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Baseline SUV Range for Liver and Blood Pool in Patients
Undergoing F-18 Fluorodeoxyglucose Positron Emission
Tomography/Computed Tomography

F-18 FDG PET/BT Cekilen Hastalarda Karaciger ve Kan Havuzu icin Bazal SUV Araligl
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ABSTRACT

0z

Introduction: The aim of the study was to define the baseline
SUV__ range in the liver and blood pool of patients undergoing
fluorodeoxyglucose-positron emission tomography/computed
tomography (FDG-PET/CT) imaging.

Methods: Five hundred and thirty-one patients (264 females,
267 males; mean age: 59.6+13.4 years) who were admitted
to our department for PET/CT imaging before treatment
were included in the study. Patient preparation, acquisition
parameters and reconstruction protocols were standardized for
all patients prior to PET/CT imaging. The mean serum glucose
levels and mean age of the patients were calculated. These
patients were divided into 10 groups as esophagus, stomach,
colon, rectum, larynx, lung, breast, endometrium, ovarian
cancers and lymphoma. 2D region of interests were plotted to
calculate the mean SUV values in the right lobe of the liver and
the aortic arch for the blood pool.

Results: Normal Gaussian distributions of mean SUV changes
for liverand blood pool were obtained. Mean SUV__ and SUV -
values for liver were 2.73+0.22 and 2.34+0.16, respectively,
and 1.80+0.2 and 1.57+0.14 for blood pool, respectively.
Conclusion: It was concluded that the obtained SUV ranges
may provide ease of application in the clinic in evaluating
qualitative tumor response and comparing tumor/background
ratios in cancer patients.
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Giris: Calismanin amaci, florodeoksiglukoz-pozitron emisyon
tomografi/bilgisayarli tomografi goriintiileme (FDG-PET/BT)
yapilan hastalarin karaciger ve kan havuzundaki bazal SUV
araliginin tanimlanmasidir.

maks

Yontemler: Bolimimize tedavi oncesi PET/BT goriintileme
icin gelen 531 hasta (264 kadin, 267 erkek; yas ortalamasi
59,6+13,4 yil) calismaya dahil edildi. Tum hastalar icin PET/BT
gortintiileme oncesi hasta hazirligi, akiizisyon parametreleri
ve rekonstriiksiyon protokolleri standardize edildi. Hastalarin
ortalamaserum glukozseviyeleriveyasortalamalarihesaplandi.
Bu hastalar 6zofagus, mide, kolon, rektum, larinks, akciger,
meme, lenfoma, endometrium ve over kanserleri olmak tizere
10 gruba ayrildi. Karacigerin sag lobuna ve kan havuzu icin
aort kavisine ortalama SUV degerlerinin hesaplanabilmesi icin
2 boyutlu ilgi alani bolgeleri cizildi.

Bulgular: Hastalarin gruplar arasi karaciger ve kan havuzu
icin ortalama SUV degisimlerinin normal Gaussian dagilimlari
elde edildi. Ortalama SUV__ ve SUV_ degerleri karaciger icin

sirasiyla 2,73%£0,22, 2,3440,16; kan havuzu icin 1,80%0,2,
1,57£0,14 olarak hesapland.

Sonug: Elde edilen SUV araliklarinin kanserli olgularda
kalitatif timor cevabi degerlendirmede ve tumaor/background
oranlarini  kiyaslamada  klinikte  uygulama  kolayhg
saglayabilecegi kanaatine varildi.

Anahtar Kelimeler: PET/BT, SUV olciim, timor background
orani

255

Introduction The most important difference of PET/CT from radiological imaging

F-18 fluorodeoxyglucose positron emission tomography/computed methods such as direct radiographs and CT, which provides structural

tomography (F-18 FDG PET/CT) is increasingly used in tumor diagnosis,
staging, treatment response evaluation, and radiotherapy planning.
Combined PET/CT devices provide both metabolic information from F-18
FDG PET and anatomical information from CT in a single imaging (1).

information about various diseases, is that it provides functional
information. In functional imaging, it is possible to monitor tissue
perfusion, glucose metabolism and receptor activities by using

appropriate methods and imaging agents (2).
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FDG studies constitute the majority of PET applications in the world.
FDG, just like D-glucose, passes through the cell membrane and
phosphorylated to the FDG-6-phosphate by the enzyme hexokinase.
However, after this step, it cannot be catabolized and accumulates in the
cell. Tissues with increased glucose utilization and metabolism appear
as hypermetabolic foci in PET images with higher concentrations than
normal tissues, and tissues with reduced glucose metabolism appear
as hypometabolic foci in PET images with lower concentrations than
normal tissues.

FDG, which is transported into the cell via the glucose transporter
proteins from the circulation, shows a biodistribution quite similar
to glucose in the body. The brain holds very intense FDG due to the
use of high amounts of glucose in the gray cortex. FDG uptake in the
heart changes in relation to the patient’s fasting. FDG uptake is more
pronounced as glucose use increases in satiety, and it decreases in long-
term hunger. The liver maintains a lower density and homogeneous
FDG. Gastric and intestinal involvement varies according to the patient.
Bone and muscles maintain high FDG in case of activation.

One of the most important features of PET is the ability to digitize the
results. The most commonly used term is the standardized uptake value
(SUV). It is particularly suitable for monitoring response to treatment.
It is a semiquantitative parameter. If the dose is evenly distributed
throughout the body, the SUV should be approximately 1 everywhere.
The SUV is therefore a relative uptake measurement, a unitless value
and reflects the ratio. SUV may vary with factors such as patient imaging
time, partial volume effects, reconstruction parameters, and attenuation
correction methods. The SUV is obtained by dividing the mean activity
(mCi/mL) in a region of interest (ROI) to the injected dose (mCi/kg) (2,3).

Foci with non-physiological and increased FDG uptake compared to
background activity are evaluated in the interpretation of images.
SUV> 2.5 may indicate that the lesion is hypermetabolic. These
hypermetabolic foci do not always mean that there is a tumoral lesion
(3). Generally, lesions with higher involvement than blood pool (BP)
suggest malignancy. Semiquantitative calculation of tumor metabolism
is based on the ratio of F18-FDG uptake to lesion involvement in
reference sites such as BP, mediastinum, liver and cerebellum. These are
the most commonly used tissues (3-5).

The aim of this study was to define the F-18 FDG uptake range for BP
and liver from these reference regions before treatment of patients with
different diagnoses.

Methods

A total of 531 patients (264 females and 267 males) who were admitted
Nuclear medicine department for PET/CT imaging before treatment
were included in the study. Ethics committee approval was not
received because our study was a retrospective study. Written consent
was obtained from all patients. Patients were divided into 10 groups
according to the diagnosis. Patient groups and number of patients
are given in Table 1. Age (years), weight (kg), height (cm) and serum
glucose levels (mg/dL) of all patients were recorded. Body mass index
(BMI) values were calculated (Table 2). Fasting blood glucose levels were
measured before F-18 FDG injection following a 5-hour fasting and 4.2
MBq/kg F-18 FDG injection was performed in patients with a glucose
level below 200 mg/dL. After the injection, the patients were taken
to special waiting rooms to rest. After an average of 60 minutes, the
patient was positioned in the supine position with the arms up from
the vertex to the proximal thigh, and low-dose CT (120 kVp and 80 mAs)
and PET (Philips True Flight Select model) images were obtained. CT data
were used for attenuation correction. Patient preparation, acquisition
protocols and reconstruction parameters were standardized prior to
PET/CT imaging for all patients. OSEM reconstruction algorithm was
used with reconstruction parameters of 3 iterations and 33 subsets for

Table 1. Number of patients by diagnosis

Group Diagnosis Patient number
1 Esophagus cancer 50
2 Stomach cancer 51
3 Colon cancer 49
4 Rectum cancer 54
5 Larynx cancer 55
6 Over cancer 50
7 Endometrium cancer 56
8 Lung cancer 57
9 Breast cancer 56
10 Lymphoma 53

Table 2. Age, fasting blood glucose, injection dose and body mass index according to patient groups

Group Age (years) Fasting blood glucose (mg/dL) Activity (MBq) Body mass index
1 61£13.4 96%20.3 233133 23153

2 60.1+13.1 96.0£17.2 244.2£22.2 24.2£53
3 61.9+12.1 105£27.1 246.1£23.7 26.2+4.8
4 62.5£13.8 103.3£18.9 241.6125.2 27.1%5.5
5 64.9£10.2 97.1£20.3 242.7+28.5 25.3+5.8
6 64.21+9.6 101.5+25.6 235.7£22.9 29.816.3
7 52.9+11.3 99+16.1 250.5+£35.9 32.1%£6.3
8 61.2£12.1 101.2£24.5 262.7138.2 26.8+5.8
9 57.1£13.6 101.5£20 252.7+31.8 31+6.8
10 50+16.9 99£22 247.9£36.3 27.115.6

MBq: megabecquerel
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all patients. The lesion and high activity ROIs were removed from the
axial fusion images obtained after imaging and 2D ROIs were plotted
to calculate the average SUV in the right lobe of the liver (Figure 1)
and aortic arch for BP (Figures 1 and 2). SUV__ and SUV__in the area

mean

related to the plotted ROIs were calculated and recorded.

Statistical Analysis

The data obtained were recorded into SPSS 15.0 data analysis program,
and normal Gaussian distributions of mean SUV changes between the
groups for BP and liver were obtained.

Results

SUV changes for BP and liver between groups were calculated and
shown in Table 3. According to the results, mean SUV__ and SUV__
of all patients were 2.74£0.43 and 2.34£0.41 for liver, respectively,
and 1.82£0.37 and 1.58%0.33 for BP, respectively. The SUVs obtained
separately for each group are shown in Table 3 and the graphs are
shown in detail in Figure 3. Using SPSS 15.0, ANOVA test was performed
to determine statistical difference between mean SUVs for liver and

Min:; 1.9 SUV

Max: 3.6 SUV

Mean; 2.7-SUV
StdDev. AEsS U S
NumbereiPinels: 52

Argﬁﬁ%&%-m 1% \

o )

Figure 1. 2D ROI plotted on right lobe of liver

Min: minimum, max: maximum, SUV: standard uptake value, StdDev: standard
deviation, ROI: region of interest

Table 3. Standard uptake value changes for liver and blood pool

Diagnosis Liver Liver
SUV, .. SUV, o

Esophagus cancer 2.55%0.3 2.30£0.37
Stomach cancer 2.7+0.3 2.27+0.33
Colon cancer 2.62%0.35 2.26£0.30
Rectum cancer 2.67£0.41 2.36%0.33
Larynx cancer 2.8910.48 2.431+0.46
Over cancer 2.8+0.47 2.43%0.5
Endometrium cancer 3.2£0.33 2.7£0.33
Lung cancer 2.610.37 2.210.31
Breast cancer 2.82%0.39 2.43%0.36
Lymphoma 2.45+0.4 2.0+0.40
Mean 2.74%+0.43 2.34%0.41

SUV: standard uptake value, BP: blood pool
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BP between the groups. Significant differences were found between
the groups according to statistical results. The highest SUV was found
in patients with endometrial carcinoma (SUV__:3.2+0.33 and SUV__ -
2.7+0.33 for liver; SUV, : 2224039 and SUV, _: 1.86+0.34 for BP).
Liver SUV__/BP SUV__ ratios of all groups were determined and this
ratio was calculated as an average of 1.5 (Table 3). Table 4 shows the p
values expressing inter-group significance.

Discussion

PET/CT is a highly useful hybrid modality for imaging, tumor diagnosis,
staging, and evaluation of treatment response. Its most important
advantage is its ability to provide quantitative results that provide the
clinician with the most benefit in reporting. The most commonly used
quantitative parameter is the SUV. It is frequently used especially in the
evaluation of response to treatment. For these reasons, it is clinically
useful to know the SUV variation range in F-18 FDG PET/CT imaging. In
this study, a range was created for SUV__and mean values of the two
areas (liver and BP), which are considered as reference.

Figure 2. 2D ROI plotted on aortic arch

Min: minimum, max: maximum, SUV: standard uptake value, StdDev: standard
deviation, ROI: region of interest

BP BP Liver/BP
SUV .. SUV, o SUV, ..
1.70+0.27 1.54£0.24 1.50
1.69£0.27 1.481+0.26 1.59
1.65+0.27 1.4410.23 1.58
1.7710.26 1.56£0.29 1.50
1.97+0.39 1.66£0.37 1.47
1.84£0.35 1.6710.40 1.52
2.22+0.39 1.861+0.34 1.44
1.77£0.3 1.48+0.28 1.47
1.94+0.30 1.67£0.30 1.45
1.58%0.34 1.381+0.32 1.55
1.82+0.37 1.58%+0.33 1.50
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Table 4. Intergroup p values

Malignancy EO S £
e () = =
= Sl 2|
48 i S &

Esophagus 0.6 0.07 0.8

Stomach 0.6 0.9 1

Colon 0.99 0.98 = 0.99

Rectum 0.84 1 0.99 =

Larynx 0.00 0.26 0.01 0.09

Over 0.04 0.9 0.3 0.8

Endometrium 0.00 0.00 0.00 0.00

Lung 0.99 0.99 1 1

Breast 0.01 0.8 0.16 0.57

Lymphoma 0.95 0.03 0.49 0.09

P<0.05 was considered significant
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Figure 3. Mean SUV__measurements of ROIs plotted on the right lobe of
liver according to diagnosis

SUV: standard uptake value, ROI: region of interest
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Figure 4. Mean SUV _measurements of ROIs plotted on the right lobe of
liver according to diagnosis

SUV: standard uptake value, ROI: region of interest
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The SUV varies depending on many factors. Imaging time, patient’s
BMI, reconstruction parameters and resolution of the device are among
these (2,3,6-8). Numerous studies have been conducted on the effects
of imaging time on SUV (9). In a study by Boellaard et al. (10) in 2004,
they showed that many technical factors such as image reconstruction
parameters and ROl might have a significant effect on SUV results.
Another study evaluated SUV variability and the effect of various
SUV measurements on treatment response in the event of repeated
imaging (11). In a multicenter study conducted by Westerterp et al.
(12), they evaluated FDG-PET studies by focusing on the inter-center
methodological variability and showed the need for standardization
of FDG-PET between centers. Some physiological factors affecting
SUV include plasma glucose level during FDG-PET scan, FDG plasma
clearance, scan period and patient movement. Since FDG uptake is time
dependent, the time interval between FDG administration and PET scan
will also affect the SUV. Therefore, it increases with the prolongation
of the time to imaging after FDG injection. In our study, patients were
randomized in order to prevent the difference that would occur due to
the time elapsed after the injection (2).

The SUV is a numerical parameter that helps visualization in the
diagnosis of oncologic patients and especially in evaluating response
to treatment. In our study, we determined the normal range of SUV
according to patient diagnoses. For this purpose, we evaluated two
reference areas. In the study conducted in 531 patients, the mean SUV
was 2.7+0.2 for liver and 1.840.2 for BP. When the patients were grouped
according to their diagnosis, statistically significant differences were
found between the SUV__and SUvV__ .
between liver SUV changes and BP SUV changes. SUV ratios of reference
areas were 1.50£0.05 in all patients. According to their diagnosis, the
SUV . and SUV__ range of the patients were determined. Liver and BP
SUV changes of patients with endometrial carcinoma were significantly
different between all other groups (p=0.00). However, the ratio did not
change since the rate of BP SUV changes was also high.

There was a linear correlation

When SUV changes were examined, a statistical variation was found
for liver and BP in patients with different diagnoses. This variation
constitutes a physiological limit. This baseline range was defined in the
study. In a similar study by Boktor et al. (13), a variation range was also
defined. In this study, SUV changes with recurrent PET/CT scans were
evaluated.

Knowing baseline SUV variations of patients prior to treatment makes
an important contribution in determining pathological F-18 FDG
involvement areas and in evaluating tumor response.

Conclusion

SUV measurements are currently the most appropriate method for the
quantitative assessment of changes in metabolic activity. However, it is
important to understand the limitations of these measurements and to
minimize the effects of variables that can be controlled. It was concluded
that the obtained SUV ranges might provide ease of application in the
clinic in the evaluation of quantitative tumor response and comparison
of tumor/background ratios in cancer patients.

Parlak et al. Baseline SUV Range
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