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Abstract  

Objectives The aim of this study was to assess the test-retest repeatability and 

interobserver variation in healthy tissue (HT) metabolism using 2-deoxy-2-[18F]fluoro-

D-glucose (18F-FDG) positron emission tomography/computed tomography (PET/CT) of 

the thorax in lung cancer patients. 

Methods A retrospective analysis was conducted in 22 patients with non-small cell lung 

cancer who had two PET/CT scans of the thorax performed three days apart with no 

interval treatment. The maximum, mean and peak standardized uptake values (SUV) in 

different HTs were measured by a single observer for the test-retest analysis and two 

observers for interobserver variation. Bland-Altman plots were used to assess the 

repeatability and interobserver variation. Intrasubject variability was evaluated using 

within-subject coefficients of variation (wCV).  

Results The wCV of test-retest SUVmean measurements in mediastinal blood pool, bone 

marrow, skeletal muscles and lungs were <20%. The left ventricle (LV) showed higher 

wCV (>60%) in all SUV parameters with wide limits of repeatability. High interobserver 

agreement was found with wCV of <10% in SUVmean of all HT, but up to 22% was noted 

in the LV.  

Conclusion HT metabolism is stable in a test-retest scenario and has high interobserver 

agreement. SUVmean was the most stable metric in organs with low FDG-uptake and 

SUVpeak in HTs with moderate uptake. Test-retest measurements in LV were highly 

variable irrespective of the SUV parameters used for measurements.   

 

Key words: 18F-FDG, PET-CT, thorax, standardized uptake value, healthy tissues, 

repeatability, interobserver variation.  
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Introduction  

The uptake of 2-deoxy-2-[18F]fluoro-D-glucose (18F-FDG) reflects glucose 

metabolism, not only in inflammatory and malignant tissues, but also in healthy tissues 

(HT) such as lung, myocardium, liver, spleen and bone marrow. Several studies have 

reported 18F-FDG uptake using positron emission tomography/computed tomography 

(PET/CT) in HT either before or during treatment to be linked to different factors 

including potential treatment-related adverse events [1–5]. Monitoring cancer response 

to therapy as well as their effects on HTs has become even more relevant with the 

increasing use of immunotherapy. Immunotherapy, such as the immune check-point 

inhibitors, used to treat various solid tumours and some haematological malignancies 

can activate the immune system causing unique patterns of 18F-FDG uptake in tumour 

as well as HT reflecting the induced inflammatory response [6,7]. These patterns in 

conjunction with changes in tumour metabolism may predict response to treatment or 

indicate treatment-related adverse events. Thus, expanding the utilization of 18F-FDG 

PET/CT to evaluate not only tumour but also healthy tissue metabolism during 

treatment may have potential to predict side effects and improve management of 

oncology patients.     

As 18F-FDG distribution in the body is non-specific [8], it is important to 

distinguish variations due to physiological changes or measurement error from 

abnormal or true changes in tissue metabolism when assessing cancer patients 

undergoing different treatment modalities. Few studies in the literature have evaluated 

variations in HT metabolism [9,10] and most have focused on specific organs such as 

the liver as a reference organ [11,12] or interventional treatments performed between 

scans [13–15]. Knowledge of variations in HT metabolism measured by 18F-FDG 
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without interval treatment in a test-retest setting is still very limited. Furthermore, 

consistency in the interpretation and measurement of 18F-FDG uptake in HTs between 

reporters is important, especially as no standardised method for measurement has yet 

been agreed upon [9-10,14]. 

The first aim of this study was to evaluate the test-retest repeatability of 18F-

FDG as a surrogate for HT metabolism in the thoracic area using different standardized 

uptake value (SUV) parameters commonly applied in PET/CT imaging for cancer 

patients who received no intervening treatment. The second aim was to assess the 

interobserver variation in HT metabolism using 18F-FDG PET/CT and suggest suitable 

methods for measurement of HT metabolism in future studies. 

     

Materials and Methods 

Patients  

Data were analysed retrospectively from 22 patients with non-small cell lung 

cancer (NSCLC) participating in a prospective repeatability study using 18F-FDG 

PET/CT from Rigshospitalet in Copenhagen [16]. For the analysis, areas of interest that 

were outside of the scanning field of view, showed artefacts or disease involvement 

were excluded.  

All patients gave their informed consent in writing for the scientific use of their 

data. Study approval was obtained from the Danish Ethics Committee (protocol number 

H-1-2014-011) and the Danish Data Protection Agency (02986/30-1271) [16]. Study 

methods were performed in accordance with the relevant guidelines and regulations.  
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Image Acquisition 

All patients were instructed to fast for at least 4 hours prior to examination. 

Patients were administered 4 MBq/kg of 18F-FDG and positioned in the radiotherapy 

treatment position for scanning with both arms placed over the head. Two PET/CT 

scans were performed 2 to 5 days apart with no interval treatment. The scans were 

aimed to be acquired at the same time of the day. On both days the patients had a 

thoracic PET scan with low-dose CT on the same PET/CT scanner (Siemens Biograph 

mCT, Siemens Healthineers Erlangen) following the guidelines of the European 

Association of Nuclear Medicine (EANM) [16-17].  

For PET acquisition, 2 – 3 minutes per bed position was applied for patients 

according to body mass index (BMI). Iterative reconstruction was used to correct for 

attenuation and scatter in PET images with 3D-ordered-subset expectation-

maximisation technique which involved point spread function and time of flight. PET 

images were reconstructed with pixel sizes of 2 x 2 mm and slice thickness of 2 mm. 

Low dose CT scans were acquired in 3 to 4 seconds using 120 kV and 40 mAs and were 

subsequently used for attenuation correction of PET images. Detailed information about 

image acquisition and procedure was described in previous published work by Nygård 

et al [16]. 

 

Image Analysis 

For assessment of test-retest repeatability using the acquired free breathing 

PET/CT scans the following healthy tissue regions were evaluated: mediastinal blood 

pool (MBP), left ventricle (LV), bone marrow (BM), skeletal muscle (SM), lungs 

divided into right upper zone (RUZ), right middle zone (RMZ), right lower zone (RLZ), 
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left upper zone (LUZ), left middle zone (LMZ) and left lower zone (LLZ). A Mirada 

XD® workstation version 1.1.0.3.1 (Mirada Medical, Oxford, UK) was used to measure 

the maximum SUV (SUVmax), mean SUV (SUVmean), and peak SUV (SUVpeak). SUVs 

were measured using a 1.5 cm sphere as a volume of interest (VOI) or a manually 

contoured region of interest (ROI). Evaluation of each organ is described in more details 

in (Table 1) Table 1. Furthermore as patients included in this study did not adhere to the 

strict diet recommended for cardiac studies [18] measurement of myocardial uptake was 

supplemented with a simple visual score (0= no uptake, less than or equal to MBP, 1= 

patchy uptake above MBP, 2= diffusely increased LV uptake above MBP). All PET/CT 

scans were evaluated by a single observer (nuclear medicine technologist) for the test-

retest repeatability and by two observers for the analysis of inter-observer variation i.e. 

a nuclear medicine physician (observer 1) with over 10 years experience and the nuclear 

medicine technologist (observer 2). Both observers analysed all 22 scans, the order of 

which was randomly selected (scan 1 or scan 2) for each patient. The visual scoring for 

myocardium was performed by the nuclear medicine physician.  

 

Statistical Analysis    

Descriptive statistics including mean and standard deviation (SD) for all SUV 

parameters (SUVmax, SUVmean and SUVpeak) of each organ on scan 1 and scan 2 were 

calculated. Scatter plots were created to illustrate the distribution of the SUV parameters 

in each organ for the test-retest scans. A standard 5% significance level was corrected to 

P <0.0015 using the Bonferroni method with 33 tested parameters to take the multiple 

comparisons.  

Repeatability was defined as the difference between scan 1 and scan 2 in 

individual patients with the mean ± SD of the differences calculated for each SUV 
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parameter. Further repeatability analysis requires that the difference between the paired 

observations follow a normal distribution which was assessed with Shapiro-Wilk test 

[19]. Natural log-transformation was used for the subsequent analysis as SUV 

measurements tend to be log-normal distributed [19-20]. Paired t-test was used to 

investigate any significant bias in the differences or log difference. The difference in 

log-transformed data dln was assessed as follows:   

dln = ln(SUV2) – ln(SUV1) (1) 

where SUV1 and SUV2 denote SUV from the same organ in scan 1 and scan 2, 

respectively. To assess the repeatability of a single measurement, the within-subject 

standard deviation (wSDln) was obtained using the SD of the log-transformed difference 

and exponentiation was then applied to calculate the within-subject coefficient of 

variation (wCV%) as a percentage as follows [21]: 

wSDln = SDdln/√2 (2) 

wCV% = (exp(wSDln) - 1) x 100 (3) 

The 95% repeatability coefficient (RCln) was calculated on the log-transformed 

data and exponentiation was applied to determine its upper and lower 95% RC in 

percentage as  

RCln = ± 1.96 x SD(dln) (4) 

RC = (exp(±RCln) – 1) x 100 (5) 

The 95% confidence intervals (CIs) of the upper and lower RCs were also 

calculated using ꭓ2 distribution [21].  

Bland-Altman plots were computed for the log-transformed differences against 

their means with their 95% CIs and the 95% upper and lower limits of RC. Linear 

regression analysis was used to assess the effect of the mean on the difference which 
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may indicate any proportional bias. Trends of differences against the mean were 

investigated using Pearson’s Correlation coefficient, on both original and log-

transformed data. An additional investigation of trends in variance of differences with 

mean was assessed using Kendall’s tau to correlate absolute differences against mean in 

the original and log-transformed data. Similar statistical methods as outlined above 

were applied for the interobserver analyses. Student paired t-test was used to compare 

the averages in weight, administered activity and uptake time between the two scans. 

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 26 

(IBM Corp., Armonk, N.Y., USA).     

 

Results   

There were 7 female and 15 male patients with histologically confirmed NSCLC 

all with BMI ≤ 30 and no patients had type I diabetes. Patients characteristics are shown 

in (Table 2) [16]. In four patients, SUV measurements of the LV were excluded because 

part of the myocardium was outside the scanning field. SUVs of the lung parenchyma 

were not measured due to disease involvement in the LUZ, LMZ, LLZ and RUZ in two, 

two, one and four patients respectively.     

 

Test-retest Repeatability 

We found no significant changes in the average weight, administered activity 

and uptake time after tracer administration P = 0.162, P = 0.332 and P = 0.719 between 

the two scans. The paired t-test showed no significant bias in the differences (all P 

>0.0015). Although the t-test can be robust, some violations of assumptions of normal 

distributions were found, thus, the nonparametric Wilcoxon signed rank test was also 
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applied, though this did not change the results as shown in Table 3 and (see Table S1, 

supplemental digital content [SDC], which illustrates further repeatability analyses). 

The mean of the differences for SUV parameters in all HTs between the two 

scans were small, ranging from -0.13 to +0.11, except in the LV the differences in the 

means between scans varied from +1.33 to +1.47 (Table 3). Differences in MBP 

measurements between the two scans had high repeatability with the lowest intra-

subject variation, remaining within ~10% and the 95% RCs within -23.9% and +31.4% 

for all SUV measurements (Table 3) and (Fig. 1). Less stability between the intra-

subject measurements were observed in the BM, SM and the lungs assessed by wCV 

which ranged from 9.9% to 31.3% and corresponded to wider limits of agreement for all 

SUV parameters as shown in Table 3 (Fig. S1 – S10, SDC, which include Bland-

Altman and scatter plots for test-retest of the different tissues). The highest intra-subject 

variation was associated with measurements in LV with wCVs varying from 63.6% to 

69.0% and wide 95% limits of repeatability from -76.7% to +328.3% (Table 3) and 

(Fig. 1). Based on visual scoring, myocardial uptake similar to MBP (score 1) was seen 

in 10 patients on scan 1 and 5 on scan 2, uptake higher than MBP with patchy pattern 

(score 2) in 1 patient on scan 1 and scan 2 and diffuse high uptake (score 3) was seen in 

7 patients on scan 1 and 12 on scan 2. All patients with changes in the uptake relative to 

MBP between the two scans had diffusely increased uptake in the second scan (5 

patients from score 1 to 3).      

SUVmean measurements based on wCVs were more stable between the two scans 

compared to SUVmax and SUVpeak in the lungs. SUVpeak was the most stable in MBP and 

BM with similar stability to SUVmean observed in the SM, but all SUV parameters were 

highly variable in the LV (Table 3).        
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Pearson’s Correlation for the difference against the mean showed only a strictly 

significant trend in SUVmean of the BM with moderate negative correlation in both 

original and log-transformed data (r = -0.64, P = 0.001 and r = -0.66, P <0.001 

respectively) (Table S2 and Fig. S1b, SDC, for SUVmean of BM). Pearson’s correlation 

can be sensitive to violations of assumptions of normality though for completeness the 

nonparametric Kendall’s tau was also applied, confirming the similar trend in BM 

SUVmean. The variance of the difference relative to the mean assessed by Kendall’s tau 

showed only one measure with a strictly significant positive correlation (tau = 0.59, P 

<0.001) in SUVmax of lung RMZ in the untransformed data (Table S2, SDC). The 

distribution plots for SUV measurements of the BM and RSM indicated possible bias 

(Fig. S10a-S10b, SDC). 

 

Interobserver Variation   

No significant bias P >0.0015 was found in the paired comparisons of the 

differences in interobserver measurements for all HTs. The mean of the differences for 

SUV parameters in all HTs between the two observers ranged from -0.28 to +0.15 

(Table 4). SUVmean and SUVpeak measurements both showed high interobserver 

agreement for MBP, BM and SM with wCV of ≤10.3% with narrow limits of 

repeatability in each tissue as shown in Table 4, for BM (Fig. 2) and for other HTs (Fig. 

S11-S20, SDC). The wCVs of LV were <21.6% indicating less agreement between 

observers with wider ranges of upper and lower RCs (Table 4). SUVmean of 

interobserver measurements in different lung zones showed high agreement in all lung 

zones with wCV of ≤10.5%, but SUVmax and SUVpeak measurements showed more 
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variations specifically in lung RUZ with wCV measured 33.1% and 36.5%, respectively 

as presented in Table 4 (Fig. 2). 

Pearson’s Correlation for interobserver measurements was not significant (P 

>0.0015) in any SUV parameters. Kendall’s tau showed one strictly significant 

correlation (tau = -0.50, P <0.001) in SUVmax of lung RLZ in the log-transformed data 

(Table S5, SDC). The Bland-Altman plots of SUVmax and SUVpeak in MBP look fairly 

biased (Fig. S11a and S11c, SDC).    

       

Discussion  

The aims of this study were to assess the test-retest repeatability and 

interobserver variation of HT metabolism using the SUV parameters commonly applied 

in 18F-FDG PET/CT imaging for cancer patients. We found no significant bias in the 

mean differences of both analyses (the test-retest) and (interobserver) measurements in 

different HTs.  

Currently only metabolic activity of the liver and MBP are routinely used for 

response evaluation in patients with lymphoma [22]. Metabolic activity in the liver has 

been assessed by several studies [10–12,14,23]. For MBP our findings are in accord 

with those observed by Paquet et al. who found that 18F-FDG uptake in MBP was stable 

in follow-up scans of cancer-free oncology patients with wCV for SUVmax and SUVmean 

of 13.1% and 12.3% [10]. Wu et al. and Kim et al. found that SUVs of MBP were 

stable but SUVmean in Kim et al. study showed a significant yet small change during 

chemotherapy in patients with diffuse large B-cell lymphoma [24-25] confirming that 

MBP is stable and can be used to assess and normalise 18F-FDG uptake in cancer 

patients during treatment as applied in the Deauville scale for lymphoma [22]. However, 
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Kramer et al. reported that normalisation of tumour uptake to MBP was more variable 

at 90 min than 60 min after 18F-FDG injection suggesting that MBP repeatability might 

be influenced by the uptake time [23]. Similar good repeatability was seen in the bone 

marrow in our study, with one outlier which may explain the slightly wider variations in 

the repeatability than other HTs as indicated by the wCVs.  

Paquet et al. reported significant variations in the average difference of SUVmax 

and SUVmean of SM which was not found in our analysis [10]. But similar to Paquet et 

al. we observed an average decrease, although not significant, in 18F-FDG uptake in SM 

from the first to second scan which was attributed by Paquet et al. to the reduced stress 

associated with repeat PET/CT examination as patients became more familiar with the 

procedure [10]. Although Paquet et al. used the trapezius muscle in their analysis and 

we measured SUVs on teres major, they are both in the upper back and might be 

influenced by similar factors such as movement or exposure to low temperature. This 

might be one of the reasons for the higher stability reported by Gheysens et al. in their 

repeatability analysis using segmented gluteal and quadriceps muscles with very low 

wCV of 2.2% and 3.6%, respectively [9].  

Paquet et al. also noted significant variations in the average difference of SUVs 

in the basal region of the right lung in consecutive PET/CT scans (Table 5) [10]. One of 

the suggested causes is the low 18F-FDG uptake in the lungs leading to high 

susceptibility to noise when measuring SUV and the close proximity to the liver [10]. In 

contrast to the findings of Paquet et al., no significant variations were detected in the 

average differences in different lung zones in the current study. The better repeatability 

in our study might be due to the use of larger ROIs placed at least 2 cm away from the 

liver, a shorter period between the two scans (3.1 ± 1 vs. 271 ± 118 days) and a more 
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rigorous repeatability study design unlike Paquet et al. where analysis was based on 

retrospective follow up of oncology patients [10].  

In the repeatability study by Gheysens et al., a wCV of 20.7% was reported in 

the LV which was much lower than the wCVs we obtained for the different SUV 

parameters ranging from 63.60% to 69.00% [9]. The study by Gheysens et al. was 

conducted in 6 healthy individuals with a mean age ± SD of (32 ± 10 years) [9] rather 

than in cancer patients with a mean age of (68.6 ± 7.7 years) in our analysis. This may 

imply that the age and the physical condition of patients may affect the stability of 18F-

FDG uptake in LV, but also that variability in myocardial uptake may be more common 

in cancer patients [15]. The findings of Thut et al. from 20 patients with non-Hodgkin’s 

lymphoma which showed high regional variability in LV with variable patterns of 

SUVmax across different regions of the LV in several PET/CT scans regardless of the 

fasting period also support this hypothesis [15]. Quite similar observations were 

reported in a retrospective study by Inglese et al. in 49 patients with various 

malignancies during treatment which showed heterogeneity of uptake in different 

myocardial regions and high variability in the same region at different time points [14]. 

On the other hand, Kim et al. found no significant variations in volumetric 

measurements of myocardial 18F-FDG uptake in patients with diffuse large B-cell 

lymphoma during treatment [25]. It may be preferable to use a more global assessment 

in addition to a regional evaluation when monitoring changes in 18F-FDG metabolism in 

myocardium during treatment of cancer patients. However, the simple visual assessment 

performed in our study indicates that the low repeatability in LV measurements is 

unlikely to be primarily a result of the segmentation method applied, but simply 

reflecting the large inter- and intraindividual variations in myocardial uptake when 
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patients have not been instructed to follow a low-carbohydrate diet and prolonged 

fasting [18] and questions the use of myocardial uptake as a prognostic marker [1] 

unless there are carefully controlled dietary conditions.  

Image interpretation of HT metabolism may be inconsistent between observers 

when nonstandard methods are used for measuring 18F-FDG uptake in HT. In our 

interobserver analysis using standardised placement of fixed VOIs we found low wCV 

indicating high agreement in MBP, BM and SM and moderate agreement in the LV for 

all SUV measurements. High agreement was also noted in SUVmean measurements 

between the observers in all lung zones, but more variability in SUVmax and SUVpeak 

measurements. To the best of our knowledge, interobserver agreement of 18F-FDG 

uptake in HT has only been studied in the liver and brown adipose tissue [12,26-27]. 

Other indirect interobserver analyses have been conducted. Burger et al. compared two 

methods for measuring the background activity from different healthy tissues as 

reference regions for malignant lesions [28]. The study showed excellent interobserver 

agreement in the VOI method used for mean background activity of the respective 

organs including the lung, liver, skin and neck [28]. Despite the high agreement in 

SUVmean in our interobserver measurements in the lungs, the variations in SUVmax and 

SUVpeak might be attributed to the observer dependent ROI sizes which may augment 

the effect of possible spillover from adjacent lung cancer lesions or physiological high 

uptake e.g. in the myocardium. Ohira et al. assessed interobserver variation of 

myocardium metabolism in 2 groups of patients on low-carbohydrate/high-fat diet and 

unrestricted diet respectively with cardiac sarcoidosis using pattern and regional ROI 

approaches [29]. Agreement in the pattern interpretation was moderate, but results 

showed a trend for improved agreement in the restricted diet group [29]. This may be a 
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possible factor for the only moderate interobserver variation in the LV among patients 

in the current study who were not on cardiac-specific dietary restriction.  

One of the interesting findings with regard to the methods of measurements is 

that we found large disparity in the test-retest and interobserver lung measurements of 

SUVmax and SUVpeak compared to SUVmean. Schwartz et al. pointed out in their phantom 

repeatability study that SUVmax and SUVmean are similar when measured in smaller 

ROIs, more homogenous sources and at longer scan times (>3min/bed position), but the 

repeatability improves with larger objects and SUVmean has better repeatability 

regardless of the ROI size [30]. Because lung tissue is more susceptible to statistical 

errors, using larger ROIs and SUVmean for evaluating the variation in 18F-FDG uptake in 

the lung is likely to be more reliable than smaller ROIs and values derived from SUVmax 

or SUVpeak.  

With this study we also wished to formulate recommendations for future studies 

evaluating HT metabolism. Based on the presented repeatability analysis of HT 

metabolism we found both SUVpeak and SUVmean were more stable in HT than SUVmax. 

The overall test-retest repeatability and interobserver variation were better in HTs with 

moderate 18F-FDG uptake (MBP and BM) and lower in tissues with low uptake (SM 

and lungs). These observations in HTs agree with the pattern of repeatability observed 

in measurement of tumours whereby the repeatability is improved as 18F-FDG uptake 

increases [19]. Our findings also indicate that in organs with very low physiological 18F-

FDG uptake measurements using SUVmean in a larger ROI or segmented organ might be 

preferable. This, however, raises an issue regarding interobserver variation in defining 

these regions which may be improved by applying automated segmentation, e.g. based 

on artificial intelligence. 
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There are some limitations to our study. The retrospective analysis prevented the 

control of potential factors such as the restricted diet for LV assessment, nevertheless, 

analysis of other HTs under restricted diet would possibly not reflect the normal status 

of cancer patients having a clinical PET/CT scan. The assessment of the test-retest scans 

was performed by a less experienced observer, however, the subsequent interobserver 

analysis against an experienced reader showed good agreement and low interobserver 

variation. In addition, other HTs such as liver, spleen and bowel were not analysed 

because the original study required thoracic PET/CT scans only to assess lung cancer 

lesions repeatability using different breathing protocols. The test-retest and 

interobserver variation of liver SUV has however been previously reported [11-12,26-

27]. As we only used data from lung cancer patients our results might not be applicable 

to patients with other types of malignancies. However, we consider the repeatability 

analysis and results are likely to apply across a broad range of cancers, especially as all 

scans were acquired prior to any treatment. Furthermore, it might be difficult to estimate 

correlations for the differences in the test-retest scans and interobserver measurements 

to the means due to random noise from the low range SUV in HT, combined with large 

numbers of statistical tests and small sample size. It would be desirable to validate our 

results in a larger independent sample, but conducting repeatability studies on large 

numbers of patients with repeat radiation exposure particularly for evaluation of HTs 

might not be feasible or ethical. 

 

Conclusion  

HT metabolism is stable in a test-retest scenario and has high interobserver 

agreement. The wCV of SUVmean measurements between the two scans were <20% and 
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<10% between the observers, thus, variation in SUVmean of over 20% would indicate a 

true change. SUVmean is suggested as the most stable metric especially in organs with 

low 18F-FDG uptake (SM and lungs). For HTs with moderate uptake (MBP and BM) 

SUVpeak is suggested as the preferred metric. Test-retest measurements in LV were 

highly variable, irrespective of the SUV parameter used, although this might be reduced 

by considering automated segmentation and assessment methods that do not solely rely 

on regional analysis accompanied with dietary restrictions where feasible. 

 

Acknowledgments 

SFB and BMF acknowledge support from the National Institute for Health Research and 

Social Care (NIHR) [RP-2-16-07-001]. King’s College London and UCL Comprehensive 

Cancer Imaging Centre is funded by the CRUK and EPSRC in association with the MRC 

and Department of Health and Social Care (England). This work was also supported by 

core funding from the Wellcome/EPSRC Centre for Medical Engineering at King’s 

College London [WT203148/Z/16/Z] and the National Institute for Health Research 

(NIHR) Biomedical Research Centre based at Guy’s and St Thomas’ NHS Foundation 

Trust and King’s College London and/or the NIHR Clinical Research Facility. The views 

expressed are those of the author(s) and not necessarily those of the NHS, the NIHR or 

the Department of Health and Social Care. This research was funded in whole, or in part, 

by the Wellcome Trust [WT203148/Z/16/Z]. For the purpose of open access, the author 

has applied a CC BY public copyright licence to any Author Accepted Manuscript version 

arising from this submission.    

  



Stability of healthy tissue metabolism in thoracic FDG-PET/CT 18 
 

 
 

References   

1 Sarocchi M, Bauckneht M, Arboscello E, Capitanio S, Marini C, Morbelli S, et al. An increase 

in myocardial 18-fluorodeoxyglucose uptake is associated with left ventricular ejection 

fraction decline in Hodgkin lymphoma patients treated with anthracycline. J Transl Med 2018; 

16: 295. 

2 Bauckneht M, Ferrarazzo G, Fiz F, Morbelli S, Sarocchi M, Pastorino F, et al. Doxorubicin 

effect on myocardial metabolism as a prerequisite for subsequent development of cardiac 

toxicity: A translational 18F-FDG PET/CT observation. J Nucl Med 2017; 58: 1638–1645. 

3 Falay O, Öztürk E, Bölükbaşı Y, Gümüş T, Örnek S, Özbalak M, et al. Use of 

fluorodeoxyglucose positron emission tomography for diagnosis of bleomycin-induced 

pneumonitis in Hodgkin lymphoma. Leuk Lymphoma 2017; 58: 1114–1122. 

4 Sagmen SB, Comert S, Erkek ET, Uzun AK, Doǧan C, Yllmaz G, et al. Can We Predict 

Bleomycin Toxicity with PET-CT? Acta Haematol 2019; 142: 171–175. 

5 Zhao M, Zhang W. Early detection value of 18 F-FDG-PET/CT for drug-induced lung injury 

in lymphoma. Ann Hematol 2019; 98: 909–914. 

6 Dercle L, Seban R-D, Lazarovici J, Schwartz LH, Houot R, Ammari S, et al. 18 F-FDG PET 

and CT Scans detect new imaging patterns of response and progression in patients with 

Hodgkin lymphoma treated by anti–programmed death 1 immune checkpoint inhibitor. J Nucl 

Med 2017; 59: 15–24. 

7 Hicks RJ, Iravani A, Sandhu S. 18F-fluorodeoxyglucose positron emission 

tomography/computed tomography for assessing tumor response to immunotherapy in solid 

tumors: melanoma and beyond. PET Clin 2020; 15: 11–22. 

8 Adams MC, Turkington TG, Wilson JM, Wong TZ. A systematic review of the factors 

affecting accuracy of SUV measurements. Am J Roentgenol 2010; 195: 310–320. 

9 Gheysens O, Postnov A, Deroose CM, Vandermeulen C, De Hoon J, Declercq R, et al. 

Quantification, variability, and reproducibility of basal skeletal muscle glucose uptake in 

healthy humans using 18F-FDG PET/CT. J Nucl Med 2015; 56: 1520–1526. 

10 Paquet N, Foidart J, Hustinx R, Albert A. Within-patient variability of 18F-FDG: Standardized 

uptake values in normal tissues. J Nucl Med 2004; 45: 784–788. 

11 Kanstrup I-L, Klausen TL, Bojsen-Møller J, Magnusson P, Zerahn B. Variability and 

reproducibility of hepatic FDG uptake measured as SUV as well as tissue-to-blood background 

ratio using positron emission tomography in healthy humans. Clin Physiol Funct Imaging 

2009; 29: 108–113. 

12 Tahari AK, Paidpally V, Chirindet A, Wahl RL, Subramaniam RM. Two-time-point FDG 

PET/CT: liver SULmean repeatability. Am J Roentgenol 2015; 204: 402–407. 

13 Lindholm H, Johansson O, Jonsson C, Jacobsson H. The distribution of FDG at PET 



Stability of healthy tissue metabolism in thoracic FDG-PET/CT 19 
 

 
 

examinations constitutes a relative mechanism: significant effects at activity quantification in 

patients with a high muscular uptake. Eur J Nucl Med Mol Imaging 2012; 39: 1685–1690. 

14 Inglese E, Leva L, Matheoud R, Sacchetti G, Secco C, Gandolfo P, et al. Spatial and temporal 

heterogeneity of regional myocardial uptake in patients without heart disease under fasting 

conditions on repeated whole-body 18F-FDG PET/CT. J Nucl Med 2007; 48: 1662–1669. 

15 Thut DP, Ahmed R, Kane M, Djekidel M. Variability in myocardial metabolism on serial 

tumor (18)F-FDG PET/CT scans. Am J Nucl Med Mol Imaging 2014; 4: 346–53. 

16 Nygård L, Aznar MC, Fischer BM, Persson GF, Christensen CB, Andersen FL, et al. 

Repeatability of FDG PET/CT metrics assessed in free breathing and deep inspiration breath 

hold in lung cancer patients. Am J Nucl Med Mol Imaging 2018; 8: 127–136. 

17 Boellaard R, Delgado-Bolton R, Oyen WJG, Giammarile F, Tatsch K, Eschner W, et al. FDG 

PET/CT: EANM procedure guidelines for tumour imaging: version 2.0. European Journal of 

Nuclear Medicine and Molecular Imaging 2015; 42: 328–354. 

18 Cheng VY, Slomka PJ, Ahlen M, Thomson LEJ, Waxman AD, Berman DS. Impact of 

carbohydrate restriction with and without fatty acid loading on myocardial 18 F-FDG uptake 

during PET: A randomized controlled trial. J Nucl Cardiol 2010; 17: 286–91. 

19 Lodge MA. Repeatability of SUV in oncologic 18F-FDG PET. J Nucl Med 2017; 58: 523–

532. 

20 Thie JA, Hubner KF, Smith GT. The diagnostic utility of the lognormal behavior of PET 

standardized uptake values in tumors. J Nucl Med 2000; 41: 1664–1672. 

21 Velasquez LM, Boellaard R, Kollia G, Hayes W, Hoekstra OS, Lammertsma AA, et al. 

Repeatability of 18 F-FDG PET in a multicenter phase I study of patients with advanced 

gastrointestinal malignancies. J Nucl Med 2009; 50: 1646–1654. 

22 Barrington SF, Mikhaeel NG, Kostakoglu L, Meignan M, Hutchings M, Müeller SP, et al. 

Role of imaging in the staging and response assessment of lymphoma: consensus of the 

international conference on malignant lymphomas imaging working group. J Clin Oncol 2014; 

32: 3048–3058. 

23 Kramer GM, Frings V, Hoetjes N, Hoekstra OS, Smit EF, De Langen AJ, et al. Repeatability 

of quantitative whole-body 18F-FDG PET/CT uptake measures as function of uptake interval 

and lesion selection in non-small cell lung cancer patients. J Nucl Med 2016; 57: 1343–1349. 

24 Wu X, Bhattarai A, Korkola P, Pertovaara H, Eskola H, Kellokumpu-Lehtinen PL. The 

association between liver and tumor [18F]FDG uptake in patients with diffuse large B cell 

lymphoma during chemotherapy. Mol Imaging Biol 2017; 19: 787–794. 

25 Kim SJ, Yi HK, Lim CH, Cho YS, Choi JY, Choe YS, et al. Intra-patient variability of FDG 

standardized uptake values in mediastinal blood pool, liver, and myocardium during R-CHOP 

chemotherapy in patients with diffuse large B-cell lymphoma. Nucl Med Mol Imaging (2010) 



Stability of healthy tissue metabolism in thoracic FDG-PET/CT 20 
 

 
 

2016; 50: 300–307. 

26 Viner M, Mercier G, Hao F, Malladi A, Subramaniam RM. Liver SULmean at FDG PET/CT: 

interreader agreement and impact of placement of volume of interest. Radiology 2013; 267: 

596–601. 

27 Becker AS, Zellweger C, Schawkat K, Bogdanovic S, Phi van VD, Nagel HW, et al. In-depth 

analysis of interreader agreement and accuracy in categorical assessment of brown adipose 

tissue in (18)FDG-PET/CT. Eur J Radiol 2017; 91: 41–46. 

28 Burger IA, Vargas HA, Beattie BJ, Goldman DA, Zheng J, Larson SM, et al. How to assess 

background activity: introducing a histogram-based analysis as a first step for accurate one-

step PET quantification. Nucl Med Commun 2014; 35: 316–324. 

29 Ohira H, Mc Ardle B, DeKemp RA, Nery P, Juneau D, Renaud JM, et al. Inter-and 

intraobserver agreement of 18F-FDG PET/CT image interpretation in patients referred for 

assessment of cardiac sarcoidosis. J Nucl Med 2017; 58: 1324–1329. 

30 Schwartz J, Humm JL, Gonen M, Kalaigian H, Schoder H, Larson SM, et al. Repeatability of 

SUV measurements in serial PET. Med Phys 2011; 38: 2629–2638. 

31 Cheng G, Alavi A, Lim E, Werner TJ, Del Bello C V., Akers SR. Dynamic changes of FDG 

uptake and clearance in normal tissues. Mol Imaging Biol 2013; 15: 345–352. 

32 Wang Y, Chiu E, Rosenberg J, Gambhir SS. Standardized uptake value atlas: characterization 

of physiological 2-deoxy-2- [18 F] fluoro-D-glucose uptake in normal tissues. Mol Imaging 

Biol 2007; 9: 83–90. 

 

  



Stability of healthy tissue metabolism in thoracic FDG-PET/CT 21 
 

 
 

Figure Legends  

1. Fig. 1 Test-retest repeatability of log-transformed SUV measurements including maximum, mean 

and peak in (a-c) mediastinal blood pool (MBP) and (e-g) left ventricle (LV) illustrated by the Bland-

Altman method. A simple linear regression indicated no significant bias in (a-c) MBP and (e-g) LV 

data (P >0.0015). Scatter plots for distribution of test-retest measurements for different SUV 

parameters in (d) MBP and (h) LV. Mean, mean of SUV difference between measurements of scan 

1 and 2; URC/LRC, upper and lower repeatability coefficients; UCI/LCI, upper and lower 95% 

confidence intervals of the mean difference; SUV, standardized uptake value. 

2. Fig. 2 Interobserver variation of log-transformed SUV measurements including maximum, mean 

and peak in (a-c) bone marrow (BM) and (e-g) lung right upper zone (RUZ) illustrated by the 

Bland-Altman method. A simple linear regression indicated no significant bias in (a-c) BM and (e-g) 

lung RUZ data (P >0.0015). Scatter plots for distribution of interobserver measurements for 

different SUV parameters in (d) BM and (h) lung RUZ. Mean, mean of SUV difference between 

measurements of observer 1 and 2; URC/LRC, upper and lower repeatability coefficients; UCI/LCI, 

upper and lower 95% confidence intervals of the mean; SUV, standardized uptake value. 

  



Stability of healthy tissue metabolism in thoracic FDG-PET/CT 22 
 

 
 

Table 1 Assessment methods to evaluate variability of FDG uptake in healthy tissue 

Healthy tissue Location Method 

Mediastinal 

blood pool 

Descending aorta Placing of 1.5 cm diameter sphere using nudge tool on descending aorta [30 - 

31] to ensure the volume of interest (VOI) is not touching the wall of aorta 

(Guided by CT images to avoid artefacts from adjacent structures or 

atherosclerotic associated inflammation). 

Myocardium Lateral wall of the left 

ventricle (LV) 

Placing of 1.5 cm sphere using nudge tool at the highest uptake area in the 

lateral wall of the LV to stay within the wall boundaries in a mid-trans-axial 

PET/CT slice excluding artefact [30 - 31].  

Bone marrow Thoracic vertebral 

body at level of 

bifurcation of the 

carina 

Placing of 1.5 cm diameter sphere at mid-vertebral body in a trans-axial PET/CT 

slice with review of sagittal CT images to confirm accurate placement and avoid 

areas of focal uptake, artefacts, compression fracture or severe osteoarthritic 

changes. 

Skeletal 

muscle 

Right and left teres 

major muscles 

Placing of 1.5 cm diameter sphere using nudge tool in teres major at each 

selected skeletal muscle excluding areas of focal uptake in a trans-axial PET/CT 

slice. 

Lungs Both lung zones Manual drawing of region of interest segmenting all of lung parenchyma leaving 

a margin to avoid overlap with pleura at a single slice in respective upper, middle 

and lower zones of the lungs [32], excluding the hilar vessels and any disease 

in a trans-axial PET/CT slice. ROI in the RLZ of the lung was placed at least 2 

cm away from the liver. ROIs were used for lungs to avoid the inclusion of 

tumours or any possible areas of inflammation and large ROIs were drawn to 

reduce the possible noise effect [31] and to get better insight into SUV 

repeatability and variations in each zone. 
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Table 2 Characteristics of the study population 

Population Characteristics Scan 1 (test) Scan 2 (retest) 

Patients (n) = 22 

Mean ± SD Median Range Mean ± SD Median Range Sex (n) = F (7), M (15) 

Tumour: non-small cell lung 
cancer 

Age (y) 68.6 ± 7.7 70 54-85 - - - 

Weight (kg) 76.7 ± 11.5 76.5 53-99 76.9 ± 11.9 76.5 52-99 

Administered activity (MBq) 304.8 ± 45.5 304.5 213-395 307.3 ± 48.5 304 197-393 

Uptake time (min) 67 ± 03 67 61-75 68 ± 04 67 61-78 

Time from scan 1 to 2 (d) - - - 3.1 ± 1 3.5 2-5 

SD, standard deviation   
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 Table 3  Characteristics of test-retest repeatability for different SUV parameters in healthy 

tissue    

Healthy Tissue 
PET 

parameter 
Mean ± SD P value a wCV(%) 

Upper RC 
(%) 

Lower RC 
(%) 

Mediastinal blood pool 

SUVmax 0.01 ± 0.38 0.808 10.33 + 31.35 - 23.87 

SUVmean 0.02 ± 0.25 0.961 10.20 + 30.88 - 23.59 

SUVpeak -0.01 ± 0.27 0.884 9.56 + 28.81 - 22.36 

Left ventricle 

SUVmax 1.37 ± 8.04 0.711 69.02 + 328.34 - 76.65 

SUVmean 1.33 ± 4.73 0.528 64.68 + 298.53 - 74.91 

SUVpeak 1.47 ± 5.68 0.586 63.63 + 291.54 - 74.46 

Bone marrow 

SUVmax -0.13 ± 0.77 0.833 18.55 + 60.27 - 37.61 

SUVmean -0.004 ± 0.44 0.408 14.85 + 46.80 - 31.88 

SUVpeak -0.08 ± 0.44 0.615 11.31 + 34.59 - 25.70 

Skeletal muscle 

Right 

SUVmax -0.08 ± 0.29 0.189 23.39 + 79.08 - 44.16 

SUVmean -0.03 ± 0.10 0.306 15.45 + 48.91 - 32.85 

SUVpeak -0.03 ± 0.13 0.638 15.35 + 48.55 - 32.68 

Left 

SUVmax -0.10 ± 0.32 0.445 21.56 + 71.81 - 41.79 

SUVmean -0.02 ± 0.12 0.685 15.74 + 49.94 - 33.31 

SUVpeak -0.02 ± 0.14 0.638 15.15 + 47.83 - 32.36 

Right lung 

Upper 

SUVmax -0.20 ± 0.36 0.039 28.24 + 99.26 - 49.81 

SUVmean 0.02 ± 0.06 0.215 10.58 + 32.16 - 24.33 

SUVpeak 0.01 ± 0.27 0.679 27.70 + 96.92 - 49.22 

Middle 

SUVmax -0.20 ± 0.36 0.808 25.39 + 87.23 - 46.59 

SUVmean 0.02 ± 0.06 0.178 9.85 + 29.75 - 22.93 

SUVpeak 0.01 ± 0.27 0.426 17.19 + 55.21 - 35.57 

Lower 

SUVmax 0.01 ± 0.51 0.783 22.22 + 74.39 - 42.66 

SUVmean 0.02 ± 0.07 0.131 10.53 + 31.97 - 24.23 

SUVpeak 0.11 ± 0.36 0.291 17.80 + 57.47 - 36.50 

Left lung 

Upper 

SUVmax -0.09 ± 0.54 0.737 31.27 + 112.58 - 52.96 

SUVmean 0.01 ± 0.06 0.433 12.67 + 39.20 - 28.16 

SUVpeak 0.01 ± 0.21 0.654 19.48 + 63.77 - 38.94 

Middle 

SUVmax -0.08 ± 0.29 0.191 16.88 + 54.09 - 35.10 

SUVmean 0.01 ± 0.07 0.411 15.10 + 47.68 - 32.29 

SUVpeak -0.07 ± 0.24 0.247 18.98 + 61.88 - 38.23 

Lower 

SUVmax -0.01 ± 0.36 0.986 18.85 + 61.38 - 38.04 

SUVmean 0.03 ± 0.10 0.192 18.48 + 60.01 - 37.51 

SUVpeak 0.09 ± 0.26 0.122 15.40 + 48.73 - 32.77 

SUV, standardized uptake value; Mean ± SD of intrasubject difference between scan 1 and scan 2; aP value of the 
difference from Wilcoxon signed rank test; wCV, within-subject coefficient of variation; RC, repeatability coefficients.  
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Table 4  Characteristics of interobserver variation for different SUV parameters in healthy tissue 

Healthy tissue 
PET 

parameters 
Mean ± SD P value a wCV(%) 

Upper RC 
(%) 

Lower RC 
(%) 

Mediastinal blood pool 

SUVmax 0.08 ± 0.45 0.961 10.85 + 33.06 - 24.85 

SUVmean 0.01 ± 0.18 0.884 6.10 + 17.84 - 15.14 

SUVpeak 0.01 ± 0.18 0.808 5.41 + 15.72 - 13.58 

Left ventricle 

SUVmax 0.15 ± 2.00 0.397 20.29 + 66.89 - 40.08 

SUVmean -0.28 ± 1.18 0.943 21.61 + 72.01 - 41.87 

SUVpeak 0.13 ± 1.57 0.363 16.78 + 53.71 - 34.94 

Bone marrow 

SUVmax -0.01 ± 0.19 0.654 5.26 + 15.26 - 13.24 

SUVmean -0.04 ± 0.17 0.884 7.05 + 20.77 - 17.20 

SUVpeak 0 ± 0.09 0.852 3.06 + 8.70 - 8.00 

Skeletal muscle 

Right 

SUVmax 0.09 ± 0.24 0.123 17.26 + 55.47 - 35.68 

SUVmean -0.02 ± 0.09 0.131 9.94 + 30.04 - 23.10 

SUVpeak 0 ± 0.11 0.783 10.28 + 31.17 - 23.76 

Left 

SUVmax -0.01 ± 0.18 0.884 12.66 + 39.16 -28.14 

SUVmean -0.04 ± 0.08 0.020 8.12 + 24.16 - 19.46 

SUVpeak -0.03 ± 0.07 0.101 6.85 + 20.16 - 16.78 

Right lung 

Upper 

SUVmax -0.06 ± 0.36 0.629 33.10 + 120.88 - 54.72 

SUVmean -0.02 ± 0.05 0.126 10.52 + 31.95 - 24.22 

SUVpeak -0.04 ± 0.35 0.968 36.47 + 136.75 - 57.76 

Middle 

SUVmax -0.12 ± 0.49 0.291 25.05 + 85.83 - 46.19 

SUVmean 0 ± 0.05 0.485 7.60 + 22.48 - 18.35 

SUVpeak -0.11 ± 0.34 0.178 24.47 + 83.44 -45.49 

Lower 

SUVmax 0.03 ± 0.26 0.543 15.67 + 49.71 -33.20 

SUVmean 0 ± 0.04 0.758 6.12 + 17.90 - 15.18 

SUVpeak 0.02 ± 0.29 0.638 21.90 + 73.14 - 42.24 

Left lung 

Upper 

SUVmax -0.03 ± 0.35 0.478 22.28 + 74.63 - 42.74 

SUVmean -0.01 ± 0.05 0.455 9.42 + 28.35 - 22.09 

SUVpeak -0.06 ± 0.22 0.391 18.72 + 60.89 - 37.85 

Middle 

SUVmax -0.09 ± 0.36 0.263 20.85 + 69.04 - 40.84 

SUVmean 0 ± 0.03 0.502 4.78 + 13.81 - 12.14 

SUVpeak -0.13 ± 0.32 0.086 20.17 + 66.40 - 39.90 

Lower 

SUVmax -0.12 ± 0.32 0.159 15.84 + 50.31 - 33.47 

SUVmean -0.01 ± 0.03 0.131 4.77 + 13.78 - 12.11 

SUVpeak -0.13 ± 0.38 0.192 19.78 + 64.92 - 39.37 

SUV, standardized uptake value; Mean ± SD of intrasubject difference between observer 1 and observer 2; aP value of 

the difference from Wilcoxon signed rank test; wCV, within-subject coefficient of variation; RC, repeatability coefficients. 

  



Stability of healthy tissue metabolism in thoracic FDG-PET/CT 26 
 

 
 

Table 5  Repeatability studies on healthy tissue from literature   

NS, not significant; *SUV parameter was not identified; ICC, intraclass correlation coefficients; CV, coefficient of 
variation; ‡ (ICC, CV%); Measurements mean ± SD.   

 

 

 

  

Publication Year 
Healthy 

tissue 
Tissue ROI 

PET 

parameter 

Repeatability 

method 

Repeatability 

measurements 
Variability 

Gheysens 

et al.[9] 
2015 

Myocardium 
3 VOIs in left 

ventricle 
SUV* 

ICC and 

CV% 
(0.93, 20.7%)‡ High 

Skeletal 

muscle 

Segmented ROI of 

gluteal muscle 
SUV* 

ICC and 

CV% 

(0.88, 2.2%)‡ Low 

Segmented ROI of 

quadriceps muscle 
(0.96, 3.6%)‡ Low 

Paquet et 

al.[10] 
2004 

Mediastinum 

ROI on upper 

region, level of large 

vessels 

SUVmax Paired t-test, 

ICC and 

CV% 

0.06 ± 0.39 

(0.67, 13.1%)‡ 
P = NS 

SUVmean 
0.02 ± 0.28 

(0.65, 12.3%)‡ 
P = NS 

Skeletal 

muscle 

ROI on trapezius 

muscle 

SUVmax 
Paired t-test 

0.07 ± 0.28 P < 0.05 

SUVmean 0.05 ± 0.16 P < 0.05 

Lungs 

ROI on lower region 

of right lung at 

distance to 

diaphragm 

SUVmax 

Paired t-test 

0.06 ± 0.24 P < 0.05 

SUVmean 0.03 ± 0.12 P < 0.05 
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