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ABSTRACT 

An established standard imaging modality for detecting bone meta-stases in patients with breast 

cancer is through the use of99'Tc-hydroxymethylene diphasphonate (99'n Tc-IIDP) bone sci nugraphy 

It is clearly documented that sensitivity is generally high while specificity is often lower because of 

tracer uptake in non-malignant processes The aim of this study is to evaluate the diagnostic 

peormance of whole body 2-deo.Ty-2-1'811-D- glucose positron emission tomography ('sEFDC PEI) 

and bone -scintigraphy in the detection of bone metastasis in patients with breast cancer. 

METHODS: There were 232 consecutive patients who underwent _PDC PET for breast cancer 

staging/restaging at our center during the study period We included those who only had a bone 

scintigraphy within a month before or after the PET scan. The results of each image interpretation 

were compared retrospectively by an experienced nuclear medicine physician. Per-patient and per-

lesion detection rates were collected _Bone metastasis slams was established on the basis of 

multanodalay imaging and/or clinical follow-up for at lea-st 6 months Weighted kappa was also 

calculated to determine agreement between the Iwo modalities. RESULTS: Forty-seven patients 

were included in the study with ages ranging from 28-86 years. For the patient-based data, the 

sensitivity, specificity, positive predictive value, negative predictive value, and accuracy were 90%, 

92.6%, 90%, 92.6%, and 91.5%, respectively, for PDC PET, and 95%, 44.4%, 55.9%, 92.3% and 

66%, respectiVely,.for bone scintigraphy. For the lesion-based data, the sensitivity, specificity, 

positive predictive value, negative predictive value, and accuracy were 66.4%, 90%, 94.7%, 50%, 

and 72.8%, respectively, for FDC PET, and 74.5%, 27%, 752%, 26.3% and 62.6%, respectively, for 

bone scintigraphy Agreement between the two modalities was slight. CONCLUSIONS: Overall, 

FDC PET shows to be as sensitive as bone scintigraphy in picking up bone metastases 

Furthermore, on both per patient and per lesion bases; PET was shown to be more cot tfiimatoiy 

and more accurate with evidence ofstatisueal significance. PDC PET and bone scintigraphy-should 

play complementary roles in the detection of-skeletal metastases 
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INTRODUCTION 

Breast cancer remains to be a major health challenge 

for women worldwide. It is the leading cause of 

disability-adjusted life-years (DALYs) in women 

globally at 13.1 million (1). 

In the Philippines, it ranks as the number one cause 

of cancer morbidity, with an estimated 12,262 new 

cases occurring among Filipino women and 

4,371 expected deaths in 2010 (2). At St. Luke's 

Medical Center Cancer Institute, 1,403 (24.18%) of 

the 5,803 new cancer cases registered in the Tumor 

Registry between 2000 and 2004, were attributable 

to breast cancer. 

Improving survival rates in breast cancer has been 

observed in the past years. This is ascribed to early 

detection of the disease and use of aggressive 

multimodality treatments. Detection of bone 
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metastases is essential for optimal therapy (3). 

Between 30% and 85% of patients with metastatic 

breast cancer will develop bone metastases during the 

course of the disease (4-8). Majority are 

asymptomatic and the metastases are detected 

incidentally on routine screening or when a cause for 

rising tumor markers is further investigated. However, 

undiagnosed or untreated progression of bone 

metastases can lead to complications such as bone 

pain, pathologic fracture, hypercalcemia and spinal 

cord compression. Elimination of these complications 

can improve quality of life. As to the optimal imaging 

modality to be used for bone involvement detection, 

no consensus has been reached (9). Bone scintigraphy 

is the most commonly used modality with a known 

high sensitivity rate, often said to be as high as 95% or 

above. However, 18F-FDG PET has been found to be 

more superior to bone scintigraphy in detecting bone 

involvement in various malignancies (10-11) and has 

been reported to have fewer false-positive studies in 

the spine than bone scintigraphy (12). The purpose of 

this study was to compare the diagnostic performance 

of '8F-FDG PET and bone scintigraphy in the 

detection of bone metastasis in patients with breast 

cancer. 

MATERIALS AND MEI HODS 

Study Population 

We retrospectively reviewed the PET Center 

database at our institution to collect all patients with 

histopathologically proven breast cancer referred for 

staging or restaging PET scan from March 2002 to 

March 2006. The search identified a total of 232 

consecutive cases which was trimmed down to 47 

according to the inclusion/ exclusion criteria. The 

following criteria were used for study inclusion: (a) 

female breast cancer patients of all ages in any 

disease stage regardless of the treatment status and 

(b) must have undergone a bone scan within one 

month prior to or after the PET scan. Patients who 

have undergone chemotherapy or localized therapy 

(radiotherapy/ surgery) directed to a bone lesion 

done in between the bone scan and PET scan were 

excluded in the study. 

The patients were aged 28 — 86 years (mean +/- SD, 

51 +/- 13 years). Mean time interval between the 

performance of the PET and bone scan was 13.1 +/- 

8.3 days (range, 1-30 days). Of the 47 cases, 18 

(38%) were requested for staging while 29 (62%) 

were done for restaging purposes. Breast cancer 

histology and stage distribution are listed in Table 1. 

Table 1 Histological diagnosis and stage distribution of 

the study population 

 No. (%) 

Histology   
Ductal CA in-situ 3 (6.4) 

Invasive ductal CA 32 (68.1) 

Infiltrating Lobular CA 1 (2.1) 

Mucinous CA 1 (2.1) 

Breast CA, unspecified* 10 (21.3) 

Stage distribution   
Stage 0 3 (6.4) 

Stage I 1 (2.1) 

Stage II 5 (10.6) 

Stage III 6 (12.8) 

Stage IV 32 (68.1) 

 *
specific type cannot be retrieved 

PET Imaging Protocol 

Patients fasted for 8 hours prior to receiving an 

intravenous injection of 370 MBq (10 mCi) of 18F-

FDG. Capillary blood glucose was assured to be 

<200 mg/dl prior to tracer injection. Sixty minutes 

after injection, PET imaging was performed with an 

Advance NXi scanner (GE Medical Systems). Five-

minute positron emission imaging was acquired over 

5-7 bed positions from the skull base (before October 

2004) or top of the head (from October 2004 

onwards) down to the midthigh. Transmission 

images using a Germanium-68 rod source were then 

obtained for 3 minutes per bed position. 

Reconstruction was done using attenuation corrected 

ordered-subset expectation maximization (OSEM) 

algorithm The transaxial, coronal, sagittal, and 

maximum intensity projection (MIP) images were 

reviewed on the vendor-supplied workstation. 
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Bone Scintigraphy Protocol 

Whole-body images were acquired for time in the 

anterior and posterior (12 cmimin) projections 2.0-

3.0 hours after intravenous administration of 740-

925 MBq (20-25 mCi) of 99mTc-HDP. Additional 

static images of the skull and thorax were done in 

the anterior oblique views. Injection was given on 

the arm contralateral to the site of the primary 

breast tumor. Dual-headed gamma camera (Infinia 

Hawkeye [GE Medical Systems]; Axis [Picker 

International, Cleveland, Ohio, USA]) was used for 

radionuclide bone imaging studies. No single 

photon emission computed tomography (SPECT) 

studies were done. 

Image Intopretation 

An experienced nuclear medicine physician 

interpreted both the bone and PET imaging studies. 

The reader was aware of the clinical history and 

indication of both imaging studies. Visual 

interpretation of bone metastasis was based on the 

configuration, location, number of foci of increased 

tracer activity, and intensity of tracer uptake in bone 

relative to the surrounding background bone 

activity. In addition, maximum weight-normalized 

SUVs were taken into consideration but were not 

solely relied upon for PET interpretation. A scan 

was classified as (a) negative, if the imaging test did 

not show any abnormal tracer uptake in the skeletal 

structures; (b) equivocal, when an abnormal osseous 

finding was present on the imaging test but was not 

interpreted as suspicious for metastasis; (c) 

suspicious, if the test result was clearly suspicious 

for metastasis; or (d) positive, if findings were 

consistent with metastatic disease. To dichotomize 

the data, negative and equivocal findings were 

categorized as "negative," and suspicious and 

positive findings were categorized as "positive." 

This classification was also used to categorize 

individual lesions. Two closely adjacent lesions in 

the same bone were counted as one. 

Confirmation of Ithcbngs 

For clinical confirmation, a finding of bone metastasis 

on the bone scan or the PET scan was correlated with 

other conventional imaging modalities, such as X-ray 

(n=6), computed tomography (n=21) and magnetic 

resonance imaging (n=7). Patients with negative PET 

and bone scan and without clinical findings were 

considered as having no bone metastasis. If there was 

discordance between the bone scan and the PET scan, 

a positive finding from at least one other conventional 

imaging technique was regarded as having metastasis 

to the bone. In cases when there was no other imaging 

modality done or when other imaging modalities 

could not determine bone metastasis, the diagnosis 

was made by clinical and scintigraphic follow-up for 

at least 6 months (n=13). There was no 

histopathologic confirmation done to assess for the 

presence or absence of metastatic bone involvement in 

these patients. 

Data Analysis 

Per-patient and per-lesion detection rates were 

collected. Sensitivity, specificity, positive predictive 

value (PPV), negative predictive value (NPV) and 

accuracy were computed using the classical method. 

Individual lesions were also grouped into regions for 

sub-comparisons. The 9 anatomical regions include: 

skull, sternum, ribcage (including the scapula and 

clavicle but excluding the sternum and spine), cervical 

vertebrae, thoracic vertebrae, lumbar vertebrae, pelvis, 

upper extremities and lower extremities. The weighted 

kappa statistic (Kw) was calculated to determine their 

agreement. The Kw value is an adjustment of the 

percentage of agreement to accommodate for chance 

agreement. The following values of Kw have been 

proposed to qualitatively evaluate agreement: Poor 

(<0), slight (0-0.20), fair (0.21-0.4), moderate (0.41-

0.60), substantial (0.61-0.80), and excellent (0.8-1.0). 

All statistical tests were performed at the 5% level of 

significance. 
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MATERIALS AND ME I HODS 

There are 47 patients from the total of 232 

consecutive patients who were included in the study. 

Most were excluded because they have surpassed the 

one month time interval between the two tests 

(n=171), while a small number were excluded due to 

administration of chemotherapy in between the two 

tests (n=12) and direct extension of tumor deep into 

the chest wall (n=2). 

PET scan yielded negative results in 27 patients 

(57.4%) and positive results in 20 patients (42.6%). 

Bone scintigraphy showed negative findings in 13 

patients (27.7%) patients, whereas 34 patients 

(72.3%) had evidence for skeletal metastasis (Table 

2). For the lesion-per-lesion basis (Table 3), there 

were a total of 147 lesions seen in both modalities. 

PET scan picked up 75 skeletal 

Table 2 Per-patient detection rates for PET and bone scan  

Confirmed Absence of 

bone metastasis bone metastasis 

PET (+) 18 2 

PET (-) 2 25 

Bone scan (+) 19 15 

Bone scan (-) 1 12  

Table 3 Per-lesion detection rates for PET and bone scan. 

Confirmed Absence of 

bone metastasis bone metastasis 

PET (+) 71 4 

PET (-) 36 36 

Bone scan (+) 82 27 

Bone scan (-) 28 10 

 

lesions (51%) while bone scintigraphy picked up 

109 lesions (74%). 

PET and bone scintigraphy were concordant in 

27/47 patients (57.4%), 17 in which they were both 

positive and 10 in which theywere both negative. 

All of these concordant cases were true-positive and 

true-negative cases, respectively. Agreement 

between PET and bone scintigraphy findings was 

calculated at Kw = 0.20 (95% CI, 0-0.43). PET and 

bone scintigraphy were discordant in the remaining 

20 (42.6%) patients, 3 of which were positive on 

PET but negative on bone scintigraphy and 17 of 

which were negative on PET but positive on bone 

scintigraphy. PET correctly identified 1 of the 3 

PETpositive discordant cases and 15 (88.2%) of 

the PETnegative discordant cases. 

Using multimodality imaging and clinical followup 

as the basis for confirming the presence or absence of 

bone metastasis, bone scintigraphy yielded a 

sensitivity of 95% versus 90% for PET (p> 0.05) 

(Table 4). The specificity of FDG PET was 

significantly higher than that of bone scintigraphy 

(92.6% vs. 44.4%;p < 0.05). The NPV of PET was 

essentially the same with bone scintigraphy (92.6% 

vs. 92.3%) while the PPV of PET was significantly 

higher (90% vs. 55.9%). PET correctly identified 

presence and absence of bone metastasis in 43 of the 

47 cases while bone scintigraphy correctly identified 

presence and absence of bone metastasis in 33 of the 

47 cases resulting in a significantly higher accuracy 

for PET scan than bone scintigraphy. 

Imaging result 

Imaging result 

Table 4 Detection of bone metastasis with 
18

F-FDG PET and bone scintigraphy on a patient basis. 

  18F-FDG PET  Bone scan   

  95% CI   95% CI  
Sensitivity 18/20 90.0 66.9-98.2 19/20 95.0 73.0-99.7 NS 

Specificity 25/27 92.6 74.2-98.7 12/27 44.4 26.0-64.4  
PPV 18/20 90.0 66.9-98.2 19/34 55.9 38.1-72.4  
NPV 25/27 92.6 74.2-98.7 12/13 92.3 62.1-99.6 NS 

Accuracy 43/47 91.5 78.7-97.2 31/47 66.0 50.6-78.7   

N - number of patients; CI- confidence interval; PPV - positive predictive value; NPV- negative predictive value; S - 

significant difference  between PET and bone scan (p<0.05); NS - non-significant difference between PET and bone scan 

(p > 0.05) 
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For the per-lesion basis (Table 5), PET's calculated 

specificity and PPV were shown to be superior over 

bone scintigraphy (90% vs. 27% and 94.7% vs. 

75.2%, respectively). PET's per-lesion NPV 

diminished as compared to the per-patient basis but 

remained significantly higher than bone scintigraphy 

(50% vs 26.3%). No significant difference in accuracy 

between the two modalities was seen on a per-lesion 

basis. Sensitivity is higher in bone scintigraphy than 

PET (74.5% vs. 66.4%) but again the difference 

was not statistically significant. This was further 

compared on a regional basis, as summarized in 

Table 6. Sensitivity in detecting metastasis in the 

skull region was significantly higher for bone 

scintigraphy than PET even after excluding the 

cases whose PET scans were done before October 

2004. No statistical difference was noted between 

the two modalities for all the other regions. 

Table 5 Detection of bone metastasis with 18F-FDG PET and bone scintigraphy on a lesion basis. 

  18F-FDG PET  Bone scan   

  95% CI   95% CI 

Sensitivity 71/107 66.4 56.5-75.0 82/110 74.5 65.2-82.1 NS 

Specificity 36/40 90.0 75.4-96.7 10/37 27.0 14.4-44.4  
PPV 71/75 94.7 86.2-98.3 82/109 75.2 65.9-82.8  
NPV 36/72 50.0 38.1-61.9 10/38 26.3 14.0-43.4  

Accuracy 107/147 72.8 64.7-79.6 92/147 62.6 54.2-70.3 NS 
 

N- number of patients; Cl-confidence interval; PPV - positive predictive value; NPV- negative predictive value; S - 

significant difference between PET and bone scan (p<0.05); NS - non-significant difference between PET 

and bone scan (p > 0.05) 

Table 6 Sensitivity of 'F-FDG PET and bone scintigraphy concerning regional metastatic sites. 
 

Region 18F-FDG PET Bone scan  

Skull 3/10=30.0% 10/10=100%  
Ribcage 19/31=61.3% 23/32=71.9% NS 

Sternum 5/7=71.4% 3/7=42.9% NS 

Cervical vertebrae 3/5=60.0% 3/5=60.0% NS 

Thoracic vertebrae 8/11=72.7% 10/12=83.3% NS 

Lumbar vertebrae 7/11=63.6% 11/12=91.7% NS 

Pelvis 13/16=81.3% 14/16=87.5% NS 

Upper extremities 

Lower extremities 

4/5=80.0% 

9 / 1 1 = 8 1 . 8 %   

2/5=40.0% 

6/11=54.5% 

NS 
NS 

 

Three false-positive lesions (2 patients) and seven 

false-negative lesions (2 patients) were found in PET. 

The false positive lesions were attributed to 

inflammation (example of a case is seen in Figure 1). 

Of the false-negative PET, one patient had only low-

grade diffuse uptake in L5 interpreted as benign on 

PET while on bone scan, skull and lumbar vertebral 

lesions were seen which were not seen previously and 

MR' subsequently confirmed these. There were other 

false-negative PET lesions (n=29; 13 patients) but 
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these were seen in those concordant PET-positive 

and bone scan-positive cases and in the setting of 

multiple skeletal metastases. There were 10 skull 

lesions (9 patients) and seven were missed by PET 

(four were outside the region scanned by PET and 

three had no visible abnormal uptake). 

Bone scintigraphy had 15 patients with 27 false-

positive lesions (ribs=13, thoracolumbar 

vertebrae=7, pelvis=7, sternum=1). Two of these 
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Figure 1 False positive PET scan in a 28-year-old stage II breast cancer patient. (A-D) PET images show FDG-avid 

foci in the posterior Pt right rib and right upper costovertebral junction at the T4 level. (E) Thoracic MRI done 3 

days later shows no abnormal marrow signal in the CV junction and in the ribs. (F) Bone scan done 2 weeks later 

also shows no abnormalities. PET findings were mostly attributed to inflammation. 

patients had 3-5 unilateral rib lesions that were 

confirmed to be due to inflammation or trauma. 

Seven of the patients had solitary lesions while the 

rest had 2-3 lesions which were due to degenerative 

changes. There were 15 patients with 28 false- 

negative lesions on bone scintigraphy. All of these 

patients had 1-5 lesions being missed in a background of 

multiple skeletal metastases (an example of which is 

seen in Figure 2) except for one patient with totally 

negative bone scan but with clearly positive PET. 

 

Coronal MIP Sagittal 

Anterior Posterior 

Figure 2 A 41-year-old patient with stage IV (liver metastasis) breast cancer presenting with vague, generalized 

body pain. (A) Bone scan shows a posterior 4th left rib lesion highly suspected to be metastatic. (B) PET scan done 

2 weeks later shows multiple skeletal metastases involving the ribs, scapula, thoracolumbar vertebrae, pelvis and 

femora aside from liver and mediastinal lymph node metastases. 
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DISCUSSION 

Bone consists of cortical, trabecular, and marrow 
components (9). Hematogenous spread is the most 
common route by which cancer reaches the skeleton, 
particularly through the venous system. Occasionally, 
direct extension from the soft tissue to the adjacent 
bone may occur. Greater than 90% of bone metastases 
in adults are found in the distribution of the red active 
marrow, which is located in the axial skeleton (13). The 
normal bone undergoes constant remodeling, 
maintaining a balance between osteoelastic (resorptive) 
and osteoblastic activity. As the metastatic lesion 
enlarges within the marrow, the surrounding bone 
undergoes osteoclastic and osteoblastic reactive 
changes. One process may predominate or sometimes 
both may be active at the same time. Hence, different 
imaging modalities visualize different aspects of tissues 
(bone or bone marrow) or visualizes tumor from 
different perspectives (i.e. density, metabolism, 
vascularity or water content) (9). 

99mTc-HDP uptake in malignant bone involvement is 
believed to occur through the process of adsorption 
onto bone surface which is dependent on local blood 
flow and osteoblastic activity. There is reactive 
increased osteoblastic activity in metastatic disease, 
hence, increased 99mTc-HDP uptake. In contrast, 18F-
FDG acting as a glucose analog, enters the cell by 
glucose membrane transporter proteins that are 
overexpressed in many tumor cells with resultant 
trapping due to slow dephosphorylation and 
inefficient metabolism. Functional changes in bone 
marrow and bone secondary to malignant infiltration 
may precede structural changes that are usually 
identified by morphologic imaging modalities. 

Bone scintigraphy is routinely used in breast cancer 
patients who are at high risk for bone metastases such 
as those with stages III and IV breast cancer and also 
stage II breast cancer with a large tumor and high-
pude histology (14). However, other authors regard it 
as a valuable diagnostic tool at any stage and many 
oncologists at our institution also adopt this practice 
of including a baseline study on all new breast cancer 
patients when feasible. In addition, 

it is widely available and provides an entire skeletal 
visualization within a reasonable amount of time and 
cost. A highly sensitive test often has an inherent 
downside, such as higher false-positivity, and bone 
scanning is not an exception to this theory. This was 
seen in 15 of the 17 patients with discordant results 
(positive bone scan but negative PET) which were 
comprised of one to five focal lesions and all, except 
for two (false-negative PET), were confirmed to be 
due to degenerative or traumatic bone changes. More 
so, there was no statistically significant advantage of 
bone scintigraphy over PET in this study, in terms of 
sensitivity. There were even a few cases in which 
more lesions were depicted on PET scan than bone 
scintigraphy (Figure 2). The resulting PET sensitivity 
obtained in this study was similar to the reports made 
by Ohta (15) and Cook (16). 

Breast carcinomas often display moderate increases 
in glucose metabolism, less than that of other types 
of tumors (i.e. lung cancer). There is also evidence to 
suggest that FDG PET is more sensitive in detecting 
osteolytic metastasis but less sensitive in detecting 
osteoblastic metastasis. In spite of this, increasing use 
of PET scan in breast cancer staging is now seen in 
developed countries (with Medicare reimbursement) 
and also is slowly becoming palpable in developing 
countries. The first observation noted in this study is 
the statistical superiority of PET over bone scan in 
terms of accuracy and in terms of labeling negative 
those who truly do not have bone metastasis. This 
may be due to higher sensitivity of18F-FDG PET 
than bone scintigraphy in detecting purely osteolytic 
or marrow metastases because those lesions involve 
little to absent osteoblastic activity (16). 

Another observation noted between PET and bone 
scan is a negligible difference of NPV on the per-
patient basis but the per-lesion based analysis shows a 
nearly 24% advantage of bone scintigraphy over PET. 
Paradoxically, this can be attributed to the more false-
negative lesions in PET due to low uptake of18F-FDG 
by bone and also to the fact that the per-patient 
detection rate was based on each particular scan 
having been interpreted as a whole. So even if there is 
a mixture of benign and metastatic bone lesions 
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CONCLUSIONS AND RECOMMENDATIONS 

Despite the inherent shortcomings of a retrospective 

study design (17), the results of this study are 

encouraging and remain to be consistent with the 

results of international studies (18, 19) . Overall, FDG 

PET is shown to be more specific and more accurate 

than bone scintigraphy and is as sensitive as bone 

scintigraphy in the detection of skeletal metastasis 

from breast carcinoma. 

in one scan, it still categorizes that patient as 

having bone metastases. 

Lastly, there are more concordant cases than 

discordant cases and all the concordant cases are true-

positive and true-negative studies, resulting in 100% 

PPV and 100% NPV when both modalities are 

concordant. However, there is only slight agreement 

between the PET and bone scintigraphy and this is due 

to the 42.6% discordance rate. With such findings, it 

can be concluded that these two imaging modalities 

are complementary with each other. 

_Limitations 

This study has its own limitations. First, the retro-

spective selection of patients carries inherently some 

selection bias. Since staging/restaging PET imaging 

locally is not routine due to its cost, those that were 

eventually sent for a PET scan certainly may have had 

equivocal findings on previous conventional imaging 

procedures, including the bone scan. This might have 

influenced the results towards favoring PET. 

Additionally, prior systemic therapy could be a factor 

in those restaging studies. A possible explanation for 

this is that bone scintigraphy may have detected 

"sterilized" metastases following treatment (i.e. bone 

repair process but no viable tumor) whereas FDG PET 

was correctly negative (i.e. no viable tumor). 

Second, test review bias or interpretation bias may 

artificially elevate the accuracy of PET scan. The 

unblinded nuclear medicine specialist can also be 

influenced by the result of the first study when 

interpreting the second. 

Finally, verification of the presence or absence of 

skeletal metastasis at the time of staging PET and 

bone scan is an obvious source of bias. Bone biopsy 

is the ideal gold standard but it is not commonly 

practiced due to invasiveness, patient discomfort and 

because the result most probably would not have any 

significant change in patient management or clinical 
outcome.  

Can FDG PET take the place of bone scintigraphy? 

Probably not at this time and our findings suggest that 

these two modalities are complementary imaging 

tools. In addition, a single bone lesion in a bone scan 

may obviate the need for further work-up. Other 

investigators, on the other hand, believe that PET is 

more cost-effective than various imaging modalities 

as it has the ability to evaluate for and monitor lesions 

in soft tissue, lymph nodes, liver, lungs, and bone in 

one imaging procedure (20). This is most especially 

true now that the move has been towards PET/CT and 

these hybrid techniques may overcome the limitations 

of pure scintigraphic techniques. In the future, the 

potential cost savings of PET or PET/CT over bone 

scintigraphy (and other anatomic imaging modalities 

included) and its potential impact on patient 

management are some issues that would require 

further research and evaluation in a clinical trial 

especially in our local setting where medical costs of 

newer therapies can be quite prohibitive for the 

average breast cancer patient. Lastly, there should be 

caution when interpreting the above results and that a 

prospective study with a larger patient population 

could help determine the best method for detection of 

bone metastases. 
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