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Abstract

Background We prospectively compared the diagnostic

accuracies of PET/CT and BS in patients with suspected

bone metastases from breast cancer.

Methods This single-institution prospective study in-

cluded consecutive patients with suspected bone metas-

tases from biopsy-proven breast cancer seen at Tokai

University Hospital between September 2011 and March

2014. Inclusion criteria included suspicions for bone

metastases (bone pain, elevated alkaline phosphatase,

elevated tumor markers, or suspected bone metastases by

BS). Two nuclear medicine physicians evaluated PET/CT

and BS images.

Results Thirty patients were initially enrolled in this

study. Two were excluded from the analyses because they

declined to undergo imaging during follow-up. PET/CT

successfully detected bone metastases in all 10 patients

finally diagnosed with the condition, whereas BS identified

2. The two methods were not highly concordant in de-

tecting osseous metastases. In 19 of 28 paired studies

(68 %), 2 (10 %) were positive for metastasis, and 17

(90 %) were negative. Nine occurrences (32 %) were dis-

cordant; of these, 2 were PET/CT positive and BS nega-

tive; 5 were PET/CT positive and BS equivocal; one was

PET/CT negative and BS equivocal, and one was PET/CT

equivocal and BS negative.

Conclusions Our results indicated that PET/CT was su-

perior to BS for the diagnosis of bone metastases. On the

basis of the results of previous studies as well as ours, PET/

CT could replace BS as the initial modality to detect bone

metastases in patients suspected for the condition.

Keywords PET/CT � Bone scintigraphy � Breast cancer �
Bone metastases

Introduction

Early diagnosis of bone metastases is needed for precise

distant staging, optimal management, and prevention of

complications. The combination of physical exam and

appropriate imaging procedure can prevent emergencies

and lasting morbidity through early detection, allowing

timely delivery of necessary therapy. The bone is one of

the most frequent sites for distant metastasis in breast

cancer patients [1]. The median survival duration after

diagnosis of bone metastasis is 25.2–72 months [2–5].

Conventional bone scintigraphy (BS) is the most frequently

used imaging modality for the detection of bone metastases

in breast cancer patients owing to its availability and ability

to evaluate the entire skeleton with low cost [6]. Costelloe

et al. noted recommendations regarding the use of imaging

modalities for detecting osseous metastases. The first

choice for screening should be BS; however, because this

method shows only bone mineral turnover, another
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imaging study might be needed for an accurate diagnosis

[radiography, computed tomography (CT), or magnetic

resonance imaging (MRI)] [7]. They also recommended the

use of 18F-fluorodeoxyglucose positron emission tomog-

raphy (18FDG-PET)/CT if MRI and CT cannot detect the

disease, and clinical suspicion of bone metastasis remains

[7].

BS shows the osteoblastic response to bone destruction

by cancer cells. One of the most important disadvantages

of BS is that benign processes (such as osteoarthritis,

fractures, and degenerative changes) may lead to a high

false-positive rate and decrease the specificity of BS [8, 9].

In contrast, 18FDG-PET shows increased metabolic ac-

tivity of tumor cells and can detect both osteoblastic and

osteolytic lesions at an earlier stage [10]. However, PET

imaging alone is limited for anatomical localization.

Therefore, PET is expected to detect lytic lesions not seen on

BS, whereas CT is expected to visualize sclerotic lesions not

seen on PET alone [11] [12]. Thus, dual-modality PET/CT

seems to have an advantage over BS in detecting osseous

metastases [7]. Sclerotic lesions are easily recognized in the

CT image of a PET/CT examination because of their radio-

graphic density. Furthermore, several studies have demon-

strated that the evaluation ofmetabolic response by using the

standardized uptake value (SUV) in PET/CT may predict

tumor response and survival [13–15]. PET/CT might there-

fore be the best use of imaging modality for evaluating bone

metastases and their response to treatment.

Several retrospective studies have reported the diag-

nostic accuracy of 18FDG-PET/CT and BS in detecting

bone metastases from breast cancer [16–21]. These studies

demonstrate that, in detecting bone metastases from breast

cancer, PET/CT is superior to BS in terms of sensitivity

and specificity. However, the differences in the efficacy

between 18FDG-PET/CT and BS were not confirmed.

We hypothesized that bone metastases could be detected

more accurately by PET/CT than BS. In this prospective

study, we compared the diagnostic performance of PET/CT

and BS in patients with suspected bone metastases from

breast cancer.

Patients and methods

Patients

Study design

This single-institution prospective study included con-

secutive patients with suspected bone metastases from

biopsy-proven breast cancer seen at the Breast Diseases Unit

at Tokai University Hospital, Kanagawa, Japan between

September 2011 and March 2014. Inclusion criteria were

signs of suspected bone metastases such as bone pain,

elevated alkaline phosphatase, elevated tumor markers,

suspected bone metastases by other imaging results, and

locally advanced breast cancer. Other inclusion criteria were

histologically proven breast cancer, age over 20 years or less

than 75 years, and Eastern Cooperative Oncology Group

(ECOG) performance status of 0 or 1. Exclusion criteriawere

prior history of breast or other cancer, ECOG performance

status of 2 or 3, symptomatic brain metastases, uncontrolled

diabetes mellitus, and pregnancy. The main objective was to

compare the diagnostic accuracy of bone metastases, as de-

tected by 18FDG-PET/CT and BS. We have planned accrual

of 50 patients to prove this hypothesis.

This study was approved by the Institutional Review

Board of Tokai University School of Medicine. All patients

provided written informed consent. The study is registered

with the University Hospital Medical Information Network

(UMIN number 000006003).

Imaging protocols

BS was performed first, followed by PET/CT within a two-

week interval.

For BS, images were obtained 3 h after injecting

555–740 MBq (15–20 mCi) of 99mTc-hydroxymethylene

diphosphonate (HMDP) with an e.cam (Siemens Medical

Solutions, Knoxville, TN). Whole-body anterior and pos-

terior images were obtained in a 256 9 1024 matrix using

a low-energy, high-resolution collimator at a scan speed of

15 cm/min.

For PET/CT, patients fasted 5 h before 18F-FDG ad-

ministration. The tracer (185–370 MBq or 5–10 mCi) was

intravenously injected in the arm of the opposite side to the

tumor. Imaging was performed 60 min later, from the

midthigh level to the top of the skull with the arms down

using a lutetium oxyorthosilicate-based PET ? 16-slice

CT system TruePoint Biograph 16 (Siemens Medical So-

lutions, Knoxville, TN). CT data were acquired without

contrast enhancement and using the following parameters:

130 kV, 60 mA, pitch 1.4, and slice thickness 5 mm. PET

data was collected in a three-dimensional mode at 2 min

per table position and reconstructed. Images were viewed

on a Siemens syngo MultiModality Workplace workstation

(Siemens Medical Solutions, Knoxville, TN). Maximum

standardized uptake value (SUVmax), a semiquantitative

measure of FDG uptake, was calculated.

Image interpretation

Bone scintigraphy

BS images were read by two nuclear medicine physicians

(J.H. and T.K.) who were blinded to each patient’s clinical
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and other imaging findings. First, they independently in-

terpreted the BS images, and then consensus was achieved

upon discussion. Bone metastases and benign conditions

were differentiated based on site, size, shape and distri-

bution of tracer uptake, and patients’ clinical conditions

including history of trauma and surgery. For example,

round-shaped uptake(s) in a rib (or the adjacent ribs) of a

patient with a history of trauma was diagnosed as a trau-

matic change, whereas extended uptake was considered

malignant. Uptakes on the edges of the vertebrae were

diagnosed as benign degeneration, whereas uptakes in the

center of the vertebrae without compression fracture were

judged as metastases. The readers scored for the presence

or absence of bone metastasis and classified into three

categories: 1, negative for bone metastasis; 2, equivocal for

bone metastasis, and 3, positive for bone metastasis. In

cases of equivocal or positive findings, the site of abnormal

findings was recorded.

18FDG-PET/CT

PET, CT, and PET/CT fusion images were considered al-

together. Two physicians who were blinded to patients’

clinical and other imaging findings independently inter-

preted PET/CT results. For bone metastases, the form and

intensity of 18FDG uptake as well as CT findings were

considered simultaneously. 18FDG uptake corresponding to

degenerative findings on the underlying CT (e.g., on a facet

articulation) and uptake in a rib fracture with a history of

trauma were considered non-suspicious. However, high

uptake on a typical area of metastasis (e.g., the body of a

vertebra, pedicle, sternum, and pelvis) was considered

malignant even if the CT part showed subtle or no changes,

in agreement with the well-known high sensitivity of
18FDG-PET compared with CT for the detection of early

bone marrow involvement [22].

Criteria for the final diagnosis of bone metastasis

Bone involvement was confirmed by biopsy, especially in

cases of oligometastases. If biopsy proved difficult to

perform, conventional imaging, additional directed ra-

diological studies, and follow-up were helpful.

Bone metastases were confirmed by at least one other

method as follows: bone biopsy (1 patient), CT (2 patients),

and MRI (4 patients). However, such a confirmation was

not performed in patients with evidence of other metastases

at diagnosis because they were treated as having metastatic

breast cancer.

In all of the above image interpretations, when the two

physicians provided different diagnoses, the final diagnosis

was decided by discussion.

Statistical analysis

Sensitivity and specificity were determined on the basis of

number of patients instead of number of lesions. The

McNemar’s Chi squared test was used to compare the di-

agnostic performance of PET/CT and BS. A P value of less

than 0.05 was considered significant. All analyses were

performed by using R software v 3.1.1 (http://www.r-pro

ject.org).

Results

Patients

Thirty patients were initially enrolled, but two were ex-

cluded from the analyses because they declined further

follow-up imaging. The median patient age at diagnosis

was 59 years (range 31–74 years). Patient characteristics

are shown in Table 1. The reasons for suspected bone

metastases are presented in Table 2.

PET/CT successfully detected bone metastases in all 10

patients finally diagnosed with the condition, whereas BS

identified 2. The two modalities were not highly concor-

dant in detecting osseous metastases; of the 19/28 paired

studies (68 %), 2 (10 %) were positive for metastasis, and

17 (90 %) were negative. Of the patients with concordant

positive results, one underwent MRI to confirm osseous

metastases, and the other did not undergo other imaging

procedures owing to multiple bone metastases. Both pa-

tients were clinically treated as having bone metastases.

Table 1 Patient characteristics

Total N = 28

Age

Median (y) 59 (31–76)

Estrogen receptor

Positive 15

Negative 8

PgR

Positive 15

Negative 13

HER2

Positive 9

Negative 19

Timing of imaging

Primary diagnosis 14

Follow-up after surgery 14

PgR progesterone receptor, HER2 human epidermal growth factor

receptor 2
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There were nine discordant cases (32 %); of these, one

was PET/CT positive and BS negative; seven were PET/

CT positive and BS equivocal, and one was PET/CT

equivocal and BS negative (Table 3). The Chi square test

showed statistically significant difference between the re-

sults of PET/CT and those of BS (P = 0.029).

PET/CT positive, BS negative case

One of the 9 discordant cases manifested positive PET/CT

and negative BS (Table 3). This patient did not undergo

bone biopsy because the tumor in the sternum was very

small. Since multiple lung metastases were also detected

by PET/CT, the patient was treated with tamoxifen as

having metastatic breast cancer.

PET/CT positive, BS equivocal cases

Of the seven patients with positive PET/CT and equivocal

BS, one underwent bone biopsy after PET/CT examination,

and osseous metastasis was confirmed (Fig. 1). Of the six

patients who did not undergo bone biopsy or fine needle

aspiration (FNA), three had clinical or radiographic evi-

dence of bone metastasis, whereas the other three did not.

Other metastatic lesions were detected in the lymph nodes

(two patients) and lungs (one patient) of the three patients

without bone metastasis. Progression of bone metastases

was confirmed in one patient 3 months after diagnosis.

Therefore, all seven patients received treatment as having

metastatic breast cancer. Two cases with positive PET/CT

and equivocal BS findings are presented in Figs. 1 and 2.

PET/CT equivocal, BS-negative cases

In the one patient with equivocal PET/CT and negative BS,

an osteoblastic change in the spine was detected on CT.

Since increased FDG uptake was not observed for the le-

sion, the patient did not undergo bone biopsy or FNA. The

patient was followed up without any signs of bone

metastasis 24 months after the PET/CT examination.

Discussion

To our knowledge, this is the first prospective study com-

paring PET/CT and BS for the detection of bone metas-

tases. The number of patients did not reach the planned

Table 2 Reasons for suspected bone metastasis

Indication Patients (N = 28)

Number of patients %

Bone pain 4 14

Elevated tumor marker 17 61

Abnormal radiology 8 29

Elevated alkaline phosphatase 5 18

Locally advanced breast cancer 11 39

Tumor marker: carcinoembryonic antigen, CA 15-3

Table 3 PET/CT and BS findings

Number of patients by PET/CT result

Positive Equivocal Negative Total

Number of patients by BS result

Positive 2 0 0 2

Equivocal 7 1 0 8

Negative 1 1 16 18

Total 10 2 16 28

PET/CT positron emission tomography/computed tomography, BS

bone scintigraphy

Fig. 1 A case of lumbar

metastasis in which bone

scintigraphy (BS) findings

(a) were inconsistent with

positron emission

tomography/computed

tomography (PET/CT) findings

(b). Biopsy-proven L4 spinal

bone metastasis was present in

this case and was detected on

PET/CT (b), whilst the BS

findings were equivocal (a)

Breast Cancer (2016) 23:662–667 665

123



number of patients. However, PET/CT successfully de-

tected bone metastases in 10 of 10 patients, whereas BS

findings were positive in 2, equivocal in 7, and negative in

one. The two modalities were not highly concordant in

detecting osseous metastases. Our data demonstrated that

PET/CT was superior to BS in detecting bone metastases.

No consensus criteria are available for the selection of

imaging modalities in diagnosing bone metastasis. Since

BS images reflect bone mineral turnover and provide only

indirect information about tumor activity, they are less

sensitive in detecting lytic and/or indolent metastatic le-

sions compared to PET/CT [23]. On the other hand, PET/

CT could detect bone metastases even in patients with a

small number of metastatic lesions in the current study. Of

the seven equivocal patients, four had a single bone

metastasis. Bone biopsy is required to confirm the diag-

nosis of single bone metastasis owing to the high false-

positive rate of BS and conventional imaging [24].
18FDG-PET/CT has a high potential for more accurate

assessment of bone metastases than does either PET or CT

alone, because osteolytic lesions can be detected by PET

and sclerotic lesions by CT [12] [11]. Nonetheless, in our

study, a patient who had a sclerotic lesion detected by CT

without increased 18FDG uptake did not exhibit any evi-

dence of disease for 2 years. Furthermore, PET/CT is

advantageous for whole-body imaging for the detection of

metastases in soft tissues and visceral organs. In point of

disadvantage, PET/CT is high cost and high radiation

exposure than BS. However, equivocal patients diagnosed

BS need additional imaging, that is additional cost and

radiation exposure.

The current study has some limitations. First, the num-

ber of enrolled patients was small. Our data were collected

from a single institution and might reflect selection bias.

Second, not all patients underwent a completed follow-up

imaging evaluation. Third, histopathologic findings were

not available for all areas of suspected bone metastases

because clinicians tended to avoid biopsy in patients with

suspected multiple metastases, particularly when findings

on additional imaging studies were highly suggestive of

metastatic disease, and treatment needed to be expedited in

cases of rapidly progressive disease. For patients with

presumed false-negative findings on PET/CT who did not

undergo biopsy, we did not have a definite answer re-

garding whether the patient actually had bone metastases.

Conclusions

The results of our prospective study strongly supported

findings from previous retrospective studies showing that

PET/CT might be superior to BS in detecting bone

metastases. On the basis of the results of previous studies,

as well as ours, PET/CT could replace BS as the first

choice for detecting suspected bone metastases.
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