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these require dynamic imaging and are cumbersome and not 
feasible to be practiced in day‑to‑day practice. Standardized 
uptake value (SUV), a semiquantitative parameter, most 
commonly employed in clinical practice is easy to be obtained 
but depends on various factors.[5] Determination of  background 
SUV of  liver and mediastinal blood pool is important as the 
response assessment criteria like PERCIST 1.0,[6] International 
Harmonisation Project (IHP),[7] and London criteria[8,9] grade 
the tumor uptake relative to liver or mediastinal blood pool 
activity. Recent studies have also shown the importance of  
liver background SUV values in determining the threshold to 
define the positive interim PET study to predict progression.[10] 
With an aim toward standardizing methods of  assessing the 
response, Wahl, et al.,[6] have proposed PERCIST criteria as a 
standardized method of  defining the region of  interest (ROI) for 
measuring liver SUV and have suggested the usage of  SUV of  
liver normalized to lean body mass as a measure to define tumor 
uptake threshold above which it can be defined as measurable 
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INTRODUCTION

The interpretation of  PET images includes qualitative analysis 
and quantitative analysis. Visual interpretation is susceptible to 
inter‑ and intraobserver variabilities[1] and defining thresholds 
to predict the outcomes on the basis of  visual analysis only 
may not be possible. Quantitative analysis can overcome these 
limitations. Quantitative methods include absolute quantitation 
and semiquantitative methods. Absolute quantitative methods 
use Patlak analysis, nonlinear regression analysis, etc.,[2‑4] However 
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disease. However no prospective study has evaluated further the 
reliability of  determining the background liver uptake according 
to recommendations suggested by PERCIST criteria. In light 
of  the above, this prospective study was carried to assess the 
variability of  liver and mediastinal SUVs normalized to lean body 
mass (SUL‑L, SUL‑M), body surface area (SUB‑L, SUB‑M), and 
body weight (SUW‑L, SUW‑M) and their dependence on various 
factors which can affect SUV values.

MATERIALS AND METHODS

Eighty‑eight patients who had undergone F‑18 FDG PET/CT 
for various oncological indications were prospectively included 
in this study. Patients with obvious or suspicious involvement of  
liver by tumor on PET/CT studies were excluded from the study. 
Liver SUV values were determined by drawing a 3 cm‑diameter 
three‑dimensional ROI placed on the normal right lobe of  liver 
as recommended in PERCIST 1.0 criteria.[6] Mediastinal SUV 
values were determined by drawing an ROI over contiguous slices 
on descending aorta carefully excluding the walls from the ROI. 
Factors assessed were age, sex, weight, blood glucose level at the 
time of  injection of  F‑18 FDG, diabetic status and uptake period. 
Multivariate linear regression analysis was applied to assess the 
significance of  various factors influencing the SUVs of  liver and 
mediastinum according to the normalization factors applied. 
A P value less than 0.01 was considered statistically significant.

RESULTS

Of  the 88 patients included in this study 48 were females and 
40 males. Mean age was 50.28 ± 17.43 years (range 14‑87 years). 
Mean weight was 58.5 ± 13.26 kg (range = 33‑93 kg). Blood 
glucose levels at the time of  injection of  F‑18 FDG were 
115.8 ± 26.43 (range = 68‑177 mg/dl). Twelve of  the 88 patients 
included were diabetic and the blood glucose levels in diabetics 
ranged from 88‑177 with a mean of  126 mg/dl. The mean uptake 
period was 75.92 ± 19.75 (range = 51‑160 minutes) with a median 
of  77 minutes. SUL‑L, SUW‑L, SUB‑L, SUL‑M, SUW‑M, SUB‑M 
ranged from 1.2 to 2.8 (mean 1.85), 1.5 to 3.5 (mean 2.31), 0.4 to 
0.9 (mean 0.61), 0.7 to 2.1 (mean 1.45), 0.5 to 3.1 (mean 171), 0.2 
to 0.7 (mean 0.48) respectively. SUL‑L, SUL‑M, SUB‑L, SUB‑M, 
SUW‑L, SUW‑M were not affected significantly by age, sex, blood 
glucose levels, diabetic status. The uptake period had a statistically 
significant effect on SUL‑L (P  = 0.007; range  = 1.2‑2.8) and 
SUW‑L (P = 0.008; range = 1.5‑3.5) with progressive decrease 
with increasing uptake time. Body weight showed a statistically 
significant effect on SUW‑L (P = 0.001; range = 1.5‑3.5) while 
SUL‑L and SUB‑L were not dependent on weight. SUB‑L was 
least dependent on weight (P = 0.851, range = 0.5‑0.9) when 
compared with SULL (P = 0.425). However SUL‑L also was not 
significantly affected by variations in body weight (P = 0.425). 
Mediastinal SUVs were not significantly affected by bodyweight 
when normalized to bodyweight, body surface area of  lean body 
mass. All the results are depicted in Table 1.

DISCUSSION

Two types of  interpretations namely visual and quantitative 
analyses are often used in clinical practice to interpret response 
to therapy with PET or PET/CT. Visual analysis is more 
commonly used and is relatively easy. However, visual analysis 
alone may be inadequate to interpret PET/CT during response 
assessment and has a major disadvantage of  high interobserver 
variability. To observe and estimate the response of  tumors to 
various chemotherapy and radiotherapy regimens it is essential 
to quantify or establish thresholds using semiquantitative 
parameters. Thresholds can also be obtained by comparing with 
background tissues like mediastinum and liver as suggested by 
London criteria.[8,9] Also to define measurable disease on PET 
studies determination of  background SUV values is necessary.[6] 
Thus it is essential that these background SUV values do not vary 
significantly between patients and also with various factors to 
obtain meaningful assessment of  response assessment according 
to various criteria.

Many studies have previously evaluated the factors affecting the 
SUV values one of  which is the method of  ROI selection.[11‑16] 
Almost all of  the above studies have evaluated the variability 
of  tumoral SUV values. Only few studies have evaluated the 
variability and factors influencing background SUV values.[17‑22] 
PERCIST criteria proposed by Wahl, et al.,[6] have standardized 
the method to draw ROIs to determine the background liver 
SUL. In our study the same method was used and only SUWL 
was found to be significantly affected by weight with increasing 
values with increasing weight and this is in corroboration with 
previous studies.[22,23] However SUL‑L and SUB‑L were not 
significantly affected by weight. This is again in concordance 
with previous studies.[22,23] Scan time had significant correlation 
with SUW‑L, SUB‑L, SUL‑L with decreasing values with time. 
This might be explained by the fact that liver has abundance of  
enzyme glucose‑6‑phoshphatase causing continuous glycolysis 
and decrease in FDG retention.[24] It is necessary to obtain 
the follow‑up scans during the same period of  uptake time to 
minimize overdiagnosing of  the residual disease. In comparison 
mediastinal SUV values did not vary with any of  the factors 
affecting SUV values of  liver, i.e., weight and scan time. This is an 
important observation and mediastinal SUV values can be used 
as background in preference over liver background in overweight 
patients or when the scan times varies from pretherapy to post 
therapy scan. Other factors like age, sex, diabetic status, and blood 
glucose levels at the time of  injection of  the tracer did not have 
significant effect on SUV values of  liver and blood pool. Though 
it can be argued that variations of  liver SUV can be minimal, 
this can be significant when calculating the measurable tumor 
uptake by formula of  1.5 × liver SUV with values reaching up 
to 2‑4 thereby affecting the reliability of  response assessment 
by PET/CT.

When compared by different normalization methods SUB‑L 
values were least affected by all the factors studied but the values 
were small ranging from 0.5 to 0.8 which might make it difficult 
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to be used for response assessment as small fluctuations of  
30%, i.e., 0.2 can occur with minimal variations in acquisition 
parameters and other technical factors. SUL values appear to be 
close to SUV‑W values and reasonably less affected by various 
factors except for scan time in case of  liver. So it is essential that 
all the scan times should be within same time limits between 
pretherapy and follow‑up scans.

CONCLUSION

To conclude though SUB‑L appears to be least dependent on 
weight, SUL‑L is also not significantly affected by weight and 
has higher values close to SUW‑L. However the uptake period 
appears to be the only factor which affects SUL‑L significantly 
and this calls for acquisition of  scans with standard uptake 
period with minimal variability in uptake times even when 
image interpretation does not require quantitation. In contrast 
mediastinal SUVs were not affected significantly by any of  the 
factors and when normalized by any of  the methods and can be 
used for definition of  background when wide variations occur 
in scan times or in heavily obese patients.
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Table 1: The significance (P values) of various factors affecting standardized uptake values normalized by different methods
Standardized uptake values of liver and mediastinum normalized 
to lean body mass, body weight, and body surface area

SUL‑L SUL‑M SUW‑L SUW‑M SUB‑L SUB‑M
Range 1.2‑2.8 0.7‑2.1 1.5‑3.5 0.5‑3.1 0.4‑0.9 0.2‑0.7
Mean 1.85 1.45 2.31 1.71 0.61 0.48

P values for SUVs of liver and mediastinum normalized by various methods
Factor SUL‑L SUL‑M SUW‑L SUW‑M SUB‑L SUB‑M
Age P=0.521 P=0.460 P=0.424 P=0.264 P=0.104 P=0.848
Weight P=0.425 P=0.042 P=0.001 P=0.109 P=0.851 P=0.095
Blood glucose P=0.669 P=0.787 P=0.874 P=0.910 P=0.985 P=0.99
Diabetes P=0.770 P=0.964 P=0.147 P=0.545 P=0.857 P=0.451
Uptake period P=0.007 P=0.122 P=0.008 P=0.036 P=0.550 P=0.105
Sex P=0.421 P=0.368 P=0.286 P=0.252 P=0.649 P=0.826

SUV: Standardized uptake value, SUL‑L: Standardized uptake value of liver normalized to lean body mass, SUL‑M: Standardized uptake value of medistinum normalized 
to lean body mass, SUW‑L: Standardized uptake value of liver normalized to body weight, SUW‑M: Standardized uptake value of mediastinum normalized to body weight, 
SUB‑L: Standardized uptake value of liver normalized to body surface area, SUB‑M: Standardized uptake value of mediastinum normalized to body surface area
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