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ABSTRACT

Aim:The aim of the research was to analyse the most common
factors that influence SUV values.

Material and methods: In the study, | used a NEMA body
phantom filled with a mixture of water and 18F-FDG in a ratio
1:4 (background/spheres), and analysed the most common
factors that influence SUV values. The most common factors
include the impact of the patient's body weight, the impact
of time between application and PET/CT imaging, and the
impact of differently prepared and administered RP activities.

Results: Different values of patient body weight, time between
application and PET/CT imaging, and differently prepared and
administered RF activities have a statistically significant effect
on the quantitative assessment of SUVmax (p < 0.001) and
SUVmean (p < 0.001).

Conclusion: The results showed that all factors can
significantly influence the quantitative assessment of SUVmax
and SUVmean.

Keywords: PET/CT, quantitative
SUVmean, body weight

assessment, SUVmax,

1ZVLECEK

Namen: Analizirati najpogostejse dejavnike, ki vplivajo na
vrednosti SUV.

Materiali in metode: V raziskavi sem uporabil fantom NEMA,
napolnjen z mesanico vode in 18F-FDG v razmerju 1:4 (ozadje/
sfere) in analiziral najpogostejSe dejavnike, ki vplivajo na
vrednost SUV. Najpogostejsi dejavniki vkljucujejo vpliv telesne
teze pacienta, vpliv ¢asa med aplikacijo in slikanjem s PET/
CT in vpliv razlicno pripravljene in aplicirane koncentracije
aktivnosti radiofarmaka (RF).

Rezultati: Razlicne vrednosti telesne teZe pacienta, ¢as med
aplikacijo in slikanje s PET/CT in razlicno pripravljene in
aplicirane koncentracije aktivnosti RF statisticno pomembno
vplivajo na kvantitativno oceno SUVmax (p < 0,001 in
SUVmean (p < 0,001).

Zakljuéek: Rezultati so pokazali, da lahko vsi dejavniki
pomembno vplivajo na kvantitativno oceno SUVmax in
SUVmean.

Kljuéne besede: PET/CT, kvantitativha ocena, SUVmax,
SUVmean, telesna teza
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INTRODUCTION

Positron emission tomography (PET) in combination with
computed tomography (CT) is a hybrid imaging diagnostic
method that is frequently used for diagnosis, prognosis and
monitoring response to oncological therapy. The hybrid
system facilitates a parallel anatomical image using computed
tomography (CT) and functional image using PET. Visual
assessment is the main tool for image interpretation in clinical
practice. Although visual assessment may be sufficient to
evaluate tumour response, a precise assessment of tumour
response to therapy requires a certain form of quantification
(1, 2). PET is a diagnostic imaging method that facilitates
the quantitative assessment of the pathological process.
The quantitative assessment enables objective and precise
evaluation to predict and monitor therapeutic response
so that it does not depend solely on the visual imaging
assessment. Quantification in PET examinations represents an
accumulated amount of radiopharmaceuticals (RP) inside the
tumour and facilitates a precise division into groups of patients
who experience therapeutic response and those who do not
(3,4). A quantitative analysis utilising 18F- fluorodeoxyglucose
(18F-FDG) in the assessment of early therapeutic response
increased the role of PET in drug development in oncology (5).
Standardised uptake value (SUV) is a simplified quantitative
assessment and the most frequently used method to assess
accumulation of 18F-FDG PET in examinations (6, 7).

SUV is a number that stands for the accumulation activity of
RF inside the tumour or the entire body that was measured
after intravenous RP application in a predetermined period.
SUV is normalised to the applied RF dose and factor that takes
into account the distribution of RF in the whole body (8, 9).
The most common factors for normalisation of RF distribution
in the whole body are body weight (BW) and body surface
area (BSA). Patients who undergo an 18F-FDG exam must do
so on an empty stomach. Those patients have a decreased RP
accumulation in the fat, which can impact body weight, and
therefore, a method considering lean body mass (LBM) is used.
LBM is defined as the difference between total body mass
and body fat, and takes into account the mass of all organs,
excluding body fat. The use of LBM for the normalisation of
SUV is more appropriate for heavier patients than BW or BSA
(10,11).

Physiological and technical factors or factors that are the
result of human error impact the results of the highest
concentration activity (SUVmax) and average concentration
activity (SUVmean). A common technical error that impacts
SUV is a discrepancy in time at PET/CT and dose meter. To
avoid an incorrect SUV, time on a dose meter and PET/CT
should be checked daily. Data collection period is an image
parameter that impacts the signal-to-noise ratio (SNR) and
consequently SUV. Along with the processing parameters,
SUV is also impacted by the selection of the matrix element
(due to the effect of partial volume), reconstruction algorithm
and normalisation factor. SUV is also dependent on the region
of interest (ROI), the selection of which is impacted by the
individual’s choice. Most common factors that impact SUV are
shown in Table 1 (8, 12-14).
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Table 1: Most common factors that impact the quantitative as-
sessment of a PET image

CAUSE FACTOR EXPLANATION
Technical |Incorrect time Incorrect SUV due to
error synchronisation erroneous correction of
between PET/CT and | RP decay
dose meter
Paravenous Amount of applied RF
application of is decreased, resulting
18F-FDG into incorrect SUV
Physical |Imaging parameters |Low SNR value causes a
factors biased SUV
Reconstruction Partial volume effect on
parameters SUvV
Selection of ROI SUV result is highly
dependent on the
selection of ROl size
Normalisation factor | SUV depends on weight,
for SUV body surface and other
normalisation factors for
the calculation of SUV
AIM

The aim of the study was to demonstrate and analyse the
most common factors that impact SUVmax and SUVmean
values. The following factors were included in the analysis:

- impact of patient’s body weight,

- impact of time between the application and data collection
with PET/CT, and

- impact of differently prepared and applied RF concentration
activity.

METHODS

A NEMA body phantom was used to analyse factors that
impact the quantitative assessment of SUV (SUVmax/mean). |
conducted the phantom imaging on a SIEMENS hybrid system,
Biograph mCT® 128 PET/CT, which combines a 128-slice CT
and LSO PET detector system with three rings. The phantom
volume was 9.7 litres and consisted of six hollow spheres
with diameters of 37, 28,22, 17, 13 and 10 mm. The phantom
was filled with a mixture of water and 18F-FDG in a 1:4 ratio
(background/sphere). When performing the PET/CT imaging,
| collected the CT data for attenuation correction first, then
the PET data with the application of a single bed position. For
the reconstruction of data, | used the iterative reconstruction
algorithm (TrueX + TOF) that encompasses the point spread
function (PSF) and time-of-flight information (TOF). SUV
is most frequently normalised to body weight (BW) and is
calculated using the following formula (Formula 1):

ACvoi (MBg/ml)
suv, = i

F la1
sw FDGdose (MBq)/BW (kg) ormdia

In Formula 1, ACvoi represents the average or highest activity
concentration expressed in MBg/ml, in a defined region of
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interest (ROI). FDGdose represents the dose of FDG expressed
in megabequerels (MBq), while body weight (BW) is expressed
in kilograms.

SUV corrected to LBM is calculated using Formula 2:

ACvoi (MBg/ml)

N
Lew FDGdose (MBQ)/LBM (kg)

Formula 2

ACvoi represents the average or highest activity concentration
expressed in MBg/ml, in a defined region of interest (ROI).
FDGdose represents the dose of FDG expressed in MBg. LBM
value depends on the gender, body weight and height of a
patient, and is calculated differently for men and women. LBM
(women) = (1.07 x body weight) (kg) - 148 [body weight (kg) /
body height (cm)]? and LBM (men) = (1.1 x body weight) (kg) -
128 [body weight (kg)/body height (cm)]? (15).

SUV corrected to BSA is calculated using Formula 3:

ACvoi(MBg/ml)
FDGdose (MBq)/BSA (m?)

SUV,,= Formula 3

ACvoi represents the average or highest activity concentration
expressed in MBg/ml, in a defined region of interest (ROI).
FDGdose represents the dose of FDG expressed in MBq. The
height and weight of patients must be entered in the imaging
or processing protocol to calculate BSA. The entered data are
applied to calculate BSA, using the following formula:

BSA (m?) = 0.007184 x body weight (kg)***®* x body height
(cm)°72 (16).

| analysed the impact of incorrectly entered body weight, RP
application time and prepared RP activity on SUVmax and
SUVmean on a NEMA phantom. | systematically entered data
in the imaging protocol and thus simulated an error. | altered
the weight of the phantom (10 kg) by 10%, 20%, 30% and 40%,
and analysed SUVmax and SUVmean. In terms of time impact
on SUVmax and SUVmean, | simulated an error by entering
times of 1, 3,7, 15, 30, 45 and 60 minutes. By altering activity
by 5% from the reference, | calculated the impact of lower and
higher activity of prepared RF on the quantitative assessment
of SUVmax and SUVmean.

On the images, | marked regions of interest of approximately
six spheres of different sizes in the NEMA body phantom. An

analysis of obtained quantitative assessments of SUVmax/
mean was conducted using SPSS 25 software. The Shapiro-
Wilk test was applied to assess the distribution of variables.
| used the analysis of variance (ANOVA) test (repeated
measures) for dependent variables in the normal distribution
and the Friedman test when variables were not distributed
normally. | used a p value of < 0.05 for the threshold of
statistical significance.

RESULTS

An analysis of the normalisation of SUVmax and SUVmean to
BW, LBM in BSA showed a statistically significant difference at
SUVmax (p = 0.002) and at SUVmean (p < 0.001). The obtained
SUVmax and SUVmean values are shown in Tables 2 and 3.

Table 2: SUVmax values at different sphere volumes normalised to
BW, LBM and BSA

SUVmax value

Sphere volume BW LBM BSA
0.5 2.67 13.97 0.41

1.13 4.49 2345 0.70

2.5 6.07 31.67 0.94

5.02 6.05 31.60 0.94

11.01 5.75 30.05 0.89
23.41 5.59 29.16 0.87

Table 3: SUVmean values at different sphere volumes normalised to
BW, LBM and BSA

SUVmean value

Sphere volume BW LBM BSA
0.5 24 12.53 0.37

1.13 3.15 16.45 0.47

2.5 3.57 23.56 0.55

5.02 4,08 21.08 0.63

11.01 4.26 22.24 0.66
23.41 4.57 23.86 0.71

Changing SUVmax values normalised to BW at different body weights

9
8
8 Eﬁ
=3 6
£ 3
2 3
0
0.5ml 1.13ml 2.5ml 5.02 ml 11.01 ml 23.41 ml
a=fil= 10 kg 2.67 4.49 6.07 6.05 5.75 5.59
11 kg 2.94 494 6.67 6.66 6.33 6.15
=12 kg 3.2 5.39 7.28 7.26 6.91 6.7
w13 kg 347 5.84 7.89 7.87 7.48 7.26
= 14 kg 3.74 6.29 8.49 8.47 8.06 7.82

Image 1: Impact of body weight to SUVmax at different sphere volumes normalised to BW, when body weight is altered by 10% from the initial
weight of the NEMA phantom (10 kg). The curves illustrate SUVmax value fluctuations at different body weights.
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Changing SUVmean values normalised to BW at different body weights

7
6
c 5
3 4
£ ]
n 2
1
0
0.5 ml 1.13 ml 2.5ml 5.02 ml 11.01 ml 2341 ml
=== 10 kg 2.2 3.04 3.57 4.35 4.49 447
=11 kg 2.67 3.46 3.93 444 4,69 5.03
=12 kg 2.79 3.65 4.28 4.85 5.11 5.48
== 13 kg 3.03 3.95 4.64 5.31 5.54 5.94
== 14 kg 3.25 441 5 5.72 5.96 6.4

Image 2: Impact of body weight to SUVmean at different sphere volumes normalised to BW, when body weight is altered by 10% from the initial
weight of the NEMA phantom (10 kg). The curves illustrate the SUVmean value fluctuations at different body weights.

Altered SUVmax values normalised to BSA at different body weights

1.2
1
. 08
£
£ o6
a
0,4
02
0
0.5ml 113 ml 25ml 5.02 ml 11.01 ml 2341 ml
—8—10kg| 041 0.7 0.94 0.94 0.89 0.87
—m—11kg| 043 0.73 0.98 0.98 093 0.9
—m—12kg| 045 0.75 1.02 1.02 0.97 0.94
—m—13kg| 046 0.78 1.05 1.05 1 0.97
—m—14kg| 048 0.81 1.09 1.09 1.03 1

Image 3: Impact of body weight to SUVmax at different sphere volumes normalised to BSA, when body weight is altered by 10% from the initial
weight of the NEMA phantom (10 kg). The curves illustrate the SUVmax value fluctuations at different body weights.

The erroneous entry of body weight can have a statistically
significant impact on SUVmax (p < 0.001) and SUVmean (p
< 0.001) values. Image 1 and 2 show a trend of changing
SUVmax and SUVmean normalised to BW, if body weight is
steadily increased by 10%.

The normalisation of SUV to BSA at different body weights
showed a statistically significant difference at SUVmax (p <
0.001) and SUVmean (p < 0.001). Image 3 and 4 show SUVmax
and SUVmean values at different body weights.

The erroneous entry of application time in the protocol or a
deviation between time on the applicator and time on PET/
CT scanner showed a statistically significant difference at
SUVmax (p < 0.001) and SUVmean (p < 0.001). Image 5 and
6 show deviations between different time points at SUVmax
and SUVmean values.
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The analysis of applied RP activity concentration showed a
statistically significant difference when a 3 or more % of lower
or higher intravenously RP activity concentration is applied
at SUVmax (p < 0.001) and at SUVmean (p < 0.001). SUVmax
and SUVmean are increasing at a lower applied activity than
recommended and decreasing at higher values. Image 7 and
8 show differences in SUVmax and SUVmean values at a lower
applied RP activity.

DISCUSSION

Quantitative PET/CT is an important tool for diagnosis,
prognosis and monitoring the response to oncological
therapy. Many factors impact the quantitative assessment of
SUV PET/CT. To understand these factors, | analysed the most
common factors and compared them to the results of research
conducted by other authors.
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Altered SUVmean values normalised to BSA at different body weights

0,9
0,8
0,7
S 0,6
GEJ 0,5
> 0,4
S
v 0,3
0,2
0,1
0
0.5 ml 1.13 ml 2.5ml 5.02ml 11.01 ml 2341 ml
=m=10 kg 0.37 0.47 0.55 0.63 0.66 0.71
=@=11 kg 0.38 0.49 0.58 0.66 0.69 0.73
=m=12 kg 0.39 0.51 0.6 0.69 0.72 0.77
=@=13 kg 0.4 0.53 0.62 0.71 0.74 0.8
=14 kg 0.42 0.54 0.64 0.73 0.76 0.82

Image 4: Impact of body weight to SUVmean at different sphere volumes normalised to BSA, when body weight is altered by 10% from the
initial weight of the NEMA phantom (10 kg). The curves illustrate the SUVmean value fluctuations at different body weights.

SUVmax values at time deviation

10
9
8
7
é g /l/.
= 4 e ——
; — = ——— l——gl’-./.
1
0 ; ; - -
0O min 1 min 3 min 7 min 15 min 30 min 45 min 60 min
== 0.5 ml 2.67 2.69 2.72 2.79 2.93 3.23 3.55 3.9
== 1.13 ml 4.49 4.52 4.58 47 4.94 543 5.97 6.56
=25 ml 6.07 6.11 6.18 6.34 6.67 7.33 8.06 8.68
== 5,02 ml| 6.05 6.09 6.17 6.33 6.65 7.31 8.04 8.84
=@=11.01 ml 5.75 5.79 5.86 6.01 6.33 6.95 7.65 8.4
==23.41 ml 5.59 5.62 5.69 5.84 6.14 6.75 7.42 8.16

Image 5: SUVmax values at different sphere volumes and time deviations as a consequence of the erroneous entry of application time or time
discrepancies between applicator and PET/CT scanner. The curves illustrate the SUVmax value fluctuations at time deviation.

SUVmax and SUVmean are primarily normalised to BW.
However, normalisation factors LBM and BSA are also used.
Weber et al. (3), Lammertsma et al. (17), Young et al. (18)
and Boellaard et al. (19) used analyses and determined that
SUVmax and SUVmean normalised to BSA could have been
more appropriate in examinations, particularly when patients
lose weight during therapy. | conducted this research on the
NEMA body phantom and compared SUVmax and SUVmean
normalised to BW, LBM and BSA, and came to the conclusion
that differences in body weight can have a statistically
significant impact on SUVmax and SUVmean when they are

normalised to BW and BSA. The results of other authors also
show the impact of lost body weight during therapy to SUV.
The most appropriate method for the normalisation of SUV
is still the subject of discussion and thus needs to be unified
with multi-centre trials (3, 8,9, 17-19).

Time is an important parameter that impacts the quantitative
assessment of SUV. The correct calculation of SUV depends on
a precise cross-calibration between the PET/CT machine and
the activity/dose meter (calibrator) that is used for measuring
the activity concentration of applied RP for the patient. A
common problem may occur as the result of an erroneous time
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SUVmean values at time deviation
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0 ) ) ) ) : ) : )
0 min 1 min 3 min 7 min 15 min 30 min 45 min 60 min
==0.5 ml 2.2 2.24 2.28 2.34 2.61 2.87 3.16 347
e=fll=1.13 ml 3.04 3.06 3.1 3.18 3.34 3.67 4.04 4.44
e=fl=2.5 ml 3.57 3.59 3.64 3.73 3.92 431 4,74 5.21
==5.02 ml| 4.08 411 416 422 449 493 542 5.96
=@=11.01 ml 4.26 4.29 434 445 4,68 5.15 5.66 6.22
—==23.41 ml 456 461 471 476 5.01 5.53 6.06 6.66

Image 6: SUVmean values at different sphere volumes and time deviations as a consequence of the erroneous entry of application time or time
discrepancies between applicator and PET/CT scanner. The curves illustrate the SUVmax value fluctuations at time deviation.

SUVmax values in different applied activities
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% 4

v 3
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0
0.5 1.13 25 5.02 11.01 23.41
=8—-60 MBq 2.67 4.49 6.07 6.05 5.75 5.59
===-57 MBq 2.81 4.74 6.39 6.37 6.06 5.88
=m=54 MBq 297 4.99 6.74 6.72 6.39 6.21
=@=51 MBq 3.14 5.29 7.14 7.12 6.77 6.57
=m—48 MBq 3.34 5.62 7.58 7.57 7.19 6.98

Image 7: SUVmax values of different sphere volumes and different radiopharmaceutical activities. The curves illustrate the SUVmax value

fluctuations at different radiopharmaceutical activities.

synchronisation on a PET/CT scanner and time on the activity/
dose meter (calibrator) or read-out computer. RP is prepared
for a patient and defined for a specific time unit, which is
usually not entirely the same as the actual application time. It
is therefore necessary to use the right corrections of physical
decay of RP.This means that the RP activity for application must
be defined on the basis of RP preparation and application, and
the time when PET/CT imaging begins. The obtained analysis
results confirm the impact of time on SUV. An error can be the
result of erroneous time synchronisation between PET/CT and
dose meter (calibrator) or a consequence of erroneous time
entry in the imaging protocol. The collected results match the
results of other studies (3, 12,13, 19).
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The net activity/dose of prepared RP that is administered to
a patient must be measured precisely and applied in whole.
It must be ensured that the remaining activity after the RP
application in the injector is minimised to 1%. The remaining
activityintheinjector can be measured after use. Itis lower than
3% of the defined dose in most cases (95%). It is necessary to
know the exact net activity/dose prepared for a patient. In 5%
of all cases, the remaining activity in the injector accounts for
10% (19). This is mostly due to a very high specific RP activity
(RP activity on a total amount or mass MBg/ml), i.e. soon after
production). To avoid this, the empty volume in the injector
and the application process must be taken into account. The
aforementioned problems can arise when RP is prepared and
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SUVmean in different applied activities
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Image 8: SUVmean values of different sphere volumes and different radiopharmaceutical activities. The curves illustrate the SUVmean value

fluctuations at different radiopharmaceutical activities.

applied manually. Using an automatic applicator can eliminate
these issues in most cases. If RP is applied paravenously, the
quantitative assessment of SUV is not objective. It is, however,
still possible and a visual assessment of the PET/CT image
is facilitated. The performed analysis confirmed that an
incomplete application or inappropriately prepared activity
can have a significant impact on the quantitative value of
SUVmax and SUVmean, and matched the results published by
other authors (3, 19).

PET/CT work includes doctors, medical physicists, registered
nurses and graduate radiographers. Radiographers are
responsible for a correctly performed examination, which
also includes the correct entry of data in imaging protocol
(RP applied activity, RP application time, patient’s weight and
height) and RP application.

Radiographers regularly conduct routine tests (daily and
monthly quality control tests (QC)) on a PET/CT machine and
applicator, and annual tests together with medical physicists.

CONCLUSION

Quantitative assessment of SUVmax and SUVmean is an
important tool in oncology imaging assessment. The analyses
showed that parameters, which include incorrect time
between the RP application and imaging time, incomplete
application or incorrectly measured RP activity as well as
incorrect or incorrectly entered body weight of the patient
into imaging protocol, can have a significant impact and alter
the quantitative assessment of SUVmax and SUVmean. Since
a radiographer bears a great responsibility when performing
imaging, they must be aware of potential errors that can
lead to an incorrect quantitative assessment of SUVmax and
SUVmean in the PET/CT examination.
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