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metastasis diagnosis

Abstract
Objective: This study was conducted to investigate the utility of standardized uptake value (SUV) derived 
from bone single photon emission tomography/computed tomography (SPECT/CT) for diagnosing bone 
metastasis. Subjects and Methods: One hundred forty-seven patients with malignant cancer (breast or 
prostate cancer), joint disorders, primary skeletal disease, or cartilaginous bone neoplasms who underwent 
skeletal quantitative SPECT/CT were retrospectively investigated. Acquired data were classi�ed as normal 
fourth lumbar vertebra, skeletal degenerative changes, or bone metastasis. Receiver operating characte-
ristic (ROC) curves were used to determine the optimum cut-o� value for SUVmax to distinguish among 
these diagnoses. Results: Mean SUVmax values for the normal L4 bone (n=101), skeletal degenerative 
changes (n=47) and bone metastasis (n=64) groups were 4.47±1.66 (range 1.01-11.25), 6.99±2.58 (2.21-
14.6), and 25.4±15.7 (3.88-98.87), respectively. Compared to the other two groups, SUVmax for the bone 
metastasis group was signi�cantly higher (P<0.001). In the normal bone group, sensitivity, speci�city and 
accuracy for discriminating bone metastasis were 96.3%, 95.1%, and 95.7% respectively, with a best 
SUVmax cut-o� value of 7.40. For the skeletal degenerative changes group sensitivity, speci�city and accu-
racy were 87.5%, 93.6%, and 90.4% respectively, with a best SUVmax cut-o� value of 11.26. Conclusion: 
Quantitative bone SPECT/CT may be useful for bone metastasis diagnosis.
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Introduction

Osteoblastic activity can be evaluated using radionuclide bone scintigraphy with 
99mtechnetium-99m-methylene diphosphonate ( Tc-MDP), a widely used techni-

que for assessment disease extent and treatment response in osteoblastic bone 
metastasis patients. For characterizing bone metastasis, bone scintigraphy has a high 
sensitivity but relatively low speci�city, as benign conditions such as fracture, osteoar-
thritis, degenerative joint and disk diseases, can trigger increased bone turnover and ra-
diotracer accumulation. However, three-dimensional data acquired during bone scinti-
graphy, termed single-photon emission computed tomography (SPECT), can be joined 
with those obtained with computed tomography (CT), a morphological imaging moda-
lity. Combined SPECT/CT is well known to increase the speci�city of bone scintigraphy, 

99mas sites with increased Tc-MDP uptake can be correlated to morphological changes 
shown by CT imaging [1]. Moreover, recent advances have allowed for integration of CT 
for attenuation correction together with a sophisticated reconstruction technique, thus 
providing quantitative measurements with SPECT/CT suitable for standardized uptake 
value (SUV) calculation [2-4]. Several groups have reported clinical applications of quan-
titative bone SPECT/CT parameters as well as positron emission tomography (PET) for 
management of malignant bony disease [5-11]. Quantitative SPECT/CT may soon have 
an enormous e�ect as an imaging biomarker in modern nuclear medicine, as well as in 
clinical practice.

The present study was conducted to investigate the utility of SUV derived from quan-
titative bone SPECT/CT for discrimination of bone metastasis from skeletal degenera-
tive changes and normal bone.

Subjects and Methods

Patients
The Ethics Committee of Hyogo College of Medicine approved the present retrospec-
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tive study (number 3144) and waived the requirement for 
patient-informed consent. Bone scans from 147 patients (65 
males, 82 females, mean 65.0±15.2 years old) including 128 
with malignant neoplasms (breast cancer 76, prostate can-
cer 52), 9 with joint disorders, 7 with primary skeletal disease 

99mand 3 with cartilaginous bone neoplasms, referred for Tc-
MDP bone scintigraphy examinations between April 2018 
and March 2019, were retrospectively analyzed. Patient cha-
racteristics are presented in Table 1. From a review of re-
cords, patient data, including body mass index (BMI), admi-

99mnistered Tc-MDP activity and time period between radio-
tracer injection and image acquisition, were retrieved.

Bone scintigraphy
At three to four hours after intravenous administration of a 

99m555mL dose of Tc-MDP (FUJIFILM RI Pharma, Co., Ltd., To-
99mkyo, Japan) or Tc-hydroxymethylene diphosphonate 

99m( Tc-HMDP) (Nihon Medi-Physics Co., Ltd, Tokyo, Japan), 
planar bone scintigraphy was performed using a SPECT/CT 
scanner (NM/CT670; GE Healthcare, Pittsburgh, Pa) equip-
ped with a low-energy high-resolution collimator. To acquire 
quantitative SPECT/CT images, a hybrid system was used. 
CT imaging was initially performed using the following para-
meters: tube voltage, 120kV; tube current, 40-80mA with 
�automA; GE Healthcare� function and noise level of 35; X-
rays collimation, 20mm (16×1.25mm); table speed, 55mm/ 
second; table feed, 27.5mm per rotation; tube rotation time, 
0.5 seconds; pitch, 1.375:1; and matrix, 512×512. Computed 
tomography images thus obtained were reconstructed into 
3.75-mm thick sections using an adaptive statistical iterative 
reconstruction algorithm (ASiR; GE Healthcare). Next, SPECT 
images were acquired with an energy peak of 140KeV with a 
10% window (126-154KeV) and step-and-shot mode acqu-
isition (15 seconds per step, 60 steps per detector) with a 3° 
angular increment, and body contour scanning option se-
lected. For scatter correction, an extra window was set at 
120KeV with a 5% window (114-126KeV). For SPECT, images 
were reconstructed using an iterative ordered subset expec-
tation maximization algorithm (10 iterations, 10 subsets) 
with CT-based attenuation correction, scatter correction, 
and resolution recovery using the software package provi-
ded by the vendor (Volumetrix MI; GE Healthcare). A post-
reconstruction �lter was also applied (Gauss �lter; frequency 
of 0.48, order of 10). After reconstruction, images were set on 
a 128×128 matrix, with a 4.42-mm section thickness and 1.0 
zoom factor.

Image analysis
A single experienced physician certi�ed by both a board of 
nuclear medicine and board of diagnostic radiology diag-
nosed skeletal lesions using a hybrid SPECT/CT images. The 
bone scan �ndings were compared with clinical follow-up 
results obtained every three to six months for one year after 
imaging, based on the consensus of the treating physicians. 
Clinical follow-up data included clinical examination �nd-
ings, medical reports and imaging results. Hyperdense sites 
in CT images showing degenerative changes were conside-
red to indicate skeletal degenerative disease, such as osteo-
phytes, degenerative intervertebral joint disease, degenera-
tive tear in the marginal area of the vertebral body, or verte-
bral compression without sclerotic metastasis. Then, bone 
metastases were identi�ed in locations with demarcated 
sclerotic bone metastasis or areas that could not be expla-
ined by the presence of degenerative changes. Finally, the 
fourth lumbar (L4) vertebra showing no metastatic or osteo-
arthritic lesions visible on SPECT or CT was de�ned as nor-
mal bone.

A commercially available software package (GI-BONE, Aze 
Co., Ltd., Tokyo, Japan), which provides statistics for maxi-
mum SUV (SUVmax) [8-10], was used to analyze the bone 
SPECT/CT scans. The maximum concentration in the target 
lesion (maximum radioactivity/voxel volume)/(injected 
radioactivity/body weight) was used to calculate SUVmax. 
Maximum SUV values for all bone metastases visible on 
SPECT and CT �ndings of patients in the bone metastasis 
group were determined (Figure1). For the control group, 
SUVmax was determined for skeletal degenerative changes

93Hellenic Journal of Nuclear Medicine     September-December 2022•   www.nuclmed.gr 254

Original Article

Table 1. Patient characteristics.

Diagnosis Number

Cancer

 Breast cancer 76

 Prostate cancer 52

Joint disorders

Pustuloticarthro-osteitis 6

Arthritis associated with inflammatory 
bowel disease

2

 Ankylosing spondylitis 1

Primary bone disease

 Osteoid osteoma 2

Osteofibrous dysplasia 2

 Bone giant cell tumor 1

Osteosarcom 1

 Paget disease 1

Cartilaginous bone neoplasms

 Enchondroma 2

 Chondrosarcoma 1

Total 147



shown by SPECT/CT (Figure 2). The SUVmax of the L4 ver-
3tebra was determined in a 4-5cm  region of interest (ROI), 

with no visible metastatic or skeletal degenerative lesion in 
SPECT or CT images (Figure 3).
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Figure 2. Osteophyte and intervertebral space of the lumber spine in a 70-year-old female breast cancer patient, showing a moderate SUVmax of  7.75.

Figure 1. Osteoblastic bone metastasis of the Th7 in a 68-year-old male prostate cancer patient, showing a high SUVmax of 21.3.



Statistical analysis
A Shapiro-Wilk normality test was used to analyze data dis-
tribution. Values are expressed as average±standard devi-
ation. Di�erences among the SUVmax of three groups were 
analyzed using a Kruskal-Wallis test with Dunn's multiple 
comparisons, while di�erences between two groups were 
analyzed using Mann-Whitney's U test. In addition, to deter-
mine optimal SUVmax cut-o� values o�ering the best discri-
mination between two groups, a receiver operating charac-
teristic (ROC) curve was also drawn. SAS, version 9.3 (SAS 
Institute Inc., Cary, NC, USA), was used to perform statistical 
analyses, with P<0.05 considered to indicate signi�cance. 

Results

The mean SUVmax values for the normal L4 bone (n=101), 
skeletal degenerative changes (n=47), and bone metastasis 
(n=64) groups were 4.47±1.66 (range 1.01-11.25), 6.99±2.58 
(2.21-14.6), and 25.4±15.7 (3.88-98.87), respectively (Figure 
4), with a signi�cant di�erence observed among the three 
groups (P<0.001). Mean SUVmax for the bone metastasis 
group was signi�cantly greater as compared to that for the 
normal bone and skeletal degenerative change groups 
(both P<0.001), while no signi�cant di�erence was noted 
between the normal bone and skeletal degenerative chan-

ge groups.
Receiver operating characteristic curves indicated very 

good diagnostic accuracy for SUVmax to di�erentiate bet-
ween bone metastasis and normal bone, with an area under 
the ROC curve (AUC) value of 0.987. For de�ning bone me-
tastasis, the optimum SUVmax cut-o� value was 7.40. Using 
that value, we found sensitivity, speci�city, and accuracy of 
96.3%, 95.1%, and 95.7%, respectively. Also, to discriminate 
bone metastasis from skeletal degenerative disease, a best 
discriminative SUVmax cut-o� of 11.26 was used based on 
ROC curve analysis results (AUC 0.933), with sensitivity, spe-
ci�city, and accuracy of 87.5%, 93.6%, and 90.4%, respec-
tively.

Discussion

The present �ndings show that discrimination of bone me-
tastasis can be established with high accuracy using SUV 
parameters. Furthermore, they indicate that skeletal 
SUVmax may help for di�erentiation of bone metastasis 
from skeletal degenerative changes visualized as hot foci, 
thus increasing bone scintigraphy speci�city.

Gamma camera imaging has been traditionally used in 
nuclear medicine for two-dimensional planar imaging, such 

99mas bone scintigraphy with Tc-MDP. Single photon emission

Figure 3. Normal L4 vertebra in a 42-year-old male breast cancer patient, showing a low SUVmax of  4.35.
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tomography/CT generates imaging voxels, denoted as units 
of radioactivity per volume (i.e., kBq/mL), by using results of 
robust algorithms of CT-based three-dimensional attenu-
ation correction, scatter correction, and resolution recovery. 
That is fundamentally di�erent from planar scintigraphy, 
SPECT and non-quantitative SPECT/CT, traditional nuclear 
imaging methods, which utilize counts per second as ima-
ging units. Lesion radioactivity can be normalized for injec-
ted radioactivity with quantitative SPECT/CT, thus provi-
ding quantitative parameter values, such as percent injec-
ted dose and SUV [2-4]. In both phantom (error <3.6%) and 
patient (error <1.1%) studies, Zeintl et al. (2010) [2] reported 
that advanced SPECT/CT technology facilitated quantita-

99mtive Tc SPECT imaging with excellent accuracy. Also, in a 
phantom study, Gnesin et al. (2016)[4] found that both ab-
solute activity and activity concentration determined with 

99mquantitative Tc SPECT/CT were within 10% of expected 
values.

Following successful clinical application of SPECT/CT �n-
dings in patients a�ected by malignant skeletal disease, qu-
antitative bone SPECT/CT with SUV was developed [5-10]. 

99mUsing quantitative skeletal SPECT/CT with Tc-diphospho-
99mno-propanedicarboxylic acid ( Tc-DPD), Beck et al. (2016) 

[5] investigated SUV changes before and after treatment in 
16 breast cancer and 3 prostate cancer patients (hormonal 
therapy and bisphosphonates). Mean SUVpeak and 
SUVmean values for 52 bone metastasis sites prior to treat-
ment were 20.4±20.8 and 5.6±1.9 respectively, in their stu-
dy, which decreased after treatment to 16.4±11.5 (19.6% re-
duction) and 4.9±2.2 (12.5% reduction), respectively. Also, 
Kitajima et al. (2018) [8] reported a case of periosteal osteo-
sarcoma in which SUVmax values shown by quantitative bo-

99mne SPECT/CT with Tc-HMDP were useful for evaluating 
treatment response to preoperative chemotherapy. We 
consider that quantitative bone SPECT/CT can be very use-
ful for evaluation of treatment response in patients with 
bone disease. Previously, for monitoring of the e�cacy of 

treatment response in a�ected patients, scintigraphy with-
out quantitative values was used, though that only provides 
subjective and ambiguous results. In contrast, quantitative 
SPECT/CT with SUVmax can provide objective and persu-
asive �ndings for accurate evaluation of the e�cacy of treat-
ment response. Quantitative SPECT/CT is noninvasive and 
anticipated to be found useful for accurate treatment res-
ponse monitoring to determine e�cacy in a�ected pati-
ents.

Kuji et al. (2017) [6] evaluated normal vertebral body, ske-
letal degenerative change and bone metastasis SUV obta-
ined in analyses of 170 prostate cancer patients undergoing 

99mbone SPECT/CT with Tc-MDP. Their results showed 
SUVmax values of 7.58±2.42 for normal thoracic and 8.12± 
2.24 for normal lumbar vertebral bodies, 16.73±6.74 for ske-
letal degenerative changes and 40.90±33.46 for bone me-
tastasis. That for the bone metastasis group was signi�-
cantly greater as compared to the other three groups (P< 
0.001). In ROC analyses performed to demonstrate the diag-
nostic accuracy of SUVmax for discrimination of bone me-
tastasis from skeletal degenerative changes in hot foci, in 
patient-based mode the area under the ROC curve was 
0.840, while that was 0.932 in lesion-based mode. Using 

99mquantitative skeletal SPECT/CT with Tc-DPD, Tabotta et al. 
(2019) [11] analyzed 264 areas of bone metastasis in 26 pros-
tate cancer patients, as well as 24 spinal and pelvic osteoar-
thritic lesions in 13 patients without cancer and reported a 
mean SUVmax value of 34.6±24.6 for bone metastasis, as 
compared to 14.2±3.8 for spinal and pelvic osteoarthritic le-
sions, with the value for the osteoarthritic group signi�can-
tly higher (P<0.0001). In another study that used an SUVmax 
cut-o� of 19.5 for prostate cancer bone metastases in the 
spine and pelvis, sensitivity and speci�city were 87% and 
92%, respectively. The results of these reports are very simi-
lar to those obtained in the present series.

Other investigations have shown a wide range of values for 
normal vertebral SUV. Kaneta et al. (2016) [12] determined
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Figure 4. Box-and-whisker plots of SUVmax of the normal bone group, the skeletal degenerative changes group, and the bone metastasis group.



SUV in 29 patients with normal Th4-L4 vertebrae �ndings 
99mobtained with Tc-MDP bone imaging and reported an 

SUVmax value of 7.1±1.5 for 189 vertebral images. Also, 
Cachovan et al. (2013) [13] analyzed a total of 145 normal 
lumbar spine images (L3-L5) of 50 female subjects obtained 

99mwith Tc-DPD bone imaging and reported an SUVmean va-
lue of 5.91±1.54. In a study presented by Umeda et al. (2018) 
[7], mean SUVmax values for normal Th12 and S3 shown by 
99mTc-MDP bone imaging of 69 patients were 5.71±1.37 and 
5.32±1.4, respectively, similar to the present �ndings, while 
Huang et al. (2020) [14] noted SUVmax and SUVmean values 
for normal L1-L4 vertebrae in 62 patients who underwent 
99mTc-MDP bone imaging of 7.39±1.84 and 4.90±1.27, res-
pectively. However, because di�erent research institutes 
use a variety of instruments as well as di�erences in acquisi-
tion parameters, reconstruction algorithms, correction 
technology, radiopharmaceutical factors and measurement 
location, research results are not directly comparable. It is 
considered extremely important to establish a uni�ed stan-
dard procedure for quanti�cation of SPECT/CT results, 
while the gold standard of SUV for normal bone tissue in 
di�erent areas should be further clari�ed.

Other nuclear medicine modalities are available for detec-
tion and characterization of bone metastasis, especially for 
prostate cancer patient examinations. Positron emission 
tomography protocols using prostate speci�c membrane 
antigen (PSMA), choline, and sodium �uoride (NaF) have 
been shown to have very good accuracy for diagnosis of 
prostate cancer bone metastasis [15-17], with the most pro-
mising modality possibly PSMA PET. However, PSMA, cho-
line and NaF are not widely available in many countries for 
primary staging or restaging, due to cost and reimburse-
ment issues and the impact on patient management is not 
known and cost-e�ective studies have yet to be published. 
An investigation that compared prostate speci�c antigen 

18(PSA) cut-o� values for ordering �uorine-18 ( F)-NaF PET or 
bone scintigraphy for examinations of patients with newly 
diagnosed prostate cancer showed no major di�erence bet-
ween those modalities [18]. Also, a recent study of patients 
with prostate and breast cancer by Arvola et al. (2019) [19] 
reported a strong correlation between SUV obtained with 
99m 18Tc-HDP SPECT/CT and F-NaF PET/CT. The authors con-
cluded that SPECT is applicable for clinical quanti�cation of 
bone metabolism in osseous metastasis areas in breast and 
prostate cancer patients. Therefore, use of quantitative bo-
ne scintigraphy seems to increase the accuracy of bone 
SPECT/CT, allowing that to remain competitive in this era of 
new multimodality imaging of bone metastasis associated 
with prostate cancer.

This study has some limitations, including the small sub-
ject population. In addition, histological con�rmation for all 
bone metastases, skeletal degenerative changes and nor-
mal bone is lacking.

In conclusion, the present results show that discrimination 
of bone metastasis high accuracy can be obtained based on 
SUV derived from three-dimensional quantitative bone 
SPECT/CT. Hence, additional quantitative data analysis to 
bone scan interpretation can help to more con�dently dis-
tinguish metastatic from benign focal bone lesions, thus in-
creasing the overall diagnostic performance of bone scin-

tigraphy. Additional studies that examine greater numbers 
of patients will be necessary to de�ne its impact for clinical 
evaluations, diagnosis of bone metastasis and assessing 
treatment response.
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