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Abstract

Objective: To investigate the correlation between the standardized uptake value (SUV) metrics derived
from technetium-99m (*"Tc) methylene diphosphonate (MDP) single photon emission computed tomo-
graphy/computed tomography (SPECT/CT) and fluorine-18 (“°F) sodium fluoride (NaF) positron emission
tomography (PET)/CT. Subjects and Methods: A total of 129 metastatic lesions from 14 patients who un-
derwent both *"Tc-MDP SPECT/CT and "F-NaF PET/CT within one month were included in the analyses.
The lesions with markedly increased uptake were semi-automatically segmented into a volume of interest
in both SPECT and PET images by taking the 42% of maximum uptake as a threshold. Maximum, average
and minimum SUV (namely, SUVmax, SUVmean and SUVmin) were recorded for each lesion. The strength
of correlation was evaluated with Pearson's correlation analysis. Results: The correlation coefficitients for
SUVmax, SUVmean and SUVmin derived from SPECT and PET images were 0.652, 0.653 and 0.635, respec-
tively (all P<0.001). Lesions with a volume of at least 5cm’ demonstrated a stronger correlation, increasing
the correlation coefficients to 0.714, 0.724 and 0.686, respectively (all P<0.001). The strongest correlation
was seen in the lesions of the appendicular skeleton, with coefficients for SUVmax, SUVmean and SUVmin
being 0.769, 0.791 and 0.761, respectively (all P<0.001). Conclusions: The SUV metrics derived from *"Tc-
MDP SPECT/CT strongly correlate with "F-NaF PET, especially for relatively large lesions located in the ap-
pendicular skeleton. Technetium-99m-MDP SPECT/CT could potentially be used as an alternative method
to "*F-NaF PET/CT for quantitative evaluation and objective follow-up of bone metastases.
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Introduction

he demand for imaging-based patient follow-up in oncology has led to a paradigm

shiftin the interpretation of molecularimaging modalities like positron emission to-

mography (PET) and single photon emission computed tomography (SPECT). To-
day, rather than being evaluated with relative or semi-quantitative measures, absolute qu-
antification of images is offered in terms of standardized uptake value (SUV). This expan-
sion of quantifiable data has offered novel aspects for objective decision making and im-
proved patient management, and thus, quantification has become a fundamental com-
ponent of nuclear medicine workflow. To date, quantitative assessment has been restric-
ted to PET imaging, while SPECT remained mostly on a qualitative or semi-quantitative
level. Thanks to recent developments in gamma camera instrumentation and medical
image analysis, it has become possible to perform quantitative SPECT by using common
SUV metricsin SPECT/CT[1, 2].

Technetium-99m-methylene diphosphonate (*"Tc-MDP) and fluorine-18-labeled sodi-
um fluoride ("*F-NaF) are two different bone tracers with almost identical mechanisms of
skeletal uptake. Methylene diphosphonate labeled with *"Tc has been widely used in
SPECT/CT imaging for the detection and follow-up of osteoblastic bone metastases ever
since the introduction of integrated SPECT/computed tomography (CT) scanners in the
late 1980s [3-5].The widespread availability of *"Tc-MDP SPECT/CT as a cost-effective and
safe modality has allowed for earlier diagnosis and treatment of osteoblastic bone metas-
tases and has led toimproved patient outcomes [6-8]. On the other hand, PET/CT imaging
with "F-NaF is a relatively new molecular imaging modality that was approved by the FDA
in 2011. Fluorine-18-NaF PET/CT offers several advantages over *"Tc-MDP SPECT/CT,
such as higher spatial resolution and a shorter waiting period after injection [9,10]. Never-
theless, the availability of “F-NaF PET/CT is limited to fewer centers and its high cost is a
major downside. As a PET radiopharmaceutical, “F-NaF already allows for absolute qu-
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antification and the SUV metrics have been routinely incor-
porated in the PET-based assessment of osteoblastic bone
metastases. Adopting a similar approach to the *"Tc-MDP
SPECT/CT workflow could improve the accessibility to qu-
antitation of bone metastases and contribute to patient ma-
nagement.

In this context, we aimed to investigate whether SUV
metrics derived from *"Tc-MDP SPECT/CT correlate with
those from "*F-NaF PET/CT and to evaluate whether quanti-
fication of *"Tc SPECT/CT could be a substitute for "“F-NaF
PETintheclinical practice.

Subjects and Methods

Study design

This retrospective observational study included all patients
referred to our department between January 2021 and April
2022 who had metastatic bone lesions detected on *"Tc-
MDP SPECT/CT and underwent "*F-NaF PET/CT within one
month after SPECT. Exclusion criteria were: 1) Receiving sys-
temic or local therapies between SPECT and PET imaging,
2)The time between SPECT and PET being longer than one
month, 3) The presence of disseminated bone involvement
(e.g., super-scan) and 4) Inaccessibility of imaging and/or cli-
nical data. Informed consent was obtained from all indivi-
dual participants included in the study. The institutional
ethics committee approved the study (Approval no: E2-22-
1872).

Study outcome

The primary outcome was to evaluate the strength of cor-
relation between SUV metrics derived from *"Tc-MDP
SPECTand "*F-NaF PET onalesion level.

*™Tc-MDP SPECT/CT protocol

A 16-slice CT-integrated dual-head gamma camera (GE Dis-
covery NM/CT 670; GE Healthcare, Milwaukee, WI) was used
for the SPECT/CT imaging. Each patient received 20mCi of
*"Tc-MDP and underwent whole-body planar imaging at 3
hours following radiotracer injection. After a whole-body
scan, SPECT/CT fusion images were acquired by positioning
the lesions with increased uptake within the field of view.
The area with the most lesions was picked in case of multiple
bone metastases. Axial slices were obtained by iterative re-
construction (ordered subset expectation maximization, 14
subsets, 6 iterations) with a slice thickness of 3.5mm. Gaus-
sian smoothing (full-width at half maximum=5mm), attenu-
ation correction and model-based scatter correction were
applied to the SPECT images. The lesions showing markedly
increased uptake with respect to background activity were
semi-automatically segmented into a 3-dimensional volu-
me of interest by taking the 42% of maximum uptake as a
threshold. Segmentations were performed by two nuclear
medicine physicians with 3 and 7 years of experience, using
Q.Metrics software on GE AW Volume Share 7 workstation.
Differences of opinion were resolved by reaching a consen-
sus.

Quantification of **"Tc-MDP SPECT/CT

A planar acquisition of a flat source with known activity was
previously performed. The total number of counts in the
image of that source was measured to determine the sensi-
tivity of the gamma camera, as suggested by the Committee
on Medical Internal Radiation Dose [11]. Based on the sensi-
tivity of the system, the reconstructed SPECT signal was
converted from counts to activity concentration according
totheformula:

60
Sensitivity (cts/min/pCi)=<TxmL

Activity (Bq/mL)=37x1 0°x

whereT is the duration of the scan in seconds. Then the SUV
of each voxel within the VOI was calculated according to the
formula:

Activity in voxel

quy= Activity invoxel @ weight
Injected activity * Body weight (g)

Maximum SUV, SUVmin and SUVmean, respectively corres-
ponding to maximum, minimum, and average SUV within
the volume of interest (VOI), were then recorded for each
lesion.

"*F-NaF PET/CT protocol

A 16-slice CT-integrated PET/CT scanner (GE Discovery 1Q
PET/CT; GE Healthcare, Milwaukee, WI) was used for PET
imaging. Patients were intravenously injected with 370MBq
(10mCi) "F-NaF. Forty-five minutes later, non-contrast-en-
hanced whole-body CT (120kV, 10-90mAs) and PET (3 minu-
tes per bed) images were acquired at a slice thickness of
3.5mm and reconstructed with Bayesian penalized likeliho-
od algorithm (Beta: 350). The foci of increased uptake corres-
ponding to those segmented in SPECT/CT were delineated
into a 3D VOI with the same method used for SPECT seg-
mentation (42% threshold). The same three SUV metrics
(SUVmax, SUVmean and SUVmin) were recorded for the PET
equivalent of each lesion segmented in *"Tc-MDP
SPECT/CT.

Statistical analyses

Continuous variables were expressed as median (interquar-
tile range) and categorical variables as frequency (percen-
tage). The strength of correlation between SPECT and PET-
based quantitative metrics was evaluated with Pearson's
correlation analysis. Statistical analyses were performed us-
ing the R statistical package (R Foundation for Statistical
Computing, Vienna, Austria) and Stata/MP 16 (Stata Corpo-
ration, College Station, Texas, USA) software. A P-value be-
low 0.05 was considered statistically significant.

Results

Characteristics of lesions
A total of 129 lesions from 14 consecutive patients were in-

Hellenic Journal of Nuclear Medicine °

May-August 2022

www.nuclmed.gr



Original Article

cluded in the final analyses. Six patients were under follow-
up for prostate cancer and 8 for breast cancer. The median
(interquartile range; IQR) age was 63 (57-72) years. The cha-
racteristics of the study population and metastatic bone le-
sions are depicted in Table 1. Ribs were the most frequent si-
te of metastasis (n=36, 27.9%), followed by the spine (n=51,
39.5%). Most of the lesions were in the axial skeleton (n=93,
72.1%), and 36 (27.9%) were in the appendicular skeleton.
The volume of the lesions varied between 0.5 and 28.8cm’,
with a median of 3.4cm’. The median (IQR) number of lesions
was 6 (4-13) per patient.

Table 1. Characteristics of the study population and metastatic bone
lesions.

Patients (n=14)

Age, years 63 (57-72)
Sex/Primary Tumor

Male / Prostate cancer 6 (43%)
Female/Breast cancer 8 (57%)

Body Mass Index 27.5 (24.0-37.2)

Lesions (n=129)

Localization

Ribs 51 (39.5%)
Spine 36 (27.9%)
Pelvis 14 (10.9%)
Scapula 10 (7.8%)
Extremities 9 (7.0%)
Sternum 7 (5.4%)
Calvarium 1 (0.8%)
Cartilage tissue 1(0.8%)
PETSUV

SUVmax 27.7 (15.3-36.2)
SUVmean 16.2 (9.6-22.6)
SUVmin 11.8 (6.5-15.4)
SPECTSUV

SUVmax 14.1 (9.3-21.1)
SUVmean 8.6 (5.3-12.2)
SUVmin 5.9 (3.7-8.8)

Data are presented as median (interquartile range) for continuous vari-
ables, and frequency (percentage) for categorical variables.

Overview of SUV metrics

The median (IQR) values of SUVmax, SUVmean and SUVmin
were 14.08 (9.3-21.08), 8.63 (5.27-12.16), 5.88 (3.65-8.78), res-
pectively, ”"Tc-MDP SPECT/CT, and 27.7 (15.29-36.22), 16.23
(9.58-22.61),11.77 (6.52-15.4) in "*F-NaF PET/CT.

Correlation between SUV of SPECT and PET

All three SUV variants showed strong positive correlation
(Table 2).Ifall lesions were included in the analysis, the corre-
lation coefficients for SUVmax, SUVmean and SUVmin were
found as 0.652, 0.653 and 0.635, respectively (all P< 0.001).
Lesions with a volume of at least 5cm’ demonstrated a stron-
ger correlation, increasing the correlation coefficients to
0.714, 0.724 and 0.686, respectively (all P<0.001).The stron-
gest correlation was seen in the lesions of the appendicular
skeleton, with coefficients for SUVmax, SUVmean and
SUVmin being 0.769, 0.791 and 0.761, respectively (all P<
0.001). Figure 1 shows the dot plot and the regression line for
SUVmayx, according to size and location of lesions. Single
photon emission tomography and PET images of a patient
are presented in Figure 2.

Table 2. Correlation coefficients for SUV derived from "*F-NaF PET

99m

and "Tc-MDP SPECT according to the volume and localization of
lesions (allP<0.001)

SUVmax SUVmean SUVmin
All Lesions
(n=129) 0.652 0.653 0.635
Volume
<5cm’ (n=84) 0.639 0.639 0.625
>5cm’ (n=45) 0.714 0.724 0.686
Localization
Axial (n=93) 0.566 0.559 0.545
Appendicular
(n=36) 0.769 0.791 0.761
Discussion

This study has two messages. First, the SUV metrics derived
from *"Tc-MDP SPECT/CT strongly correlate with "°F-NaF PET,
especially for relatively large lesions located in the appendi-
cular skeleton. Second, this significant correlation implies
that “"Tc-MDP SPECT/CT could potentially be used as an al-
ternative method to "F-NaF PET/CT for quantitative evalu-
ation and objective follow-up of bone metastases. Of note,
the SUV derived from *"Tc-MDP was relatively smaller than
the SUV of "“F-NaF PET, which is a possible outcome of partial
volume effect due to lower spatial resolution in SPECT ima-
ging[12].
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Figure 1. Scatter plotsand regression lines of SUVmax according to the size and localization of lesions.

Figure 2. Technetium-99m-MDP SPECT/CT (A) and “F-NaF PET/CT (B) images of a patient showing a sclerotic area of metastasis in left pubic bone, adjacent to symphisis
(arrows).

Hellenic Journal of Nuclear Medicine * May-August 2022 www.nuclmed.gr



Original Article

The two cornerstone modalities in nuclear medicine, PET
and SPECT, are widely used for staging and follow-up of vari-
ous malignancies. Standardized uptake value quantification
offers an objective rationale for the assessment of disease
burden, response to treatment or disease progression. Quan-
tification in PET has been the standard approach ever since
the introduction of the modality into clinical practice in the
early 2000s. However, SPECT assessment has worked in
terms of relative counts and ratios between areas of uptake.

Historic barriers for quantitative SPECT included stability
and uniformity of gamma cameras, suboptimal correction of
attenuation and scatter, lack of correction for collimator-de-
tector response, basic reconstruction algorithms and limited
computing power.Today, these challenges have been mostly
compensated with significant improvements in software
(e.g., spatially adaptive noise reduction filters, iterative image
reconstruction) and hardware (e.g., solid-state cameras, mul-
ti-pinhole collimators, better energy resolutions, improved
rejection of scatter photons). In addition to these compensa-
tion steps, a careful and consistent calibration between co-
unts and activity concentrationis needed for absolute quan-
tification in SPECT [1, 2, 13]. Conventionally, SPECT images
are represented in terms of counts per voxel. We need to con-
vert this data from counts per voxel to Becquerels per voxel
to get SUV measurements that we are familiar with from PET
imaging [14]. Besides, by this data conversion, we can gene-
rate time profile of activity within a voxel or organ, which
then can be used to compute the absorbed dose rate (Grays
per second) and provide insights for internal dosimetry in
molecular radiotherapy [15]. Mechanism to calculate SPECT
sensitivity is currently available in many commercial SPECT/
CT systems, which consummates the necessary equipment
for the spread of quantitative SPECT [16].

By using PET and SPECT agents with similar mechanisms
of uptake, we could calculate the strength of correlation bet-
ween the two modalities and evaluate the performance of
SPECT as a quantification tool. Technetium-99m-MDP and
"F-NaF are two different bone-seeking agents with almost
the same mechanisms of skeletal uptake [17-19]. After intra-
venous injection, *"Tc-MDP is taken up by bones via active
transport and passive diffusion across the osteocyte cell
membrane. Once inside the osteocyte, *"Tc-MDP binds to
hydroxyapatite crystals until its excretion into the interstitial
fluid and eventually moves into the circulation where it is
eliminated via urinary excretion. Similarly, “F-NaF, crosses
the cell membranes and gets hydrolyzed to form fluoride
ions, which then combine with free calcium ions to form flu-
orapatite, a crystalline compound similar to hydroxyapatite.
This similar mechanism of uptake for *"Tc-MDP and "F-NaF
makes them ideal tracers for a quantitative comparison.

A review of the literature shows that there is a gradual ac-
cumulation of evidence regarding the quantification of *"Tc-
MDP SPECT/CT. Arvola et al. (2019) made a similar study de-
signon alarger cohort of prostate and breast cancer patients,
and they found an even stronger correlation (>0.80, P<0.001)
between SUV of bone metastases measured in *"Tc-hydroxy
diphosphonate (HDP) SPECT/CT and "*F-NaF PET/CT[3]. The
relatively weaker correlation seen in our study could have
been due to smaller sample size and differences in SPECT ca-
libration. The quantitation of SPECT is prone to the effects of

many factors, including biological (e.g., scan time after injec-
tion, patient motion), technical (e.g., dose calibrator settings,
extravasation of radiopharmaceutical) and scanner-specific
(e.g., image reconstruction algorithms, calibration of the sys-
tem) entities [20-22].

The sensitivity of SPECT SUV for distinguishing benign and
malignant areas of uptake was also investigated in some re-
cent studies. Tabotta and colleagues analyzed the SUV
derived from *"Tc-dicarboxy-propane-diphosphonate
(DPD) SPECT/CT images of prostate cancer patients and
showed significantly higher values of SUVmaxand SUVmean
in metastatic lesions when compared to osteoarthritic chan-
ges [23]. Benign and malignant lesions could be distingu-
ished using the SUVmax cut-off of 19.5g/mL with a sensi-
tivity and specificity of 87% and 92%, respectively, sug-
gesting that SPECT SUV could be a useful additional techni-
que in this setting. In a similar approach, Kuji et al. (2017) fo-
und that SUV of active bone metastases in *"Tc-MDP SPECT/
CT were greater than those for degenerative in patients with
prostate cancer, with a feasible discrimination accuracy of
the hot foci [24]. The authors concluded that SPECT SUV are
promising indices for objectively evaluating the burden of
bone metastases. Similarly, Kitajima et al. (2020-21) reported
significantly higher values of SUVmax for malignant primary
and cartilaginous bone neoplasms [25, 26].

The limitations of our study include its small sample size
and retrospective design. Inter-observer variability for lesion
segmentation was not evaluated within the context of this
study. The sensitivity and specificity of SUV measurements
were also not investigated since a biopsy sampling would
not be clinically feasible for most bone lesions.

In conclusion, we found positive strong correlation bet-
ween SUV metrics of osteoblastic bone metastases derived
from *"Tc-MDP SPECT/CT and "F-NaF PET/CT studies of
prostate and breast cancer patients. A novel aspect brought
by this study was the assessment of correlation according to
the size and localization of lesions, which revealed that larger
lesions in the appendicular skeleton could demonstrate a
stronger correlation. If validated with larger, multi-centric
cohorts, quantification of *"Tc-MDP SPECT/CT could be a
cost-effective and accessible approach that contributes to
diagnostic precision, treatment planning and objective fol-
low-up of bone metastases.

The authors declare that they have no conflicts of interest.
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