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iscellaneous Cancers (Lung, Thyroid, Renal
ancer, Myeloma, and Neuroendocrine Tumors):
ole of SPECT and PET in Imaging Bone Metastases

ue Chua, MBBS, BSc, MRCPCH, FRCR,* Gopinath Gnanasegaran, MD,†

nd Gary J.R. Cook, MD, FRCR*

In this review, we assess the current role of single-photon emission computed tomog-
raphy (SPECT) and positron emission tomography (PET) in the imaging of skeletal
metastatic disease from a miscellaneous group of malignancies, including lung, thyroid,
and renal carcinomas; multiple myeloma; and neuroendocrine tumors, and consider
how recent advances may enhance their effectiveness in this area. Bone scintigraphy
using technetium-labeled diphosphonates has long been the mainstay of functional
imaging of bony metastases, but is of limited value in myeloma and aggressive osteo-
lytic metastases, and has the limitation of relatively poor specificity. SPECT, as a
tomographic imaging technique, produces three-dimensional images of tracer distribu-
tion from multiplanar images. Its application to bone scintigrams greatly aids accurate
anatomic localization and sensitivity in detection of foci of tracer uptake. SPECT can
equally be applied to scintigrams using radiotracers, which are specific for particular
groups of tumors, such as somatostatin analogs for neuroendocrine tumors. The advent
of combined SPECT/computed tomography (CT) systems has further enhanced the
accuracy of SPECT in all these malignancies. PET uses positron-emitting radiotracers
and achieves a higher spatial resolution than single-photon imaging. Its high resolution
and coverage of the entire body have made it a highly effective technique for the
evaluation of skeletal metastatic disease, particularly when combined with CT. 18F-
fluorodeoxyglucose (18F-FDG)-PET/CT now forms part of routine staging for many
carcinomas, such as non–small-cell lung carcinomas, and may obviate the need for
routine staging scintigraphy in these patients. As uptake of the most common PET
radiotracer, 18F-FDG, is dependent on the increased cellular metabolism of most
tumors, it may enable earlier detection of metastatic foci than bone scintigraphy, which
relies on detecting an osteoblastic response. Another significant advantage of 18F-FDG-
PET is that it can detect soft-tissue components of metastases, which is particularly
important in aggressive osteolytic metastases. The effectiveness of 18F-FDG-PET is
limited in slow-growing tumor types, but 18F-sodium fluoride, a bone radiotracer that
can detect early osteoblastic changes, shows promise in this area. Bony metastases
from many neuroendocrine tumors can be detected with a high degree of specificity by
PET using somatostatin analogs. Other novel and often highly specific radiotracers are
under evaluation, which will further enhance the diagnostic capability of PET. The true potential of
PET in this group of malignancies is gradually unfolding, although studied series of patients remain
generally small and much further evaluation of its role is required.
Semin Nucl Med 39:416-430 © 2009 Elsevier Inc. All rights reserved.
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Miscellaneous cancers: Role of SPECT and PET in imaging bone metastases 417
his review looks at the application of single-photon emis-
sion computed tomography (SPECT) and positron emis-

ion tomography (PET) to the evaluation of the skeletal me-
astases of a miscellaneous group of tumors (lung, renal, and
hyroid carcinomas and neuroendocrine tumors), which fre-
uently metastasize to bone, and multiple myeloma. Meta-
tatic bony disease from these cancers often poses significant
roblems for the oncologist, usually mandating a radical
hange to the therapeutic approach, and in myeloma the
ccurate assessment of bony lesions is particularly important
or minimizing the of risk of pathologic fracture. From a
linical point of view, both SPECT and PET can be valuable
djuncts to routine pretreatment staging, especially in the
urther investigation of patients with suspicious findings on
one scan or skeletal survey, and can also play a role in
outine follow-up after therapy, the assessment of response
nd the detection of recurrence.

PECT
ssessing metastatic skeletal involvement is frequently be-
ond the scope of plain-film radiography, and nuclear imag-
ng in the form of bone scintigraphy has proved the mainstay
f detection and characterization of skeletal metastases for over
0 years. The technique uses technetium-labeled diphospho-
ates and relies on detection of abnormal osteoblastic re-
ponse elicited by the malignant cells. Bone scintigraphy of-
ers the advantage of total body examination, low cost, and a
igh degree of sensitivity (the exception to this has been, in
eneral, multiple myeloma, in which bone scintigraphs typ-
cally underestimate the amount of disease as myelomatous
eposits are usually purely osteolytic). The major limitation
f scintigraphy is its lack of specificity; many benign bone
athologies produce a hot spot on scintigraphy, which may
ot be distinguishable from a metastasis. Degree of avidity of
ptake is of little help here, and the interpreter is reliant on
he number of lesions and their location and distribution as a
uide to making this judgment. An experienced interpreter
an be quite specific for the presence of metastatic disease
sing these criteria but solitary skeletal lesions often remain

ndeterminate. SPECT has been shown to significantly im-
rove the predictive value of bone scintigraphy, and can also
e applied to scans with radiopharmaceuticals specific for
articular tumors, such as iodine-131 (131I) for differentiated
hyroid carcinoma (DTC) metastases and 131I or 123I meta-
odobenzylguanidine (MIBG) for neuroendocrine tumors. In
ne study, the addition of SPECT to bone scintigraphy im-
roved diagnostic accuracy from 70.4% to 92%, and pro-
uced results almost comparable to magnetic resonance im-
ging (MRI) (97.7%).1 One large study of bone SPECT used
s an adjunct to planar bone scintigraphy showed an over-
ll performance as follows: sensitivity 90.5%, specificity
2.8%, positive predictive value 73%, negative predictive
alue of 97.8%, and accuracy 92.4%.2 In expert hands, the
echnique can approach the performance of whole-body

RI, which is generally considered the best imaging mo-
ality for studying metastasis to the vertebrae in particu-
ar.3 d
SPECT, as a tomographic imaging technique with compu-
er-generated 3-dimensional images of tracer distribution, is
articularly useful in evaluating the vertebral column, which

s the most frequent site of bony metastasis.2 Most metastases
ffect the posterior part of the vertebral body, particularly the
osterolateral corner adjacent to the pedicle, whereas degen-
rative processes are more often associated with increased
ptake in either the facet joints, laminae and transverse pro-
esses, or end plate. Localization of the exact site of a verte-
ral hot spot is therefore essential to its accurate character-

zation. Although SPECT accuracy is significantly higher than
hat of planar scintigraphy, there is still room for improve-
ent of anatomic localization and characterization, a limita-

ion that has now been addressed with the advent of com-
ined SPECT/computed tomography (CT) systems that
erform both functions on a single gantry and produce fused
unctional and anatomic data in a single imaging session.4

ET
ET can achieve a higher spatial resolution than that of single
hoton imaging, a factor that can be particularly helpful in

nterpreting subtle bony lesions. A drawback is that the up-
ake of the main tracer used, namely, 18F-fluorodeoxyglucose
18F-FDG), is dependent on the higher glycolytic rates of
ost tumors compared with normal tissues.5 This reduces

he sensitivity of PET in the detection of metastases of slow-
rowing tumors, such as carcinoid tumors. It does, however,
ean that uptake is directly dependent on the presence of

umor cells rather than the osteoblastic bone reaction as in
he case of bone scanning, so that unlike the latter it can play
valuable role in myeloma.5 It is especially effective in exam-

ning the pattern and position of subtle vertebral abnormal-
ties. The addition of CT has significantly augmented the
iagnostic accuracy of PET, such that PET/CT is now re-
arded as a highly effective technique for the evaluation of
ony metastases. The only modality showing superior results

n this scenario is whole-body MRI, which is still not widely
vailable.3 Bone scintigraphy and 18F-FDG-PET should prob-
bly be considered as complementary investigations for the
resent, as some osteoblastic metastases may be more readily
isualized on scintigraphy than by PET, although the clinical
ignificance of PET negative metastatic deposits is unclear.
inally, 18F-FDG-PET has proved valuable in the localization
f equivocal skeletal lesions for biopsy.6

18F-sodium fluoride (18F-NaF) has been recognized as a
ighly sensitive radiotracer for skeletal imaging since the
arly 1970s,7 but it has since been largely superseded by
echnetium-labeled radiotracers because the high energy of
he annihilation photons produced by the decay of 18F neces-
itated special scanners.8 There is currently a resurgence in use
f this compound, as its clinical utility as a PET radiotracer has
ecome better recognized. In contrast to 18F-FDG-PET, which is
elieved to be less sensitive in detecting osteoblastic than os-
eolytic metastases, PET using 18F-NaF appears to be equally
ensitive in detecting both,9 and can apparently identify ex-
remely early osteoblastic changes in response to metastatic

eposits. Little data has been published, which directly com-
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418 S. Chua, G. Gnanasegaran, and G.J.R. Cook
are 18F-NaF and 18F-FDG, although there is a suggestion
hat 18F-NaF may be superior in detecting bony metastases
rom tumors with low FDG avidity, such as some thyroid
arcinomas.10 As with 18F-FDG-PET/CT, 18F-NaF PET/CT
as shown higher specificity than PET alone when applied to
bony metastases from a variety of primary tumors.11 Cost

nd reimbursement issues mean that 18F-NaF PET and
ET/CT are not yet widely used in clinical practice, usually
eing reserved for patients with a high clinical suspicion of
keletal metastases but a negative bone scan. Some experts
uggest, however, that the technique may eventually replace
one scintigraphy in its current role.12

ole of SPECT and PET
n Imaging Bone Metastases
n Miscellaneous Cancers
ung Cancer
ung cancer is the most frequently diagnosed cancer world-
ide and the leading cause of cancer deaths in both sexes.
keletal metastatic disease is present in 20%-30% of patients
t initial diagnosis9 and usually excludes curative therapy as
ell as carrying the risk of pathologic fracture. Exclusion of
ony metastases is particularly important in patients with
on–small-cell lung cancer (NSCLC), which is potentially
urable by surgery. Evaluation for metastases has conven-
ionally been performed by planar bone scintigraphy using
echnetium-99m methylene diphosphonate (99mTc-MDP) or
imilar compounds. One study carried out in 2004 deter-
ined that without skeletal scintigraphy 14%-22% of a

roup of lung cancer patients would have undergone unnec-
ssary surgery or neoadjuvant therapy.13 New guidelines
andating 18F-FDG-PET in NSCLC means that it has now

argely replaced scintigraphy as a staging tool in this disease,
here it is available.

PECT
lanar bone scintigraphy alone has been shown to be of lower
ensitivity than MRI and CT in detecting osteolytic and ver-
ebral column metastases in particular.14 In lung cancer, an
dvantage associated with its ability to image the entire skel-
ton is that it can demonstrate specific changes of hypertro-
hic pulmonary osteoarthropathy in patients with distal limb
ain. SPECT allows for more accurate anatomic localization
f areas of increased uptake, and tomographic reconstruc-
ions permit differentiation of structures that would other-
ise overlap on planar images.15 In a study of SPECT analysis
f suspicious vertebral lesions, extension of an area of in-
reased uptake from the vertebral body into the pedicle was
ound to be a useful sign in predicting malignancy.2 Other
athologic conditions centered on the disc space and verte-
ral body, which may be confused with metastases include
pondylodiscitis, vertebral body fracture, and degenerative
isease. Fractures may be visualized on SPECT as horizon-
ally orientated linear foci of increased uptake within the

ertebral body, while in discitis tracer uptake is centered p
bout the disc space and adjacent vertebral bodies and has a
ertical orientation.15 As noted above, metastases virtually
lways begin within the vertebral body, so that lesions con-
ned to the pedicle without involvement of the vertebral
ody proper are seldom malignant (this appearance is more
ommonly produced by fractures or osteoid osteoma).15

outine SPECT scanning as an adjunct to scintigraphy has
een recommended for newly diagnosed cases of lung cancer
s it is cost-effective and improves the accuracy of scintigra-
hy, changing clinical management in around 9% of patients

n a prospective study.9 Although 18F-FDG-PET may be more
ffective in absolute terms, the high initial setup costs mean
hat SPECT may be more practicable and cost-effective in
ome circumstances.16 Integrated SPECT/CT systems are
ow available that can provide fused functional and anatomic
ata in a single imaging session. One study has assessed the
dditional diagnostic value of SPECT/CT in the evaluation of
ony metastases from a number of cancers of which many
ases were primary lung cancers.17 It was found that fused
mages led to an improved ability of reviewers to differentiate
enign lesions from metastases that were difficult to dif-
erentiate on scintigraphic and CT images viewed side by
ide. An additional benefit of fused images was that spa-
ially registered SPECT and CT images could be used to
enerate attenuation maps to correct attenuation errors in
PECT images.

ET
8F-FDG-PET/CT is now generally regarded as the most ef-
ective imaging tool for the whole-body evaluation of NSCLC
Fig. 1), and recent studies suggest it is equally effective in
mall cell carcinoma.18 As it detects the presence of tumor by
ncreased cellular metabolic activity, rather than, like scintig-
aphy, indirectly through increased osteoblastic activity, it
ay enable earlier detection of metastatic foci.19 In a direct

omparative study, accuracy of PET and scintigraphy in the
etection of bony metastases in newly diagnosed lung cancer
ere 94% and 85%, respectively, with sensitivity values of
1% and 75%, and specificity of 96% and 95%, respectiv-
ly.20 This suggests that 18F-FDG-PET could replace the stag-
ng role of bone scintigraphy. The vast majority of bony me-
astases from all types of lung carcinomas show a lytic pattern,
sually making them readily detectable on both the CT and PET
omponents of the study. It has been noted that CT-positive but
ET-negative lesions are significantly more prevalent post-
herapy.5 These may appear osteoblastic, which presumably re-
ects a reparative effect after treatment.
The vertebral column is the most commonly affected re-

ion in patients with lung cancer metastases, lesions usually
riginating in the vertebral body.21 Vertebral metastases are
specially liable to be undetected by planar bone scintigra-
hy. One study focusing on this region showed PET to
hange clinical management over scintigraphy alone in 11%
f patients with vertebral metastases.9 MRI remains of partic-
lar value at this location in the detection of tumor extension
o the intervertebral neural foramina and the spinal cord

rimarily because of its higher contrast resolution than CT.22
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Miscellaneous cancers: Role of SPECT and PET in imaging bone metastases 419
n selected lung cancer patients with one or a few metastases
menable to 3-dimensional conformal radiotherapy 18F-FDG-
ET/CT has been shown to be an effective tool in gross tumor
olume delineation.23 Few studies have addressed the role of
8F-NaF PET in lung cancer. In a study of NSCLC patients
ssessing the technique (in combination with MRI for equiv-
cal lesions) against planar scintigraphy, 18F-NaF PET/MRI
ltered clinical management in 9% of all patients in the series
nd in 50% of those with bony metastases.9 It was noted that
SPECT acquisitions were necessary for assessment of the

ntire vertebral column so the total acquisition time was 120-
50 minutes for scintigraphy/SPECT, as compared with
2-84 minutes for PET. 18F-NaF-PET was shown in another
tudy to be significantly more accurate in the evaluation of
one metastases in lung cancer than either planar bone scin-
igraphy alone or scintigraphy combined with SPECT,
hanging management over the latter techniques in 9.7% of
atients, albeit at a higher cost.24

Because of its high degree of accuracy and convenience as
“one-stop” whole-body imaging tool, 18F-FDG-PET/CT is

Figure 1 An 84-year-old woman with a T2N2M0 non-sm
CT. Preoperative staging 18F-FDG-PET/CT showed a soli
to the inferior pubic ramus (red arrows). Structurally, thi
blue arrow head) tumor was metabolically active (a) max
the PET/CT, (c) transaxial PET image, (d) transaxial fus
ikely to dominate the evaluation of skeletal metastases from p
ung carcinoma in the near future. 18F-NaF PET/CT is likely
lso to find a niche role, especially in the setting of a high
linical suspicion of skeletal disease but 18F-FDG-PET/CT
egativity, but planar scintigraphy may in future be relegated
o a much more minor role in centers in which PET is avail-
ble.

hyroid
one metastases from DTC (papillary and follicular carcinomas)
ccur in 2%-13% of patients.25 They are more frequent in fol-
icular carcinoma (7%-28% incidence) compared with papillary
arcinoma (1.4%-7%).26 When bone metastases are present, the
verall 10 years survival rate is around 13%-21%,25 which com-
ares with an overall 10-year survival of over 80% in these
ancers. The amount of metastatic bony disease and its respon-
iveness to radioactive iodine correlate directly with surviv-
l.27-29 Metastatic lesions from these cancers are typically osteo-
ytic and may significantly impact on patient quality of life
hrough bone pain, fractures, and, occasionally, spinal cord im-

ll lung carcinoma on initial staging contrast-enhanced
G-avid bony metastasis in the right ischium, extending
ccult on CT. The T2 (blue arrow) N2 (precarinal nodes,
intensity projection (MIP), (b) transaxial CT image from
/CT image.
all-ce
tary FD
s was o
imum
ingement.
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420 S. Chua, G. Gnanasegaran, and G.J.R. Cook
PECT
s bone scintigraphy is reliant on the presence of detection of
perimetastatic osteoblastic reaction, which is often absent

n osteolytic metastases, a relatively high proportion of false-
egative results occur in differentiated thyroid cancer.30

Tumor cell imaging by 131I or 123I whole-body scan (WBS)
s a more specific and sensitive technique than 99mTc-MDP
ut is only effective for well-differentiated, sodium/iodide
ymporter-positive thyroid tumors.31,32 Despite its high diag-
ostic specificity, interpretation of the whole body iodine
cintigram can be hindered by the lack of good anatomical
ocalization and false-positive results due to physiological
ptake or secretion in a number of organs. These may include
ctopic foci of normal thyroid tissue, physiological uptake by
alivary glands or stomach, by a variety of inflammatory and
nfectious processes in various organs and sometimes unex-
lained uptake by the liver, breast, or thymus.33 The use of
PECT/CT can significantly increase both the sensitivity and
pecificity of radioiodine scintigraphy. A study by Ruf et al34

nalyzed the added value of performing SPECT/CT in equiv-
cal foci of 131I uptake on planar whole-body radioiodine
maging. SPECT/CT achieved accurate diagnosis of 95% of
hese foci and improved their anatomic localization in 44%.
PECT/CT was deemed to have contributed to clinical man-
gement in 25% of patients. Zanotti-Fregonara et al35 also
howed early diagnosis of iodine-avid bone foci to be signif-
cantly improved by the appropriate use of SPECT/CT, which

ay be followed by aggressive, case-tailored 131I therapy.
In another study of the value of 131I-SPECT/CT in DTC,

harp et al36 demonstrated that SPECT/CT improved diag-
ostic accuracy in 57% of patients through the identification
f additional sites of disease, confirming that foci of patho-

Figure 2 (A) A 27-year-old man had a total thyroidectom
thyroid carcinoma. A few years later he presented with a
planar imaging I-131 (image a) and WB 99mTc-MDP
FDG-avid recurrent disease within the thyroid surgical b
supraclavicular node (black arrow) and bony metastase
body PET sagittal projection; b, transaxial CT image fr

PET/CT image; e, MIP).
ogic uptake were skeletal in nature, accurately characteriz-
ng of physiological tracer uptake, and differentiating uptake
n remnant tissue in the thyroid bed from local nodal disease.
ll these results suggest that SPECT/CT is a valuable adjunct

n the whole-body radioiodine imaging of thyroid carcinoma.

ET
nvolvement of multiple skeletal sites often correlates with
ess differentiated histology. In these circumstances, 18F-
DG-PET is likely to be a valuable investigation due to the
igh proliferative rates of these tumors, especially in cases of
levated thyroglobulin and negative diagnostic or post-ther-
py radioiodine WBS37-39 (Figs. 2A and B). A multicenter
eries by Grünwald et al38,40 found 18F-FDG-PET achieved
igher sensitivity (75%) than 131I WBS (50%) and 99mTc-
estamibi/201Tl WBS (53%), with comparable specificities.
he sensitivity of 18F-FDG-PET increased to 85% in the sub-
roup of patients with negative 131I WBS. Robbins et al41

howed an inverse relationship between survival time and
oth the degree of 18F-FDG avidity of the most active lesion
nd also the number of 18F-FDG-avid lesions. As well as
chieving higher sensitivity, 18F-FDG-PET appears to allow
or earlier assessment of treatment response in less differen-
iated cancers compared with bone scintigraphy.42 Thyro-
ropin (TSH) stimulates thyroid metabolism, glucose trans-
ort, and glycolysis. Several studies have demonstrated TSH
timulation to improve detection of occult thyroid metastases
ith 18F-FDG-PET, compared with scans performed on TSH

uppression.
Although 18F-FDG-PET is in itself a valuable tool in the

ollow-up of patients with thyroid cancer, accurate anatom-
cal localization of 18F-FDG positive lesions is often crucial to

left-sided neck dissection for a pT4aN1aM0 papillary
ormally increased thyroglobulin level, but negative WB
(image b) scintigrams. (B) 18F-FDG-PET/CT revealed
arrows), metastatic infiltration within an FDG-avid left

n the upper thoracic vertebrae (blue arrows) (a, whole-
PET/CT; c, transaxial PET image; d, transaxial fused
y and
n abn
bone
ed (red
s withi
om the
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Miscellaneous cancers: Role of SPECT and PET in imaging bone metastases 421
heir correct interpretation. As with SPECT/CT, the use of
ET/CT has markedly improved sensitivity and specificity
ver PET or CT alone. A number of recent studies have con-
rmed the value of 18F-FDG-PET/CT in follicular and papil-

ary thyroid cancer, especially in thyroglobulin-positive but
odine-negative cases, with alteration in clinical management

ade in 23%-51% of cases because of this technique. With
he development of new and more specific molecular probes,
he potential scope of PET/CT in thyroid carcinoma is likely
o continue to expand. The positron-emitting radioisotope
24I, for instance, has shown promising results in one study in
hich PET using this tracer detected more small bone metas-

ases compared with 131I-WBS.43

enal Cancer
p to 20% of patients with renal cell carcinoma (RCC) have
etastatic disease at presentation, of which 30%-40% of

ases involve the skeleton,44 and up to 35% of all patients will
evelop bone metastases at some point during the course of
heir disease.45 Bone metastases of RCC are typically expan-
ile, osteolytic, often highly vascular, lesions that may give
ise to severe bone pain and debilitating complications, such
s pathologic fractures and spinal cord compression. They
requently necessitate orthopedic fixation and/or radiother-
py to treat or prevent fractures or for palliation of symptoms.
one metastases from RCC are often particularly poorly re-
ponsive to standard radio- and chemotherapy.46,47 The nat-
ral history of RCC bone metastases was evaluated recently in
5-year review of 103 patients with metastatic disease on

tandard therapy protocols.45 About 30% of patients devel-
ped bone lesions, which were associated with substantial
orbidity, over 40% of patients experienced long-bone frac-

ures and over 80% required palliative radiotherapy to bone.

PECT
ost bone metastases from RCC are symptomatic, so that

one scintigraphy is usually undertaken only when patients
how suggestive symptoms.48-50 Performing routine scintig-
aphy in newly diagnosed patients has demonstrated a low
ield of skeletal metastatic involvement (7.5% in one se-
ies).51 Bone metastases of RCC show a variable, often low,
egree of uptake on bone scintigraphy owing to their osteo-

ytic nature. Scintigraphy is also not capable of detecting
ccompanying soft-tissue extension, which is relatively com-
on in this disease and often neurologically significant. Cor-

elation with plain radiography is therefore helpful in inter-
retation. A study of bone scintigraphy in RCC metastases
howed its sensitivity to be relatively low, varying from 10%
o 60%, even among patients with a high probability of skel-
tal involvement.52 In the same series, bone scintigraphy also
nderestimated the extent of metastatic involvement in all
ases.52 A review of the natural history of RCC skeletal me-
astases showed the most commonly affected sites to be the
elvis and ribs (48% of patients in each case) and the verte-
ral column (42% of patients).45 Evaluation of scintigraphic
ot spots can be particularly challenging in these areas, and
he additional structural delineation provided by SPECT

ould be expected to significantly improve the diagnostic m
apability of scintigraphy, but no study to date has specifi-
ally examined this.

ET
8F-FDG-PET appears to offer improved accuracy in the de-
ection of bone metastases compared with bone scintigraphy.

u et al53 showed that 18F-FDG-PET had both a sensitivity
nd accuracy of 100% compared with 77.5% and 59.6%,
espectively, for scintigraphy. In another study, 18F-FDG-
ET had a sensitivity and specificity of 77.3% and 100.0% for
one metastases, respectively, compared with 93.8% and
7.2%, respectively, for combined CT and bone scan.54 Al-
hough till date, there appear to have been no studies of
8F-FDG-PET/CT investigating specifically bone metastases,
ts addition of accurate anatomic localization to the PET data
ould be expected to significantly improve detection rates, as
emonstrated in other cancers. Given the high incidence of
linically significant pathologies associated with skeletal me-
astases in RCC, the ability to detect spinal cord compression
ould be particularly useful. Bone metastases of RCC are also
oted to have a higher frequency of associated soft-tissue
asses than most other cancers, and this is a scenario where

ET/CT has proven to be of particular value. Although little
ublished data are available, combined 18F-NaF-PET/CT
ay well be an excellent means of evaluating bony metastases

f RCC. A case report showed it to be highly sensitive, dem-
nstrating predominantly peripheral uptake within the lytic
etastases, at the interphase of bone and an associated soft-

issue component in which new bone formation was noted.55

ultiple Myeloma
adiographic imaging in multiple myeloma is used for initial
taging of the disease, the identification of potential compli-
ations, especially pathologic fractures, and the assessment of
esponse to therapy. Conventionally, staging has relied on a
hole-body radiographic survey (Durie and salmon system),
ut this may significantly underestimate skeletal involve-
ent, especially in newly diagnosed patients.56 Bone scintig-

aphy has proved largely unhelpful in the evaluation of my-
loma owing to its reliance on the presence of osteoblastic
ctivity, which is usually lacking in the lytic lesions of my-
loma.57 MIBI imaging and 18F-FDG-PET have both shown
onsiderable promise in this area and although they remain
nder evaluation, both techniques are recommended within
ertain clinical scenarios in guidelines for the use of imaging
n myeloma published by the British Committee for Stan-
ards in Hematology.58

PECT
s noted above, bone scintigraphy using 99mTc-labeled diphos-
honates shows poor accuracy in the staging of myeloma. 99mTc-
IBI is a lipophilic radiotracer whose uptake appears to par-

llel cellular mitochondrial activity59 so that it is increased in
eoplastic cells, including those of myeloma. The degree of

9mTc-MIBI uptake correlates with extent of myelomatous
nvolvement as well as serologic markers of disease activity,
uch as lactate dehydrogenase, C-reactive protein, and beta-2

icroglobulin.60 A negative 99mTc-MIBI scan has a high neg-
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tive predictive value in excluding myeloma in patients with
onoclonal gammopathy of unknown significance (MGUS). A

ecent study of 99mTc-MIBI, 18F-FDG-PET/CT, and MRI in the
valuation of myeloma concluded that both 18F-FDG-PET/CT
nd MRI performed better in detecting focal lesions than
9mTc-MIBI, whereas both 99mTc-MIBI and MRI were more
ffective at visualizing diffuse areas of disease. 99mTc-MIBI is
ess effective in detecting extraosseous lesions in particular
han 18F-FDG-PET/CT.61 The resolution and therefore over-
ll accuracy of the technique could however be improved by
erforming SPECT. The British Committee for Standards in
aematology recommends the technique in selected cases

hat warrant clarification of previous imaging findings, ide-
lly within the context of a clinical trial.58

ET
linical experience of 18F-FDG-PET and PET/CT in the eval-
ation of myeloma remains at a relatively early stage. Its value
as however been recognized by the Scientific Advisory
roup of the International Myeloma Foundation, who re-
ently proposed a staging system called “Durie and Salmon
LUS,” which integrates 18F-FDG-PET or MRI findings into
onventional plain-film staging.62 From the diagnostic point
f view, 18F-FDG-PET may detect active foci of marrow in-
olvement in patients with plasmacytoma, enabling a correct
iagnosis of myeloma.63 One prospective study demon-
trated a positive predictive value for active disease of 100%
n patients with focal or mixed focal/diffuse skeletal 18F-FDG
ptake and 75% in patients with diffuse bone marrow up-
ake. For varying types of lesion, the sensitivity ranged from
3.8% to 91.9% and the specificity from 83.3% to 100%.64 In
he same study, 18F-FDG-PET revealed a greater extent of
isease than routine radiographs in 60.9% of patients with
steolytic bone lesions, and overall management was altered
n 14% of patients. 18F-FDG-PET can also be used to support
diagnosis of MGUS with a negative scan.62

An important limitation of PET scanning is its limited spa-
ial resolution. Lesions of size �1 cm in maximum dimension
ay be undetectable, resulting in a false-negative result.65

8F-FDG-PET/CT has been demonstrated to be of significant
elp in overcoming this, and the ability of the combined
echnique to show simultaneously both metabolically active
isease (PET component) and bone destruction (CT) should
e especially useful in myeloma. As always with 18F-FDG-
ET, it must be borne in mind that increased cellular turn-
ver produced by inflammation or recent chemo- or radio-
herapy may result in false-positive results.66 It is therefore
dvisable to avoid 18F-FDG-PET within 4 weeks of chemo-
herapy or 3 months of radiotherapy.58

A recent study compared the relative merits of 18F-FDG-
ET/CT and MRI in the assessment of myeloma.56 18F-FDG-
ET/CT performed better than MRI in detecting focal lesions
hroughout the body as a whole. MRI outperformed 18F-
DG-PET/CT in detecting more diffuse lesions. This proba-
ly relates to the high uptake of 18F-FDG within focal myelo-
atous deposits composed entirely of neoplastic plasma cells

elative to diffuse lesions where the plasma cells form an

nterstitial infiltrate among normal hemopoietic elements of a p
ower proliferative index, and hence lower 18F-FDG avidity.
8F-FDG-PET/CT and MRI were comparable in terms of vi-
ualizing pelvic and spinal foci of involvement. A significant
imitation of MRI is that whole-body studies are not yet
idely performed due to poorer resolution than focused MRI

nd long imaging times. For the present, therefore, 18F-FDG-
ET/CT is likely to be most helpful in the further evaluation
f ambiguous lytic lesions detected on skeletal survey, espe-
ially in the appendicular skeleton, and also for the investi-
ation of suspected extramedullary disease (Fig. 3A).

As with MIBI scanning the British Committee for Stan-
ards in Haematology recommends 18F-FDG-PET in selected
ases requiring clarification of previous imaging findings,
articularly in which other imaging techniques have failed to
ccurately determine the extent of extramedullary disease.58

hese guidelines also suggest considering PET for the fol-
ow-up of selected patients, such as those with predomi-
antly extramedullary disease or nonsecretory myelomas
here paraprotein assay cannot be used for disease surveil-

ance. A consensus report from the Scientific Advisors of the
nternational Myeloma Foundation suggests that whole-body
8F-FDG-PET imaging may be helpful in clarification of dis-
ase classification (eg, consistent with MGUS if negative) or
rognostic categorization (eg, demonstration of extramedul-

ary disease). The report states that 18F-FDG-PET imaging
an substitute for MRI if this is not done or not available for
taging, restaging, and/or serial monitoring67 (Fig. 3B). Early
tudies suggest that the radiotracer 11C-methionine may be of
alue in the PET imaging of myeloma.68 This tracer reflects
mino acid metabolism, transport, and protein synthesis, which
ay be a more useful biomarker than 18F-FDG for neoplasms
ith low proliferative rates. Individual cases of myeloma show
ighly variable proliferative indexes,69 which may explain the

alse negativity of 18F-FDG-PET in some instances. This tech-
ique, however, remains experimental for the present.

euroendocrine Tumors
euroendocrine tumors (NET) are a group of rare neo-
lasms, which share the ability to produce biogenic amines
nd polypeptide hormones but differ widely in biology and
linical behavior. NETs may be functioning or nonfunction-
ng, and although most are well-differentiated slow-growing
umors, a proportion are highly aggressive.70-72 The principal
ategories of NETs, which will be considered here are gastro-
nteropancreatic neuroendocrine tumors (which includes
arcinoids and pancreatic endocrine tumors), neuroblast-
ma, pheochromocytoma, and medullary thyroid carcin-
ma (MTC). About 70% originate from endocrine islets or dis-
ersed endocrine cells in the pancreas and the gastrointestinal
ract,71 with other tumors originating either from endocrine
lands, such as the adrenal medulla, pituitary and parathy-
oids, and the C cells of the thyroid or scattered endocrine
ells in the respiratory tract.73 Tumors with endocrine activ-
ty may manifest early with symptoms relating to inappropri-
te hormone production, while nonsecreting NETs may only
ome to clinical attention through a local mass effect or the

resence of disseminated disease.70,72,74 The incidence of
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Figure 3 (A) A 43-year-old woman with multiple myeloma had a normal initial skeletal survey and unremarkable CT
(not shown). Staging 18F-FDG-PET/CT was performed, which showed multifocal areas of FDG-avid bony uptake in the
axial and most of the visualized appendicular skeleton (a, MIP). In addition, there was an FDG-avid right axillary nodal
lesion, consistent with an extramedullary myeloma (red arrows) (b, transaxial CT from the PET/CT; c, transaxial fused
PET/CT image; d, transaxial PET image). (B) Post-treatment 18F-FDG-PET/CT demonstrated foci of low-grade FDG
uptake in the preexisting bony abnormalities with a complete resolution of the right axillary nodal lesion (red arrows)
(a, MIP; b, transaxial CT from the PET/CT; c, transaxial fused PET/CT image; d, transaxial PET image), demonstrating

a favorable partial treatment response to treatment.
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424 S. Chua, G. Gnanasegaran, and G.J.R. Cook
keletal metastases in NET as a group has been reported to be
pproximately 10%.75,76 Functional imaging has become
tandard in the diagnostic/staging algorithm of patients with
ET, as well as in follow-up after surgery and the diagnosis of

ecurrence in the setting of increasing tumor markers. Nu-
lear imaging techniques are increasingly used for the evalu-
tion of therapy response in neuroendocrine tumors, as their
ften low-grade nature and the cytostatic rather than cyto-
oxic therapies often employed against them mean that func-
ional rather than morphologic response is often the most
ffective indicator of therapeutic success.

PECT and PET Imaging of
arcinoid/Pancreatic Endocrine Tumors

one metastases occur in approximately 8%-13% of patients
ith carcinoid tumors, although many are clinically undetected,

nd an autopsy study revealed a higher rate (42%) in patients
ith advanced disease.77 Although it has been suggested that
one metastases arise more often from bronchial or foregut pri-
aries than from other carcinoid tumors, recent studies have

ailed to demonstrate any preferential primary site.75 The axial
keleton is the most commonly affected region.

Only a limited number of studies have analyzed the imag-
ng of bone metastases in patients with carcinoids and related
euroendocrine tumors. Radiographic signs may be subtle.
ost metastases are sclerotic in nature and give rise to bone

ain clinically. They may be demonstrable on CT but MRI is
more sensitive method of detecting them (up to 100%

ensitivity in the series of Meijer et al)75 and particularly in
dentifying bone marrow and spinal involvement, with the
sual drawback that only a restricted part of the skeleton is
ormally visualized in one MRI scan. Bone scintigraphy also
hows a sensitivity of around 90% in detecting metastases
rom carcinoids, but suffers from poor specificity.78 The pres-
nce of somatostatin receptors on the cell membranes of most
arcinoid tumors has meant that somatostatin receptor scin-
igraphy (SRS) has become a sensitive whole-body imaging
echnique for metastatic disease, including skeletal disease.
his employs a radiolabeled analog of somatostatin, such as

11In-pentetreotide, which is accumulated in most carcinoid
umors. SRS shows a sensitivity of around 81% in detecting
arcinoid bone metastases,79 but this technique is somewhat
imited in cases in which metastases are small and it may also
e difficult to precisely localize lesions. The role of bone
cans and SRS is complementary owing to their different
echanisms (detection of osteoblastic response vs soma-

ostatin receptor density) and they should ideally be used
ogether in disease assessment.75 SRS can also provide an
ssessment of patients’ suitability for therapy with radiola-
eled analogs of somatostatin and be used to monitor the
ffect of this therapy.

Significantly improved image interpretation, in particular,
ncreased specificity when evaluating equivocal lesions, has
een obtained by SPECT/CT imaging.80-82 One study con-
luded that SPECT/CT significantly improved tumor local-
zation and characterization in patients with NET and indi-

ated that SPECT/CT was better than SPECT or CT alone82 P
Fig. 4). The authors suggested that use of a higher resolution
T component than that available to them could have im-
roved accuracy of SPECT/CT, as they found CT to miss
one involvement in several cases. Surgical and chemother-
peutic treatment was altered in 28% of patients due to the
mage fusion results.82

The sensitivity of PET is inherently greater than gamma
amera (SPECT) imaging, so that tumors as amenable to tar-
eted imaging as neuroendocrine tumors should be an ideal
pplication for PET. Most oncological PET, using 18F-FDG,
elies on the increased glucose metabolism of most neo-
lasms over normal tissues. However, because most carci-
oid tumors are well-differentiated and slow-growing tu-
ors, they have a low metabolic rate and cannot be

ffectively visualized with this tracer. Increased 18F-FDG up-
ake may however be seen in less differentiated cases, which
ften lack somatostatin receptors; in such cases, the sensitiv-
ty of 18F-FDG-PET is clearly higher than that of scintigraphy
ith 111In-pentetreotide.83

A number of compounds that are intermediates in the hor-
one production process are being evaluated for PET to assess

he metabolism and functionality of NET. These include 11C-5-
ydroxytryptophan, 11C-/18F-dihydroxyphenylalanine, 6-18F-
uorodopamine, and 68Ga-labeled tracers.84 Several of these
ave shown promising preliminary results. 11C-5-HTP is pref-
rentially taken up by serotonin-producing tumors and this up-
ake may be enhanced if it is coadministered with carbidopa.
ET imaging with 11C-5-HTP has demonstrated superior results
o CT scanning in diagnosing gastroenteropancreatic neuroen-
ocrine tumors and monitoring their response to therapy, but
pecific data on bone metastases is lacking. A recent study
oncluded that PET/CT using 6-18F-fluorodopa (18F-DOPA)
ow represents the optimal imaging modality for staging in
arcinoid patients and 11C-5-HTP PET/CT in islet cell tumor
atients.85 These techniques showed sensitivities of 89% and
00%, respectively, compared with 78% for SRS and 87% for
T in the staging of islet cell tumors.85 In all cases the CT
omponent of the scan was found to increase sensitivity.

In a recent study by Gabriel M et al,86 somatostatin recep-
or PET with 68Ga-dota-TOC showed a significantly higher
etection rate compared with conventional SRS and diagnos-
ic CT, but a combination of the PET and CT findings
chieved even higher overall accuracy. The difference in de-
ection rates was most marked in skeletal metastases, in
hich 72.5% of lesions demonstrated by PET were visible
sing SPECT and only 50% using CT. Of particular interest is
hat uptake was not influenced by whether the tumor was
unctional or not. The additional information provided by
ET prompted changes in therapeutic regimens in a number
f patients and had a significant clinical impact overall. Baum
t al87 reported a higher diagnostic accuracy of 68-Ga-dota-
OC PET/CT than SRS SPECT in detecting all known tumor

esions and in addition very small lymph node and bone
etastases (�5 mm) were easily visualized. This same group
as recently shown PET/CT with this tracer to be an effective
arker of early response to peptide receptor radionuclide

herapy. The sensitivity and specificity of 68Ga-dota-NOC

ET to predict response to radio peptide therapy were calcu-
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ated as 89% and 71%, respectively. 68Ga-dota-TOC PET may
lso aid in radionuclide therapy dosimetry through its ability
o make quantitative assessments of radioactivity in different
issues over time. 68Ga-labeled tracers have a particular prac-
ical advantage over octreotide in that they are generator pro-
uced, and therefore do not require a cyclotron. Therefore, it
as been suggested that they may eventually replace oct-
eotide in its current roles.

PECT and PET
maging of Pheochromocytoma
he prevalence of malignancy in pheochromocytoma is
round 10%, with a high incidence of metastatic disease, and
one is the most common site of metastatic spread. Patho-

ogic fractures are a significant cause of morbidity in patients

Figure 4 WB 99mTc-MDP bone planar imaging of an ad
increased uptake approximately within the L3 vertebra
Octreotide SPECT/CT images, the focus of increased upt
on the CT component of the study. SPECT/CT provides
ization of the suspicious lesion (b, sagittal SPECT pro
SPECT/CT fused image).
ith metastatic disease. Bone scintigraphy remains the most
ensitive modality for detecting bone metastasis, with 74% of
ll suspected lesions being identified with the technique in
ne series.88 The addition of 131I-MIBG scanning, which of-
ers excellent specificity (95%-100%) but less good sensitiv-
ty (approximately 77%)89 is nevertheless recommended for

aximum accuracy, with the addition of CT in which find-
ngs remain equivocal. The use of SPECT in these cases can
ignificantly reduce the number of false-positive findings due
o unilateral, asymmetric, low-intensity MIBG uptake, which
ccur in around 10%-33% of cases.90 Scintigraphy using the
omatostatin analog 111In-pentetreotide can demonstrate
heochromocytoma metastases not avid to scintigraphy with
IBG.91,92 To date, there is as yet only scanty data on the role

r impact of hybrid imaging in the imaging of skeletal in-
olvement in pheochromocytoma.

ient with a neuroendocrine tumor shows focal intense
(a), suspicious of a solitary bone metastasis. On 111In-
rresponds to an osteosclerotic bony metastasis (arrows)
e anatomical localization, enabling accurate character-
; c, sagittal CT component of SPECT/CT; d, sagittal
ult pat
l body
ake co
precis
jection
Although a number of specific PET radiotracers for pheo-
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426 S. Chua, G. Gnanasegaran, and G.J.R. Cook
hromocytoma have been evaluated, none are yet in wide-
pread clinical use. 18F-fluorodopamine (18F-DA) and 18F-
OPA can detect metastatic pheochromocytomas at rates
igher than 131I-MIBG.93 11C-hydroxyephedrine and 11C-
drenaline94 are highly specific but possess very short half-
ives, making imaging difficult.95 18F-FDG-PET can accu-
ately identify metastatic lesions,96 particularly if they are
egative for 131I-MIBG or 123I-MIBG.97

PECT and PET Imaging of Neuroblastoma
euroblastoma has a strong propensity to metastasize to cor-

ical bone and bone marrow, and accurate detection of skel-
tal involvement is essential for accurate staging and selecting
he most appropriate treatment strategy. Although any bone
ay be affected, the skull, periorbital bones, vertebral col-
mn, pelvis, and long bone metaphyses are most commonly

nvolved.
Bone scintigraphy using 99mTc-MDP is an effective technique

n assessing skeletal involvement in neuroblastoma, with a sen-
itivity of 87.5% in one series.98 Bone scan cannot, however,
ccurately differentiate between metastases involving the cortex
nd the bone marrow, which limits its usefulness, particularly in
ifferentiating stage 4 from stage 4 s.99 MIBG is taken up by most
euroblastomas. As well as being a useful imaging tracer, with a
ensitivity of around 90% in the detection of bony metastases,100

igh-dose therapy with 131I-MIBG is an effective treatment for
euroblastoma.101 A positive MIBG scan, either at time of diag-
osis or postinduction chemotherapy is of prognostic signifi-
ance, suggesting a poor outcome. MIBG is, however, best per-
ormed as a complementary technique to 99mTc-MDP scintigraphy
or maximum accuracy.102 For optimal staging, it is recommended
hat all patients should undergo both MIBG scanning and bone
cintigraphy, as well as CT. MRI should also be performed in
ase of suspicion of intraspinal or epidural tumor spread or
hen bone scintigraphy yields an equivocal finding in a distant

ite.103 Application of SPECT to bone scan imaging improves
oth detection rate and anatomic localization. SPECT/CT has
lso been shown to be useful in determining the clinical signif-
cance of equivocal sites of MIBG uptake. It can be especially
elpful in the clarification of physiological uptake in the heart,
hich may mimic vertebral involvement, and activity in cervical
rown fat/skeletal muscle, which may mimic scapular or costal
etastases. Use of combination SPECT/CT to determine CT-
efined volume of interest may be valuable in quantifying radi-
tion doses delivered during 131I-MIBG therapy.

PET using a variety of radiotracers has been performed in
euroblastoma. 18F-FDG-PET is taken up by most neuroblas-
omas and may be particularly useful in monitoring the ef-
ects of therapy in the 10%-20% of cases, which are negative
or MIBG.104 One practical advantage of PET is that the im-
ging can commence 60 minutes after 18F-FDG administra-
ion compared with 1-2 days after injection of 123I or 131I-MIBG.
ublished studies of 18F-FDG-PET/CT remain extremely scanty,
ut the technique has been used effectively for follow-up of
etastatic neuroblastoma, which became MIBG-negative at the

ime of relapse.105 11C-Hydroxyephedrine is the first available

ositron-emitting tracer specifically taken up by cells of the sym- d
athetic nervous systems, and hence neuroblastomas. PET im-
ging with 11C-hydroxyephedrine produces high-quality im-
ges and overall tumor detection rates comparable to MIBG and
ossibly higher in soft tissues and the extracranial skeleton.106

ther related tracers, such as 18F-fluorodopamine and 68Ga-
abeled peptides, are expected to also show uptake in neuroblas-
omas but more studies are needed to assess their potential roles.

PECT and PET Imaging of MTC
TC accounts for 3%-12% of all thyroid tumors.107 It originates

rom the parafollicular or C cells of the thyroid, which derive
rom the neural crest and secrete calcitonin. Surgical excision
orms the sole curative therapeutic approach, and requires ac-
urate tumor staging. Bone metastases may be either osteolytic
r osteoblastic. The latter uniquely occur in medullary but no
ther thyroid carcinomas, and are assumed to be caused by
iologically active tumor–secreted calcitonin. Functional imag-

ng with bone scintigraphy and 111In-pentetreotide are some-
imes used preoperatively, but are especially important for post-
perative follow-up. A number of novel specific radiotracers
ave been proposed for imaging of MTC, including 111In-
entetreotide,123I/131I-MIBG, pentavalent 99mTc-dimercapto-
uccinic acid, 99mTc-Edda/HYNIC-TOC, 111In-minigastrin, and
adiolabeled anti-staphylococcal enterotoxin A antibodies.

Coregistration of anatomic and functional imaging data
as been used in a small number of patients with MTC, as
art of a larger series of neuroendocrine tumors. Perault et
l108 employed fusion of 111In-pentetreotide SPECT with CT
ata in 3 patients to enable accurate localization of 5 tumor
ites; of these 5 tumor sites, 3 were not visualized on CT,
hich led to refinement of the surgical procedure. This pro-

ocol, however, required injection of an additional radionu-
lide so that it would be impractical on a routine basis. SRS
PECT/CT, without the necessity of additional tracer injec-
ion, allowed the detection of clavicular tumor invasion in 1
atient with uptake in the lower neck and superior medias-
inum, with resultant alteration in treatment plan.

18F-FDG-PET has shown itself as a promising imaging tool
n MTC staging with a higher lesion detection efficacy when
ompared with scintigraphic studies.109,110 A multicenter
tudy of 85 MTC patients compared 18F-FDG-PET, 111In-
entetreotide, 99mTc-sestamibi, CT, and MRI as staging mo-
alities. Sensitivity and specificity were 78% and 79% for

8F-FDG-PET, 25% and 92% for SRS, 25% and 100% for
estamibi, 50% and 20% for CT, and 82% and 67% for MRI,
espectively.110 De Groot et al109 in a prospective study of
8F-FDG-PET in 26 MTC patients, demonstrated a sensitivity
f 96%, compared with 41% sensitivity for 111In-pentetreo-
ide imaging. This suggests that somatostatin receptor ex-
ression may be downregulated in metastatic tumors, many
f which nevertheless show high 18F-FDG uptake. Although
11In-pentetreotide imaging is generally recommended as the
ost effective functional staging scan for MTC, 18F-FDG-PET
ay be useful if the former is either negative or shows find-

ngs inconsistent with those of structural scans. To date, there
s very scanty published data on the role of 18F-FDG-PET in

etecting metastatic bone disease of MTC, with no subanaly-
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Miscellaneous cancers: Role of SPECT and PET in imaging bone metastases 427
es for bony metastases in most of the published studies.
iraudet et al111 prospectively studied 55 consecutive MTC
atients with persistent elevated calcitonin levels. Bone me-
astases were demonstrated in 35% of patients by 18F-FDG-
ET, in 40% by bone scintigraphy, and in 40% by MRI;
ffectiveness of bone scintigraphy was comparable with that
f MRI for axial lesions but superior for the detection of
eripheral lesions. The combination of scintigraphy and WB-
RI detected all patients with bone metastases and 94% of

one lesions.111 It was concluded that 18F-FDG-PET cannot
e used alone for imaging MTC patients because of its low
ensitivity. This is likely to reflect the low-grade histology
nd low proliferative index of many MTCs, and perhaps also
he fact that many metastases are paucicellular and sclerotic/
alcified.112-115 18F-NaF PET has shown high sensitivity in the
ostsurgical follow-up of patients, detecting all bone metas-
ases in a small series of patients with elevated calcitonin
evels or residual masses,116 but remains little studied in this
umor. Several new PET tracers have been proposed for use
n assessment of MTC, including 18F-DOPA, 18F-FDA, and
8Ga-labeled somatostatin analogs.

onclusion
one scintigraphy is a well-accepted functional imaging method

or the detection of bone metastases from a variety of primary
umors, which is highly sensitive and cost-effective. Its main
rawback is its lack of specificity, especially in the setting of
ertebral lesions. SPECT imaging provides valuable addi-
ional information, which is often crucial in differentiating
etween bone metastasis and benign lesions, and signifi-
antly improves the predictive value of scintigraphy. It is
qually applicable to scintigraphy with a variety of tumor-
pecific radioisotopes. The accuracy of SPECT can be further
mproved by new combined SPECT/CT systems with fused
cintigraphic and CT images.

PET has only been in widespread use for a few years, and
ts cost has meant that it has often been funded only for
pecific malignancies; thus, relatively little data have accrued
n relation to its role in skeletal assessment. The high-quality
omographic images produced with 18F-FDG-PET have shown
ignificantly improved sensitivity and specificity over conven-
ional bone scintigraphy in a number of studies thus far,
hich is likely to relate to the technique’s direct detection of

he increased metabolic rate of malignant cells rather than
steoblastic response. 18F-NaF PET may also have an impor-
ant role in detecting bony metastases from tumors with low
8F-FDG avidity. There is emerging evidence to suggest that
ET/CT together with whole-body MRI may represent the
ost powerful imaging technique yet for the detection and

haracterization of bony metastases. Additional analysis of
he role of these techniques in this setting and that of the
valuation of myeloma needs to be performed. Further evo-
ution of this field also holds the exciting prospect of the
ntroduction of new and more specific radiotracers for indi-

idual malignancies.
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