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Abstract: Fluorine 18 Sodium Fluoride (*8F-NaF) (sodium fluoride) PET/CT is a highly sensitive but is a non-specific
method for identifying bone metastases. Qualitative scan interpretation using low dose CT for lesion localization
is often complicated by the presence of co-existing degenerative joint disease (DJD). A semi-quantitative analy-
sis might help in accurately differentiating benign from metastatic osseous lesions. The aim of the study was to
evaluate the clinical utility of 8F-NaF PET/CT in differentiating DJD from metastatic disease in the skeleton using a
qualitative analysis as well as a semi-quantitative approach using the SUVmax and to determine if there is an upper
limit of SUVmax value that can reliably differentiate metastases from DJD. Baseline 8F-NaF PET/CT scans were per-
formed for 17 castrate resistant prostate cancer patients (CRPC). A qualitative as well as semi-quantitative analysis
using maximum standardized uptake value (SUVmax) based on body weight was performed for 65 metastatic and
56 DJD sites identified on the low dose CT scan acquired as a part of whole body PET/CT scan. The SUVmax range
in DJD was 2.6-49.9 (mean: 6.2). The SUVmax range for metastatic lesions was 11.2-188 (mean: 160). The SUV-
max value for metastatic as well as areas of DJD showed significant variation during treatment. Bone metastases
showed statistically significantly higher SUVmax than DJD using a mixed effect regression model. ROC/AUC analysis
was performed based on averaging the SUVs over all lesions in each subject. The AUC was found to be fairly high at
0.964 (95% Cl: 0.75-0.996). The SUVmax over 50 always represented a bone metastasis and below 12 always rep-
resented a site of DJD. The results of our preliminary data show that semi-quantitative analysis is complementary to
the qualitative analysis in accurately identifying DJD from metastatic disease. The cut-off SUVmax of 50 can help in
differentiating DJD from bone metastases.
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Introduction

Bone metastases are the most common malig-
nant tumors and occur in 30-70% of all cancer
patients. Prostate cancer is the leading cause
for bone metastases in men [1]. The most fre-
quent sites of metastases in prostate cancer
patients are lymph nodes and bone. It has been
found that 90% of patients who die of prostate
cancer have bone metastases [2]. The prime
objective of imaging in oncology patients is
early identification of metastases, to accurately
identify the full extent of metastatic disease, to
evaluate the complications associated with

metastatic disease such as pathologic frac-
tures and cord compression, to monitor
response to therapy and in some instances to
guide biopsy if histologic confirmation is
required [3-5]. The bone scan (BS) is the most
commonly used modality for detection of bone
metastases because it is widely available and
provides an entire skeletal visualization within a
reasonable amount of time and cost [5-7].
%9mTc-Methylene diphosphonate (°*™Tc-MDP) is
the most commonly used radiopharmaceutical
for skeletal imaging in general nuclear medicine
[1, 6]. The spine is a common site of skeletal
metastases however degenerative changes are
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also found to be very common in most of the
patients which should not be confused with
malignant/metatstaic disease [8].

Several reports have raised doubts whether
the BS is as effective for identifying metastatic
disease as was previously perceived [9-11].
Although the addition of single photon emis-
sion tomography (SPECT) and SPECT-CT has
improved diagnostic accuracy and is helpful in
differentiating benign from malignant disease,
the main drawback of SPECT is that data is
acquired for a limited region in the skeleton.
Hence it is not logistically feasible in a routine
clinical practice to perform several SPECT
acquisitions tomographically to assess the
entire skeleton [12]. *8F-NaF was first intro-
duced as a bone imaging agent by Blau et al
[13]. 8F-NaF PET imaging combines the supe-
rior pharmacokinetic properties of *8F-NaF
compared to *°"Tc-polyphosphonates and has
improved spatial resolution and lesion contrast
of PET technology. *®F-NaF PET/CT provides
high target to background ratios but accumu-
lates in both malignant and benign disease
similar to °°"Tc-MDP bone scan [14-16].
Relatively little data is available using semi
quantitative assessment based on SUVmax in
differentiating DJD from bone metastases with
18F-NaF PET/CT.

The aim of the study was to evaluate the clinical
utility of SUVmax in differentiating DJD from
bone metastases in castrate resistant prostate
cancer patients (CRPC) undergoing F-NaF
PET/CT scans. An additional aim of this study
was to determine an upper limit of SUVmax that
can reliably differentiate DJD from bone metas-
tases in CRPC patients.

Materials & methods

This imaging study was performed as a pilot
sub study of a multicenter clinical trial for CRPC
patients with bone metastases. The study was
approved by the local institutional review board.
Seventeen baseline 8F-NaF PET/CT scans were
performed between February 2012 and
December 2013 for 17 CRPC patients enrolled
in the clinical trial. All the patients enrolled in
the study had documented bone metastases
on °*°"Tc-MDP bone scans. The age range for
patients was 56-76 years (mean 63.3 yrs). A
total of 65 metastatic and 56 DJD sites show-
ing increased tracer uptake were analyzed
qualitatively as well as semi-quantitatively.
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PET/CT technique

No special preparations were needed before
18F-NaF administration. Patients were adminis-
tered approximately 185 MBq (5 mCi) of *8F-
NaF intravenously; whole body PET/CT scans
were obtained from toes to vertex 60 minutes
post injection using a Discovery VCT PET/CT
system (GE Medical Systems). Low dose CT was
performed first with 140 kV, auto/smart mA
with average 80 mA, 0.5 s per CT rotation, a
pitch of 0.516 and a table speed of 20.6 mm/
rotation, slice thickness of 5.0 mm, interval of
3.27 mm without any specific breath-holding
instructions. A PET emission scan was obtained
after the acquisition of the CT scan without
changing the patient’s position. PET data was
acquired from 12-13 bed positions with an
acquisition time of 3 minutes per bed position.
PET images were reconstructed using an
ordered-subsets expectation maximization
algorithm. CT data were used for attenuation
correction and lesion localization. F-18 NaF
PET/CT scans were interpreted using MIRADA
software system on a McKesson workstation.

18F-NaF PET/CT interpretation

18F-NaF PET/CT scans were independently
interpreted by 3 experienced nuclear physi-
cians (SP, LH and SM). The readers were
unaware of clinical data and findings of other
imaging modalities. The inter observer agree-
ment among the three readers was 90%.
Discrepant interpretations of the readers were
resolved by consensus. *®F-NaF PET/CT scans
were interpreted both qualitatively as well as
semi quantitatively. In qualitative analysis
areas of increased ‘8F-NaF uptake were catego-
rized as DJD, metastases or equivocal by cor-
relating increased skeletal uptake on corre-
sponding low dose CT images. Lesions were
categorized as bone metastases if increased
uptake correlated in location with a lytic, scle-
rotic, mixed lytic-sclerotic change on low dose
CT images. Lesions were categorized as DJD if
increased uptake correlated to facet joints,
endplates, within osteophytes and around the
joints on low dose CT images. If the low dose CT
did not show any abnormality over areas of
increased uptake, such lesions were catego-
rized as inconclusive. The rationale of this cat-
egorization is that in clinical practice, areas of
increased uptake in the skeleton without defi-
nite CT changes may require further validation
of the nature of the lesions with either other
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dose CT as standard of refe-
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Figure 1. This figure shows the box plots for all the representative degen-
erative joint disease (DJD) and metastases lesions. The distributions were

compared using a 2-sided t-test (p < 0.001).

SUVmax

50 < *

p<0.001

subject and fitted a logistic
regression model to assess
whether SUVmax could be
used to classify lesions into
the two disease groups. To
assess the diagnostic ability
the receiver operating charac-
teristic curve (ROC) and the
area under the curve (AUC)
with its associated 95% confi-
dence interval were obtained.
P < 0.05 (two-sided) was the
criterion for statistical analy-
sis. All statistical graphics and
computations were done in R
3.0.1 (R development Core
Team, 2013).

Bone Mets
DJD

Results

The SUVmax in degenerative

0 T
Bone Mets

Figure 2. Box plots of the average SUVmax values of the representative de-
generative joint disease (DJD) and metastases (Bone Mets) lesions of each
patient. The distributions were compared using a 2-sided t-test (p < 0.001).

imaging modality or rarely involves tissue diag-
nosis especially in baseline scans. Semi quanti-
tative assessment was performed using maxi-
mum standardized uptake value calculated
from drawing region of interest (ROI) over sites
of increased uptake in the skeleton. SUVmax
was recorded for five representative bone met-
astatses lesions (lesions were selected to rep-
resent both axial and appendicular skeleton
when present) and 2-5 DJD lesions using low
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T
DJD

joint disease (DJD) was found
to range from 2.6 to 49.9 SUV
with a mean of 22.6 SUV, and
the SUVmax for bone metasta-
ses ranged from 11.2 to 188
SUV with a mean of 63.4 SUV.
There was some overlap of SUVmax range
between DJD and metastatic bone lesions, but
it was found that a SUVmax over 50 SUV always
represented a bone metastasis and that a
SUVmax below 11 SUV always represented a
site of DJD in our patient population. F18 NaF
PET/CT measures bone turnover which is osteo-
blastic activity [17]. So far in literature there is
no generalized consensus on the SUVmax cut-
off value with *8F-NaF PET/CT. In our study bone
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be fairly high at 0.964 (95%
Cl: 0.75-0.996) (Figure 4).

Discussion

Early detection or exclusion of
bone metastases is of high
clinical significance in the
management of patients with
high risk prostate cancer
patients [2]. The detection of
bone metastases in advanced
. hormone refractory disease

can guide in modifying thera-

20 40 60 80
SUVmax

Figure 3. Histograms of the average SUVmax values of the representative
degenerative joint disease (DJD) and bone metastases (Bone Mets) lesions
of each patient, showing the overlap of the two distributions.
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The degenerative bone chang-
es are commonly seen in pros-
tate cancer patients as most
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of the patients are above 50
years of age and the majority
of these patients have co-
existing degenerative disease
in the skeleton. 18F-NaF is
known to be a better imaging
agent in identifying bone me-
tastases based on its superior
pharmacokinetic characteris-
tics combined with superior
resolution of PET imaging com-
pared with conventional bone-
seeking agents as °°™Tc-MDP.
After diffusing through capil-
T ] laries into bone extracellular
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Figure 4. ROC curve coming from using different thresholds of patient aver-
aged SUVmax to discriminate between degenerative and metastatic bone
lesions; Area under the curve (AUC) = 0.976 (0.804-0.997).

metastases showed statistically significantly
higher SUVmax than DJD (p < 0.001) when
looking at all lesions (Figure 1) as well as when
comparing the average SUVmax for bone
metastases to the average SUVmax for DJD
within the patient (Figures 2 and 3). Variation of
thresholds applied to the average SUVmax val-
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1.0 fluid, fluoride ions exchange
with hydroxyl groups in hydro-
xyapatite crystal bone to form
fluoroapatite which is mainly
deposited at the surface
where there is greatest bone
remodeling and turnover [6].
Although the uptake pattern is similar for both
agents, 8F-NaF shows high target to back-
ground ratio due to its minimal protein binding,
lower molecular weight resulting in faster blood
clearance and a 2 fold higher uptake compared
to Tc-99m polyphosphonates [18]. *¥F-NaF is
found to be superior compared to conventional
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Figure 5. 72 year old male with CRPC(Castrate resistant prostate cancer). F-NaF PET/CT images of upper tho-
racic spine. CT (left), PET (middle) and fused PET/CT images (right) in axial, coronal and sagittal views. Prominent
increased uptake is seen in the spinous process metastatic lesion on PET images (thick black arrow); CT images
show a sclerotic lesion in the spinous process. (Thick white arrow). Increased uptake (thin black arrow) is also seen
in a thoracic vertebra which corresponds to an osteophyte on CT images (thin white arrow). The intensity of uptake
in the osteophyte is much less compared to the uptake seen in the spinous process.

planar or SPECT skeletal scintigraphy as
increased uptake is found in both sclerotic and
lytic metastases. But high sensitivity of 18F-NaF
is also seen in non-malignant bone pathologies
such as DJD. This limits the specificity of 8F-
NaF PET in differentiating between a benign
and a metastatic lesion [19]. The pattern of
uptake is somewhat helpful as metastatic
lesions typically tend to involve the posterior
part of the vertebral body and pedicle or involve
the vertebra extensively in advanced cases.
Increased uptake in the osteophytes, end-
plates, spinous processes and around joints is
considered benign [20]. In rare cases, the
metastasis may be isolated to the lamina or the
spinous process [21]. In our study prominent
increased uptake was identified in the spinous
process in 4 patients, which was found to be
metastatic based on radiologic characteristics
as well as the intensity of uptake (Figure 5).

Studies measuring regional skeletal kinetic
parameters using compartmental modeling
and nonlinear regression analysis using PET
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tracers have been reported to have a role in dif-
ferentiating malignant from benign lesions as
well as for monitoring response to therapy [15,
22]. The clinical utility of SUVmax in differenti-
ating benign from metastatic disease has not
been reported so far for *8F-NaF PET/CT. The
use of a semi-quantitative method of measur-
ing SUVmax within a region of interest in oncol-
ogy imaging using Fluorine-18 Fluorodeo-
xyglucose (8F-FDG) is well-established and is
considered as the most widely used parameter
for quantitation of lesions in *8F-FDG PET/CT
studies [23]. 18F FDG uptake reflects the meta-
bolic rate of glycolysis in tumors and thus pro-
vides additional information to morphologic
imaging [24]. However 18F FDG PET/CT is known
to be less senitive than bone scintigraphy for
0sseous metastases in prostate cancer [25].

In our preliminary study we found a statistically
significant difference in SUVmax between DJD
and bone metastases. This holds promise for a
future potential role of measuring the degree
oF-NaF uptake in bone metastases and DJD

Am J Nucl Med Mol Imaging 2015;5(2):162-168



Differentiation of metastatic vs degenerative joint disease

lesions in prostate cancer patients using
SUVmax in accurately differentiating between
benign and metastatic bone disease. The
uptake of *8F-NaF depends on a number of fac-
tors including blood flow, regional osteoblastic
activity as well as on renal clearance [26]. In
our study we found statistically significant dif-
ference in the SUVmax value of DJD from bone
metastases which could be likely related to
more high osteoblastic activity in the cancel-
lous bone in response to bone metastases.
Cook et al in 2011 published a study using &F-
NaF to assess response in castrate resistant
prostate cancer patients treated with Radi-
um-223 Chloride (Ra-223) by looking at chang-
es in SUVmax values [27]. However they did not
look at SUVmax value to differentiate between
DJD and bone metastases. To the best of our
knowledge no study is currently available using
SUVmax in *¥F-NaF PET/CT to differentiate DJD
from bone metastases.

There were few limitations of this study includ-
ing the small sample size. There was also some
overlap of SUVmax values between DJD and
bone metastases. None of the metastatic or
DJD lesions were biopsied to confirm histopa-
thology. However in the clinical world this is
done not very frequently. The semi-quantitative
method of SUVmax has already been criticized
especially in FDG PET primarily due to its vul-
nerability to a large number of factors of vari-
ability. The favorable kinetics of fluoride hold
promise as it is not affected by patient’s glyce-
mic status suggesting that the SUV of 8F-NaF
fluctuates less than the SUV in a FDG PET study
[28, 29]. Further prospective studies are need-
ed in the future to establish a more robust role
of SUVmax as a semi quantitative parameter in
accurately identifying metastatic disease to the
skeleton from benign lesions with 8F-NaF PET/
CT.

Conclusion

This pilot study demonstrated that bone metas-
tases have a significantly higher SUVmax com-
pared to DJD. The SUVmax value along with CT
characteristics of the lesions should further
enhance the diagnostic accuracy of ®F-NaF
PET/CT. Accurate identification and quantifica-
tion of osseous lesions can be a step towards
using ‘8F-NaF PET/CT as a reliable imaging bio-
marker in the future.
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