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Abstract
Background: Neuroendocrine tumours (NETs) are a group of cancers that can produce hormones and other metabolically active 
compounds. The majority of NETs have specific tissue characteristics, such as the expression of somatostatin receptors (SSTR). Meta
bolic testing with [99mTc]Tc-EDDA/HYNIC-Tyr3-octreotide ([99mTc]Tc-EDDA/HYNIC-TOC) can be used in patients with NETs to visualise 
the presence of receptors in different locations of pathological lesions, including the skeletal system. The study aimed to calculate the 
body weight maximum standardized uptake value (SUVbwmax) of pathological bone lesions and healthy bone tissues, estimate the size 
of lesions, and identify a relationship between the SUVbwmax of the bone tissues, age and body mass of the study participants.

Material and methods: The somatostatin receptor scintigraphies (SRS) with [99mTc]Tc-EDDA/HYNIC-TOC were carried out at 
the Department of Nuclear Medicine, University Clinical Hospital No. 1, Pomeranian Medical University (PMU) in Szczecin from 
2019 to 2022. Whole body and single photon emission computed tomography/computed tomography (SPECT/CT) scans were 
performed four hours after the injection of 700–800 MBq of [99mTc]Tc-EDDA/HYNIC-TOC in 344 patients with neuroendocrine 
tumours of various primary lesion locations. In 19 patients, who showed foci of increased radiopharmaceutical accumulation in 
bone location, the SUVbwmax was measured. The SUVbwmax of pathological bone lesions and healthy tissues were determined on 
SPECT/CT cross-sectional images using Xeleris 4 software.

Results: The total number of foci with increased SSTR expression in bone regions seen on scintigraphic images was 89. Among 
them, 32 bone lesions were visible on the corresponding CT scans. The mean SUVbwmax of these lesions was 31.39 [standard 
deviation (SD) 34.31]. For the other 57 lesions that were not visible on corresponding CT scans, the mean SUVbwmax was 19.12 
(SD 24.24). The smallest bone lesion detected on the scintigram and visible on the corresponding CT location was 5 mm × 5 mm, 
measured in cross-section, and was located in the Th8 vertebral body; the largest, measuring 20 mm × 22 mm, was detected in 
the L3 vertebral body. The SUVbwmax of these lesions was 24.70 and 142.40, respectively.

Conclusions: Bone lesions seen on SPECT/CT in [99mTc]Tc-EDDA/HYNIC-TOC scintigraphy can be quantitatively analysed 
using the SUV index. Even a very small pathological bone lesion can be detected on [99mTc]Tc-EDDA/HYNIC-TOC scintigraphy. 
It was shown that in cases where bone lesions were visible on CT scans, the SUVbwmax of bone tumour lesions was higher than 
when lesions were not visible on CT. Body mass does not affect the SUVbwmax of bone lesions. SUVbwmax of healthy bone tissue 
decreased with age.
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Introduction

As defined by Cuthbertson et al. [1] and Juhlin and Bal [2], 
neuroendocrine tumours (NETs) represent a heterogeneous group 
of tumours, differing in their primary tumour sites, functional sta-
tus (i.e. hormone-secreting or non-functional) and degrees of ag-
gressiveness, ranging from grade 1 to grade 3. Neuroendocrine 
carcinomas (NECs) refer to separate forms of tumours that prolif-
erate more rapidly and spread more quickly. The most common 
primary sites are the lung, small bowel, pancreas and appendix.

In Poland, NETs account for about 2% of all malignancies, and 
their incidence steadily rises. Due to the broad spectrum of malig-
nancy and the variety and non-specificity of symptoms, the diag-
nosis of neuroendocrine tumours is often made at an advanced 
stage [3]. The diagnosis is based on the patient clinical picture, 
blood biomarker evaluation, and imaging modalities like CT, MR and 
scintigraphy [1]. The majority of NETs have specific tissue character-
istics, including the expression of somatostatin receptors (SSTRs), 
the presence of which can be demonstrated by somatostatin receptor 
scintigraphy (SRS). Patients with NETs can be imaged with single 
photon emission computed tomography/computed tomography 
(SPECT/CT), which allows for obtaining precise information about 
the location of the lesions in the skeletal system. A possible alternative 
to [99mTc]Tc-EDDA/HYNIC-TOC examination is [68Ga]Ga-DOTA-TATE, 
which requires the 68Ge/68Ga generator and PET/CT modality [4], 
making this procedure quite expensive and not widely available.

Testing for SSTRs has become an integral part of diagnostics in 
nuclear medicine over the past 20 years, beginning with the launch 
of [111In-DTPA-DPhe1]-octreotide [5]. The radioisotope-labelled 
somatostatin scintigraphy helps diagnose NETs and is crucial in 
deciding on treatment with not labelled or radio-labelled soma-
tostatin analogues for unresectable metastatic neuroendocrine 
tumours [6, 7]. The analysis of SRSs is done mostly quantitatively. 
Qualitative analysis is possible with modern gamma cameras and 
software, calculating the SUV of pathological lesions.

A large group of patients with NETs underwent SRSs in 
the Department of Nuclear Medicine, University Clinical Hospital 
No. 1, Pomeranian Medical University (PMU) in Szczecin. For 
the body weight maximum standardized uptake value (SUVbwmax) 
analysis were selected patients with metastatic lesions in 
the skeletal system detected in SPECT/CT scintigraphy with [99mTc]
Tc-EDDA/HYNIC-TOC, considering that in this group it was pos-
sible to measure the lesions using the CT part of hybrid imaging. 
The study aimed to calculate the SUVbwmax of pathological bone 
lesions and healthy bone tissues, estimate the size of lesions, and 
identify a relationship between the SUVbwmax of the bone tissues, 
age and body mass of the study participants.

Material and methods

SRSs with [99mTc]Tc-EDDA/HYNIC-TOC were performed at 
the Department of Nuclear Medicine of in 344 patients (196 women 
and 148 men) with NETs of various locations between 2019 and 
2022. Whole body and SPECT/CT imaging tests were performed in 
all patients four hours after radiopharmaceutical intravenous injection 
with an activity of approximately 800 MBq. The authors conducted 
a retrospective analysis of scans and screened them for tracer ac-
cumulation in bone lesions. Identified were 89 lesions of increased 

expression of SSTR in different parts of the skeleton in 19 out of 344 pa-
tients, 12 males and 7 females aged 31–80 years. In 4 patients, the  
primary tumours were located in the lungs, in 1 patient — in the ad-
nexis, and in 14 they were located in the gastrointestinal tract. 
Patients were imaged using the NM/CT850 GE Healthcare gamma 
camera. The scintigraphies were evaluated by two independent 
doctors. The SUVbwmax of bone lesions was determined on SPECT 
cross-sectional images of patients using Xeleris 4 software. The 
SUVbw was calculated using the following formula [8]:

where:
actual activity: activity during scanning,

where T — scan duration in seconds.
The transverse and longitudinal sizes of the visible bone lesion 

were measured on CT image slices. The method of segmentation 
and measuring the size of the bone lesion is shown in Figure 1.

Statistical analysis was used to answer the research questions. 
Descriptive statistics together with Shapiro–Wilk tests were per-
formed for the dependent variables. Spearman’s rho correlation 

Figure 1. On the axial CT cross-section (A) and the corresponding 
SPECT axial cross-section (B) a pathological lesion is visible in the 
vertebral body of vTh6

A

B

SUVbw = 
SPECT image Pixels uptake (Bq/mL) × weight (g)

(actual activity) 
(1)

pixels uptake (Bq/mL) = 37 × 103 ×
60

SPECT sensitivity (counts/min/µCi) × T (s) × mL 
(2)
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and Mann–Whitney U and Wilcoxon tests were performed. The 
significance level was set at α = 0.05.

Results

The SSTR SPECT/CT scintigraphy with [99mTc]Tc-EDDA/HYNIC- 
-TOC detected 89 metastatic bone lesions in 19 patients. There were 
32 pathological lesions visible on SPECT and measurable on CT hy-
brid scanning, and 57 lesions seen on SPECT but not on CT — there 
was no altered bone morphology on CT in the corresponding area. 
The smallest bone lesion seen on SPECT/CT was 5 mm × 5 mm in 
size and the largest was 20 mm × 22 mm. The range of SUVbwmax  
of all observed bone lesions was 1.02–142.40; the median  
SUVbwmax of all lesions was 13.72. The SUVbwmax of the smallest lesion,  
located in vTh8, was 24.70, and the SUVbwmax of the largest  
lesion, located in vL3, was 142.40. SUVbwmax of all lesions were 
compared with SUVbwmax of bone areas with normal uptake and 
morphologically normal tissue observed on CT scan. The re-
gions of interest were located in vL5 vertebral bodies (background).

Descriptive statistics and Shapiro–Wilk tests were used 
to examine possible deviations from normality of dependent vari-
ables (Tab. 1).

Shapiro–Wilk tests were significant for four of the seven variables, 
suggesting a deviation from normal distribution. Non-parametric 
analyses were used to verify the examined relationships between 
variables. An analysis of SUVbwmax differences between malignant 

bone lesions and healthy bone tissues (background) in the study 
group was performed with the Wilcoxon test and the results are 
presented in Table 2.

The analysis revealed that the SUVbwmax of malignant bone le-
sions was significantly higher than that of healthy bone tissues. The 
coefficient value r indicates a large magnitude of these differences. 
The relationship between SUVbwmax of bone tumour lesions and 
the age and body mass of the study participants was tested for cor-
relations using Spearman’s rho. The results are presented in Table 3. 
The analysis revealed that SUVbwmax of healthy bone tissue decreased 
with age. No correlation was found between body mass and SUVbwmax. 
The analysis revealed that in the cases where lesions were visible on 
CT scans, the SUVbwmax of the bone tumour lesions was higher than 
when the lesions were not visible on CT (Tab. 4).

Discussion

Calculating SUVs is a relatively new method of analysing 
SPECT/CT images. Quantitative analysis of lesions in scintigraphic 
images using the SUV index has been used mainly in PET/CT [9]. 
Only in recent years have there been publications on the stan-
dardisation and harmonisation of methods for calculating SUV in 
SPECT/CT [10, 11]. The SUVbwmax index became an osteoblastic 
biomarker in SPECT/CT scintigraphy when iterative image recon-
struction opened the way to absolute quantification of SPECT/CT 
scans by incorporating attenuation and scatter compensation, 

Table 1. Patients and pathological bone lesions data

Dependent variable Mean Median SD Min Max p-value

Age [years] 58.53 64.00 14.57 31.00 80.00 < 0.001

Body weight [kg] 70.97 73.00 11.30 55.00 90.00 0.003

Transverse dimension of the bone lesion [mm] 10.41 9.00 4.84 3.00 20.00 0.091

Longitudinal dimension of the bone lesion [mm] 12.42 11.50 5.14 5.00 23.00 0.162

SUVbwmax 23.53 13.72 28.70 1.02 142.40 < 0.001

Background SUVbwmax 2.54 1.43 2.08 0.35 6.60 < 0.001

Min — minimum; Max — maximum; SD — standard deviation, SUVbwmax — body weight maximum standardized uptake value

Table 2. Comparison of SUVbwmax of malignant bone lesions and healthy bone tissue (background)

SUVbwmax Background SUVbwmax

Dependent variable M SD M SD z-score p-value r-value

SUVbwmax 23.53 28.70 2.54 2.08 −7.67 < 0.001 0.61
M — mean; SD — standard deviation; SUVbwmax — standardized uptake value

Table 3. Spearman’s rho correlation analysis of SUVbwmax in healthy bone lesions with age and body mass

Variable Age Body weight

SUVbwmax Spearman’s rho – 0.16

Significance – 0.133

Background SUVbwmax (in L5 vertebral bodies) Spearman’s rho −0.41 0.04

Significance < 0.001 0.696

SUVbwmax — standardized uptake value
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as well as detector resolution correction, into the reconstruction 
process [12]. Nevertheless, optimising and standardising the tech-
nique of determining SUV indices in SPECT/CT remains a challenge 
for nuclear medicine [13]. When comparing the obtained SUVs, 
it is important to remember that the index is affected by several 
technical factors, such as the result of the camera range calibra-
tion, image reconstruction method and the segmentation method 
for areas of interest.

The present study performed a quantitative analysis of the  
SUVbwmax of metastatic bone lesions in patients with neuroendocrine 
tumours on SPECT/CT after intravenous administration of [99mTc]
Tc-EDDA/HYNIC-TOC. The statistical analysis of these index val-
ues has shown that lesions visible on CT scans showed higher 
SUVbwmax than lesions that did not alter the morphological structure 
of the bone. Interestingly, despite the lack of bone morphologic 
structure lesions, the changes were not visible on CT scans; 
the SPECT showed focal increased tracer accumulation in the bone. 
It can be assumed that bone morphology will undergo remodelling 
due to metastatic background, and the pathological lesion may 
become visible on CT scans after some time. This information 
is clinically important as it confirms the high profile of metabolic 
testing and its high sensitivity. False positive results of increased 
receptor expression can be observed in the cases of inflammatory 
changes in various organs, degenerative bone changes, and growth 
cartilage in juveniles [14]. In patients with NETs, SRS can reveal 
areas of increased [99mTc]Tc-EDDA/HYNIC-TOC accumulation 
of a metastatic nature in the bone marrow [15]. These changes may 
be related to elevated receptor expression in the bone marrow, 
which has not been reflected in the CT imaging of the bones in 
the studied group of patients.

In the present study, the smallest lesion that showed increased 
expression of somatostatin receptors was 5 mm × 5 mm in trans-
verse and longitudinal sections. Out of 89 lesions, 57 showed 
increased expression of SSTR and were not visible in CT — there 
was no change in the morphological structure of the bones. Brig-
anti et al. [4] presented a study in which they showed that [68Ga]
Ga-DOTA-TATE PET is the best choice as it guarantees a minimum 
spatial resolution threshold of 4–5 mm, and 7–9 mm for [99mTc]
Tc-EDDA/HYNIC-TOC. However, the present study has shown that 
using the [99mTc]Tc-EDDA/HYNIC-TOC is also justified in diagnosing 
metastatic neuroendocrine tumours, as it can detect lesions as small 

as 5 mm. Moreover, in cases where skeletal changes were not visible 
on CT, increased radiopharmaceutical accumulation was observed 
in SPECT, indicating that even smaller lesions can be detected. 
However, the presence of SSTR is a crucial factor.

Trogrlic and Tezak [16], who in 2016, studied 16 patients with 
neuroendocrine tumours of the head and neck, with a mean age 
of 57.7 note that bone was the most common location of distant 
metastases in 5 out of 16 patients (31%). In the present study, bone 
lesions were detected on the images of 19 (6%) out of 344 pa-
tients examined and the mean SUVbwmax of bone lesions was 23.53 
(SD 28.70). In their study conducted in 2021, Reilly et al. [17] 
examined [99mTc]Tc-EDDA/HYNIC-TOC uptake in patients with neu-
roendocrine tumours in the liver, spleen, kidneys and bones, as well 
as in locations affected by the underlying disease. SUVbwmax of bone 
metastases was 12.9 on average. Significant differences were 
observed between normal and metastatic SUVs in the liver and 
bone. In a 2023 paper, Gherghe et al. [18] showed that out of 14 
patients studied, bone lesions were observed in three patients, who 
had a mean SUVbwmax of 5.90.

The method of calculating SUV index by SPECT/CT is a relatively 
new technique that certainly needs to be clarified and standardised 
particularly given that the [99mTc]Tc-EDDA/HYNIC-TOC is used 
for the diagnostics of patients with NETs in only a few countries, 
mainly in Europe. The number of publications on the presented 
topic remains small, however, due to the increasing prominence 
of nuclear medicine in diagnostics and especially the tendency 
and need for quantitative analysis, the authors hope that this re-
search sheds some new light on this subject. It was shown that 
SUV calculation is a valuable method for somatostatin receptor 
scintigraphy analysis.

Conclusions

1.	 In cases where bone lesions were visible on CT scans, the  
SUVbwmax of bone tumour lesions was higher than when the le-
sions were not visible on CT.

2.	 Even a small metastatic bone lesion can be detected on 
SPECT/CT scintigraphy with [99mTc]Tc-EDDA/HYNIC-TOC.

3.	 The SUVbwmax of healthy bone tissue decreases with age.
4.	 Body mass had no effect on the SUVbwmax of normal bone 

lesions for the study group of patients with NETs.

Table 4. Comparison of SUVbwmax in bone tumour lesions between visible and non-visible lesions on CT

Dependent variable Lesion not visible on CT (n = 57) Lesion visible on CT (n = 32) z-score p-value

SUVbwmax M 19.12 31.39 −2.87 0.004

Md 10.20 18.75

SD 24.24 34.31

Mean rank 39.11 55.48

Background SUVbwmax

(in L5 vertebral bodies)

M 2.36 2.94 −0.03 0.974

Md 1.43 1.06

SD 1.63 2.82

Mean rank 39.56 39.38

M — mean; Md — median; SD — standard deviation; SUVbwmax — standardized uptake value

about:blank
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