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Abstract

The discrepancy between bone scintigraphy and computed
tomography scanning for solitary bony lesion in patients who have
breast cancer is challenging to the referral physician. The purpose of
this study was to evaluate the risk of malignancy in solitary lesions on
bone scintigraphy in patients who had breast cancer diagnosed at
King Abdulaziz University Medical Centre, and to compare the results
between bone scintigraphy and computed tomography scanning.
There were 89 patients who had a solitary bone lesion noted on bone
scintigraphy and computed tomography performed within 3 months
of bone scintigraphy. The solitary bone lesions were benignin 56 (63%)
patients and malignant in 33 patients (37%). There were 15 (17%)
malignant lesions in bone scan that had initial computed tomography
findings that were negative or equivocal for bone metastasis, but
all these lesions had destructive changes on follow-up computed
tomography scan. In summary, at this medical center the frequency
of malignancy is high (37%) in solitary bone lesions in patients who
have breast cancer, regardless of appearance of the lesion on an initial
computed tomography scan. Prospective study with a larger group of
patients is recommended.
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INTRODUCTION

’ he skeleton is the most common site for distant
metastasis from breast cancer. The risk of skeletal

usually are multiple, and solitary skeletal metastasis is
observed in 21% to 41% of patients®*. Radiographic
correlation of the site of solitary uptake of radioisotope
is necessary and enables precise anatomic and

metastasis as assessed by bone scintigraphy is 0.8%
to 2.6% for stage 1 and 2 and 16.8% to 40% for stage
3 and 4", Staging of breast cancer is used to direct
therapeuticdecisionsand provideimportant prognostic
information. When bone metastasis is suspected, bone
scintigraphy and computed tomography (CT) are
commonly used for proper staging. Bone metastases

morphologic characterization.

Bone scintigraphy is sensitive in detecting skeletal
metastatic lesions, but the specificity is low because
benign conditions may cause increased radioisotope
uptake including trauma, infection, and arthritis®®.
Chest and abdominal CT scans are usually performed
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to assess visceral and skeletal metastasis. The
discrepancy in the metastatic workup for solitary bony
lesion between negative CT scan and positive bone
scan is challenging, particularly with the advanced CT
resolution and low bone scan sensitivity. One study
suggests that CT scan of chest and abdomen with
the extension of the scan to the pelvis may increase
CT scan sensitivity (98%) and specificity (100%) for
skeletal metastasis, and CT scanning may replace the
bone scan during the initial evaluation”. However,
in a systematic review of 16 studies that compared
the accuracy of imaging tests for bone metastasis
in women who had breast cancer, there was little
evidence that CT, magnetic resonance imaging (MRI),
or fluorodeoxyglucose positron emission tomography
(FDG-PET) scans may replace bone scan in the initial
imaging for bone metastasis®. The MRI scans had
higher sensitivity (97%) and specificity (97%) than
FDG-PET (sensitivity 83%, specificity 94.5%) or bone
scintigraphy (sensitivity 87%, specificity 88%) in
diagnosis of bone metastasis in patients who had
breast cancer®. Nevertheless, MRl is not commonly
used for initial or follow-up evaluation in patients who
have breast cancer because of restricted availability,
high cost, and the long duration of whole -body MRI
scanning.

The purpose of the present study was to evaluate
the frequency of malignancy in solitary lesions on
bone scintigraphy in patients who had breast cancer,
and to compare the results between bone scintigraphy
and CT scanning of the chest, abdomen and pelvis for
evaluation of bone metastases.  This study reviews
the clinical history and follow-up CT scan and bone
scintigraphy studies to determine the incidence of
cancer in solitary bony lesions, the effect of clinical
factors on the course of solitary metastatic bone lesions,
and to compare the accuracy of bone scintigraphy and
CT scan forimaging solitary bone metastasis in patients
who had breast cancer.

Materials and Methods

Subjects

This study retrospectively reviews all bone scintigraphy
studies performed for staging in patients who had
the clinical diagnosis of breast cancer at the Nuclear
Medicine Department, King Abdulaziz University
Hospital, between January 2007 and December
2011. Patients were included in the study when
they had: (1) A single area of radioisotope uptake

on bone scintigraphy that had the appearance of a
bone metastasis; (2) A CT scan performed within 3
months of the bone scintigraphy study that evaluated
the site of abnormal radioisotope uptake; and (3) >
1 follow-up bone scintigraphy study and CT scan.
There were 720 bone scintigraphy studies performed
among 434 patients who had breast cancer to screen
for metastasis: No metastasis in 215 (50%) patients;
solitary bone lesions in 132 (30%) patients; multiple
skeletal metastases in 87 (20%) patients. Of the 132
patients who had solitary bony lesions, 43 patients
(33%) were excluded (CT correlation not available for
23 patients; 20 patients lost to follow-up), leaving 89
patients included in the study who had solitary bone
lesions on bone scintigraphy and an available initial CT
scan performed within 3 months of bone scintigraphy.

Evaluation

Medical records were reviewed for age, tumor markers,
follow-up, extraosseous metastasis, and progression
to multiple skeletal metastasis. The incidence
of malignancy in the solitary bone scintigraphic
abnormality was assessed from the follow-up bone
scintigraphy study and CT scan. Any available plain
radiographs and MRI scans were reviewed for the
detected solitary lesion.

Bone Scintigraphy and Computed
Tomography

Whole body bone scintigraphy was performed at 3 to
4 hours after intravenous injection of technetium Tc
99 methyldiphosphonate (740-925 MBq [20-25 mCi]).
Anterior and posterior total body, static lateral skull
and oblique chest images were obtained. Selected
spot views with or without single photon emission
CT/CT of the abnormal site were acquired as needed.
Images were acquired with a dual head gamma camera
(Skylight, Philips, Best, The Netherlands) or hybrid single
photon emission CT/CT dual head gamma camera
(Symbia T6, Siemens, Munich, Germany). Images were
acquired with a low-energy, high-resolution collimator
(photopeak 140 kev, 20% symmetrical window, matrix
size 256 x 1024).

The CT scans were performed after oral and
intravenous  contrast administration (Somatom,
Siemens 64 slices and Definition AS, Siemens 128
slices). Images were acquired with multislice technique
(slice thickness, 5 mm) and reconstruction protocol for
the chest (1.5 mm) and abdomen and pelvis (2 mm).
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The diagnostic criteria for solitary skeletal
metastasis included a single area of increased uptake
of radioisotope on bone scintigraphy and a CT
abnormality at the same anatomic location that was
either (1) a destructive lesion on the CT scan performed
within 3 months of bone scintigraphy or (2) a normal
or equivocal initial CT scan and a destructive lesion on
the follow-up CT scan consistent with metastasis. The
diagnostic criteria for a benign solitary lesion included
a single area of increased uptake of radioisotope
on bone scintigraphy and either (1) corresponding
CT changes consistent with benign disease such as
arthritis or trauma or (2) improved or stable uptake
on follow-up bone scintigraphy and normal CT scan
appearance throughout follow-up.

Data Analysis

Pearson chi-square () test and Fischer exact test were
used to evaluate the relation between the incidence
of solitary metastatic lesions and other clinical factors
such as age, tumor markers, stage, and visceral and
extra skeletal metastasis. The relation between a
solitary area of increased uptake on bone scintigraphy
and CT findings (initial CT normal or abnormal) was

evaluated. Statistical significance was defined as P <
.05.

Results

The 89 patients who had abnormal solitary lesions on
bone scintigraphy had a total 193 bone scintigraphy
studies and 222 CT scans performed during follow-
up (mean 3.2 yrs., range 1-5 yrs.). Most lesions were
benign (Table 1). Malignant lesions were associated
more frequently with elevated levels of tumor markers,
visceral metastases, and progression to multiple
skeletal metastases than benign lesions (Table 1).
Mean age was similar between patients who had
benign or malignant lesions (Table 1).

Most solitary lesions were located in the spine,
ribs, or sternum, and differences in frequency between
benign and malignant lesions in these locations were
not significant (Table 1). Most metastatic lesions were
located in the spine, ribs, or sternum (Table 2). 38 (43%)
patients had solitary lesions with equivocal findings
for metastasis in the initial CT scan. At follow-up 15
(39%) lesions were malignant and 23 (61%) lesions
were benign (not significant).

Table 1. Clinical characteristics of patients who had breast cancer and solitary uptake of radioisotope on bone scintigraphy*.

Characteristics Total Malignant Benign p<t
No. of Patients 89(100) 33(37) 56 (63) NS
Age
>45y 61(69) 25(41) 36(59) NS
<45y 28(31) 8(29) 20(71)
Tumor Markers*
Elevated 24(27) 17(71) 7(29) .0001
Normal 65(73) 1(25) 49(75)
Visceral Metastasis
Yes 21(24) 14.(67) 7(33) .001
No 68 (76) 19(28) 49 (72)
Progression to Multiple Skeletal Metastasis
Yes 23 (26) 18(78) 5(22) .001
No 66 (74) 15(23) 51(77)
Computed Tomography
Positive 51(57) 18(35) 33(65) NS
Negative/Equivocal 38 (43) 15(39) 23 (61)
Anatomic Distribution
Spine 48 (54) 20 (42) 28 (58) NS
Ribs 26(29) 7(27) 19(73) NS
Sternum 8(9) 4(50) 4(50) NS
Femur 3(3) 1(33) 2(67) NS
Skull 3(3) 1(33) 2(67) NS
Clavicle 1(1) 0(0) 1(100) NS

*N = 89 patients. Data reported as number (%).

NS, not significant (P> .05).

#Cancer antigen 15 or carcinoembryonic antigen.
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The follow-up CT scan showed destructive
changes consistent with metastasis in all 33 malignant
lesions, with high overall sensitivity (100%) and
specificity (100%) for bone metastasis. In 15 (45%)
malignant lesions the initial CT findings were equivocal

for bone metastasis, but follow-up CT scan showed
destructive changes and bone scintigraphy showed
persistent increased scintigraphic uptake (Figs. 1 and
2). Progression to multiple skeletal metastasis was
observedin 15 (45%) patients, including 9 patients who

Table 2. Clinical and computed tomography characteristics of patients who had breast cancer and solitary malignant bone lesions on

bone scintigraphy*.

Initial Computed Tomography Scan
Characteristic Total Positive Neg'atlve/ p<t
Equivocal

No. of Patients 33(100) 18 (55) 15 (45) NS
Age (¥) 51+12 55+13 NS
Anatomic Distribution

Spine 20 (61) 11(55) 9 (45) NS

Ribs 7(21) 3(43) 4(57) NS

Sternum 4(12) 2(50) 2(50) NS

Femur 1(3) 1(100) 0(0) NS

Skull 1(3) 1(100) 0(0) NS
Tumor Markers Elevated 17 (52) 11 (65) 6(35) NS
Visceral Metastasis 14 (42) 6 (43) 8(57) NS
Progression to Multiple Skeletal Metastasis 15 (45) 6 (40) 9 (60) NS

*N = 33 patients who had malignant solitary bone lesions. Data reported as number (%) or mean + SD.

NS, not significant (P > .05).

a b

C

Figure 1. Bone scintigraphy (BS) in a patient who had breast cancer for initial staging. (a) Base line BS demonstrated a solitary uptake at
the left 9th rib posteriorly (arrow). (b) Follow up BS at 6 months demonstrated stable skeletal metastasis at the left 9th rib (arrow). ()
Follow up BS at 22 months showed multiple skeletal metastasis at axial and appendicular skeleton.

12 Journal of King Abdulaziz University - Medical Sciences @ 2015 e Volume 22, No. 1



Solitary Lesions on Bone Scintigraphy in Patients with Breast Cancer: King Abdulaziz University Medical Centre Experience
N.A. Batawil

Figure 2. Correlative computed tomography of the chest in a patient who had breast cancer (Fig 1). (a) The initial computed tomography
scan for staging (8 weeks after BS) had a faint cortical irregularity at the left 9th rib that was interpreted as likely traumatic. (b) Follow-up
computed tomography scan at 6 months showed stable appearance of the left 9th rib. (c, d) Follow-up computed tomography scan at
24 months showed a stable appearance of the left 9th rib (c) and a lytic skeletal metastasis at the lumbar spine(d).

had initial negative or equivocal CT and 6 patients who
had a positive initial CT scan for metastasis (difference
not significant) (Table 2). There was no significant
difference in the frequency of elevated tumor marker
levels or the frequency of visceral metastasis between
patients who had positive or negative initial CT scan
(Table 2). There were 31 patients (35%) who had single
photon emission CT/CT and 11 (12%) patients who had
MRI to analyze the solitary area of increased uptake on
bone scintigraphy.

Discussion

The present study showed that the frequency of
solitary skeletal metastasis in breast cancer patients
was 37% (Table 1), which is comparable to data from
one previous study (41%)"! and higher than data from
another study (21%)™. The difference in the frequency
between studies may be attributed to the short follow-
up period between bone scintigraphy and CT scanning
in the present study (3-6 months). Clinical analysis
alone is not adequate to diagnose skeletal metastasis
because 30% to 50% of patients do not have symptoms

of metastatic disease when they present with breast
cancer™. The tumor markers are simple, commonly
available, cost-effective tests for follow-up in patients
who have breast cancer metastasis, but data vary about
the correlation between tumor markers and bone
metastasis'"'?. In the present study, patients who
had a malignant solitary lesion had elevated levels of
tumor markers (cancer antigen 15 or carcinoembryonic
antigen) over patients who had benign lesions (Table
1). Patients who initially had a malignant solitary
lesion more frequently developed multiple skeletal
metastases and visceral metastasis than patients who
initially had a benign lesion (Table 1).

Most bone metastases begin as intramedullary
lesions, and most red marrow is located in the axial
skeleton (vertebrae, pelvis, and proximal femurs).
Breast cancer may metastasize preferentially to these
regions because the spine is highly vascularized and
contains 75% body bone marrow. Metastatic tumor
cells may infiltrate the vertebral body bone marrow
without destroying the cortical bone™. The spine
also may develop facet joint arthritis, fractures, and
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degenerative disk disease. In the present study 58%
of vertebral lesions were benign and 42% of vertebral
lesions were malignant (Table 1). The anatomic
distribution of the solitary bone lesion throughout the
skeleton was similar between benign and malignant
lesions (Table 1). Metastatic vertebral lesions were
observed in most malignant solitary lesions (Table 2),
and spine metastases frequently originated from the
lumbar spine (50%). One previous study of 289 solitary
metastatic lesions in breast cancer patients showed
that 32% of lesions were in the vertebrae®™ and another
study showed that 50% of vertebral lesions were
metastatic!'®4,

The CT scan is a powerful method to delineate
bone metastasis with high sensitivity and specificity”#.
With a high CT resolution, it was suggested that routine
bone scans are not required in staging patients with
advanced breast cancer, as the bone scan did not
identify any metastatic lesion that was missed by CT
scan” . However, a CT scan may not show early bone
metastasis or may show equivocal changes that can
be missed by the interpreter. In the present study
38 patients (43%) presented with initially negative
or equivocal CT correlation, corresponding with the
solitary scintigraphic finding; 15 of those patients (39%)
had metastatic disease in follow-up bone scintigraphy
and CT scans. Both CT-negative and CT-positive groups
had destructive changes consistent with metastasis in
the follow-up CT scan and had comparable frequency
of visceral metastasis and conversion from single
metastasis to multiple skeletal metastasis (Table 2).
Bone metastasis may start as an intramedullary lesion,
and the CT scan may be normal in patients who have
early bone metastasis and may not detect structural
changes!™. Early detection of skeletal metastasis may
enable early treatment and possibly longer survival
time, but the early CT scan may be negative. Therefore
in patients who have early metastasis, more aggressive
therapy may be recommended solely on the basis of
positive scintigraphy™ .

Limitations of the present study include the
retrospective design and small number of patients
that may have limited statistical power. Nevertheless,
this study confirms that the frequency of metastasis at
this medical center is high in patients who have breast
cancer and a solitary bone lesion detected with bone
scintigraphy (37%), and the spine is the most common
site of metastases (61%). Bone metastasis with initial
negative or equivocal CT scan and positive scintigraphy
occurred in 15 of 89 patients (17%). A prospective
study with a larger group of patients is recommended.
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