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Abstract
There are four major diagnostic tasks in breast cancer: detection and diagnosis; staging (locoregional and distant metastases); response to treatment
(neoadjuvant and metastatic therapy); and characterization of the individual tumor for selection of the most appropriate therapy. The use of
fluorodeoxyglucose (FDG) positron-emission tomography (PET) and PET–computed tomography (PET-CT) in all four of these tasks has been
investigated. The aim of this article is to discuss the strengths and weaknesses of FDG PET with regard to each of these tasks. The diagnostic areas
for which FDG PET appears most suited for clinical decision-making will be highlighted.
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Detection of Primary Tumor
In breast cancer, the word ‘detection’ is most commonly used to mean
breast cancer screening, most commonly using mammography. Breast
cancer diagnosis involves the characterization of a suspicious mass or
imaging finding, and entails tissue sampling to make a definitive
diagnosis of cancer versus benign disease. Most primary cancers are
detected by physical examination or mammography during screening.1
Mammography is the primary imaging modality for breast cancer
screening, detection, and diagnosis.2 Both ultrasound and magnetic
resonance imaging (MRI) are important adjuncts to X-ray mammography
for diagnosis, characterization, and determination of the extent of
breast cancer (evaluation of multifocal or multicentric disease), and are
routinely utilized in this role.3,4 Mammography, ultrasound, and breast
MRI can all be used to direct tissue sampling by needle biopsy for
breast cancer diagnosis. MRI has also shown utility for screening in highrisk women, and was recently incorporated in American Cancer Society
(ACS) recommendations for screening in high-risk patients.5
The level of fluorodeoxyglucose (FDG) uptake in primary breast neoplasms
reflects the rate of glucose metabolism and has been correlated with
known prognostic factors and biologic characteristics such as tumor size,
histologic type (higher uptake in ductal versus lobular), tumor histologic
grade, and some indices of cellular proliferation (higher uptake with higher
levels of proliferation).6–11 Overall, the sensitivity of FDG positron-emission
tomography (PET) in detecting primary breast cancer is 64–96 %, specificity
is 73–100 %, positive predictive value is 81–100 %, and negative predictive
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value is 52–89 %,1 but in one large study12 the sensitivity was 57 % for
lesions <1 cm compared with 91 % for tumors >1 cm and 25 % for in situ
carcinoma. Another study confirmed the relatively poor sensitivity of
whole-body FDG PET with small tumors (<1 cm), lobular histologic type,
and well-differentiated in situ breast carcinoma.13 As primary breast cancer
detection requires the ability to depict occult, non-palpable, small (<1 cm)
invasive, and in situ malignant lesions, whole-body FDG PET is not used in
primary breast cancer detection.
Dedicated breast positron-emission mammography (PEM) units have
been developed.14 The advantages of PEM include higher spatial
resolution, shortened imaging time, and reduced attenuation compared
with whole-body imaging. Early studies demonstrated the feasibility of
PEM for detecting smaller breast tumors (reviewed in reference 14), and
a recent multicenter trial also suggested that PEM may aid in the
detection and characterization of both invasive and in situ breast
carcinoma.15 Current limitations for PEM include imaging posterior
lesions, variable FDG uptake in small tumors, and false-positive findings
from prior biopsy.15,16 Recently, PEM with biopsy capability has been
developed and is being tested.17 The clinical data regarding dedicated
positron breast imaging devices are still limited, particularly compared
with the large amount of data supporting and validating screening
mammography and other adjunctive primary breast imaging modalities
such as ultrasound and breast MRI. The utility of PEM compared with
existing breast imaging methods awaits validation in larger prospective
trials before more general acceptance and more widespread clinical use.
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Figure 1: Left Breast Cancer with Axillary Lymph Node
Metastasis at the Time of Diagnosis

Figure 2: Recurrent Breast Cancer in Locoregional and
Intrathoracic Lymph Nodes

A 48-year-old woman with history of inflammatory breast cancer that was resected. Her breast
cancer was negative for the expression of hormone receptors (both estrogen and
progesterone) and positive for the expression of HER2 receptor at histology. Axial
positron-emission tomography–computed tomography (PET–CT) images of the upper (A) and
mid (B) chest demonstrate recurrent disease extending into the axillary, supraclavicular,
cervical, mediastinal, and hilar lymph nodes.

locoregional staging (for regional nodes, especially axillary nodes) and
distant or systemic staging (for sites beyond locoregional nodes). The role
of imaging in initial staging of breast cancer patients should be carefully
considered in terms of performance and cost–benefit analysis. For
example, the utility in staging asymptomatic patients with early breast
cancer for distant metastases at presentation using conventional imaging
(CI) has been shown to be very low in a number of studies, with overall
prevalence of distant metastasis of under 2.5 %.19–23 The experience of
using whole-body FDG PET and PET–computed tomography (PET-CT) in
the initial staging of early breast cancer is small, but has also confirmed
these findings.24,25 In this population with a low prevalence of disease at
distant sites, the false/true-positive ratio is too high (with any imaging
modality) to be cost-effective and could lead to many unnecessary
additional tests and biopsies. For these reasons, whole-body FDG PET-CT
should be avoided in patients with early breast cancer.

Axillary Staging
A 45-year-old woman with abnormal microscopic calcifications detected on screening
mammography. Biopsy revealed infiltrating ductal carcinoma with ER(+), PR(+), Her2/neu(-)
histology. Axial (A and B) and coronal (C) positron-emission tomography–computed
tomography (PET–CT) images show hypermetabolic activity in the left breast (A) and left axilla
(B and C), which are consistent with her left breast cancer and axillary lymph node metastasis.

Staging at Presentation
The extent of spread at presentation is one of the most important
prognostic factors for breast carcinoma.18 Staging is typically divided into
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For all patients with newly diagnosed invasive disease (all stages), the
status of the axillary nodes is important for prognosis and determining
adjuvant therapy.26–28 For this reason, and since axillary nodes are easily
accessible, axillary node status is confirmed following removal and
histologic examination. Sentinel lymph node biopsy (SNLB) has gained
widespread acceptance over the last 10 years to minimize the
invasiveness of sampling axillary modes in patients with early breast
cancer (tumor <2 cm on mammography, ultrasound, or breast MR and
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Table 1: Largest Series Comparing the Ability of FDG PET-CT with FDG PET Alone or Conventional Imaging to Detect
Locoregional and Distant Recurrences in Patients Who Have Previously Undergone Primary Treatment for Breast Cancer
Series

Number of Patients

Confirmed Positive/
Negative Cases

PET/CT Sensitivity
(TP/TP+FN)* (%)

PET/CT Specificity
(TN/TN+FP)* (%)

Comparison Imaging

Grahek et al., 200495†

75

57/18

84

78

Physical exam, CI

Fueger et al., 200596

58

33/25

94

84

PET alone

Tatsumi et al., 200694

69

58/11

84

88

NCCT

Radan et al., 200697

46

30/16

90

71

CECT

Haug et al., 2007100††

34

26/8

96

89

CECT, PET

19/25

Correct staging: 91

Overstaged: 9

CECT, PET, and

(n=40)

(n=4)

PET + CECT

15/19

98

94

CECT

42/10

93

Veit-Haibach et al., 200799 44
Piperkova et al., 200798

34 (restaging)
lesions, n=257

Dirisamer, 2009101

52 lesions, n=150

100
†PET

CECT, PET
††Fusion

*Values calculated on patient analysis except for Piperkova and Dirisamer series, which are calculated on lesion analysis;
gamma camera used;
software used; all patients were
asymptomatic with elevated tumor markers.
CECT = contrast-enhanced computed tomography; CI = conventional imaging; CT = computed tomography; FDG = fluorodeoxyglucose; FN = false negative; FP = false positive;
NCCT = non-contrast computed tomography; PET = positron-emission tomography; TN = true negative; TP = true positive.

clinically negative axillae). This procedure spares many patients the
morbidity associated with complete axillary lymph node dissection
(ALND). The reported false-negative rate of SNLB of 5–10 % (with no
false-positives) has contributed to making this the standard method of
staging the axilla in patients with early breast cancer.29–31
Many early studies of FDG PET focused on detecting axillary
metastases.32–36 However, these studies included patients with more
advanced primary tumors, increasing the pre-test likelihood of positive
PET. The specificity has been consistently high across studies, ranging
from 80 to 100 %.37 In the largest prospective multicenter trial so far, of
360 patients,38 FDG PET was 61 % sensitive and 80 % specific for axillary
metastases. Patients who had false-negative PET results had
significantly smaller and fewer tumor-positive lymph nodes than
true-positive cases. This limitation of FDG PET to detect small-volume
axillary disease (micrometstasis, small volume of infiltration, and solitary
or few positive nodes) has been confirmed in more recent series of FDG
PET for staging axillae in early breast cancer with SNLB as the reference
standard.13,39–48 These studies, which have included a larger proportion of
T1 tumors, have demonstrated a much lower sensitivity for axillary
metastases—as low as 20–40 %—particularly in smaller (ranging from 1
to 15 mm) and fewer positive nodes. Thus, FDG PET-CT is not sufficiently
accurate to replace SNLB in patients with early-stage breast cancer.
FDG PET-CT may have a role for patients with a higher risk of axillary
metastases such as those with locally advanced breast cancer (LABC;
stage IIb or higher) (see Figure 1). Due to its high specificity, pre-operative
FDG PET-CT may direct these patients to ALND, bypassing SNLB, in the
case of positive FDG uptake in the axilla. Ultrasound, in conjunction with
fine-needle aspiration, is widely used to evaluate any suspicious or
palpaple nodes in patients prior to undergoing SNLB.49–52 FDG PET-CT may
be used to complement the ultrasound evaluation in the case of
equivocal or negative findings. This approach has been previously
suggested but needs to be validated in larger prospective trials.41,43,48,53–56

Extra-axillary Locoregional Nodal Staging
Detection of disease in nodal regions not addressed with ALND, i.e. level
III (apex of axilla) and extra-axial locoregional nodes, has important
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prognostic and therapeutic implications.57,58 Several recent studies have
shown the benefit of staging patients with newly diagnosed LABC or
inflammatory breast cancer (IBC) with FDG PET or PET-CT.59–63 In patients
with large (but not inflammatory) primary tumors, FDG uptake in
extra-axial regional lymph nodes, including subpectoral, infraclavicular,
supraclavicular, and internal mammary (IM) sites, was present in 7–8 %
of patients,61,62 and distant metastases were detected in 10–28 % of
patients.24,61–63 These findings led to a change in staging of 18–42 %
of patients and a change in treatment plan in 13 % of patients.62 The
benefit of staging patients with IBC may be even stronger.60,64,65 A
retrospective study of 41 patients with IBC60 showed FDG uptake in
extra-axial regional lymph nodes and distant sites in 44 % (n=18) and
49 % (n=20) of patients, respectively, and 35 % of patients (seven of 20)
with distant metastasis were unsuspected by CI. FDG PET is also useful
in detecting recurrent disease in extra-axillary locoregional nodes in
patients previously treated for their primary tumor (see Figure 2).66

Distant Metastasis Staging
Although staging for distant metastases is most commonly performed in
patients with advanced breast cancer having undergone primary
treatment (and possibly more), it is also appropriate for patients with
newly diagnosed LABC.67,68 FDG PET can be helpful in the evaluation for
distant metastases in patients who have equivocal CI (CT, ultrasound,
bone scintigraphy) findings and in asymptomatic patients with elevated
tumor markers. In terms of diagnostic performance, several studies
have shown FDG PET to have a relative advantage over CI in the
evaluation of distant metastases in previously treated patients.69–81 In
a meta-analysis of FDG PET for the evaluation of breast recurrence and
metastases, Isasi et al.82 reported a median sensitivity and specificity of
93 and 82 %, respectively, in a patient-based analysis. A common finding
in these studies comparing FDG PET with CI for the detection of
recurrent disease is that FDG PET detects a significantly greater number
(about two-fold) of extra-axial lymph node metastases,63,69–71,78,79 including
mediastinanal and IM nodes.66
Bone is the most frequent site of recurrence after treatment for primary
breast cancer: nearly 70 % of patients with advanced disease have
skeletal metastases.83 Metastases from breast cancer can produce a

US ONCOLOGY & HEMATOLOGY

Eubank_v2_US_2011 25/08/2011 13:05 Page 133

Positron-emission Tomography Imaging in Breast Cancer

varied physiologic response in bone; lesions can be osteolytic,
osteoblastic, or a mixture of the two. Cook et al.84 were the first
investigators to correlate the diagnostic performance of FDG PET and
bone scintigraphy with the morphologic appearance of individual skeletal
metastases at plain film radiography or CT. They showed that FDG PET
was superior to bone scintigraphy in the detection of osteolytic
metastases, and bone scintigraphy detected significantly more
osteoblastic metastases. Others have corroborated these findings,85–89
leading to the general conclusion that FDG PET and bone scintigraphy are
complementary methods for the detection of skeletal metastases in
breast cancer patients. In our center, bone scintigraphy remains one of
the routine studies in breast cancer metastatic staging, with FDG PET-CT
to help clarify staging in the case of difficult or equivocal conventional
staging. Evolving data suggest that [F-18]-fluoride PET and [F-18]-fluoride
PET-CT may improve skeletal metastasis detection compared with bone
scintigraphy90–92 and may play a role in breast cancer skeletal metastasis
staging in the future.
The combined PET and CT system (PET-CT) has emerged as a routine
method of restaging many oncologic patients.93 Fusion of anatomic and
metabolic information generally leads to an increase in diagnostic
confidence, as shown in an early retrospective study.94 Several of the
large retrospective studies of patients being restaged after primary
treatment for breast cancer comparing the diagnostic performance of
PET-CT with contrast-enhanced CT alone, PET alone, or side-by-side
evaluation of CT and PET are summarized in Table 1.94–101 Fused PET-CT
data consistently detected more malignant foci in these studies;
however, on patient-based analysis they showed marginal (no statistical
difference) improvement in sensitivity and specificity for the detection of
recurrences. Improvement in accuracy occurred in evaluation of
mediastinal and cervical lymph nodes and the skeleton (increased
sensitivity for osteoblastic metastases).96,99,100

Treatment Response
Breast cancer is one of the more responsive solid tumors, and there is an
ever-increasing choice of effective systemic therapies for breast cancer.102
Evaluating the efficacy of systemic treatment is an important diagnostic
need for breast cancer. The two settings where imaging plays an important
role in response to systemic therapy are patients with LABC (undergoing
neoadjuvant therapy) and patients with metastatic, stage IV disease.

Table 2: Response Evaluation of Locally Advanced
Breast Cancer Therapy by 18F-FDG PET
Reference

n

Therapy

Result (% Change
SUV, Unless Footnoted)

Wahl et al., 1993116

11

AC

R -48 %, NR -19 %

Bassa et al., 1996109

15

FAC

All -51 % SUV

Schelling et al., 2000114

24

EC or ET

mCR -46 %, not mCR -8 %

Smith et al., 2000115

30

CVAP

mCR -86 %,

Mankoff et al., 2003111

35

FAC or AC (weekly)

mCR -65 %, PR -49 %,

Rousseau et al., 2006113

64

FEC, EC, or docetaxel

CR or near CR -96 %,

Mid-therapy

not mCR -40 %
NR -40 %†
R -61 %, NR -36 %††
McDermott et al., 2007112 96

Anthracycline-based

CR or near CR -41 %,
other -27 %

Dunnwald et al., 2008110

53

FAC or AC (weekly)

pCR -82 %,
not pCR -62 %†

Early Therapy
Wahl et al., 1993116

11

AC

Schelling et al., 2000114

24

EC or ET

R -22 %, NR no change
mCR -54 %,
not mCR -19 %

Smith et al., 2000115

30

CVAP

mCR -77 %,
not mCR +1 %

Rousseau et al., 2006113

64

FEC, EC, or docetaxel

CR or near CR -60 %,
R -36 %, NR -16 %††

McDermott et al., 2007112 96

Anthracycline-based

CR or near CR -20 %,
other -13 %

Berriolo-Riedinger et al., 47

FEC, CEX, ET,

pCR -85 %,

2007117

DCT in patients with

not pCR -26 %††

HER2 positive disease
Duch et al., 2009118
Schwarz-Dose et al.,
2009119

50

EC + paclitaxel

mCR -57 %,

if node-positive

not MCR -40 %

104 ET (standard dose
and dose-dense

mCR -51 %,
not mCR -37 %

sequential)/CMF
†

Fluorodeoxyglucose metabolic rate (MRFDG); ††Maximum standardized uptake value (SUVmax).
AC = doxorubicin/cyclophosphamide; CEX = cyclophosphamide/epiribicin/capecitabine;
CMF = cyclophosphamide/methotrexate/fluorouracil; CVAP = cyclophosphamide/vincristine/
doxorubicin/prednisone; DCT = doxetaxel/carboplatin/trastuzumab; EC = epiribicin/
cyclophosphamide; ET = epiribicin/paclitxel; FAC = 5-fluorouracil/doxorubicin/
cyclophosphamide; FDG = fluorodeoxyglucose; FEC = 5-fluorouracil/cyclophosphamide;
mCR = pathologic macroscopic complete response; NR = non-responder; pCR = pathologic
complete response; PET = positon-emission tomography; PR = partial responder;
R = responder; SUV = standardized uptake value.

Locally Advanced Disease
Although neodajuvant therapy, compared with adjuvant therapy, has not
been shown to improve survival, it does improve surgical options and
provide prognostic information.103 Studies have demonstrated that the
extent of residual breast and axillary disease after treatment is prognostic
for both disease-free survival (DFS) and overall survival (OS).104–106 Patients
demonstrating complete pathologic response (pCR), defined as no residual
invasive tumor on histopathology at post-therapy surgery, have improved
long-term outcome compared with patients without pCR.104,106 One of the
primary aims of neo-adjuvant therapy is therefore to assess the response
of the primary tumor to the treatment regimen.103 Size-based approaches
such as physical exam and mammography have trouble distinguishing pCR
from other responses.104,107 This is therefore a role where functional
imaging, with its ability to serially quantify metabolic changes in the tumor
earlier than morphologic changes, may be particularly helpful.
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Studies evaluating FDG PET for treatment response in LABC (reviewed in
reference 108) have compared standardized uptake value (SUV), a
semi-quantitative measure of glycolytic activity, at pre-treatment
examination with values at varying times during (early and mid-point), and
following completion of treatment (see Table 2). The studies in which the
mid-point of therapy was evaluated showed that a drop of approximately
50 % or more in SUV from baseline predicted a good response.109–116 Studies
evaluating change in FDG uptake early in the course of therapy (after one
or two cycles) suggest that early assessment of response is possible and
predictive of subsequent pathologic response.112–119 In a large prospective,
multicenter trial of 104 patients with LABC being monitored with FDG PET
during neoadjuvant therapy, a threshold of 45 % decrease in SUV after the
first cycle of therapy correctly identified 11 of 15 histologic responders and
the non-responders with a negative predictive value of 90 %, and similar
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Figure 3: Bone Metastasis Response to Therapy
A

B

C

D

Pre-therapy planar bone scintigraphy (A) and coronal fluorodeoxyglucose poistron-emission tomography (FDG-PET) (C) images are shown for a patient with widespread bone-dominant metastatic
breast cancer. The patient was treated with chemotherapy with a good clinical response determined by symptoms and tumor markers. Repeat bone scan during treatment (B) showed minimal
change; however, repeat FDG-PET clearly indicated an excellent response (D), borne out by subsequent clinical follow-up.

results were found after the second cycle using a threshold of 55 % relative
decrease in SUV.119 The clinical role of FDG PET for evaluating treatment
response in LABC is not yet clear, but may be most useful in confirming the
lack of clinical response; in this way FDG PET would help avoid ineffective
treatment and its adverse effects and decide optimal time for surgery. To
use FDG PET for treatment stratification, identification of non-responders
with high negative predictive value early during therapy is desirable in
order to avoid discontinuation of therapy to patients who might still
respond to the full course of treatment.

134

Studies performed after the completion of chemotherapy have shown
that although residual FDG uptake predicts residual disease, the
absence of FDG uptake is not a reliable indicator of pCR.109,120–122 Breast
MR is a more sensitive technique for the detection of residual disease
but has relatively poor specificity, with sensitivity of 98 % and specificity
of 40 % in differentiating minimal residual from gross residual disease in
one study.121 In patients with gross residual disease, post-therapy FDG
PET has been shown to complement MRI to help define the extent of
residual disease.123 The combination of these two imaging modalities
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may be the most appropriate approach to guide surgical treatment
planning, but it is unlikely to replace histopathologic evaluation for
the detection of residual disease. Recent studies have shown that the
presence of FDG uptake after therapy is highly predictive of relapse.124
Therefore, even though FDG PET may miss small-volume disease after
therapy, the presence or absence of uptake may carry prognostic
significance that might help direct the intensity of additional therapy and
post-surgery surveillance.

FDG PET-CT is ideally suited for evaluating treatment response of skeletal
metastases in breast cancer patients since this technique provides
accurate registration of metabolic and morphologic information. Tateishi
et al.136 showed, in a retrospective study of 102 patients with breast
cancer skeletal metastasis undergoing systemic treatment, that a
concomitant increase in CT attenuation and decrease in FDG SUV of the
index lesion is predictive of a more durable response to therapy. Larger
prospective trials are warranted to confirm these initial observations.

Metastatic Disease

Characterization of Disease

Metastatic breast cancer (MBC) is often responsive to systemic therapy
and, although cure is rarely achieved, with appropriate therapy, patients
often have prolonged survival and improved quality of life. As for the
assessment of treatment response of LABC, conventional methods used
to assess treatment response in metastases, namely whole-body CT or
MRI and bone scintigraphy, can be problematic. Morphologic changes
detected at CT or MRI and skeletal scintigraphic abnormalities may
persist or be slow to decrease despite good response to systemic
therapy and some lesions, especially skeletal, are difficult to measure
using standard criteria such as Response Evaluation Criteria in Solid
Tumors.125,126 Metabolic imaging with FDG PET has shown promise in
making predictions of treatment response or non-response earlier and
more accurately than CI. Several small studies evaluating FDG PET for
measuring treatment response in MBC have shown, similar to
neoadjuvant studies, that significant drops in lesion SUV, typically
40–50 % or more, from pre-therapy baseline can predict responders
from non-responders more accurately than CI. 127–129 The optimal
time-point after initiation of therapy to evaluate MBC with FDG has not
been fully determined but may be as early as after the first cycle of
therapy. The level of FDG uptake after therapy, again similar to
neoadjuvant studies, has also shown to be predictive of outcome in
patients completing a course of high-dose chemotherapy.130

As the array of available treatments for breast cancer increases and
therapy is increasingly targeted, there is a growing need to help direct
therapy. PET tracers beyond FDG can non-invasively provide
quantitative information about in vivo breast cancer biology, helping to
direct more individualized therapeutic choices. Preliminary work has
focused on several approaches using novel PET tracers, including tumor
perfusion and angiogenesis, drug delivery and transport, tumor receptor
expression, and early response to treatment in breast cancer (reviewed
in reference 137). It is beyond the scope of this article to discuss all of
these approaches; however, the ability to image tumor receptors is
particularly relevant to breast cancer. Two receptors routinely measured
by in vitro assay of biopsy material, both with significant prognostic and
therapeutic implications, are estrogen receptor (ER) and HER2. Most of
the work to date for breast cancer tumor receptor imaging has been
undertaken for steroid receptors using 16 alpha-[ 18F]-fluoro-17
beta-estradiol (FES).138 This tracer looks promising in preliminary trials
because it can identify and quantitatively measure ER heterogenous
expression—for example loss of ER expression in metastases arising
from ER-expressing primary tumors139,140—and predict response to
endocrine therapy.140,141 Likewise, PET imaging approaches for measuring
regional HER2 expression in breast cancer also look promising.142

Summary
A particularly vexing clinical problem for breast cancer clinicians is
the evaluation of response of skeletal metastases.131 Changes in bone
scintigraphy, the standard method of evaluation of patients with
bone metastases, may significantly lag response or even ‘flare’ in
response to successful treatment.132,133 The differences seen between
bone scintigraphy and FDG PET for bone metastases have led to some
investigation into the use of serial FDG PET in assessing bone
metastasis response (see Figure 3). In a retrospective study, Stafford et
al. 134 showed that, in patients with FDG-positive bone-dominant
metastatic disease, SUV changes of an index lesion on serial FDG PET
correlated with clinical assessment of response and change in tumor
marker value. Comparing serial changes in SUV of index lesions to
patient outcome measures, Specht et al.135 showed that percentage
change in SUV is predictive of time to progression. In this retrospective
study, a median decline of 41 % or greater was associated with a longer
time to progression.
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