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Abstract
Staging of primary breast cancer can radically alter the management
if stage IV disease is accurately detected. A systematic review and
meta-analysis were performed to determine whether conventional
CT TAP or PET-CT provides the optimum staging modality. A
meta-analysis involving 158 patients with primary breast cancer
showed that PET-CT was more sensitive than CT-TAP for
detection of metastatic disease (OR 3.28, 95% CI 2.37 – 4.53, p <
0.0001). A systematic review of 1780 patients undergoing PET-CT
was compared with 709 patients having a CT TAP for staging. The
sensitivity/specificity of PET-CT was 75-100%/91-98%. Sensitivity/
specificity of CT TAP was 83-97.7%/85-100%. PET-CT is therefore
the optimum staging imaging modality to detect metastatic breast
cancer. Large multicentre randomized controlled trials comparing
PET-CT with conventional CT TAP are required to support the
findings of this study. However, in the absence of such robust data,
clinicians may be guided by the results of this analysis.

Introduction
Breast cancer is the leading cause of cancer death in women
in Western countries [1]. For patients with primary breast cancer,
preoperative staging is used to determine the most appropriate
disease management for each patient and provides important
prognostic information. The presence of distant metastatic disease is
a major prognostic factor since women with metastases have a 5-year
survival rate of approximately 25% compared with approximately
80% survival rate for women with localized disease [2].
ESMO guidelines for staging recommend chest radiograph with
abdominal ultrasound or CT and bone scan for the detection of
metastatic disease in patients with clinically positive axillary nodes,
large tumours (eg. > 5cm), or clinical signs, symptoms or laboratory
values suggesting the presence of metastatic disease [3].
In recent years, more advanced investigative modalities have
been used for breast cancer staging including computed tomography
(CT), positron emission tomography (PET), and combined PET-CT.
These modalities have been shown to improve the accurate staging
and management of patients with advanced disease when compared
to traditional modalities (eg. chest radiograph, ultrasound, bone
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scintigraphy) [4,5]. While the indications for advanced imaging have
been enumerated in the NCCN and ESMO guidelines, there is still
no clear consensus about which modality is the most appropriate
investigation for patients with suspected metastatic disease.
Since appropriate staging can have a significant impact on patient
management, it is important that the correct modality is selected to
optimize treatment. This meta-analysis and systematic review was
performed to determine whether conventional CT TAP or PET-CT
is the optimum staging technique for patients with primary breast
cancer.

Methods
This meta-analysis was conducted according to the PRISMA
guidelines for meta-analysis reporting (2009) [4]. An electronic
search using the Medline database was performed. Studies
comparing PET-CT with CT TAP in the staging of breast cancer were
identified and a meta-analysis was conducted of the pooled trial data
to determine the optimum staging modality. A systematic review
of trials evaluating either PET-CT or CT TAP was also selected for
analysis. Studies were excluded based on the following criteria: nonEnglish language, patients with recurrent breast cancer, and patients
with inflammatory breast cancer.
Investigator (M.B) performed a systematic literature search
of the Medline database to identify relevant studies, using the
following combination of search terms; breast cancer, distant
metastases OR staging, CT OR computed tomography, PET-CT OR
positron emission tomography. Data was extracted from the studies,
including authors, year of publication, age, sample size, study design
(prospective or retrospective), sensitivity and specificity for each
modality.
General variance methods were used to combine data across
studies with fixed and random effects models. The fixed effects
analysis weighted the natural logarithm of each study’s OR by
the inverse of its variance plus an estimate for the between-study
variance in the presence of between-study heterogeneity. Analyses
were conducted using Stats direct version 2.5.6 (Stats Direct Limited,
Cheshire, UK) and SPSS version 12.0 (SPSS, Inc., Chicago, IL). All
statistical tests were two-tailed.
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Table 1: Studies that compared PET-CT and CT-TAP in the detection of metastatic disease in breast cancer patients
Author

Year

Journal

n

Patients group

Results: PET-CT (%)

Results:CT-TAP (%)

Piperkova

2007

ClinNuc Med

49

Initial staging, re-staging

Sensitivity 97.8

Sensitivity 87.6

post-surgery, evaluating

Specificity 93.5

Specificity 42.0

Sensitivity 91

Sensitivity 77

Specificity 91

Specificity 93

Sensitivity 96

Sensitivity 86

treatment response
Piccardo

2012

Eur J Radiol

39

Stage I-IV

Segaert

2010

Breast J

70

Stage IIB and III

Total

158

Odds ratio meta-analysis plot [fixed effects]

Piperkova

6.25 (2.31, 21.06)

Piccarrdo

2.92 (2.03, 4.23)

Segaert

4.60 (0.40, 236.18)

combined [fixed]

3.28 (2.37, 4.53)

0.2

0.5

1

2

5

10

100

1000

odds ratio (95% confidence interval)
Figure 1: Forest box plot comparing PET/CT and CT TAP sensitivity for the staging of breast cancer.

Results
Three trials were identified which directly compared the use of
PET-CT and CT-TAP in breast cancer patients undergoing staging
for metastatic disease (Table 1). Both imaging modalities were used in
158 patients. The sensitivity and specificity of PET-CT were superior
to that of CT-TAP for the detection of distant metastases in these
patients (sensitivity 91 – 97.8%, specificity 91-93.5% for PET-CT
versus sensitivity 77-87.6%, specificity 42-93% for CT-TAP). Overall
the meta-analysis showed that PET-CT was more sensitive than CTTAP in the detection of metastatic disease (OR 3.28, 95% CI 2.374.53, p < 0.0001) (Figure 1).
The systematic review examined the role of either PET-CT or CT
TAP in the diagnosis of metastatic breast cancer. Eleven studies in which
1710breast cancer patients underwent PET-CT and 3 studies in which 619
patients underwent CT-TAP were selected (Table 2 and Table 3). These
studies involved comparisons with conventional imaging techniques
such as chest x-ray, liver ultrasound and bone scan and included breast
cancer patients with both early and advanced disease. The sensitivity of
PET-CT was 75-100% and specificity was 91-98%. Sensitivity of CT TAP
was 83-97.7% and specificity was 85-100%.

Discussion
In the meta-analysis, the PET-CT is clearly shown to be the
superior imaging modality (OR 3.28, 95% CI 2.37-4.53, p < 0.0001)
Berney et al. Int J Cancer Clin Res 2015, 2:4

(Figure 1). The systematic review confirmed that PET-CT is superior
to conventional imaging (Table 2). However the systematic review
failed to demonstrate any significant difference between PET-CT
and CT TAP in terms of sensitivity/specificity however there was
significant heterogeneity across the studies involved regarding
patient selection and disease stage. This may explain the discordance
in findings between the meta-analysis and the systematic review.
Although many studies have compared both PET-CT and CTTAP to conventional imaging, few have compared these modalities
with each other and it is not surprising that such variety exists.
The lack of consensus on which staging investigation(s) should
be performed at such a critical point in the patient’s care is likely a
reflection of the lack of available evidence.
Indications for imaging and stage of disease differed between
studies in this meta-analysis; Piperkova et al, in a retrospective
review, reported on 49 patients who underwent imaging for staging,
restaging or assessment of treatment response [5]. Piccardo reported
prospectively on 39 patients with stage I-IV breast cancer who
were referred for skeletal survey due to symptoms suggestive of,
or with known bone metastases [6]. Finally Segaert et al. reported
retrospectively on 70 newly diagnosed breast cancer patients with
stage IIB and III disease [7]. Despite such variety between studies
the question of which imaging modality can more reliably detect
metastatic disease applied similarly to each study group and it is
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Table 2: Studies comparing PET-CT to conventional imaging for detection of metastatic breast cancer.
Author

Year

Journal

Imaging modality

Patient group

n

Koolen et al

2012

Breast Cancer
Res Treat

PET-CT versus conventional
imaging (CXR, liver u/s, BS)

Stage II and III
scheduled for
neoadjuvant

154

Results:

PET-CT

Sensitivity

100

Specificity

96

PPV

80

NPV

100

Accuracy

Results: Conventional

97

Niikura et al

2011

The Oncologist

PET-CT versus conventional
imaging (CXR, CT-TAP, BS)

Stage I-IV

225

Sensitivity

97.4

85.9

Specificity

91.2

67.3

Riegger et al

2011

Eur J Nucl Med
Mol Imaging

PET-CT versus conventional
imaging (CXR, liver u/s, BS)

Stage I-IV

106

Sensitivity

75

50

Specificity

97

98

PPV

80

80

NPV

96

92

93

90

Sensitivity

100

60

Specificity

98

83

Accuracy
Fuster et al

2008

JCO

PET-CT versus conventional
imaging (chest CT, liver u/s,
BS)

Patients with
tumours>3cm

60

Groheux et al

2012

JNCI

PET-CT

Stage II and III

254

Morris et al

Gunalp et al

2010

2012

JCO

ExpTher Med

PET-CT versus BS

Suspected
metastatic disease

163

PET-CT versus conventional
Initial staging of
imaging (CXR, CT A/P, BS) 141 pre-op and 195
post-op patients

336

Upstaged disease:
Stage IIA

2.3

Stage IIB

10.7

Stage IIIA

17.5

Stage IIIB

36.5

Stage IIIC

47.1

Concordant findings – 81%
PET CT outperformed
BS in studies which were
disconcordant
Upstaged disease:
Stage IIA

29%

Stage IIB

46%

Stage IIIA

58%

Stage IIIB
Choi et al

2012

J Breast Cancer

PET-CT versus conventional
imaging (CXR, liver US, BS)

biopsy-proven BC
patients

154

100%

Sensitivity

100%

61.5%

Specificity

96.4%

99.2%

Heusner et al

2008

J Nucl Med

PET-CT versus conventional
imaging (CXR, US abdomen,
BS)

Suspected
malignancy

40

Detected metastases in
100% of cases

Garami et al

2012

EJSO

PET-CT versus conventional
imaging (CXR, US abdomen,
BS)

Confirmed BC with
no signs of mets
on conventional
imaging

115

Detected metastases in 8
patients (7%). Changed
TMN classification in 54
patients (47%)

PET-CT versus conventional
imaging (CXR and
mammography)

Newly diagnosed
BC

103

Bernsdorf
et al

2012

Annals of
Oncology

70%

No metastases detected

Detected metastases in 6
patients (6%) missed by
conventional imaging
Upstaging in 14 (14%)
Change in treatment in 8
(8%)

Total

1710
Table 3: Studies comparing CT-TAP to conventional imaging for detection of metastatic disease in breast cancer patients.

Author

Year

Journal

Imaging modality

Patient group

n

Mahner et al

2008

Annals of
oncology

PET, CT, conventional
imaging

Locally advanced breast
cancer & suspected
stage IV disease

69

Results:

Results: Other

CT TAP

Conventional
Sensitivity

83

43

Specificity

85

98

Upstaged disease:
Tanaka et al

2012

Oncology
Letters

Contrast enhanced CT

Asymptomatic breast
cancer patients

483

Stage 1
Stage II
Stage III

0
1.9
31.3
Bone-Scan

Bristow et al

2007

The Breast

Total
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CT TAP , bone scan

Suspected or confirmed
Stage IV disease

77

Sensitivity

97.7

100

Specificity

100

67.6

619
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unlikely that this would be affected by individual patient or tumour
factors. This meta-analysis supports the conclusions found in each
of the papers individually; that PET-CT is superior to CT alone in
staging breast cancer. This meta-analysis then provides valuable
information for decision-makers.
In the systematic literature review there were 11 studies
comparing PET-CT to conventional imaging and all demonstrated
that PET-CT was superior in the detection of metastatic disease.
Koolen et al. report a sensitivity of 100% as none of 129 patients
with negative scans were subsequently shown to have metastatic
disease [8]. The lowest sensitivity of 75% reported by Riegger et al.
was still significantly better than the sensitivity of 50% achieved
with conventional imaging in that series [9]. Niikura and colleagues
report a sensitivity and specificity of 97.4% and 91.2% respectively for
PET-CT, compared to 85.9% and 67.3% with conventional imaging
which included CT TAP in some but not all patients [10]. A direct
comparison between PET-CT and abdominal CT (performed in 84%
of patients) for the detection of liver metastases in that study revealed
that all 20 cases were detected by both modalities [10]. Choi et al
reported sensitivity and specificity of 100% and 96.4% respectively for
PET-CT, compared to 61.5% and 99.2% with conventional imaging
for detection of distant metastases [11].
The most common site for metastases to occur is bone and the
primary diagnostic tool for diagnosis of bone metastases is bone
scintigraphy. It has been reported that PET and PET-CT are superior to
bone scintigraphy for detection of bone metastases [3,12]. Koolen et al
report that bone scintigraphy showed suspicious lesions in 20 patients,
however following further investigations only 4 were confirmed as
metastatic disease (16 false positives) and 3 more patients were found
to have bone metastases not detected with bone scintigraphy [8]. PETCT detected metastases in all 7 patients with only 2 additional false
positives. Koolen et al reported that PET-CT was superior for both
sclerotic and lytic lesions [8]. In the study by Fuster et al it was reported
that bone scintigraphy identified only 2 of 6 bone metastases with 4 false
negative lytic lesions [13]. PET-CT identified all metastatic bone lesions
in that series. Niikura et al. report a sensitivity and specificity of 98%
and 96% respectively for PET-CT compared to 76% and 86% for bone
scintigraphy for detecting bone metastases in 56 of 225 patients [10]. It
is suggested that PET-CT could replace bone scintigraphy as the initial
imaging modality for detection of bone metastases in the staging of newly
diagnosed breast cancer and the findings of this systematic review add
further support to this.
The prognostic impact of PET-CT findings in patients with stage
II and stage III disease was assessed by Groheuxet al. [14]. Clinical
stage was changed in 77 of 254 patients based on PET-CT findings
with increasingly higher percentage change seen from stage IIA to
IIIC [14]. Only 2.3% of stage IIA patients were upstaged based on
PET-CT, 10.7% of stage IIB, increasing to 47.1% of patients with stage
IIIC disease. Tanaka et al. examined the use of contrast enhanced
CT in clinical staging of asymptomatic breast cancer patients with
stage I, II and III disease [15]. Although 65 of 483 patients had
abnormal CT results, only 26 patients (5.4%) were found to have
true metastatic disease. Similar to the study by Groheux et al., the
impact of CT differed significantly with clinical stage. None of 155
patients with stage I disease were upstaged based on CT TAP, 5 of
261 patients (1.9%) with stage II disease and 21 of 67 (31.3%) of stage
III patients were upstaged. Groheux et al. suggest commencement of
staging in patients with stage IIB disease or higher, which is not very
different from the current NCCN guidelines which suggest staging
at stage IIIA and higher [14,16]. Similarly, Gunalp et al. assessed the
clinical impact of PET-CT on initial staging of 141 patients where
PET-CT modified staging for 26% of stage I patients, 29% of stage
IIA patients, 46% of stage IIB patients, 58% of stage IIIA patients and
100% of stage IIIB patients [17]. Garami et al. also found upstaging of
TNM classification in a significant number of patients compared to
conventional imaging (54 of 115 patients, 47%) [18].
Incorrect diagnosis of stage IV disease based on false positive staging
may result in a change from curative to palliative intent, ultimately
affecting patients’ survival and the importance of confirming metastatic
disease, histologically where possible, is emphasized. Increased
Berney et al. Int J Cancer Clin Res 2015, 2:4

costs associated with PET-CT may be reduced by eliminating other
unnecessary staging investigations and providing more efficient costeffective interventions for metastatic disease detected at an earlier
stage. This meta-analysis and literature review suggests that PET-CT is
preferable to CT-TAP as the imaging modality of choice for breast cancer
staging for detection of metastatic disease. This was the conclusion seen
in each of the studies in the meta-analysis. However, in the absence of
large multicentre randomized controlled trials comparing PET-CT with
conventional CT TAP, this study provides clinicians with up-to-date
analysis of the literature comparing PET-CT and CT TAP for staging of
breast cancer.
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