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Abstract The aim of this guideline is to provide minimum
standards for the performance and interpretation of '*F-NaF
PET/CT scans. Standard acquisition and interpretation of nu-
clear imaging modalities will help to provide consistent data
acquisition and numeric values between different platforms
and institutes and to promote the use of PET/CT modality as
an established diagnostic modality in routine clinical practice.
This will also improve the value of scientific work and its
contribution to evidence-based medicine.
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Preamble

This practice guideline is an educational tool designed to help
advance the knowledge regarding '*F-NaF PET/CT imaging
and to improve the quality of service to patients throughout
Europe. It represents a policy statement by the European As-
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sociation of Nuclear Medicine (EANM) and has been subject-
ed to extensive review, requiring the approval of oncology and
bone and joint committees, as well as the directory board of
EANM.

The practice guidelines assist practitioners to follow a rea-
sonable course of action based on current knowledge in pro-
viding effective and safe medical care for patients. They are
not intended to establish a legal standard of care. Thus, the
final decision regarding the appropriateness, indication, and
priority of any specific medical procedure must be made based
on reasonable judgment of the physician in light of the condi-
tion of the patient, limitations of available resources, advances
in knowledge, and consequence of the course of action.

Introduction

'®F Sodium Fluoride ('®F-NaF) is a positron-emitting, bone
seeking, radiopharmaceutical that was used briefly for skeletal
scintigraphy in the 1970s [1-3]. However, its clinical use was
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limited at that time mainly due to its high 511 keV energy
annihilation photons, the logistic difficulties in delivering a
tracer with short half-life of 110 min, as well as due to the less
than ideal features of conventional gamma cameras. With the
advent of the first technetium-99 m (°°™Tc) based
phosphonates in the late 1970s and the development of the
Anger camera, ' *F-NaF was largely replaced by **™Tc-labeled
phosphonates that have optimal characteristics for conven-
tional gamma cameras [2, 3].

During the last few decades, bone scintigraphy has been
used routinely in the assessment of malignant and benign dis-
eases in the skeleton. However, it shows limited sensitivity
and specificity. The advent of single photon emission tomog-
raphy (SPECT) in particular in combination with computed
tomography (CT) has further increased the diagnostic accura-
cy of planar bone scintigraphy and its clinical applications [4,
5]. Increasing implementation of PET/CT devices and use of
'8F Jabeled agents in the last few years has rekindled the in-
terest in using '*F-NaF.

Common standards will help consistent data acquisition
and numeric values between different platforms and institutes
to promote the use of PET/CT modality and optimal imaging
that would be acceptable by any clinician in any institute. This
will also increase the value of scientific work and its contri-
bution to evidence-based medicine which is necessary for op-
timal patient management and standard health care in different
hospitals. This guideline will, therefore, provide general infor-
mation about '®F-NaF PET/CT to assist physicians to carry
out, interpret, and document '*F-NaF PET/CT studies and to
standardize diagnostic quality and quantitative information.

Principle and definitions

See European Association of Nuclear Medicine procedure
guidelines for tumour PET imaging [6] and the Society of
Nuclear Medicine practice guideline for '*F-NaF PET/CT
bone scan 1.0 [7].

Preparation

"F_NaF is produced by 11-MeV proton irradiation of '*O-
water in a tantalum target body (10) using a cyclotron. The
irradiated aqueous solution containing '*F-NaF is diluted with
sterile water (5 mL) and passed through a cation exchange (H"
form) cartridge. The eluent from the cation exchange cartridge
is passed through an anion exchange (HCO3™ form) cartridge
to trap the '®F NaF. The anion exchange cartridge is then
flushed with 10 mL of sterile water, and the 18 F fluoride is
then eluted with 10 mL of sterile normal saline and is passed
through a sterile filter into a sterile multidose vial [2]. The
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quality control tests for the "*F-NaF conform to the European
Pharmacopeia.

Pharmacokinetics and uptake mechanism

PET with the short half-life bone seeking agent '*F-NaF
(T1=110 min) provide a unique way of assessment of re-
gional bone metabolism that complements other investiga-
tions such as bone biopsy and biochemical markers as an
assistant tool for research studies [8, 9]. '®F-NaF binds to sites
of new bone formation and serves as a marker of bone blood
flow and osteoblastic activity [10—12]. Bone is composed of
two thirds mineral and one third collagen, an extracellular
matrix, and a variety of bone lining cells. The mineral matrix
is composed of calcium hydroxyapatite. Uptake of '*F-NaF
has a similar mechanism to **™Tc-MDP. Following chemi-
sorption of fluoride ions onto the surface of hydroxyapatite,
they exchange with the hydroxyl (OH") ions in the crystal,
forming fluoroapatite [13].

Cas(PO,),0H + F~ — Cas(PO,),F + OH

'"®F_NaF undergoes rapid blood clearance with first-pass
clearance close to 100 % [14] mainly due to a negligible pro-
portion of protein binding. Plasma clearance is very rapid, and
only 10 % of '*F-NaF remains in the plasma in about 1 h after
injection [2], and the 5 h integrated plasma concentration was
only 1.1-2.6 % of the dose per liter. The reported 5 h cumu-
lative urine excretion was 7.4-24.8 % in eight patients [2, 15].
Approximately 50 % of the injected '®F-NaF is taken up in
bone [3] and about 30 % of the injected dose is in red blood
cells, which does not interfere with bone uptake as '*F-NaF
freely diffuses across the cell membrane [2]. The remainder
excreted by the kidneys by 6 h after tracer administration.
These properties permit a short uptake time of '*F-NaF
allowing early imaging acquisition.

Moreover, quantitative '*F-NaF PET imaging provides a
novel way to study bone metabolism as an additional research
tool besides conventional measurements using bone turnover
markers in the investigation of new treatments for osteoporo-
sis. The advantage of '*F-NaF PET to bone markers that mea-
sure the integrated response to treatment across the whole
skeleton is to distinguish the changes occurring at sites of
particular clinical interest such as the hip and spine [16, 17].
Dynamic PET imaging can be used to measure the effective
bone plasma flow (K, from which bone blood flow can be
estimated) and the fluoride plasma clearance to bone mineral
(K;) at sites within the field of view of the PET scanner. Fol-
lowing completion of the dynamic scan, a series of static scan
images can be used to estimate K; at any number of additional
sites throughout the skeleton provided between two and four
venous blood samples are taken to derive the input function.
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Standardised uptake values (SUVs) in bone can also be mea-
sured [18].

Indications

PET is an evolving diagnostic imaging modality with occa-
sional differences in indications between individual countries
depending on their health care systems.

The Centers for Medicare and Medicaid Services
(CMS) issued a decision memorandum regarding the use
of '"®F-NaF PET for detection of bony metastasis in Feb-
ruary 26, 2010, that “the available evidence is sufficient
to determine that '®F-NaF PET imaging to identify bone
metastasis of cancer to inform the initial antitumor treat-
ment strategy or to guide subsequent antitumor treatment
strategy after the completion of initial treatment, is rea-
sonable and necessary”; however, the CMS has concluded
that the evidence is not sufficient to determine that the
results of '®F-NaF PET imaging to identify bone metasta-
ses improved health outcomes of beneficiaries with can-
cer, and therefore, this use is not reasonable and necessary
under the Social Security Act [19]. This resulted in the
creation of the National Oncologic PET Registry for '*F-
NaF (NOPR '®F-NaF PET) [20-22]. The initial results of
NOPR in prostate cancer patients showed that the post
imaging plan was revised to treatment in 77 % of patients
referred for initial staging. The authors reported a high
overall impact of '®F-NaF PET, principally related to its
effect on replacing intended use of other advanced imag-
ing. Its imaging adjusted impact was similar to that ob-
served with '"®F-FDG PET for restaging or suspected re-
currence in other cancer types [21].

In non-prostate cancer patients '°F-NaF PET led to change
in intended management in a substantial fraction of patients
[22].

Conventional **™Tc-MDP bone scintigraphy has been the
method of choice for the assessment of bone metastases in
cancers with various entities especially in prostate, lung, and
breast cancers, since it provides a whole body survey with
acceptable sensitivity at a relatively low cost [23, 24].

Applications of bone scintigraphy in the assessment of ma-
lignancies include initial staging, therapy monitoring and de-
termining the areas at risk for pathological fracture. In addi-
tion, bone scintigraphy allows depicting various benign bone
diseases such as metabolic and inflammatory bone diseases, as
well as orthopedic disorders. In spite of the relative high sen-
sitivity of **™Tc-MDP scintigraphy for the assessment of ad-
vanced bone metastases, it may have limited value in the de-
tection of early bony involvement because this technique re-
lies on the determination of the regional blood flow as well as
osteoblastic activity of the bone lesions rather than the identi-
fication of the tumor itself. In addition, conventional planar

scintigraphy showed limited spatial resolution for the detec-
tion of bone metastases in particular in complex skeletal struc-
tures such as spine, skull, and pelvis [25] that also affect its
sensitivity [26]. Many studies show that single photon emis-
sion computed tomography (SPECT) can minimise the short-
comings of planar bone scintigraphy in the assessment of the
spine [23, 27-34]. With development of the scanners capabil-
ities, multi-field of view SPECT and SPECT/CT are proposed
as superior methods compared to localized SPECT for the
evaluation of bone metastases throughout the entire skeleton
[35, 36].

Hence, the transition to the better resolution of PET/CT
for assessment of bone metastases is demanding, with the
use of the positron emitter '*F-NaF as the radiotracer of
choice. Recently, many studies have assessed the impact
of PET or PET/CT in the assessment of bone metastases
with the use of the positron emitter '*F-NaF as the radio-
tracer of choice [35-40]. They showed that 'F-NaF PET
is more accurate than **™Tc-MDP planar imaging or
SPECT for the assessment of malignant bone diseases.
The higher-quality imaging, increased clinical accuracy,
greater convenience to the patient and referring physician,
and more efficient use of nuclear medicine resources all
indicate the need to reconsider the use of '®*F-NaF PET for
imaging malignant skeletal diseases [37]. Despite the high
performance of '®F-NaF PET/CT, its clinical use remains
limited because of the still-limited availability of PET/CT
scanners when compared with gamma cameras, lack of
uniform reimbursements, and lack of standard validated
interpretation criteria.

The main clinical indications of '*F-NaF PET/CT are iden-
tification of bone metastases, correct determination of the ex-
tent of disease, and localization of the malignant bony lesions
[24, 35, 37, 41-46]. However, based on current data, the fol-
lowing indications have been suggested to be appropriate in
certain cases:

Benign bone disease

*  Metabolic bone disease and assessment of the therapy [47]

*  Osteomyelitis

* Spondyloarthropathies, axial and/or peripheral forms [48,
49]

*  Osteoarthritis (hip, knee, foot) [50, 51]

*  Avascular osteonecrosis [52—55]

* Paget’s disease [56]

* Foot pain of unclear origin [57]

*  Unexplained pain syndrome

Orthopedic applications

* Heterotopic ossification

@ Springer



1770

Eur J Nucl Med Mol Imaging (2015) 42:1767-1777

* Complex regional pain syndrome

» Painful prosthetic joints [58, 59]

* Trauma and overuse injuries [60]

*  Occult (stress) fractures

» Insufficiency fractures

* Spondylolysis and spondylolisthesis
* Enthesopathies

+ Viability of Bone grafts [61]

Malignant bone disease

*  Primary bone malignancies [62]

* Metastatic bone disease and evaluation of the treatment
response

*  Abnormal radiographic or laboratory findings

Pediatric bone diseases [46]

*  Bone Trauma, child abuse [63]

* Back pain [48, 64]

*  Osteochondrosis and condylar hyperplasia [65]
*  Osteoid osteoma [46]

» Langerhans cell histiocytosis [46]

Necessary data for requesting '*F-NaF PET/CT

Requisition for '®F-NaF PET/CT by the referring physician
should ideally be accompanied by a concise summary of the
patient’s history with a relevant clinical question.

« Indication, reason for requesting '*F-NaF PET/CT

* Height and body weight (if semi-quantitative measure-
ment by SUV is required). Weight must be measured di-
rectly prior to each PET study as body weight may not be
constant during the course of disease

* History of malignancy (if known, tumor type and site)

*  Oncology prior history (date of type of previous therapeu-
tic intervention, e.g., chemo- and/or radiotherapy)

* Previous fractures or recent trauma (date and site of injury)

» Previous orthopedic surgery and relevant dates (date, type,
and site of intervention)

* Previous infection and its location

»  Urinary diversion procedures

* Location of any bone pain

* The results of other imaging modalities (especially bone
scan, CT, or MRI).

@ Springer

Patient preparation

The patients should be fully informed about the concept and
technical performance of the examination. Principally, '*F-
NaF PET/CT has the same preparation as bone scintigraphy
[7, 66] (see also the EANM practice guideline for bone scin-
tigraphy 2014).

* Regarding pregnant or breastfeeding patients, see
Section VI of the SNM Procedure Guideline for General
Imaging or national guidelines. Examinations involving
ionizing radiation should be avoided in pregnant women,
unless the potential benefits outweigh the radiation risk to
the mother and fetus.

+ Patients should be well hydrated before the study and
during the uptake time [at least two glasses (about
450 mL) of water] in order to enhance renal excretion,
reducing radiation exposure and achieving optimal target
to background ratio. Patients are also encouraged to drink
more frequently for the remainder of the day.

» Patients should be asked to empty their bladders before
image acquisition.

* Any metal objects should be removed to prevent attenua-
tion artefacts.

» Patients do not need to fast and are allowed to take all their
usual medications.

Dosage of radioactivity

'"F_NaF is injected intravenously by direct venipuncture or
intravenous catheter as follows:

e Adults: 1.5-3.7 MBq /kg; a maximum recommended dose
(370 MBq) should be considered for obese patients.

* Pediatrics: 2.2 MBg/kg is administered with a minimum
activity of 18.5 MBq and the maximum level not exceed-
ing 185 MBgq.

High administered doses (which do not result in improved
diagnostic sensitivity or accuracy) or low doses (which do not
permit an adequate imaging examination) should be consid-
ered unnecessary radiation exposures. Dose estimations for
pediatric patients that are based on adult dose corrected for
body weight are generally reasonable guides for children older
than 1 year of age. Premature infants and newborns require
special consideration, and minimum total doses may be used.
Minimum total dose can be defined as the minimum dose of
radiopharmaceutical administered activity below which the
study may likely be inadequate, regardless of the patient’s
body weight [67].
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Oral administration of '®F-NaF has been performed previ-
ously. Because of rapid and complete intestinal absorption of
'8F_NaF, its image quality seems to be comparable with intra-
venous administration. However, incomplete absorption of
"F_NaF in some patients may cause increased tracer uptake
in the gastrointestinal tract [68], which seems not to affect the
diagnostic accuracy of this modality when using current hy-
brid PET/CT devices. This route of administration may repre-
sent an alternative to intravenous injection in patients with
difficult venous access; however, this does not allow
quantification.

Image acquisition

In patients with normal renal function, acquisition of the axial
skeleton may begin about 30-45 min after administration of
the radiopharmaceutical, due to prompt blood clearance and
rapid skeletal uptake of '*F-NaF. However, it is necessary to
wait longer to obtain high-quality images of the extremities,
with a start time of 90-120 min for imaging of the upper and
lower extremities.

* For patient positioning see the EANM Procedure Guide-
line for Tumor Imaging with '*F FDG PET/CT [6]. Arm
position during scanning depends on the indications for
the study. The arms may be by the sides for whole-body
imaging or elevated when only the axial skeleton is
scanned.

* PET images may be acquired in 2- or 3-dimensional
mode. Three-dimensional mode is recommended for
whole-body acquisition because the higher count rates
compensate for the shorter acquisition times required for
imaging a large area [7].

* Acquisition time per bed position will vary depending on
the amount of injected radioactivity, uptake time, body
mass index, body habitus of the patient, and camera fac-
tors. To obtain high-quality skeletal images on current
devices, emission scans with acquisition times of 1—
2 min per bed position in 3D mode are performed depend-
ing on the above mentioned parameters.

e Usually a 128 x 128 matrix will be applied for image ac-
quisition, although a 256x256 matrix may be advanta-
geous if processing times are reasonable. Commercially
available software packages for iterative reconstruction
are widely available. The optimal number of iterations
and subsets, filters, and other reconstruction parameters
will depend on patient and camera factors. In general,
the same reconstruction protocols as are used for imaging
"F-FDG PET may be used for '*F-NaF. Maximum inten-
sity projection images should be generated to help facili-
tate lesion detection.

Combination imaging with simultaneous '*F-FDG and
'"F_NaF injection has been reported [69—71]; however, there
is not sufficient data to support its use in routine clinical
practice.

Whole-body CT of PET/CT imaging is acquired either im-
mediately before or after the emission scan to provide CT
based attenuation correction and anatomic localization. The
CT protocol depends on the indications for the study and the
likelihood that radiographic findings will add diagnostic in-
formation. The need for additional diagnostic information
should always be weighed against the increased radiation ex-
posure from CT. Dose parameters should be consistent with
the principles of ALARA (as low as reasonably achievable).

The usual CT settings sufficient for attenuation correction
and localization are a tube current of 30 mA, voltage of 120
kVp, rotation of 0.5 s, and pitch of 1.

Quantitative '*F-NaF PET imaging
The Hawkins method

Quantitative '*F-NaF PET studies are often performed using
the dynamic scan method first described by Hawkins et al. [8].
This was the first radionuclide imaging technique to measure
bone plasma clearance rather than bone uptake, and the meth-
od has since been widely adopted by other researchers
[72-75]. The typical value of the '*F-NaF plasma clearance
to bone mineral in the lumbar spine is 0.03 mL min~' mL™
(e.g., the amount of tracer taken up in one millilitre of bone
tissue in 1 min is the same as that transported in 0.03 mL of
plasma) [18, 76]. The protocol of quantitative '*F-NaF PET
imaging is shown in Table 1.

In the Hawkins method, the subject receives a bolus injec-
tion of '8F-NaF in a 10-mL saline solution, and simultaneous-
ly a 60-min dynamic PET scan is acquired, imaging the cho-
sen site in the skeleton. A set of protocols for image acquisi-
tion and reconstruction are summarised in Table 1 [76]. The
bone ROIs are restricted to the 15-cm section of the human
body that can be included in the field of view of the PET
scanner, for example, the lumbar spine (L1-L4) or the hip.
To measure bone plasma clearance, it is also necessary to
obtain the arterial input function (alF), and this can be done
either by direct monitoring using an arterial blood line [8, 56,
74, 75] by using an image derived input function from an ROI
placed over the abdominal aorta,*® or by using a population
derived curve calibrated against venous blood samples obtain-
ed 30 to 60 min after injection.[73]

The object of the dynamic PET scan is to obtain the time-
activity curves (TAC) for the concentration of '®F-NaF in the
bone ROI and arterial blood during the first 60 min following
the bolus injection. Both curves are corrected for radioactive
decay of '®F back to the time of injection. These curves are
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Table 1
reconstruction [57]

Protocols for quantitative PET image acquisition and

Acquisition
Scan mode
Frame times:

Patient preparation:

CT scout scan:
Patient positioning:

Injected activity:

Injection protocol:

Blood sampling
(for semi-population
arterial input function)

Reconstruction
parameters:

60-min dynamic study
on PET/CT scanner

2D or 3D

24 x5 s.
4x30 s.
14%240 s.

Patient should be well
hydrated and comfortable
on scan table

10 mA at 120 kVp
Spine: L1-L4 including
bottom of T12 and top of L5

Hip: 1 cm above acetabulum
to mid femoral shaft

90 MBq (lumbar spine) or
180 MBq (hip)
'8F-NaF in 10 mL saline

TO: Start dynamic scan
TO+10 s: Start injection of 'SF-NaF
TO0+20 s: Finish injection.

Follow with 10 mL saline flush
TO0+30 s: Finish saline flush

Venous blood samples (1.5 mL)
from opposite arm to injection
at 30, 40, 50, and 60 min
Matrix size: 128 %128
Reconstruction: Filtered back projection

Attenuation correction: From CT image
Transaxial filter: Hanning 6.3 mm
Random correction: Correction from singles
Deadtime correction: Yes

Scatter correction: Yes

then analysed using the compartmental model (the Hawkins
model) shown in Fig. 1 to find the effective bone plasma flow
to bone tissue (K;) and the plasma clearance to the bone min-
eral compartment (K;) [8]. In the Hawkins model the rate
constant K, describes the clearance of '*F-NaF from plasma
to the unbound bone pool, 4, the reverse transport from the
unbound bone pool back to plasma, k3 the forward transport
from the unbound bone pool to bone mineral, and k4 the re-
verse flow. Bone blood flow can be estimated from K;

knowing the packed cell volume and the first pass extraction
of '8F-NaF, which is often assumed to be 100 % [77, 78]. The
parameter K; representing the plasma clearance of '*F-NaF to
bone mineral is calculated from the following equation [8, 76]:

Ki = Kixk3/ (k2 + k3) mL min"'mL"™" (1)

In Eq. (1) the ratio k3 / (ky+k3) represents the fraction of
tracer initially cleared to bone tissue that binds to bone mineral
and takes values between 0 and 1.0. The use of X; to study
bone formation was validated in two reports that found corre-
lations with histomorphometric indices of bone formation and
mineral apposition rate [12]. Alternative methods to the Haw-
kins model for analysing the bone TAC and IF curves to eval-
uate K| and K; include deconvolution and spectral analysis
[79]. A fourth method, the Patlak plot, provides a simple
graphical method of evaluating K;, but cannot be used to find
K, [79].

Standardised uptake values

A simpler method of quantifying PET studies that avoids
the need to find the input function is to measure
standardised uptake values (SUVs) by normalising the
mean '®F-NaF concentration in the bone region of interest
for injected activity and body weight [SUV ,c.n=Mean
kBg/mL x Body Weight (kg)/Injected Activity (MBq)].
In PET studies that image malignant disease it is common
to evaluate mean or peak values of SUV, and this practice
can be justified on the grounds of the frequent lack of
homogeneity of tracer uptake seen in tumours [80]. How-
ever, SUV measurement is not routinely used in interpre-
tation of '®F-NaF PET/CT studies. In addition, in osteo-
porosis and other types of diffuse metabolic bone disease,
the 'SF-NaF uptake in bone tissue such as the vertebral
body or the femoral shaft is quite uniform, and so the
mean SUV within the bone ROI is a more appropriate
index than the maximum value. It is important to mention
that accurate quantitative analysis warrants standard scan-
ner calibration, acquisition parameters as well as image
reconstruction.

K, ks
> —_—>
UNBOUND BOUND
PLASMA
e BONEPOOL |e BONE POOL

Fig. 1 The Hawkins compartmental model [8] used for the analysis of
"8E_NaF PET dynamic bone scans. The rate constant K; describes the
effective bone plasma flow to the unbound bone pool, 4, the reverse
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transport of tracer from the unbound bone pool back to plasma, &3 the
forward transport from the unbound bone pool to bone mineral, and k4 the
reverse flow
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One disadvantage of the Hawkins method is that with a
single injection of '®*F-NaF it is only possible to perform a
single 60-min dynamic scan at one chosen site in the skeleton
[76]. Therefore, the measurements are restricted to the 15-cm
field of view of the PET scanner. In contrast, SUV measure-
ments have the advantage that they require only a short (2—
5 min.) static scan at the measurement site compared with the
60-min scan required by the Hawkins method. Hence, with a
series of static scans starting 3040 min after injection it is
possible to measure SUVs over most of the skeleton during a
period when the bone time-activity curve is only slowly
changing [76].

To date, only a few studies have assessed SUV impact
on the reporting of '®F-NaF PET/CT because it is not
routinely used in interpretation of the bone studies. One
study measured the SUVmax of '®F-NaF uptake in meta-
static lesions in a variety of malignancies. Sclerotic or
mixed lesions had higher SUV values than lytic sites.
The same was found for lesions involving both the cortex
and medulla when compared to those involving only the
cortex or the medulla [81]. In a study comparing '*F-NaF
to F-18 fluorocholine (FCH) PET/CT in patients with
prostate cancer, SUVmax was measured in all bone me-
tastases [82]. With '®F-NaF, mean SUVmax in malignant
lesions was considerably higher comparing to benign le-
sions. The applicability of this statement in routine clini-
cal work is however questionable as certain benign bone
entities including fibrous dysplasia, Paget’s disease and
acute fractures can demonstrate very intense uptake [46].
Interval changes in SUVmax have been found in a small
number of patients to be able to predict response to ther-
apy, even in the absence of differences on visual compar-
ison [83].

Radiation dosimetry

The effective dose to the patient from an injection of
370 MBq of '®F-NaF is about 8.9 mSv compared to
4.2 mSv for 740 MBq of **™Tc-MDP for SPECT [71].
However, considering higher sensitivity and diagnostic
accuracy of new PET/CT scanners which provide high
quality images with lower tracer activity (i.e., 2.0 MBq/
kg), the radiation burden of '*F-NaF PET/CT seems to be
similar or even less than **™Tc-MDP scan depending on
the applied activity and CT acquisition parameters. A
meta-analysis reported a range of values of 2.7 to
15.0 mSv for '®F-NaF versus 4.2 to 5.7 mSv for **™ Tc-
MDP, respectively [84]. In children, these values are low-
er [48]. The radiation exposure associated with the CT
component of PET/CT and SPECT/CT studies is highly
variable and ranges from less than 1 mSv for CT-
attenuation correction only [85], to about 8 mSv for a

diagnostic CT scan [86]. A typical value for an effective
low-dose CT used for localization and attenuation correc-
tion is 3.2 mSv [7]. Consequently, the total effective dose
of '"®F-NaF PET with a low-dose CT bone scan is approx-
imately 12.1 mSv compared to approximately 7.4 mSv for
a bone SPECT/CT. The radiation dosimetry of **™Tc-
MDP bone scintigraphy versus '*F-NaF PET is shown in
Table 2.

Normal biodistribution and image interpretation

See also EANM Procedure Guideline for conventional bone
scintigraphy 2014.

In general, normal '*F-NaF PET demonstrates uniform
tracer distribution throughout the skeleton. The pattern of
physiologic tracer uptake may also be slightly non-
homogeneous which reflects differences in regional blood
flow as well as differences in the bone crystal surface area
accessible to the tracer [68]. Normal growth causes in-
creased tracer uptake in the metaphyses of children and
adolescents. Normal '®F-NaF shows generally a symmet-
rical tracer uptake except peri-articular regions that may
show variable pattern of tracer uptake. Normal urinary
washout is the major route of tracer excretion which leads
to kidney, ureters, and urinary bladder visualization if re-
nal function is within the normal limits. However, the
degree of tracer accumulation in the urinary tract depends
on the renal function, state of hydration and interval be-
tween tracer administration and acquisition [7]. Bone to
soft tissue contrast reflects the amount of '*F-NaF in
blood pool at the time of imaging. Hyperemia may cause
local or regional increased of soft tissue uptake.

Any causes of altered bone metabolism may cause in-
creased 'SF-NaF uptake which is mainly dependent on
regional blood flow and/or new bone formation. Lesions
with minimal osteoblastic bone changes, or mainly
osteolytic changes may show different patterns from un-
detectable to activity only at the rim of periphery of a
lesion or even markedly increased tracer uptake [42, 87].
'8F_NaF uptake may be quite prominent in benign find-
ings as well. Therefore, the degree of '®F-NaF uptake
cannot differentiate benign from malignant lesions. Nev-
ertheless, the pattern of tracer uptake may be suggestive
or rather characteristic of a specific diagnosis [7]. The CT
component of PET/CT, even when performed for attenu-
ation correction and localisation, potentially improves the
interpretation. For those who are routinely reading con-
ventional bone scans, a learning curve is associated with
the interpretation of '®F-NaF PET/CT prior to becoming
familiar with the normal and sometimes prominent hetero-
geneity of tracer distribution.
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Table 2 Radiation dosimetry of *™Tc MDP bone scintigraphy versus '*F-NaF PET [88, 89]

Tracer Adult (70 kg) 15 years (55 kg) 10 years (32 kg) 5 years (19 kg) 1 year (9.8 kg)
PmTe-MDP
Administered activity (MBq) 518 407 237 141 73
Effective dose in mSv/MBq (mSv) 0.0057 (3.0) 0.0070 (2.8) 0.0110 (2.6) 0.0140 (2.0) 0.0270 (2.0)
Bladder wall in mGy/MBq (mGy) 0.048 (24.9) 0.060 (24.4) 0.088 (20.9) 0.073 (10.3) 0.130 (9.5)
Bone surfaces (mGy) 0.063 (32.6) 0.082 (33.4) 0.130 (30.8) 0.220 (31.0) 0.53 (38.7)
Red marrow (mGy) 0.0092 (4.8) 0.010 (4.1) 0.017 (4.0) 0.033 (4.7) 0.067 (4.9)
'8F_NaF
Administered activity (MBq) 148 116 68 40 21
Effective dose in mSv/MBq (mSv) 0.027 (4.0) 0.034 (3.9) 0.052 (3.5) 0.086 (3.4) 0.170 (3.6)
Bladder wall in mGy/MBq (mGy) 0.22 (32.6) 0.27 (31.3) 0.40 (27.2) 0.61 (24.4) 1.10 (23.1)
Bone surfaces in mGy/MBq (mGy) 0.040 (5.9) 0.050 (5.8) 0.079 (5.4) 0.130 (5.2) 0.300 (6.3)
Red marrow in mGy/MBq (mGy) 0.040 (5.9) 0.053 (6.1) 0.088 (6.0) 0.180 (7.2) 0.380 (8.0)

Values in parentheses are doses in mGy (mSv for effective dose) for administered activity listed in table for that patient size

Documentation and reporting

See Society of Nuclear Medicine Guideline for '*F-NaF PET/
CT bone scans 1.0 [7] and European Association of Nuclear
Medicine procedure guidelines for tumour PET imaging [6].

General aspects

1. Document the appropriateness, necessity, performance,
and quality of the procedure

2. Timely response to the clinical question within the limits
of the examination

3. Findings likely to have a significant, immediate influence
on patient care should be communicated to the requesting
physician or an appropriate representative in a timely
manner.

4. All actual or tried communications should be documented
as appropriate.

5. Significant discrepancies between an initial and final re-
port should be directly communicated, reconciled, and
documented.

6. Expedite and assure correct billing

Contents of the report

See also EANM guidelines for FDG PET and PET/CT
imaging.
The report should provide:

1. Study identification

2. Clinical information
3. Procedure description

@ Springer

4. Findings description (including clinical findings and qual-
ity of exam)
5. Conclusion and comment

Equipment specification, quality control

See “equipment specification” and “quality control” of FDG
PET and PET/CT imaging: EANM procedure guidelines for
tumor imaging.

Radiation safety

In all patients, the lowest exposure parameters to obtain the
appropriate diagnostic quality should be selected.

The effective dose for '*F-NaF is 0.024 mSv/MBq com-
pared to 0.0057 mSv/MBq for *™Tc-MDP. The radiation dose
to patients is about twice as high as using '*F-NaF for a typical
activity of 370 MBq '®F-NaF and 740 MBq **™Tc-MDP (i.c.,
8.9 mSv vs. 4.2 mSy, respectively).

No recommendation is provided concerning interruption of
breastfeeding for '*F-NaF in the International Commission on
Radiological Protection Publication 106, Appendix D [88];
however, the authors recommend that no interruption is need-
ed for breastfeeding patients administered *°™Tc-
diphosphonates. Nevertheless, summary of product character-
istics of the commercially available **™Tc-diphosphonates
should be considered.
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