http://www.zr3.de/tl_files/inhalte/files/download/Artikel Soc Nucl Med 
SNM.pdf 

 

[16]  Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, Zucca E, et 
al. Recommendations for initial evaluation, staging, and response 

assessment of hodgkin and non-hodgkin lymphoma: The lugano 
classification. J Clin Oncol. 2014;32(27):3059–67.  

 

 



© C
OPYRIG

HT U
PM

106 

 

[17] Oliver Wong CY, Salem R, Qing F, Wong KT, Barker D, Gates V, 

Lewandowski R, Elizabeth AH, Dworkin HJ, and Nagle C (2004) Metabolic 
Response After Intraarterial 90Y-Glass Microsphere Treatment for 

Colorectal Liver Metastases: Comparison of Quantitative and Visual 
Analyses by 18F-FDG PET. The Journal of Nuclear Medicine. 45(11). 

  

 
[18]  Lindholm H, Grybäck P, Alej, Sánchez-Crespo  ro, Brolin F, Jacobsson H. 

The FDG-Uptake of Adipose Tissue is Higher in Individuals with Increased 
Blood Glucose Levels than in Individuals with Normal Levels. J Nucl Med 

Radiat Ther [Internet]. OMICS International; 2014 [cited 2017 Apr 
2];5(1). Available from: http://www.omicsonline.org/open-access/the-

fdguptake-of-adipose-tissue-is-higher-in-individuals-with-increased-

blood-glucose-levels-than-in-individuals-with-normal-levels-2155-
9619.1000167.php?aid=24622 

 
[19]  Plaxton N, Moncayo V, Barron B, Halkar R. Factors that influence 

standard uptake values in FDG PET/CT. J Nucl Med [Internet]. Society of 

Nuclear Medicine; 2014 [cited 2017 Apr 2];55(supplement 1):1356–
1356. Available from: 

http://jnm.snmjournals.org/content/55/supplement_1/1356 
 

[20]  Schöder H, Erdi YE, Chao K, Gonen M, Larson SM, Yeung HWD. Clinical 
implications of different image reconstruction parameters for 

interpretation of whole-body PET studies in cancer patients. J Nucl Med 

[Internet]. 2004 Apr [cited 2017 Apr 2];45(4):559–66. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/15073250 

 
[21]  Wiyaporn K, Wiyaporn Msc K, Msc CT, Pusuwan P, Msc TE, Msc SL, et al. 

Factors Affecting Standardized Uptake Value (SUV) of Positron Emission 

Tomography (PET) Imaging with 18 F-FDG. J Med Assoc Thai [Internet]. 
2010 [cited 2017 Apr 2];93(1). Available from: 

http://www.si.mahidol.ac.th/th/publication/2010/Vol93_No.1_108_5814
.pdf 

 

[22]  Jaskowiak CJ, Bianco JA, Perlman SB, Fine JP. Influence of reconstruction 
iterations on 18F-FDG PET/CT standardized uptake values. J Nucl Med 

[Internet]. Society of Nuclear Medicine; 2005 Mar [cited 2017 Apr 
2];46(3):424–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/15750154 
 

[23]  Adams MC, Turkington TG, Wilson JM, Wong TZ. A Systematic Review of 

the Factors Affecting Accuracy of SUV Measurements. Am J Roentgenol 
[Internet]. American Roentgen Ray Society; 2010 Aug [cited 2017 Apr 

2];195(2):310–20. Available from: 
http://www.ajronline.org/doi/10.2214/AJR.10.4923 

 

 



© C
OPYRIG

HT U
PM

107 

 

[24]  Sugawara Y, Zasadny KR, Neuhoff AW, Wahl RL. Reevaluation of the 

Standardized Uptake Value for FDG: Variations with Body Weight and 
Methods for Correction. Radiology [Internet]. 1999 Nov [cited 2017 Apr 

2];213(2):521–5. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/10551235 

 

 
[25]  Tahari AK, Paidpally V, Chirindel A, Wahl RL, Subramaniam RM. Two-

Time-Point FDG PET/CT: Liver SUL mean Repeatability. Am J Roentgenol 
[Internet].  American Roentgen Ray Society ; 2015 Feb [cited 2017 Apr 

2];204(2):402–7. Available from: 
http://www.ajronline.org/doi/10.2214/AJR.14.12719 

 

[26]  Fukukita H, Senda M, Terauchi T, Suzuki K, Daisaki H, Matsumoto K, et 
al. Japanese guideline for the oncology FDG-PET/CT data acquisition 

protocol: synopsis of Version 1.0. Ann Nucl Med [Internet]. 2010 May 17 
[cited 2017 Apr 3];24(4):325–34. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20401547 

 
[27]  Paquet N, Albert A, Foidart J, Hustinx R. Within-Patient Variability of 18 

F-FDG : Standardized Uptake Values in Normal Tissues. 2004;45(5):784–
9.  

 
[28]  Mitsumoto T, Taguchi Y, Minamimoto R, Okasaki M, Morooka M, Kubota 

K, et al. Validation of SUV body weight (SUVbw) vs SUV lean body mass 

(SUVlbm): The evaluation with each organ of the healthy subjects. J Nucl 
Med. 2012;53(2626):5–6.  

 
[29]  Kuruva M, Mittal BR, Bhattacharya A, Ydoxhv FDQD, Uhjuhvvlrq O, Vlv 

D, et al. Multivariate analysis of various factors affecting background liver 

and mediastinal standardized uptake values Abstract Purpose of the 
Study : Materials and Methods : Results : Conclusions : Indian J Nucl Med. 

2012;3.  
 

[30]  Viner M. Liver SUL mean at FDG PET / CT : Interreader Agreement and 

Impact of. 2013;267(2).  
 

[31]  Jochimsen TH, Schulz J, Busse H. Lean body mass correction of 
standardized uptake value in simultaneous whole-body positron emission 

tomography and magnetic resonance imaging. physic Med Biol. 
2013;4651.  

 

[32]  Kono Y, Utsunomiya K, Tanigawa N, Ha-Kawa SK, Ueno Y. Evaluation of 
lean body mass normalized standard uptake values in PET studies using 

a predictive equation. J Nucl Med. 2015;56(supplement 3):1787.  
 

 

 



© C
OPYRIG

HT U
PM

108 

 

[33]  Batallés S, Villavicencio R, Quaranta A, Burgos L, Trezzo S, Staffieri R, et 

al. Variations of the hepatic SUV in relation to the body mass index in 
whole body PET-CT studies. Rev Esp Med Nucl Imagen Mol [Internet]. 

2013 [cited 2017 Apr 2];32(1):26–32. Available from: 
file:///C:/Users/Dell/Documents/Battales 2012. Linear regression 

analysis for factors influencing SUV and SUL.pdf 

 
[34]  Abele JT, Fung CI. Effect of hepatic steatosis on liver FDG uptake 

measured in mean standard uptake values. Radiology. 2010;254(3):917–
24.  

 
[35]  Han SS, Kim KW, Kim K-I, Na KY, Chae D-W, Kim S, et al. Lean Mass 

Index: A Better Predictor of Mortality than Body Mass Index in Elderly 

Asians. J Am Geriatr Soc [Internet]. 2010 Feb [cited 2017 Apr 
6];58(2):312–7. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/20070416 
 

[36]  Zasadny KR, Wahl RL. Standardized uptake values of normal tissues at 

PET with 2-[fluorine-18]-fluoro-2-deoxy-D-glucose: variations with body 
weight and a method for correction. Radiology [Internet]. 1993 Dec 

[cited 2017 Apr 4];189(3):847–50. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/8234714 

 
[37]  van Helden EJ, Hoekstra OS, Boellaard R, Roth C, Mulder ER, Verheul 

HMW, et al. Early 18F-FDG PET/CT Evaluation Shows Heterogeneous 

Metabolic Responses to Anti-EGFR Therapy in Patients with Metastatic 
Colorectal Cancer. Rosell R, editor. PLoS One [Internet]. Public Library of 

Science; 2016 May 19 [cited 2017 Apr 2];11(5):e0155178. Available 
from: http://dx.plos.org/10.1371/journal.pone.0155178 

 

[38]  Foster BJ, Platt RW, Zemel BS. Development and Validation of a 
Predictive Equation for Lean Body Mass in Children and Adolescents. Ann 

Hum Biol [Internet]. Taylor & Francis; 2012 May 23 [cited 2017 Apr 
6];39(3):171–82. Available from: 

http://www.tandfonline.com/doi/full/10.3109/03014460.2012.681800 

 
[39]  James W. Research on obesity. London: Her Majesty’s Stationary Office; 

1976. 
  

[40]  Jackson LB, Henshaw MH, Carter J, Chowdhury SM. Sex-specific lean 
body mass predictive equations are accurate in the obese paediatric 

population. Ann Hum Biol [Internet]. 2016 Sep 2 [cited 2017 Apr 

6];43(5):417–22. Available from: 
http://www.tandfonline.com/doi/full/10.3109/03014460.2015.1069893 

 
 

 

 



© C
OPYRIG

HT U
PM

109 

 

[41]  Kim CG, Kim WH, Kim MH, Kim D-W. Direct Determination of Lean Body 

Mass by CT in F-18 FDG PET/CT Studies: Comparison with Estimates 
Using Predictive Equations. Nucl Med Mol Imaging (2010) [Internet]. 

2013 Jun 7 [cited 2017 Apr 6];47(2):98–103. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/24900089 

 

[42]  Graham MM, Badawi RD, Wahl RL. Variations in PET/CT methodology for 
oncologic imaging at U.S. academic medical centers: an imaging 

response assessment team survey. J Nucl Med [Internet]. NIH Public 
Access; 2011 Feb [cited 2017 Apr 2];52(2):311–7. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21233185 
 

[43]  WHO International Obesity Task Force. The Asia-Pacific Perspective: 

Redefining Obesity and its Treatment [Internet]. 1st ed. Inoue S, Zimmet 
P, editors. Western Pacific Region: Heath Communications Australia Pty 

Ltd; 2000 [cited 2017 Apr 3]. 1-50 p. Available from: 
http://www.wpro.who.int/nutrition/documents/docs/Redefiningobesity.

pdf 

 
 

[44]  Hamill JJ, Sunderland JJ, LeBlanc AK, Kojima CJ, Wall J, Martin EB. 
Evaluation of CT-based lean-body SUV. Med Phys [Internet]. 2013 Aug 

13 [cited 2017 Apr 3];40(9):92504. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/24007180 

 

[45]  Janmahasatian S, Duffull SB, Chagnac A, Kirkpatrick CMJ, Green B. Lean 
body mass normalizes the effect of obesity on renal function. Br J Clin 

Pharmacol. 2008;65(6):964–5.  
 

[46]  Groheux D, Espié M, Giacchetti S, Hindié E. Performance of FDG PET/CT 

in the Clinical Management of Breast Cancer. Radiology [Internet]. 
Radiological Society of North America, Inc.; 2013 Feb [cited 2017 Apr 

17];266(2):388–405. Available from: 
http://pubs.rsna.org/doi/10.1148/radiol.12110853 

 

[47]  Vinjamuri S, Ray S. Added value of PET and PET–CT in oesophageal 
cancer: a review of current practice. Nucl Med Commun [Internet]. 2008 

Jan [cited 2017 Apr 7];29(1):4–10. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18049091 

 
[48]  Suppiah S, Fathinul Fikri AS, Mohad Azmi NH, Nordin AJ. Mapping 18F-

Fluorodeoxyglucose metabolism using PET/CT for the assessment of 

treatment response in Non-Small Cell Lung Cancer patients undergoing 
Epidermal Growth Factor Receptor inhibitor treatment: A single-centre 

experience. Malaysian J Med Heal Sci. 2017;13(1):23–30.  
 

 

 



© C
OPYRIG

HT U
PM

110 

 

[49]  Oprea-Lager DE, Vincent AD, van Moorselaar RJA, Gerritsen WR, van den 

Eertwegh AJM, Eriksson J, et al. Dual-Phase PET-CT to Differentiate 
[18F]Fluoromethylcholine Uptake in Reactive and Malignant Lymph 

Nodes in Patients with Prostate Cancer. Rao J, editor. PLoS One 
[Internet]. Public Library of Science; 2012 Oct 31 [cited 2017 Apr 

6];7(10):e48430. Available from: 

http://dx.plos.org/10.1371/journal.pone.0048430 
 

[50]  Delbeke D, P V, J S, C H, M A, ME P. Evaluation of Benign vs Malignant 
Hepatic Lesions With Positron Emission Tomography. Arch Surg 

[Internet]. American Medical Association; 1998 May 1 [cited 2017 Apr 
17];133(5):510. Available 

from:http://archsurg.jamanetwork.com/article.aspx?doi=10.1001/archs

urg.133.5.510 
 

 
[51]  Hofheinz F, Bütof R, Apostolova I, Zöphel K, Steffen IG, Amthauer H, et 

al. An investigation of the relation between tumour-to-liver ratio (TLR) 

and tumour-to-blood standard uptake ratio (SUR) in oncological FDG 
PET. EJNMMI Res [Internet]. 2011;619(6). Available from: 

http://download.springer.com/static/pdf/604/art%253A10.1186%252Fs
13550-016-0174 

y.pdf?originUrl=http%3A%2F%2Fejnmmires.springeropen. 
com%2Farticle%2F10.1186%2Fs13550-016-0174 y&token2=exp= 

1492411724~acl=%2Fstatic%2Fpdf%2F604%2Fart%25253A10.1186%

25252Fs1355 
 

[52]  Verburg FA, Kuhl CK, Pietsch H, Palmowski M, Mottaghy FM, Behrendt 
FF. The influence of different contrast medium concentrations and 

injection protocols on quantitative and clinical assessment of FDG–

PET/CT in lung cancer. Eur J Radiol [Internet]. 2013 Oct [cited 2017 May 
3];82(10):e617–22. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/23880426 
 

 

[53]  Kim WH, Kim CG, Kim D-W. Comparison of SUVs Normalized by Lean 
Body Mass Determined by CT with Those Normalized by Lean Body Mass 

Estimated by Predictive Equations in Normal Tissues. Nucl Med Mol 
Imaging (2010) [Internet]. 2012 Sep 21 [cited 2017 Apr 3];46(3):182–

8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24900058 
 

[54]  Segreto S, Fonti R, Ottaviano M, Pellegrino S, Pace L, Damiano V, et al. 

Evaluation of metabolic response with 18 F- FDG PET-CT in patients with 
advanced or recurrent thymic epithelial tumours. Cancer Imaging 

[Internet]. 2017;17(10):1–8. Available from: 
http://download.springer.com/static/pdf/213/art%253A10.1186%252Fs

40644-017-0112-

x.pdf?originUrl=http%3A%2F%2Fcancerimagingjournal. 



© C
OPYRIG

HT U
PM

111 

 

biomedcentral.com%2Farticle%2F10.1186%2Fs40644-017-0112-

x&token2=exp=1492412722~acl=%2Fstatic%2Fpdf%2F213%2Fart%2
5253A10.1186 

 
[55]  Nakamoto Y, Chin BB, Kraitchman DL, Lawler LP, Marshall LT, Wahl RL. 

Effects of Nonionic Intravenous Contrast Agents at PET/CT Imaging: 

Phantom and Canine Studies. Radiology [Internet].  Radiological Society 
of North America ; 2003 Jun [cited 2017 Apr 17];227(3):817–24. 

Available from: http://pubs.rsna.org/doi/10.1148/radiol.2273020299 
 

[56]  Cronin CG, Prakash P, Blake MA. Oral and IV Contrast Agents for the CT 
Portion of PET/CT. Am J Roentgenol [Internet]. American Roentgen Ray 

Society; 2010 Jul [cited 2017 Apr 17];195(1):W5–13. Available from: 

http://www.ajronline.org/doi/10.2214/AJR.09.3844 
 

[57]  Ku CR, Lee N, Hong JW, Kwon IG, Hyung WJ, Noh SH, et al. Intestinal 
Glycolysis Visualized by FDG PET/CT Correlates with Glucose Decrement 

After Gastrectomy. Diabetes [Internet]. 2016 [cited 2017 Apr 27]; 

Available from: 
http://diabetes.diabetesjournals.org/content/early/2016/11/30/db16-

1000 
 

[58]  Groheux D, Delord M, Rubello D, Colletti PM, Nguyen M-L, Hindié E. 
Variation of Liver SUV on 18FDG-PET/CT Studies in Women With Breast 

Cancer. Clin Nucl Med [Internet]. 2013 Jun [cited 2017 Apr 

27];38(6):422–5. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23510894 

 
[59]  Park J, Chang KJ, Seo YS, Byun BH, Choi JH, Moon H, et al. Tumour 

SUVmax Normalized to Liver Uptake on (18)F-FDG PET/CT Predicts the 

Pathologic Complete Response After Neoadjuvant Chemoradiotherapy in 
Locally Advanced Rectal Cancer. Nucl Med Mol Imaging (2010) 

[Internet]. Springer; 2014 Dec [cited 2017 Apr 27];48(4):295–302. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/26396634 

 

[60]  Devriese J, Beels L, Maes A, Van de Wiele C, Pottel H. Evaluation of CT-
based SUV normalization. Phys Med Biol [Internet]. IOP Publishing; 2016 

Sep 7 [cited 2017 Apr 27];61(17):6369–83. Available from: 
http://stacks.iop.org/0031-

9155/61/i=17/a=6369?key=crossref.761feda4ca4b9626f090070c2a2f81
48 

 

[61]  Park JK, Kim SK, Cho IH, Kong EJ. Measurement of SUVs-maximum for 
normal region using VOI in PET/MRI and PET/CT. ScientificWorldJournal 

[Internet]. Hindawi Publishing Corporation; 2014 [cited 2017 Apr 
27];2014:194925. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/24672297 

 



© C
OPYRIG

HT U
PM

112 

 

[62]  Chirindel A, Alluri KC, Tahari AK, Chaudhry M, Wahl RL, Lodge MA, et al. 

Liver standardized uptake value corrected for lean body mass at FDG 
PET/CT: Effect of FDG uptake time. Clin Nucl Med [Internet]. 

2015;40(1):e17–22. Available from: 
http://www.embase.com/search/results?subaction=viewrecord&from=e

xport&id=L600782541 

 
[63]  Munro BH (2000) Statistical Methods for Health Care Research (4th 

Edition). Lippincott Williams & Wilkins: New York. 
 

[64]  Bullmer, MG (1979), Principles of Statistics. NY: Dover Books on 
Mathematics. 

 

[65] Kevin P. Balanda and HL MacGillivray, " Kurtosis: A Critical Review". The 
American Statistician 42:2[May 1988]. Pp111-119. 

 
[66] Toothaker and Larry E (1993) Multiple Comparison 

Procedures(Quantitative Applications in the Social Sciences) (2nd ed). 

Newburry Park, CA: Chapman and Hall/CRC.pp.27-45.ISBN0-803-94177-
3.   

 
 

  




