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Abstract

Background Planar bone scintigraphy (PBS) is a standard

radiological technique to detect skeletal metastases from

prostate cancer (PC), the addition of SPECT-CT to PBS

improves its diagnostic accuracy. The aim of this study was

to assess the additional value of targeted SPECT-CT with

PBS in detecting skeletal metastasis form prostate cancer,

considering resource implications in an Irish hospital

setting.

Methods 54 PC patients with increased radiotracer uptake

on PBS were retrospectively recruited from 2012 to 2013.

All underwent targeted evaluation with SPECT-CT. PBS

and SPECT-CT images were reviewed by two nuclear

medicine radiologists and reported independently. The final

diagnosis was made based on the CT finding corresponding

to the area of radiotracer uptake.

Results The mean age was 70.9 years (48–88 years) and

median PSA at presentation was 13.9 ng/ml (4.2–215 ng/ml).

68.5 % (n = 37) men received treatment for PC while

31.5 % (n = 17) patients had not received treatment prior

to PBS. 164 areas of increased radiotracer uptake were

identified on PBS; 13 areas were characterised as meta-

static on SPECT-CT; iliac bone (n = 3), ribs (n = 1), skull

(n = 2), sacrum (n = 1), ischium (n = 1), femur (n = 3),

thoracic spine (n = 1) and cervical spine (n = 1). 151

areas were characterised as benign on SPECT-CT. One

area of increased radiotracer uptake in the ribs was sub-

sequently described as indeterminate after evaluation with

SPECT-CT.

Conclusion SPECT-CT improves the diagnostic accuracy

of PBS in detecting skeletal metastasis from PC and is

superior to PBS alone in differentiating benign from

malignant lesions. Notwithstanding resource implications

of increased cost, specialist equipment and specialist

manpower hours; we recommend the use of SPECT-CT in

conjunction with PBS for targeted evaluation of suspicious

bony lesions in this cohort of patients.
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Introduction

Prostate cancer results in 563 deaths per year in the

Republic of Ireland. Metastatic disease most frequently

occurs in lymph nodes (74 %), bones (69 %), lungs

(39 %), liver (40 %) and adrenal gland (11 %) [1]. Early

detection and treatment of skeletal metastases is crucial to

prevent serious complications of pathological fracture and

spinal cord compression [2]. Planar bone scintigraphy

(PBS) using technetium-99 m-labelled methylene diphos-

phonate (99mTc-MDP) is the standard radiological tech-

nique to detect skeletal metastasis from prostate cancer as

it is widely available, relatively inexpensive and highly

sensitive in detecting skeletal metastasis [3]. PBS does lack

specificity, as many benign conditions, such as degenera-

tive joint disease, infections, and benign bone tumours also

exhibit increased uptake of radiotracer, and may result in

false positive results [4–9]. The addition of SPECT-CT to
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PBS may improve accuracy in differentiating benign from

malignant lesions by more precise anatomical localisation

and attenuation correction of the radiotracer uptake on

PBS, thus increasing the specificity [10–12].

The aim of this study was to evaluate our early expe-

rience in Ireland with the addition of SPECT-CT to PBS to

detect skeletal metastasis from prostate cancer. In partic-

ular, we aim to evaluate the increased accuracy and

potential clinical benefit of SPECT-CT versus increased

demand on resources, including specialist equipment and

specialist manpower hours.

Methods

Fifty-four male prostate cancer patients were retrospec-

tively recruited into this study from January 2012 to

December 2013. All had increased radiotracer uptake on

primary PBS and subsequently underwent immediate tar-

geted evaluation with SPECT-CT. Institutional ethical

board approval was granted for this study.

Standard PBS involved obtaining planar images of the

entire skeleton 2–3 h after intravenous injection of

723.6 MBq 99mTc-MDP as specified by the Administration

of Radioactive Substances Advisory Committee using a

dual-head c camera SPECT-CT system (Siemens Symbie

True Point SPEC CT�). The PBS images were reviewed

for increased radiotracer uptake by a nuclear medicine

radiologist immediately after image acquisition. If

increased areas of radiotracer uptake were detected, the

patient then proceeded directly for targeted SPECT-CT for

anatomic localisation and attenuation correction of all

areas.

The PBS and SPECT-CT images were then indepen-

dently reviewed by two nuclear medicine radiologists

and reported separately. The final diagnosis was made

based on the CT finding corresponding to the area of

increased radiotracer uptake on PBS. Areas of radiotracer

uptake on PBS were characterised as benign on SPECT-

CT when degenerative changes, fractures, joint inflam-

mation or infection were detected at the corresponding

CT location. Metastatic lesions were diagnosed if they

had the characteristic osteosclerotic morphology on

SPECT-CT.

Results

The mean age was 70.9 years (48–88 years) and median

PSA at presentation was 13.9 ng/ml (4.2–215 ng/ml). 70 %

of patients (n = 38) had received treatment for prostate

cancer prior to imaging while 30 % (n = 16) had not

received any treatment prior to PBS.

The median PSA of patients with skeletal metastasis

(n = 8) was 39.4 ng/ml (5.3–215 ng/ml) and the median

PSA of those with benign lesions (n = 46) was 11.4 ng/ml

(4.2–54.9 ng/ml). 75 % of patients with skeletal metastasis

had received treatment prior to PBS; systemic treatment

with androgen deprivation therapy in all cases (n = 6).

25 % had not received any treatment prior to PBS. Sys-

temic treatment was administered to 17.4 % of patients

with benign skeletal lesions (n = 8), 26.1 % received local

treatment of surgery or radiotherapy (n = 12), 26.1 %

received combined local and systemic treatment (n = 12)

while 30.4 % had not received any treatment prior to PBS

(n = 14). Patient demographics and treatment received

prior to PBS are outlined in Table 1.

165 areas of increased radiotracer uptake were identified

on PBS in 54 patients, all underwent targeted evaluated

with SPECT-CT. Most areas were located in the spine,

shoulder and knee joints (Table 2).

13 areas of increased uptake in 8 patients were charac-

terised as metastatic lesions on SPECT-CT. Metastatic sites

included; iliac bone (n = 3), ribs (n = 1), skull (n = 2),

sacrum (n = 1), ischium (n = 1), femur (n = 3), thoracic

spine (n = 1) and cervical spine (n = 1) (Fig. 1a,b;

Table 2).

151 areas of increased uptake in 46 patients were

characterised as benign lesions on subsequent SPECT-CT.

Benign lesions included; degenerative change in the hand

(n = 6), wrist (n = 7), shoulder (n = 13), sternum

(n = 1), ribs (n = 2), cervical spine (n = 7), thoracic

spine (n = 15), lumbar spine (n = 20), sacroiliac joint

(n = 2), hip joint (n = 11), knee joint (n = 21), ankle

(n = 2), tarsus (n = 4) and foot (n = 13); inflammation in

the acromioclavicular joint (n = 1), mandible (n = 2),

sacroiliac joint (n = 1) and ischial tuberosity (n = 1).

Infection of the sterno-clavicular joint (n = 1); cervical

spondylosis (n = 5); diffused idiopathic hyperostosis of

the thoracic spine (n = 1); osteophytosis of the lumbar

spine (n = 1); old fractures involving the sternum (n = 1),

ribs (n = 5), femur (n = 1) and tibia (n = 1); previous

sternotomy (n = 1); bursitis of the greater trochanter of the

femur (n = 2); an old bone infarct of the iliac bone

(n = 1); and osteoma of the skull (n = 1) (Table 2).

One area of increased radiotracer uptake in the ribs was

subsequently described as indeterminate after evaluation

with SPECT-CT.

Discussion

The primary goal of PBS in patients with prostate cancer

is early detection of bony metastases that can lead to

serious complications of pathological fracture and spinal

cord compression. Differentiation between benign and
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malignant lesions can be difficult on PBS alone, as PBS

primarily provides functional, rather than anatomical,

information about a bony lesion [13]. The addition of

SPECT-CT for targeted evaluation of equivocal lesions can

differentiate between benign and malignant lesions [13].

The detection of fractures, degenerative changes or joint

infection on CT, in corresponding location with increased
99mTc-labelled diphosphonate uptake on PBS determines

the benign nature of these lesions. The specificity of PBS

has been shown to improve from 69 to 92 % when com-

bined with SPECT-CT on a patient-based analysis; on

lesion-based analyses, the specificity improved from 39 to

71 % [11]. The increased specificity of SPECT-CT has also

been previously reported for lower thoracic, lumbar, skull,

rib-cage, long bone and pelvic lesions [11, 12, 14, 15].

Our initial Irish experience with SPECT-CT in con-

junction with PBS supports the current literature. All

patients studied had a suspected or confirmed diagnosis of

prostate cancer prior to PBS. Those with benign skeletal

lesions were younger, and had a lower PSA at presenta-

tion. Systemic treatment with androgen deprivation ther-

apy had been administered to a greater proportion of

patients with malignant skeletal lesions than those with

benign lesions; indicating that systemic treatment did not

alter the presence or progression to metastatic disease in

these patients. A greater proportion of patients with

benign skeletal lesions had initially received local treat-

ment; while a similar proportion of patients with benign

and malignant lesions had not received any treatment

prior to PBS.

Targeted SPECT-CT was performed on all patients in

this study with areas of increased radiotracer uptake on

PBS, correctly distinguishing 13 metastatic lesions from

151 benign lesions in a total of 164 areas of increased

radiotracer uptake. Metastatic lesions were found in the

skull, spine, pelvis and femur. Benign lesions were also

diagnosed on SPECT-CT in these areas; as benign lesions

were found throughout the skeleton (Table 2). This indi-

cates that SPECT-CT can differentiate between benign and

Table 1 Patient demographics

and treatment received prior to

planar bone scintigraphy

SD standard deviation

Variable All

patients

Patients with benign

skeletal lesions

Patients with metastatic

skeletal lesions

Age (years) Mean 70.9 70 76.4

SD 10.9 10.5 5.1

PSA at

presentation (ng/

ml)

Median 13.9 11.4 39.4

Range 4.2–215 4.2–54.9 5.3–215

Treatment

received (n)

Systemic 14

(26 %)

8 (17.4 %) 6 (75 %)

Local 12

(22 %)

12 (26.1 %) 0

Systemic ? Local 12

(22 %)

12 (26.1 %) 0

No treatment 16

(30 %)

14 (30.4 %) 2 (25 %)

Total 54 46 8

Table 2 Anatomical location of areas of increased radiotracer uptake

on planar bone scintigraphy

Anatomical

location

Benign

lesions (n)

Malignant

lesions (n)

Total

lesions

(n)

Total

lesions

(%)

Hand 6 0 6 3.7

Wrist 7 0 7 4.2

Shoulder 15 0 15 9.1

Skull 1 2 3 1.8

Mandible 2 0 2 1.2

Sternum 3 0 3 1.8

Ribs 7 1 9 5.5

Cervical

spine

12 1 13 8

Thoracic

spine

17 1 17 10.4

Lumbar

spine

21 0 21 12.8

Sacrum 0 1 1 0.6

Sacroiliac

joint

3 0 3 1.8

Iliac bone 1 3 4 2.4

Ischium 1 1 2 1.2

Hip joint 11 0 11 6.7

Femur 3 3 6 3.7

Knee 21 0 21 12.8

Tibia 1 0 1 0.6

Ankle 2 0 2 1.2

Tarsus 4 0 4 2.4

Foot 13 0 13 8

Total 151 13 164 100
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metastatic lesions at the same anatomic location. If PBS

alone is used, the area of increased radiotracer uptake on

this imaging modality appears the same in benign and

malignant lesions. Benign lesions, as diagnosed by SPECT-

CT, were largely secondary to degenerative change; indi-

cating that SPECT-CT was particularly helpful in identi-

fying osteoarthritis in areas of radiotracer uptake on PBS.

Old rib fractures frequently pose a specificity challenge on

PBS as they have similar characteristics to metastatic

deposits. SPECT-CT increases specificity sufficiently to

correctly diagnose these lesions as benign. The use of

SPECT-CT in our institution has certainly proved to be a

useful diagnostic tool for the early detection of skeletal

metastases in prostate cancer patients.

The addition of SPECT-CT to PBS increases the overall

cost of image acquisition as two imaging modalities are

used. SPECT-CT costs 1.5 times that of PBS [16]. Addi-

tional time is needed for acquisition of the SPECT-CT

image and additional manpower hours are required to

review and compare both images. However, it is likely that

the increased costs are offset by a more accurate diagnosis,

reducing time to treatment and patient anxiety from an

unknown diagnosis. Radiation dose is increased with the

addition of SPECT-CT, from 3 to 5 mSv [16]. SPECT-CT

alone may not be sufficient in some cases for precise

localisation of bony lesions; further correlation with MRI

may also be required [17]. Despite imaging with PBS and

SPECT-CT in our study, one rib lesion was still described

as indeterminate. Conversely, separate imaging modalities

are not required for all patients, necessitating correct

identification of those patients in whom both imaging

modalities are needed to influence patient care and out-

come [10].

By confirming or excluding the presence of skeletal

metastasis in prostate cancer patients, SPECT-CT also has

implications on treatment plan, quality of life and overall

patient survival. Earlier detection of metastatic disease will

result in earlier initiation of hormonal treatment, or

Fig. 1 a Planar bone

scintigraphy showing increased

radiotracer uptake consistent

with metastatic disease in the

right hemi-pelvis. b SPECT-CT

images confirming metastatic

disease at the site of increased

radiotracer uptake in the right

hemi-pelvis
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palliative radiotherapy for painful bone metastases. An

earlier and more definitive diagnosis of skeletal metastases

can also alleviate patient anxiety that may result from an

inconclusive PBS.

This is a single-centre, retrospective analysis of 54

patients over a 2-year period, and so is liable to selection

and recall bias. However, each PBS and SPECT-CT image

was reviewed by two independent radiologists; supporting

the validity of our results. Histopathological evaluation of

bony lesions was not performed, as is standard practice;

skeletal metastasis was identified by radiologic studies

alone and subsequent clinical course. Our study was lim-

ited to prostate cancer patients, excluding those with met-

astatic disease from other primary cancers.

Conclusion

This initial report of the Irish experience of the use of PBS

in conjunction with SPECT-CT has found that SPECT-CT

improves the diagnostic accuracy of PBS in detecting

skeletal metastasis from prostate cancer, and is superior to

PBS alone in differentiating benign from malignant lesions.

Notwithstanding the associated increased radiation dose

and resource implications; including available facilities,

specialist manpower hours, and costs; we now recommend

the judicious use of SPECT-CT in conjunction with PBS

for targeted evaluation of suspicious areas of radiotracer

uptake in this cohort of patients.
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