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Background: Background activity is often used as a reference to assess tumor treatment response on
positron emission tomography with 2-deoxy-2-[fluorine-18] fluoro-D-glucose integrated with computed
tomography (18F-FDG PET/CT). Our objective was to find the preferred background by assessing the
repeatability of its activity. The activity was expressed by a standardized uptake value normalized to lean body
mass (SUL).

Methods: Patients who received repeat "*F-FDG PET/CT scans within 1 to 4 days were selected. The
indications included cancer screening, tumor staging, or treatment response evaluation. Background SULs
from the aortic blood pool (ABP), liver, and muscle were recorded. Intraclass correlation coefficients (ICCs),
the coefficient of variation (CV), and Bland-Altman plots for repeated measures were used to evaluate the
degree of repeatability between the two scans. Intrapatient variation in SULSs and factors, including the blood
glucose level (BGL), tracer uptake period, and dose, were calculated as relative changes between the two
scans. A linear regression model was used to analyze all relative changes to identify the correlation between
factors and SULs.

Results: Thirty patients were included. The SUL ICCs for the ABP, liver, and muscle were 0.65 (95% CI,
0.38-0.81), 0.47 (95% CI, 0.15-0.70), and 0.82 (95% CI, 0.65-0.91), respectively. The SUL coefficients of
variation (CVs) were 9% for the ABP, 12% for the liver, and 10% for muscle. Similar results were obtained
from the Bland-Altman plots. There was a positive correlation between the variations in the liver SUL and
the BGL (b=0.60, P<0.01). A similar result was found between the variations in muscle SUL and the BGL
(b=0.45, P<0.01). The variation in muscle SUL showed a positive correlation with the variation in the tracer
uptake period (b=0.58, P<0.01).

Conclusions: The SUL of the liver is more sensitive to BGLs and, therefore, may not be suitable as a
referential background. Activities within the ABP and muscle are more stable than those of the liver and

should be used as the preferred background for sequential patient evaluation.
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Introduction

Positron emission tomography with 2-deoxy-2-[fluorine-18]
fluoro-D-glucose integrated with computed tomography
(*F-FDG PET/CT) is increasingly important in the
evaluation of the efficacy of treatment in lymphoma
and many solid tumors. For an accurate interpretation
of treatment response, the choice of an appropriate
background is of vital importance. In clinical practice, the
standardized uptake value (SUV) of background tissues such
as the aortic blood pool (ABP) and liver are often used as
references (1-3). However, variations in biological factors
such as the blood glucose level (BGL), tracer uptake period,
etc., may affect the ""F-FDG uptake of these regions (4).
This can be problematic when defining a metabolic
response, especially for quantitative evaluation, by the PET
Response Criteria in Solid Tumors (PERCIST). Indeed,
PERCIST requires that a measurable tumor uptake must
be determined relative to the activity of a background.
Understanding intrapatient repeatability of different
background SUVs is important for serial comparison (either
quantitative or visual) within the same patient.

Previous studies have investigated this issue of
background SUV repeatability within a variable time
interval. They appear to contain factors that could bias
the results (5,6). These include the failure to consider
tumor burden, therapeutic regimes, or other physiological
factors (i.e., changes in body habitus), which may impact
the background SUV (7-9). Our objective was to find the
preferred background by assessing the repeatability of its
activity on the same patient and scanner within several
days. It was assumed that the patient habitus and tumor
burden would remain stable during this time interval. The
background activity was expressed by the standardized
uptake value normalized to lean body mass (SUL). We also
investigated the effect of various factors on the SULs.

Methods

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). Our Institutional Review
Board (Sichuan University West China Hospital Review
Board) approved the study. Our study was retrospective,
so the requirement to obtain written informed consent
concerning the study was waived, but all patients signed
informed consent before undergoing PET/CT scans.
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Patient selection

Patients who had repeat ""F-FDG PET/CT scans within
1 to 4 days were included. The repeat scans were required
when the original scan was uninterpretable due to proven
movement artifacts in the head and neck or gastrointestinal
tract. These artifacts, however, did not affect the
background SUL measurements. The inclusion criteria
were as follows: adults, no background SUL measurement
impact from an artifact, utilization of the same PET/CT
scanner, normal liver and renal function, and normal white
blood cell count. Patients were excluded from the study if
they had diabetes, tumor involvement in regions of interest
(ROIJ) in the background, liver radiotherapy, or “F-FDG
extravasation at the time of administration, and those who
received any treatment in the interval between the two
scans.

PET/CT protocol

Patients fasted for at least 6 hours before receiving an
intravenous administration of “F-FDG (5.5 MBq/kg
of body weight). ""F-FDG was produced by an on-site
cyclotron (Sumitomo Heavy Industries, Ltd., Japan) and
an automated synthesizer (Allinone, Trasis, Belgium) and
qualified by thin-layer chromatography with a radio-
chemical purity greater than 98.0%. Patients were required
to consume 1 L of water after the tracer injection. The
attenuation CT scan was performed using a low-dose
(120 kV, 40 kV, 40 mAs, slice thickness of 5 mm, and a pixel
size of 1.2 mm x 1.2 mm) non-contrast protocol for the
attenuation and localization of abnormal *F-FDG activity.
The PET images were acquired from mid-thigh to vertex at
a speed of 1.5 min per bed and reconstructed using a line-
of-response row-action maximum likelihood algorithm
(3 iterations and 33 subsets, a slice thickness of 4 mm,
pixel size of 4 mm x 4 mm, with no additional Gaussian
smoothing). All of the scans were performed using a Gemini
GXL PET/CT scanner (Philips, Netherlands).

Background SUL measurements

Background mean SUVs from the ABP, liver, and muscle
were recorded. ABP activity was calculated by drawing
three circular regions of interest (ROI) on three contiguous
slices within the lumen of the thoracic aorta, taking care
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Figure 1 Regions of interest placed on different backgrounds. (A) Regions of interest placed on the aortic blood pool. (B) Regions of interest

placed on the right lobe of the liver. (C) Regions of interest placed on the erector spinae at the level of the 12th thoracic vertebra.

not to include the vessel wall in the ROI (Figure 1A4). The
liver "F-FDG SUV was determined manually by placing an
ROI with a diameter of 3 cm by 2 cm volume in the right
hepatic lobe at the level of the main portal vein (Figure 1B).
The muscle SUV was determined by selecting an ROI in
the erector spine at the level of the 12th thoracic vertebra,
including three contiguous slices within the margin of the
muscle (Figure 1C). All operations were conducted by the
post-processing software of the PET/CT viewer (Philips,
Netherlands). SUVs were then normalized for lean body
mass (LBM) using the following formulas (10,11):
% SUL = ActVOI (kBq/mL)/Actadministered (MBq)/
LBM (k)
% LBMmale = 9,270 x weight/(6,680 + 216 x BMI);
< LBMfemale = 9,270 x weight/(8,780 + 244 x BMI);
% All measurement data were expressed as mean +
standard deviation.

Statistical analysis

The patient variable factors, which included a finger stick
BGL (mmol/L), injected tracer dose (MBq), tracer uptake
period (min) between injection and ROI acquisition on
PET, and mean SULs from the ABP (ABP-SUL), liver
(L-SUL), and muscle (M-SUL) between the two scans were
compared using paired Student z-tests. The repeatability
of all SULs between the two scans was calculated using
intraclass correlation coefficients (ICCs) generated by a
two-way random-effects model with an absolute agreement
definition and the coefficient of variation (CV), then
displayed graphically by Bland-Altman plots. The ICCs
of the ABP-SUL, L-SUL, and M-SUL were compared by
pairwise comparison using MedCalc Statistical Software
(version 15.2.2, MedCalc Software, Ostend, Belgium).
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Then, the intrapatient variations in SULs and factors were
calculated as absolute variations and relative variations.
An absolute variation was equal to the SUL in the second
scan minus the SUL in the first scan. A relative variation
was defined as the percentage of absolute variation as a
proportion of the SUL of the first scan. We thought there
might be an "F-FDG equilibration between tissue and
blood (12,13), so the different background SUL variations
were assessed using a Pearson correlation to confirm if
they had the same direction. Finally, a linear regression
model was used to analyze all of the relative variations to
identify which factors correlated with the SUL variability.
SPSS 19.0 software (SPSS, Chicago, IL, USA) was used
for the statistical analyses. A P value <0.05 was considered
statistically significant.

Results
Patient characteristics, SULs, and factors of each scan

Thirty patients [19 males and 11 females, 20-80
(49.80+15.42) years] were included based on the inclusion
and exclusion criteria. They included 11 with lymphoma,
7 undergoing cancer screening, and 12 with other
malignancies. The mean time interval was 1-4 (2.23+1.04)
days for the two scans. There were no significant variations
between the two scans concerning the BGL, injected dose,
and tracer uptake period (all P>0.05). Similarly, there were
no significant variations between the two scans concerning
any of the background SULSs (all P>0.05). Tables I and 2 give

an overview of patient characteristics, SULs, and factors.

Intrapatient repeatability for SULs
The ICCs for the ABP, liver, and muscle were 0.65 (95%

Quant Imaging Med Surg 2021;11(9):4172-4180 | http://dx.doi.org/10.21037/qims-20-769



Quantitative Imaging in Medicine and Surgery, Vol 11, No 9 September 2021 4175

Table 1 Patient characteristics and indications

Characteristics and indications  Data

Patients 30 patients (19 males and 11 females)

Age, year 20-80 (49.80+15.42)
Interval days 1-4 (2.23+1.04)
Indications Lymphoma [11]

Cancer screening [7]

Other malignancies [12]: bladder cancer [2], melanoma, liver cancer, colon cancer, sarcoma, gall bladder
cancer, lung cancer, nasopharyngeal carcinoma, pancreatic cancer, stomach cancer, and ovarian cancer

Numbers in square brackets are the maximum or minimum values.

Table 2 Patient background SULs and factors
The first PET scan

The second PET scan Absolute variation Relative variation, %

BGL (mmol/L) 5.18+0.67 5.39+0.57 0.21+0.76 5.47+15.44
Injected tracer dose (MBQ) 361.49+73.63 360.75+71.41 -0.08+0.66 —-0.53+7.37
Tracer uptake period (min) 67.60+10.23 62.73+9.45 -4.87+12.43 -5.50+18.07
ABP-SUL 1.06+0.16 1.11+0.18 0.05+0.14 5.32+13.47
L-SUL 1.51+0.23 1.59+0.26 0.08+0.25 6.48+15.69
M-SUL 0.58+0.14 0.60+0.14 0.02+0.08 5.08+15.55

Absolute variation was equal to the SUL in the second scan minus the SUL in the first scan. Relative variation was defined as the percentage
of absolute variation as a proportion of the SUL of the first scan. SUL, normalized standard uptake value; BGL, blood glucose level;
ABP-SUL, aortic blood-pool normalized standard uptake value; L-SUL, liver normalized standard uptake value; M-SUL, muscle

normalized standard uptake value.

CI, 0.38-0.81), 0.47 (95% CI, 0.15-0.70), and 0.82 (95%
CI, 0.65-0.91), respectively. The M-SUL ICC was higher
than that of the liver (P=0.02). The ABP-SUL ICC tended
to be higher than that of the liver but was not significantly
different (P=0.33). The ABP-SUL, L.-SUL, and M-SUL
CVs were 9%, 12%, and 10%, respectively. In the Bland-
Altman plots (Figure 2), 23% (7/30) of the absolute
variations and 23% (7/30) of the relative variations in the
L-SUL were found outside the permitted variation limits
by PERCIST. These numbers were 10% (3/30) and 10%
(3730) for the ABP-SUL, and 0% (0/30) and 7% (2/30) for
the M-SUL, respectively.

Correlations between the variations of different
background SULs

In our patient cohort, all of the background SUL variations
between the two scans were in line with a Gaussian
distribution. There was a moderate to strong positive

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

correlation between the ABP-SUL and L-SUL with a
Pearson coefficient of 0.48 (P<0.05). The same results were
found between the L-SUL and M-SUL, and between the
ABP-SUL and M-SUL, with Pearson coefficients of 0.48
(P<0.05) and 0.55 (P<0.05), respectively.

Correlations between SULs and each factor

A linear regression analysis indicated there was a positive
correlation between the variations of the L-SUL and the
BGL (b=0.60, P<0.01). A similar result was found between
the variations of the M-SUL and the BGL (b=0.45, P<0.01).
The variation of the M-SUL also had a positive correlation
with the variation of the tracer uptake period (b=0.58,
P<0.01). There was no correlation between the variations
of the ABP-SUL, the BGL, and tracer uptake period or
between the variations of any background SULs and the
tracer dose (all P>0.05). The effect of the BGL was more
significant on the L-SUL than on the M-SUL (b=0.60 and
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Figure 2 Bland-Altman plots for the reproducibility of different background activity measured by SUL. SUL, Standardized uptake value
normalized to lean body mass. (A) Reproducibility of the absolute variations in different background activity. The solid lines of 0.3
represent the permitted variation from study to study by the Response Evaluation Criteria in Solid Tumors (RECIST). The dashed lines
represent the 95% limits of agreement of each background variation. The SUL average was equal to the mean SUL of the two scans.
Absolute variation was equal to the SUL in the second scan minus the SUL in the first scan. (B) Reproducibility of the relative variations
in different background activity. The solid lines of +£20% represent the permitted variation from study to study by PERCIST. The dashed
lines represent the 95% limits of agreement of each background variation. The SUL average was equal to the mean SUL of the two scans.

Relative variation was defined as the percentage of absolute variation as a proportion of the SUL of the first scan.

Table 3 Correlation between effect factors and background SULSs in the linear regression analysis

Unstandardized coefficients Standardized coefficients
Effect factors P value
B SE Beta
ABP-SUL BGL 0.30 0.16 0.35 0.08
Tracer dose 0.08 0.34 0.05 0.81
Uptake period 0.08 0.14 0.11 0.55
L-SUL BGL 0.61 0.16 0.60 <0.01
Tracer dose -0.41 0.33 -0.19 0.22
Uptake period 0.24 0.13 0.28 0.08
M-SUL BGL 0.45 0.15 0.45 <0.01
Tracer dose 0.10 0.30 0.05 0.74
Uptake period 0.50 0.12 0.58 <0.01

SUL, normalized standard uptake value; BGL, blood glucose level; ABP-SUL, aortic blood-pool normalized standard uptake value; L-SUL,
liver normalized standard uptake value; M-SUL, muscle normalized standard uptake value.

0.45, respectively). For the M-SUL, the effect of the BGL SUVs and their correlation with each factor and found

was less significant than that of the ""F-FDG uptake period similar results. These detailed results are shown in Tables
(b=0.45 and 0.58, respectively; Table 3). S1,S2 and Figure S1.
The repeatability of different background SUVs and their Discussion

correlation with each factor Understanding the repeatability of different background

We also analyzed the repeatability of different background SULs and their impact is vital for an accurate response
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assessment on "F-FDG PET/CT. Instead of a relative
magnitude in previous studies, the absolute SUVs on serial
scans were used to calculate variation (14,15). However,
one SUV unit change in a patient with a low background
SUV does not have the same significance as that of a high
background SUV.

From our study, we found that the intrapatient liver
SUL had a weak agreement. This was consistent with the
results of a test-retest study by Tahari ez 4/., who evaluated
the repeatability of the liver SUL in the same patients at
two-time points (the time interval was 235+192 days). The
authors found that there was only fair repeatability of the
liver SUL in the same patient in a clinical setting. The
ICCs were 0.37 and 0.38 at the portal level for the two
readers (16). Some other previous studies have also reported
similar results because the mediastinum "“F-FDG uptake
was more stable than the liver ""F-FDG uptake. These
studies enrolled patients undergoing multiple *F-FDG
PET/CT exams during chemotherapy (5,17). However,
the lengthy-time interval between the two “F-FDG PET/
CT exams (where the patient's underlying condition may
be different), the variation in tumor burden, and ongoing
systemic chemotherapy may have affected the "F-FDG
uptake in normal tissues. In contrast, our study had a
short time interval (the mean time interval was 2 days), no
additional chemotherapy was administered between the
scans, and there was a more stable tumor burden. So, our
results are likely to reflect the true characteristics of the
repeatability of different background SULs.

We found the ABP-SUL and L-SUL variations were
positively correlated, as were the variations between the
L-SUL and M-SUL and the ABP-SUL and M-SUL.
If significant and opposite correlations are noticed, the
background choice should be treated with caution because
one or both of the variations might reflect disease or
abnormality. This phenomenon might be found in patients
with hyperthyroidism, where the patient will have a
decreased L-SUL but an increased M-SUL (18).

Our study indicated that there are significant positive
associations between BGLs and the L-SUL and between
BGLs and the M-SUL. This finding was in line with
previous studies (19-23). The mechanism is not clear.
Possible explanations are that a patient with a higher BGL
may trap more "'F-FDG in the liver, which results in an
increased SUL. A higher BGL may also evoke increased
endogenous insulin with an enhanced *F-FDG uptake in
the liver and muscular tissue (19,24-28). Also, we found
that the effect of BGLs on the L-SUL was greater than
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that on the M-SUL. This may be attributed to the liver’s
crucial role in maintaining the homeostasis of the BGL
under various physiological states (29,30). Some previous
investigations of these correlations have shown different
results. The reason may be that their data included diabetes
patients who showed dysregulation in the liver and muscle
uptake of blood glucose (21,26,31).

As a glucose analog, "F-FDG is transported into the
cells and gets trapped there after phosphorylation. In
the presence of glucose-6-phosphatase, the *F-FDG-
6-phosphate can be dephosphorylated back to "F-FDG
and released into the bloodstream. Because this enzyme
is minimally present in skeletal muscle fibers, a higher
M-SUL after a longer uptake period is also concordant with
expected results (32). Although the liver is rich in glucose-6-
phosphatase, a kinetic model analysis revealed that the liver
SUL could be considered nearly constant between 50 and
110 min after tracer injection (33). Therefore, the impact
of the limited variation in the tracer uptake period between
the two scans can be disregarded.

As opposed to the L-SUL and M-SUL, the ABP-
SUL has stability in the face of any change in the BGL
and period of tracer uptake. Because of the "F-FDG
equilibration between the liver and blood, the ABP-SUL
will correlate positively with the L-SUL, as demonstrated
by our study. However, it has been shown that the liver to
blood ratio will increase due to a glucose-induced increase
in F-FDG phosphorylation after a glucose load. This
may explain why the BGL has a significant positive impact
on the L-SUL rather than on the ABP-SUL (34). As with
the liver, a time window may exist in which a temporary
dynamic equilibrium can be reached between the rate of
"F-FDG plasma clearance and glucose-6-phosphatase-
rich organ release. Within this time window, the ABP-SUL
could be considered nearly constant. However, we felt that
there must exist an ""F-FDG uptake variability on different
scans in normal tissues in any single subject, even under
technically and biologically ideal circumstances. Since SUL
is normalized to an injected dose, no impact on background
SUL from this variable is expected.

Limitations

The main limitation of our study is the relatively small
sample size, which may have increased the statistical bias.
Furthermore, the background activity may have been
influenced by certain malignancies in selected patients,
particularly lymphoma. However, because the interval
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between the two scans was so short (1-4 days), this influence
should have been minimal. Though the required “limits”
of background SULs in PERCIST imply equal uptake
periods, no prospective attempt was made to assure similar
uptake times in this study. In a busy PET center with a high
examination flow, it is not easy to ensure that individuals
with complex conditions receive their scans on a schedule.
So, our results need to be interpreted within the context of
the study design. Lastly, the equations for estimating LBM
were developed using Caucasian subjects. They may not be
appropriate to apply to Chinese patients.

Conclusions

Activities within the ABP and muscle are more stable
between two scans than those in the liver and should be
the preferred background for sequential patient evaluation.
The SUL of the liver is more sensitive to the BGL, which
is difficult to keep consistent across different scans, and
therefore the liver may not be suitable as a referential
background.
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Figure S1 Bland-Altman plots for the reproducibility of different background activity measured by SUV. SUV, Standardized uptake value
normalized. (A) Reproducibility of absolute variations in different background activity. The full lines of £0.3 represented the permitted

variation from study to study by the Response Evaluation Criteria in Solid Tumors (RECIST). The dash lines represented the 95% limits

of agreement of each background variation. SUV average was equal to the mean SUV of the two scans. Absolute variation was equal to the

SUV in the second scan minus the SUV in the first scan. (B) Reproducibility of relative variations in different background activity. The

full lines of +20% represented the permitted variation from study to study by PERCIST. The dash lines represented the 95% limits of

agreement of each background variation. SUV average was equal to the mean SUV of the two scans. Relative variation was defined as the

percentage of absolute variation as a proportion of the SUV of the first scan.
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Table S1 Repeatability of Patients background SUVs

The first PET scan The second PET scan

Absolute variation

Relative variation %

ABP-SUV 1.52+0.20 1.59+0.23
L-SUv 2.16+0.26 2.30+0.37
M-SuUvV 0.83+0.17 0.86+0.17

ICC (95% Cl) %CV
0.56 (0.26-0.76) 9%
0.39 (0.06-0.65) 11%
0.76 (0.55-0.88) 10%

Absolute variation was equal to the SUV in the second scan minus the SUV in the first scan. Relative variation was defined as the
percentage of absolute variation as a proportion of the SUV of the first scan; ICC, Intra-class correlation coefficient; %CV, the percentage
coefficient of variation. SUV, standard uptake value; ABP-SUV, aortic blood-pool standard uptake value; L-SUV, liver standard uptake

value; M-SUV, muscle standard uptake value.

Table S2 Correlation between effect factors and background SUVs in the linear regression analysis

Unstandardized coefficients Standardized coefficients P-value
Effect factors
B SE Beta
ABP-SUV BGL 0.30 0.16 0.35 0.08
Tracer dose 0.08 0.34 0.05 0.81
Uptake period 0.08 0.14 0.11 0.55
L-SUvV BGL 0.61 0.16 0.60 <0.01
Tracer dose -0.41 0.33 -0.19 0.22
Uptake period 0.24 0.13 0.28 0.08
M-SUV BGL 0.45 0.15 0.45 <0.01
Tracer dose 0.10 0.30 0.05 0.74
Uptake period 0.50 0.12 0.58 <0.01

SUV, standard uptake value; ABP-SUV, aortic blood-pool standard uptake value; L-SUV, liver standard uptake value; M-SUV, muscle stan-

dard uptake value; BGL, blood glucose level.
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