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Abstract: We measured the repeatability of FDG PET/CT uptake metrics when acquiring scans in free breathing (FB)
conditions compared with deep inspiration breath hold (DIBH) for locally advanced lung cancer. Twenty patients
were enrolled in this prospective study. Two FDG PET/CT scans per patient were conducted few days apart and in
two breathing conditions (FB and DIBH). This resulted in four scans per patient. Up to four FDG PET avid lesions per
patient were contoured. The following FDG metrics were measured in all lesions and in all four scans: Standardized
uptake value (SUV)peak, SUVmax, SUVmean, metabolic tumor volume (MTV) and total lesion glycolysis (TLG), based on
an isocontur of 50% of SUVmax. FDG PET avid volumes were delineated by a nuclear medicine physician. The gross
tumor volumes (GTV) were contoured on the corresponding CT scans. Nineteen patients were available for analysis. Test-retest standard deviations of FDG uptake metrics in FB and DIBH were: SUVpeak FB/DIBH: 16.2%/16.5%;
SUVmax: 18.2%/22.1%; SUVmean: 18.3%/22.1%; TLG: 32.4%/40.5%. DIBH compared to FB resulted in higher values
with mean differences in SUVmax of 12.6%, SUVpeak 4.4% and SUVmean 11.9%. MTV, TLG and GTV were all significantly
smaller on day 1 in DIBH compared to FB. However, the differences between metrics under FB and DIBH were in all
cases smaller than 1 SD of the day to day repeatability. FDG acquisition in DIBH does not have a clinically relevant
impact on the uptake metrics and does not improve the test-retest repeatability of FDG uptake metrics in lung cancer patients.
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Introduction
F-fluoro-2-deoxy-D-glucose (FDG) positron
emission tomography (PET)/computed tomography (CT) is recommended for staging and
radiotherapy planning in The National Comprehensive Cancer Network (NCCN) guidelines
for inoperable locally advanced non-small cell
lung cancer (NSCLC). Few studies have evaluated the repeatability of PET assessed FDG
uptake in lung cancer patients but the literature suggest that up to 20% variation can be
expected. However, none of these studies
accounted for the potential effect of breathing
[1-4].
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We hypothesized that the motion of the lung
during the relatively prolonged PET image acquisition process could affect the repeatability and
the estimate of FDG uptake metrics in the
tumor lesions, possibly to a level where it could
impact treatment decisions or response
assessment [5, 6]. Also, clinical trials of radiation therapy with dose-escalation to the PET
positive areas might be affected by breathing
[7]. For this reason, we conducted a prospective test-retest study of FDG uptake in locally
advanced non-small cell lung cancer patients
scanned in free breathing (FB) and deep inspiration breath hold (DIBH) with FDG PET/CT for
radiotherapy planning.

FDG PET reproducibility in free breathing and breath hold in lung cancer
Specifically, the study tested the hypothesis
that FDG uptake values, SUVmax, SUVmean,
SUVpeak, metabolic tumor volume (MTV), total
lesion glycolysis (TLG) and clinical volumes
were more repeatable when the FDG PET/CT
scan was performed in DIBH than when it was
performed without respiratory management. It
was expected that SUVmax was higher in DIBH
compared to FB and that the FDG avid tumor
volume was smaller in DIBH than in FB. We also
expected the FDG PET metrics to change most
from FB to DIBH for smaller tumors with larger
respiratory motion.
Methods and materials
Twenty patients diagnosed with inoperable
non-small cell lung cancer and eligible for curative intent radiotherapy were included. Inclusion
criteria were histology proven non-small cell
lung cancer, age above 18 and BMI≤30.
Patients with diabetes type I or patients not
able to comply with 20 sec DIBH prior to the
first FDG PET/CT scan, were excluded from the
study.
Planned treatment consisted of radiotherapy in
2 Gray (Gy) fractions given 33 times (5 fractions
per week) to a total of 66 Gy. If eligible, patients
received chemotherapy in a concurrent schedule, consisting of 3 series of either cisplatin or
carboplatin in combination with vinorelbine.
FDG PET/CT scans were acquired in conventional FB conditions and DIBH. Both types of
scans were repeated a few days apart without
any active therapy given in the interval with the
purpose of assessing test-retest variability.
All patients signed an informed consent before
inclusion. The study was approved by the
Danish Ethics Committee, protocol number H-12014-011 and the Danish Data Protection
Agency, 02986/30-1271.
Deep inspiration breath hold and image acquisition
The participant’s inspiration level was monitored using the Real-time Position Management
system (RPM) (Varian Medical Systems, Palo
Alto, California, USA) on the PET/CT scanner
used in the study. RPM uses an infra-red camera to track the patients’ respiratory signal
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from an optical marker, placed on the patient’s
thorax surface.
To ensure a repeatable inspiration level during
the image acquisition, participants received
visual feedback of the RPM system’s optical
marker position through video goggles worn
during the scanning. The patients were required
to follow simple instructions and were given
time to practice DIBH levels to ensure a comfortable and repeatable level of breath hold
prior to the day 1 scan [8-10].
On both scanning days, patients were fasting
for at least 4 hours prior to the FDG injection
which was given as 4 MBq/kg. They rested
reclined for 45 min ± 5 min before they were
asked to empty their bladder and were subsequently positioned in the scanner. The patients
were immobilised on a radiotherapy chest
board (ConChest, Candor Aps, Gislev, Denmark),
with arms above the head. Immobilisation and
marking for radiotherapy was executed according to departmental guidelines. We aimed at
performing the first DIBH FDG PET 60 min post
FDG injection on both scanning days.
For the DIBH FDG PET scan, all image acquisitions were acquired over one field of view (FOV)
encompassing 21.5 cm in the cranio-caudal
direction while the participant was holding her/
his breath at a predefined level. The location of
the tumor and thus the position of the PET FOV
for DIBH scanning was defined prior to the first
scan of each patient from a diagnostic quality
PET/CT scan obtained from the external diagnostic unit. Patients were asked to take a DIBH
of 20 seconds for PET acquisition and this procedure was repeated 3 times (eight patients
scanned before October 2015) and 6 times for
twelve patients scanned from October 2016
and onwards in order to reduce the signal-tonoise ratio. Subsequently, these 3- or 6 PET
acquisitions were combined by averaging raw
counts using in-house software.
Participants were weighed before each injection of FDG on both scanning days. For patients
with BMI≤25, FB scan time per bed position
was 2 minutes. For patients with 25<BMI≤30,
FB scan time per bed position was 2.5 minutes.
If the patient’s arms were down the side (due to
physical constraints), the FB scan time was 3
min/PET bed.
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Table 1. Patient characteristics. TNM (Tumor, Nodal,
Metastases) and Clinical Stage according to The Union
for International Cancer Control (UICC), version 7. Lesion
characteristics (N=38) in mean and range
Patient characteristics N=19
Gender
Female: 6; Male: 13
Age
Median 70 years, mean 68.5
Range [54-85]
T-stage
TX: 1; T1: 4; T2: 3; T3: 5; T4: 6
N-stage
N0: 1; N1: 3; N2: 7; N3: 8
M-stage
M0: 17; M1b: 2
Clinical Stage
II: 1; IIIA: 8; IIIB: 8; IV: 2
Histology
Adenocarcinoma: 9
Squamous cell carcinoma: 9
Adenosquamous carcinoma: 1
Lesion characteristics
FB
DIBH
T-sites N=22
N-sites N=16
SUVpeak
11.0 [1.7-29.6]
11.4 [2.0-29.4]
SUVmax
16.9 [3.9-44.8]
18.3 [4.4-41.7]
SUVmean
10.8 [2.7-25.7]
11.8 [2.8-24.8]
MTV
6.0 [0.1-36.8]
5.2 [0.1-48.1]
TLG
108.8 [0.9-803.2] 101.2 [0.8-1192.9]
GTV
96.5 [3.6-380.4]
95.1 [3.4-376.4]
SUV: Standardized uptake value. MTV: Metabolic tumor volume. TLG:
Total lesion glycolysis. GTV: Gross tumor volume. FB: Free breathing.
DIBH: Deep inspiration breath hold.

The FDG PET/CT scans on days 1 and 2 were
performed on the same PET/CT scanner
(Siemens Biograph mCT, Siemens Healthineers,
Erlangen) and according to European Association of Nuclear Medicine (EANM) guidelines
[11].
The scanner settings have been described previously [12]: Attenuation and scatter corrected
PET data were reconstructed iteratively using a
3D ordered-subset expectation-maximization
algorithm including point spread function and
time of flight information (2 iterations, 21 subsets, 2 mm Gaussian filter, 400 × 400 matrix).
The pixel size/slice thickness in the reconstructed PET image was approximately 2 × 2
mm/2 mm.
The CT scans were acquired without intra
venous contrast and over the same field of view
(FOV) as the PET scan, using 120 kV and either
40 mAs without CareDose setting (for low dose
FB CT) or CareDose settings with 225 quality
reference mAs (for diagnostic quality DIBH CT).
The DIBH CT scan was acquired in a DIBH of
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approximately 10-15 seconds using
the same visual feedback as for the
PET part. The FB CT scan was acquired
in approximately 3-4 seconds. All PET
images were attenuation corrected
using the CT acquired on the same day
without intravenous contrast and in
the same breathing condition (DIBHPET with DIBH-CT). This resulted in four
sets of images per patient: DIBH day 1,
FB day 1, DIBH day 2 and FB day 2.
On day 2, all patients received CT scanning for radiotherapy planning, consisting of a respiratory correlated 4DCT
and one DIBH CT (patients 1 and 2) or
three consecutive CTs in three consecutive DIBHs (patients 3-20). For the
radiotherapy planning process, the
gross tumor volumes (GTVs) were
delineated on the midventilation [13]
phase of the 4DCT.
Lesion contouring

The robustness of the following FDG
PET metrics was investigated: SUVmax,
SUVpeak, SUVmean, TLG and MTV. Analysis
took place on a Mirada XD® workstation, version 1.1.0.31 (Mirada Medical,
Oxford, UK). A maximum of two tumors (primary
and e.g. satellite tumor) and a maximum of two
lymph nodes were defined from the first FDG
PET scan in the study. If the patient had several
FDG avid lymph nodes, the two nodes were
selected according to size, high FDG uptake
and most accessible for discriminating between
FDG avid- and non FDG avid tissue. An isocontur of 50% of SUVmax was applied to the region
of interest (ROI).
Further, a nuclear medicine physician (CBC)
delineated all PET positive lesions with a visually adapted and nudged isocontour. No fixed
threshold was applied in the manual delineation process. The contouring was performed in
a random order of days and breathing condition
and blinded to previous delineations. MTV,
SUVmean and TLG were investigated on the
nuclear medicine delineation as well as on the
50% isocontour. SUVpeak and SUVmax were identical in both delineation methods and when analysed from the 50% of SUVmax isocontour. All
four FDG PET/CT scans were exported from
Mirada into Eclipse (version 13.6, Varian
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Figure 1. Illustration of a patient case. FDG PET/CT day 1 and 2 taken in both breathing conditions. FB: free breathing DIBH: deep inspiration breath hold. Notice “breathing artefact” with misalignment between CT and FDG uptake
in FB on day 2 (lower left corner) compared to FB on day 1.

Medical Systems, USA). All CT scans from the
PET/CT sets (i.e. both FB and DIBH from both
scan days) were rigidly registered to the midventilation phase of the 4DCT; in order to help
with delineation on all the scans, automatic
registration was applied, with focus on the volume around the delineated GTVs. After the
automatic registration, a deformable registration was applied (Smart Adapt option in Eclipse)
on the GTVs. The gross tumor volumes (GTVs)
were propagated from the mid-ventilation
phase to all four scans. Finally the GTV volumes
on the PET/CTs were manually adjusted by LN
and GP (senior radiation oncologist, expert in
lung cancer). Tumors in the lung were contoured using “lung window” (Hounsfield units
(HU) range -1000 HU to 0 HU) and lymph nodes/
mediastinal tumors were contoured using a
“soft tissue window” (HU range -125 HU to 225
HU).
130

Statistics
The study was a double-paired design with two
repeated measurements of FDG uptake in
DIBH, two repeated measurements of FDG
uptake in FB, and two consecutive comparisons of FB versus DIBH FDG uptake.
Scatterplots and Bland-Altman plots were used
to assess the error structure in the data.
Logistic regression of day 1 versus day 2 in
both breathing conditions was calculated and
R2 extracted as a measure of explained variance. The mean differences - measured in percent difference after visual assessment of data
distributions in Bland-Altman plots-between
the two days were extracted and the standard
deviation (SD) calculated from day to day in the
two breathing conditions:
DifferenceFBDay1+2= (

FB1 - FB2
) *100 [%],
0.5 * ^FB1 + FB2h
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Figure 2. Bland Altman plots of the day to day repeatability of SUVmax and SUVpeak in the two breathing conditions.
SUV: Standardized uptake value. FB: Free breathing. DIBH: Deep inspiration breath hold. Full line: Mean difference
[%] from day to day. Dashed lines: Limits of agreement (± 1.96 × SD). SD: Standard deviation from Table 2.
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Table 2. Logistic regression analysis from day to day (R2) and Relative difference from day to day (SDdescriptives) in the two breathing conditions. SD in percent (%) if not otherwise specified
50% isocontur of SUVmax
SUVpeak SUVmax SUVmean MTV
FBDay1+2
R2
SD [%]
DIBHDay1+2
R2
SD [%]

MTV

Expert delineation
Radiation oncologist
Nuclear medicine
TLG SUVmean MTV
MTV
TLG
GTV

0.88
16.2

0.88
18.2

0.85
18.3

0.95
0.95
0.96
35.5 2.5 [cm3] 32.4

0.63
21.2

0.99
0.99
0.98
43.8 11.0 [cm3] 35.6

0.99
17.6

0.88
16.5

0.80
22.1

0.77
22.1

0.94
49.5

0.66
16.3

0.96
27.0

0.99
18.8

0.94
3.2

0.92
40.5

0.96
14.1

0.96
26.5

FB: Free breathing. DIBH: Deep inspiration breath hold. SD: Standard deviation. SUV: Standardized uptake value. MTV: Metabolic tumor volume. TLG: Total lesion glycolysis. CT: Computer tomography. GTV: Gross tumor volume. 38 lesions delineated
from FDG PET.

Table 3. Paired comparison of FB versus DIBH. Relative difference between the two breathing conditions [%]
50% isocontur of SUVmax
SUVpeak
SUVmax
SUVmean
MTV
TLG
Nuclear medicine delineation
SUVmean
MTV
TLG
Radiation oncologist CT delineation
GTV

Day 1 (FB versus DIBH)
Mean
SEM [%] p-value
difference [%]
-4.4
1.2
0.001
-12.6
2.7
<0.0001
-11.9
2.5
<0.0001
27.6
5.7
<0.0001
17.6
4.3
0.0002

Day 2 (FB versus DIBH)
Mean
SEM [%] p-value
difference [%]
-1.8
1.4
0.2
-5.2
2.5
0.04
-4.5
2.4
0.06
9.5
6.4
0.1
-0.6
4.8
0.9

-4.1
-0.2
-4.4

2.6
6.2
4.5

0.11
0.97
0.32

-9.0
19.2
10.6

2.2
6.5
5.2

0.0001
0.004
0.041

10.7

3.3

0.002

1.8

2.6

0.5

FB: Free breathing. DIBH: Deep inspiration breath hold. SEM: Standard error of the mean (=95% CI from the T-test divided by
(1.96 × 2=3.92)). SUV: Standardized uptake value. MTV: Metabolic tumor volume. TLG: Total lesion glycolysis. CT: Computer
tomography. GTV: Gross tumor volume.

and the equivalent equation for DIBH. The relative differences between uptake metrics
between the two breathing modalities on the
same scan were calculated using T-test statistics and the average difference in percent was
extracted as measure of effect size.
SPSS Statistics for Windows version 22.0
(Armonk, NY: IBM Corp) and R [14] were used
for all analyses and a two-sided p-value below
0.05 was considered statistically significant.
Results
Between December 2014 and March 2016,
twenty patients were included in the study and
all completed all scans on both scanning days
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and in both breathing conditions. In one patient
the PET structures could not be divided meaningfully into separate lesions due to disease
extent. This patient was excluded from the
analysis and was referred for palliative chemotherapy instead of the originally planned treatment. Patient and lesion characteristics are
shown in Table 1.
One patient was classified as having TX [15]
disease due to a former lung cancer in 2013
which was surgically removed. The patient presented in the current study (2015) with relapse
of squamous cell carcinoma located adjacent
to the trachea, a tumor mass in the tissue surrounding esophagus and a FDG avid lymph
node in station 1R.
Am J Nucl Med Mol Imaging 2018;8(2):127-136
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Figure 3. Scatter plots of DIBH versus FB in SUVmax and SUVpeak on both scanning days (Day 1 and Day 2). SUV: Standardized uptake value. FB: Free breathing. DIBH: Deep inspiration breath hold. P: P-value.

Figure 1 shows a patient’s primary tumor
scanned in FB and in DIBH. The signal-to-noise
ratio seems better in the DIBH scans compared
to FB and the geographical location is arguably
better.
Average time between FDG injection and first
DIBH on day 1 was 1 h 01 m, range [1 h 0 m; 1
h: 05 m]. On day 2, average time from injection
to first DIBH was 1 h 2 m, range [1 h 0 m; 1 h 13
m]. In FB, average time on day 1 from injection
to FB scan was 1 h 7 m, range [1 h 3 m; 1 h: 15
m]. On day 2, average time from injection to FB
scan was 1 h 8 m, range [1 h 4 m; 1 h 18 m].
Figure 2 and Table 2 show that the repeatability (standard deviation (SD)) was slightly larger
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in DIBH than in FB for the 50% of SUVmax isocontur and GTV delineations, whereas SD was
lower in DIBH for the nuclear medicine delineations. R2 from the logistic regression was larger
in FB across delineation methods except for
SUVmean in the nuclear medicine delineation.
The two breathing conditions were compared
on day 1 and day 2 to test the hypothesis of
higher SUV values and lower volumes in DIBH
compared to FB. Table 3 shows that the
hypothesis is supported on day 1 for the delineations with a threshold of 50% of SUVmax and
in the GTV contours but not for the nuclear
medicine delineation. The two breathing conditions are significantly different on the day 2
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image sets but not on day 1 for the nuclear
medicine delineation. Only SUVmax remained
significantly different between the two breathing conditions. Figure 3 illustrates the differences in SUVpeak and SUVmax on day 1 and day 2
with SUVpeak being less sensitive to respiration
than SUVmax.
The majority of patients included in the study
had primary tumors located in the upper lobe.
The relative difference in SUV values between
FB and DIBH as a function of amplitude of
tumor motion in the cranio caudal (CC) direction (available from the radiotherapy planning
4D CT scan) is shown in Supplementary Figure
1. The difference of SUV values in FB and DIBH
did not depend on the amplitude of primary
tumor motion.
Discussion
FDG PET repeatability in FB and DIBH was
quantified in 19 patients with inoperable
NSCLC eligible for curatively intended chemoradiotherapy. Day-to-day standard deviations
(SDs) were relatively large in both breathing
conditions and, contrary to expectations, SD
were marginally larger in DIBH than in FB. A
published study found relatively narrower SDs
in stage IV lung cancer patients with lesions
within and outside the thorax [2] but breathing
was not accounted for. One could expect that in
parenchymal lung cancer lesions, the SD would
indeed be larger.
On day 1, SUVpeak, SUVmax, SUVmean, MTV and
TLG were found to be significantly different in
DIBH compared to FB. Surprisingly, the second
day’s scans seemed to consistently demonstrate a smaller impact of breathing condition.
One explanation could be that patients were
more relaxed on the day 2 and did not perform
as well in the DIBH scan as on the first day. This
is despite that the DIBH level in the RPM system was the same. Arching of the back to obtain
the same DIBH level from day to day has been
reported in breast cancer patients [16] and
could potentially be the reason for lower mean
differences in day two compared to day 1. Only
SUVmax remained significantly different in the
two breathing conditions.
The potential benefit of conducting PET/CT
scans in DIBH may depend on the amplitude of
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tumor motion in the individual patient. To
explore such dependence, we used the clinically assessed motion amplitudes from the 4D
CT scan. These amplitudes are used to calculate patient-specific margins for radiotherapy.
In our cohort, 8 tumors exhibited a displacement of >0.5 cm. However, the motion amplitude does not appear to be a dominant factor in
the uncertainty of FDG uptake metrics.
Additionally, the lesions with large motion
amplitude in FB do not appear to have a relevant gain in reproducibility with DIBH scanning
beyond the average reported here, see
Supplementary Table 1.
Even if the value and repeatability of the conventional FDG uptake metrics are not improved
at a clinically relevant scale when scanning in
DIBH, the method could be of relevance if high
geometrical precision is required [17-19] as
shown with the example of Figure 1.
Another application where improved spatial
accuracy may be of importance is when performing more detailed analysis of FDG uptake
patterns to elucidate tumor phenotype, such as
in the emerging field of radiomics [20-23].
One patient with atypical variation in SUV values from scan to scan was observed. The most
possible explanation was extravasation of FDG
at the injection site in the elbow. We adjusted
these outlying values by applying a cylindrical
VOI with a diameter of 1 cm and a long axis of 2
cm in the centre of the descending aorta [24],
see Supplementary Tables 2 and 3.
This was a post-hoc correction performed after
observing the outlying measurement. The
adjustment resulted in narrower SDs and higher regression coefficients in all SUV values but
does not change our overall conclusions.
In conclusion, the difference between SUV
uptake metrics between DIBH and FB was
small compared to the day-to-day variation. The
impact of breathing condition was clinically
negligible compared to the other uncertainties
in conventional SUV metrics. Further, scanning
in DIBH did not improve the test-retest stability
of FDG uptake metrics. Volume parameters in
the nuclear medicine delineation and GTV definitions were equivalently repeatable from dayto-day as metrics defined by 50% of SUVmax.
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Taken together, DIBH seems unnecessary for
measuring conventional FDG uptake metrics in
these lung cancer patients.
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Supplementary Figure 1. Amplitude. Scatter plot of relative difference [%] between FB and DIBH in scan 1 of SUV
values (50% isocontour of SUVmax) as a function of amplitude of tumor motion in the cranio-caudal direction [cm]
from the 4DCT radiotherapy planning scan. SUV: Standardized uptake value. TLG: Total lesion glycolysis. MTV: Metabolic tumor volume. FB: free breathing. DIBH: deep inspiration breath hold.

Supplementary Table 1. Day to day Difference/mean difference from day to day in FB and DIBH in
eight patients with tumor motion >0.5 cm in either CC or AP direction. Tumor motion amplitude was
measured clinically from 4DCT data for calculation of treatment margins
Patient CC Motion
number in FB [cm]

AP Motion
in FB [cm]

Tumor Site

SUVpeak
SUVmax
SUVmean
MTV
TLG
Day 1/Day 2
Day 1/Day 2
Day 1/Day 2 Day 1/Day 2 Day 1/Day 2
(FB/DIBH) [%] (FB/DIBH ) [%] (FB/DIBH) [%] (FB/DIBH) [%] (FB/DIBH) [%]

1

0.6

0.2

Lower lobe

-13/4.3

-23.7/-10.4

-22.5/-4.3

18.2/22.2

9.9/27.9

2

1.0

0.3

Upper lobe

-7.6/-9.5

-16.2/-20.0

-14.6/-16.5

18.8/44.4

8.6/25.6

4

0.5

0.6

Upper lobe

6.6/16.7

-0.7/29.0

4.2/23.3

17.4/-36.4

22.5/-10.0

5

1.0

0.85

Mediastinum

-8.1/-6.4

-13.9/-12.5

-10.8/-9.4

0/-6.7

-10.9/-17.5

6

2.2

0.6

Lower lobe

-11.6/-10.7

-9.1/-34.7

-8.1/-27.2

-13.3/80

-26/47.1

13

0.6

0.3

Mediastinum

-40.8*/-44.7*

-34.6/-51.0*

-37.9*/-49.5*

-15/-4.4

-52.5/-53.6

16

0.3

0.6

Mediastinum

5.3/11.6

-1.2/15.1

0/16.1

24/-26

21.0/-10.1

18

0.4

0.6

Mediastinum

-11.5/8.0

-5.9/-0.7

-6.6/-2.9

-9.2/13.6

-16.8/-16.4

CC: cranio caudal direction. AP: Anterior posterior direction. Bold: tumor amplitude >0.5 cm. SUV: Standardized uptake value. MTV: Metabolic tumor volume. TLG: Total
lesion glycolysis. *: repeatability poorer than expected (± 1.96 × SD) from results in Table 2.

Supplementary Table 2. Logistic regression analysis from
day to day (R2) and Relative difference [%] from day to day
(SD in descriptives) in the two breathing conditions using adjusted data for patient number 10 by Practical PERCIST [24]
Adjusted

50% isocontur of SUVmax
SUVpeak SUVmax SUVmean TLG

FBDay1+2
R2
SD [%]
DIBHDay1+2
R2
SD [%]

Nuclear medicine
delineation
SUVmean
TLG

0.93
14.3

0.93
16.5

0.91
16.6

0.98
31.8

0.70
20.5

0.98
34.8

0.93
14.7

0.87
20.7

0.84
20.8

0.95
39.6

0.81
14.6

0.97
25.5

FB: Free breathing. DIBH: Deep inspiration breath hold. SD: Standard deviation. SUV: Standardized uptake value. MTV: Metabolic tumor volume. TLG:
Total lesion glycolysis.
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Supplementary Table 3. Paired comparison of FB versus
DIBH. Relative differences between the two breathing modalities [%]. Adjusted data for patient number 10 by Practical
PERCIST [24]
Adjusted
50% isocontur of SUVmax
SUVpeak
SUVmax
SUVmean
TLG
Nuclear medicine delineation
SUVmean
TLG

Day 2 (FB versus DIBH)
Mean
SEM [%] p-value
difference [%]
-2.0
1.4
0.1
-5.4
2.5
0.03
-4.7
2.4
0.05
-0.8
4.8
0.86
-5.3
10.1

2.1
5.2

<0.0001
0.05

FB: Free breathing. DIBH: Deep inspiration breath hold. SEM: Standard error of the mean (=95% CI from the T-test divided by (1.96 × 2=3.92)). SUV:
Standardized uptake value. TLG: Total lesion glycolysis.
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