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Introduction
Breast cancer is the most common non-skin cancer and the second leading cause of cancer
death in women [1]. There are 40,000 women per year dying of breast cancer in the US, and
most breast cancer victims die of progressive metastatic disease [1]. The optimal treatment of
patients with recurrent breast cancer depends on knowing the true extent of disease.
Conventional imaging (CI) for restaging breast cancer which includes mammography,
ultrasound and MR for locoregional recurrence and contrast-enhanced CT and bone
scintigraphy for distant metastasis covers likely sites of breast cancer recurrence and spread,
but may miss sites of recurrence and particularly sites of disease spread. The addition of FDG
PET to CI for detection of recurrent neoplasm after primary treatment of breast cancer has
proven to be a complementary imaging technique, overcoming many of the limitations CI for
re-staging. The additional metabolic information provided by FDG PET increases the accuracy
of detecting recurrent or metastatic lesions [2-16]. This is particularly true in the evaluation of
extra-axillary regional lymph nodes [2,8,9,11,13,14] and for some bone metastases that are
osteolytic [17-22]. Integrated PET/CT systems, with their ability to accurately map foci of
elevated FDG uptake to anatomic structures, have provided additional diagnostic confidence
and a modest level accuracy in the evaluation of breast cancer recurrences compared to FDG
PET alone [23-27].

The recognition that breast cancer is a systemic disease, even in its early stages, led to the
current approach to treatment which combines local measures such as surgery and radiotherapy
with systemic treatment [28]. For most clinical trial studies, local failure is defined as any
recurrence of tumor in the ipsilateral chest wall or mastectomy scar; regional failure is defined
as any recurrence of tumor in the ipsilateral supraclavicular, infraclavicular, axillary, or internal
mammary (IM) nodes; and recurrence of tumor in any other site is considered as distant failure
[29]. In general, systemic therapy is used at almost all disease stages; however, isolated
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locoregional disease or single sites of metastatic recurrence are also treated with surgery and
radiation therapy [30,31].

The improvement in restaging accuracy for FDG PET and PET/CT compared to CI in patients
suspected of having local or distant recurrence has led to changes in treatment strategies in
clinical practice [32,33]. This is mostly a result of improved detection of local and distant nodal
involvement occult at other imaging studies. The detection of more widespread disease by FDG
PET can, particularly in patients thought to have limited locoregional disease based on CI,
select patients more appropriately for systemic treatment alone rather than more aggressive,
curative treatments like surgery and radiation [33]. The potential of FDG PET to provide more
accurate and earlier detection of breast cancer recurrences will hopefully translate into more
effective treatment strategies and better health outcomes for these patients in the future.

Locoregional Recurrences
Recurrence in the breast, skin of the breast, axillary nodes, chest wall and supraclavicular nodes
are the most common sites of first locoregional recurrence (LRR) after primary surgical
resection [34]. The majority of LRR occurs within 5 years following primary surgical resection.
Although LRR may be an ominous event after mastectomy, data on incidence and outcomes
are limited by heterogenous patient populations and the time period studied. Besides extent of
primary tumor (size ≥ 4cm) and axillary node involvement (four or more positive nodes or
extranodal extension), several other risk factors for LRR in post-mastectomy patients have
been identified [34]. In a large, single-institution retrospective study of patients who underwent
mastectomy and multimodality adjuvant treatment [35], the incidence of locoregional
recurrence was 9% with median 6 year follow-up; multivariate analysis showed age less than
35 years, lymphovascular invasion, and multicentricity as major predictors for isolated LRR.
The shift towards breast-conserving surgery and local radiation therapy for early breast cancer
in recent years has heightened concern over locoregional recurrence [36]. The incidence of
locoregional recurrence after breast conservation treatment ranges from 5 to 22% [37,38].
Independent risk factors associated with locoregional recurrence in this group of patients
include close or positive margins at surgical resection, tumors with extensive intraductal
component, high grade DCIS, patient age under 40 years and absence of radiation after breast
conservation therapy [37].

Locoregional recurrence involving the chest wall and supraclavicular nodes is associated with
poor prognosis in terms of survival after recurrence [39]. However, for patients presenting with
LRR and no evidence of distant disease, aggressive multimodality treatment, including surgery,
radiation, chemotherapy and hormonal therapy, may be warranted because many of these
patients can be rendered disease-free [35]. Supraclavicular node recurrence is technically
considered stage IV disease and generally considered a harbinger to more widely disseminated
disease. However, patients with supraclavicular node involvement as the sole site of
disseminated disease may benefit from aggressive local radiotherapy [40,41].

The evaluation of local recurrence in the breast, skin or chest wall with FDG PET can be
problematic (Figures 1 and 2). A number of studies evaluating FDG PET and PET/CT have
reported both false positive and false negative cases of recurrent neoplasm in the skin, residual
breast and chest wall [7,10,11,24,25,42]. Inflammation in these previously treated areas can
be a source of FDG avidity, leading to a false positive result. The tissue volume of some local
recurrences may be too small for detection or avidity of the recurrence too low (particularly in
cases of lobular carcinoma), leading to a false negative result [42]. Physical exam and
conventional imaging, including a combination of mammography, ultrasound, and MR,
remains the mainstay for the evaluation of locoregional recurrence. Since the majority of
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suspected local recurrences are easily accessible to percutaneous needle biopsy, the definitive
status of the suspected lesion can be made by histologic analysis.

A particularly vexing clinical problem occurs in the patient with symptoms of brachial
plexopathy suspected of axillary or supraclavicular tumor recurrence, since either tumor
recurrence or treatment-induced scarring can be responsible for the symptoms. Hathaway et
al. [43] showed the value of combining the functional information of FDG PET and the
anatomic information from dedicated MR imaging to decide whether patients would benefit
from further surgery. These results have been confirmed by a subsequent study [44].

Internal mammary and other extra-axial regional lymph node evaluation
Lymphatic drainage to the IM nodal chain is an important pathway of spread of disease both
at the time of initial diagnosis and after primary treatment of breast cancer. Data from two large
sentinel node lymphoscintigraphy series in patients with early breast cancer reveals that overall
prevalence of drainage to the IM nodes is 17% [45,46]. This is a similar prevalence to that
shown in early extended radical mastectomy series where histologically-proven metastasis to
IM nodes occurred in close to one in five women with operable (stage II-III) breast cancer
[47,48]. Metastasis to IM nodes can occur from tumor located anywhere in the breast; however,
in our series, IM drainage was significantly less frequent in tumors located in the upper outer
quadrant (10%) compared with the other three quadrants and subareolar portion of the breast
(17-29%) [45]. Metastasis to the IM and axillary nodes usually occurs synchronously but
infrequently (4-6% incidence) may be isolated to the IM chain [47].

Neoplastic spread to the IM nodes in axillary node-positive patients is associated with worse
prognosis compared to patients with axillary disease only. Early extended radical mastectomy
series showed a significantly worse 10-year overall survival among patients with IM and
axillary nodal metastasis (30%) compared with patients having only axillary node disease
(55%) [48]. Similar prognostic information for drainage to IM nodes at sentinel node
lymphoscintigraphy has been shown. Yao et al. [46] showed that among axillary node-positive
patients with early breast cancer, lymphatic drainage to IM nodes is associated with worse
overall survival compared to patients without IM drainage. The IM nodal basins are not
routinely sampled due to their relative inaccessibility and their uncertain clinical significance
and treatment [49]. Neoplastic involvement of IM nodes may go undetected at initial diagnosis
and, if not adequately treated, may give rise to intrathoracic recurrence in the follow-up period.
Although the utility of FDG PET and PET/CT in detecting IM nodes in early stage disease
remains to be proven, a number of studies have pointed towards the value in new or recurrent
locally advanced breast cancer (LABC) [11,50-52]. Our experience with imaging patients with
LABC shows that the prevalence of IM FDG uptake can be as high as 25% and that the presence
of IM FDG uptake predicts treatment failure patterns of disease consistent with IM nodal
involvement and progression [53]. A study by Tran et al. [54] showed that the likelihood of
extraaxillary lymph node findings on FDG PET was affected by the position of the primary
tumor (medial versus lateral). The presence of extraaxillary nodal uptake on FDG PET
combined with medial tumor location indicated a high risk of subsequent disease progression.
These studies suggest that the IM nodal chain is a conduit for more widespread dissemination
of disease.

Distant metastases
FDG PET can be helpful in the evaluation for distant metastases in patients who have been
previously treated for their primary disease, particularly in those with advanced stages of
disease, equivocal CI 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 [2-11,
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13,15,16]. The largest of these studies are summarized in Table 1. In a meta-analysis of FDG
PET for the evaluation of breast recurrence and metastases, Isasi et al. [55] 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 to 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 (Figure 3) [2,8,9,11,13,14]. Neoplastic spread to mediastinal nodes is
common in patients with advanced disease and as a site of recurrence in patients who have
undergone axillary node dissection and radiation. As with IM nodes, mediastinal nodes are
rarely sampled in breast cancer patients. CT, the conventional method of staging these nodes,
relies on size criteria to determine the presence or absence of disease; this method has been
proven significantly less accurate than FDG PET in patients with non-small cell lung cancer
where histologic analysis is used as the gold standard [56,57]. In our retrospective series of 73
patients with recurrent or metastatic breast cancer who underwent both FDG PET and chest
CT [58], FDG uptake in mediastinal or IM nodes was two times more prevalent than
suspiciously enlarged nodes by CT, suggesting that PET is a much more sensitive technique
at detecting nodal disease. In the subset of patients with confirmation, the sensitivity of FDG
PET was significantly higher (85%) than CT (50%) with nearly the same level of specificity
(90% for PET and 83% for CT).

Bone is the most frequent site of recurrence after treatment for primary breast cancer; nearly
70% of patients with advanced disease have skeletal metastases [59]. Metastases from breast
cancer can produce a varied physiologic response in bone; lesions can be osteolytic,
osteoblastic or a mixture of the two. Bone scintigraphy has been the standard initial imaging
method for the detection of skeletal metastases in oncologic patients because of its ability to
survey the entire skeleton with high sensitivity for detection of metastatic lesions.
Retrospective studies comparing the sensitivity of bone scintigraphy to FDG PET for the
detection of skeletal metastases in patients with advanced breast cancer have shown conflicting
results [3,4,9,14,17-19,60]. Some studies have shown FDG PET to be equal or superior to
planar bone scintigraphy in the detection of skeletal metastases [14,18,19] while others have
shown FDG PET to be less sensitive [3,4,9,60] on a lesion-based analysis. Cook et al. [17]
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. Their findings suggest that the physiologic basis of tracer uptake in
skeletal metastases with FDG PET and bone scintigraphy is different; FDG uptake is a more
direct reflection of metabolically active tumor cells in bone while bone scintigraphy reflects a
reparative process occurring in bone tissues adjacent to tumor cells. Cook et al. also found that
patients with lytic disease had significantly worse survival from time of diagnosis of skeletal
metastases than patients with either sclerotic or mixed disease. Others have corroborated these
findings [18-22], leading to the general conclusion that FDG PET and bone scintigraphy are
complementary methods for the detection of skeletal metastases in breast cancer patients. These
results also suggest that FDG PET and bone scan should not be considered substitutes for each
other for skeletal metastasis staging in breast cancer. In our center, bone scintigraphy remains
one of the routine studies in breast cancer metastatic staging, with FDG PET to help clarify
staging in the case of difficult or equivocal conventional staging.

Evolving data suggest that [F-18]-fluoride PET may improve skeletal metastasis detection
compared to bone scintigraphy [61] and may play a role in breast cancer skeletal metastasis
staging in the future. Two advantages that [F-18]-fluoride PET has over routine bone
scintigraphy are improved image quality due to more favorable pharmacokinetic characteristics
and better spatial resolution of PET. [F-18]-fluoride PET has been shown to be more accurate
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than bone scintigraphy for the detection of both lytic and sclerotic skeletal metastases in
oncologic patients [61,62]. In a prospective study comparing [F-18]-fluoride PET with bone
scintigraphy in 34 breast cancer patients being evaluated for skeletal metastases, Schirrmeister
et al. [61] found that [F-18]-fluoride PET was nearly two times more sensitive in detecting
metastases and accurately depicted the extent of disease in all 17 patients with proven
metastases whereas 11 out of the 17 patients were undetected with bone scintigraphy. There
was also, however a two-fold increase in the detection of benign bone lesions with [F-18]-
fluoride PET in this study, raising concern over the potential poor specificity of this modality.
Even-Sapir et al. [63] showed that this limitation can be overcome with the use of [F-18]-
fluoride PET/CT. In their study of 44 oncologic patients, [F-18]-fluoride PET/CT had a
significantly better specificity than [F-18]-fluoride PET alone (97% vs 72%). The exact role
of [F-18]-fluoride PET and [F-18]-fluoride PET/CT has not yet been determined and is not
widely available. However, it does show promise in making earlier detection of skeletal
metastases in breast cancer patients and selecting them for trials of newer therapeutic agents
for skeletal metastases that are on the horizon.

The combined PET and CT system (PET/CT) has emerged as a routine method of restaging
many oncologic patients [64]. In an early retrospective review of 75 breast cancer patients who
underwent PET/CT, Tatsumi et al. [23] showed PET/CT added incremental diagnostic
confidence in 60% of patients who had positive FDG uptake compared to FDG PET alone.
The boost in confidence was due to better anatomic localization of FDG foci in over half of
the cases and fewer equivocal readings. The increase in confidence was particularly evident
for the evaluation of lymph nodes (57%) and skeletal lesions (77%) in this study. Several of
the large retrospective studies of patients being restaged after primary treatment for breast
cancer comparing diagnostic performance of PET/CT to either contrast-enhanced CT alone,
PET alone or side by side evaluation of CT and PET are summarized in Table 2 [23-27,
65-67]. Fused PET/CT data consistently detected more malignant foci in these studies,
however, on patient-based analysis, the studies comparing PET/CT to PET alone or side by
side evaluation of PET and CT showed marginal (no statistically difference) improvement in
sensitivity and specificity for the detection of recurrences. Improvement in accuracy of PET/
CT compared to PET alone was due mainly to: (1) better localization of FDG uptake foci,
particularly in the mediastinum and cervical regions [24,25], and in the skeleton [25,26] with
a decrease in the number of false positive findings and (2) an increase in sensitivity to
osteoblastic skeletal metastases [24,26]. For the evaluation of pulmonary metastases (Figure
4), there was a tendency for the readers of PET/CT or CT alone to overestimate disease [24,
66,67] probably since any pulmonary nodule seen on CT in this patient group is considered
suspicious and to underestimate disease with PET alone [24,27] due to the small size of these
lesions. Slightly fewer hepatic metastases (Figure 5) were detected at CT alone compared with
PET/CT or PET alone [24,26,67], indicating that FDG PET enhances slightly the sensitivity
for detecting metastatic disease in the liver. Some investigators have recommended the use of
PET/CT for the detection of local and distant recurrences in patients previously treated for
primary breast cancer since the combination of CT and PET overcomes the limitations of each
modality when used separately [24,67]. This needs to be confirmed in larger prospective trials
using FDG-PET/CT-based algorithms.

Treatment response of metastatic disease
Metastatic breast cancer 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. The use of FDG PET to assess response to treatment has been studied more
extensively in the setting of neoadjuvant systemic therapy in patients with LABC [68-70]
compared to the metastatic setting [71-74]. As for the assessment of treatment response of
LABC, conventional methods used to assess treatment response in metastases, namely whole-
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body CT or MR and bone scintigraphy, can be problematic. Morphologic changes detected at
CT or MR and skeletal scintigraphic abnormalities may persist or be slow to decrease despite
good response to systemic therapy. Metabolic imaging with FDG PET has shown promise in
making predictions of treatment response or nonresponse earlier and more accurately than CI.
Two small prospective studies including patients with multi-organ metastatic disease [71,72]
showed that FDG PET was able to accurately predict treatment response as early as after the
first cycle of chemotherapy, with average decline in lesion SUV of 28-42% in responders
compared to no change in SUV among nonresponders. Nonresponders were detected earlier
than CI during their course of chemotherapy and patients who had no change on follow-up CI
were more accurately classified with FDG PET after the first cycle of chemotherapy. In a more
recent study of 20 patients with hormone receptor-negative or hormone therapy-refractive
metastatic disease, Couturier et al. [73] showed that serial FDG PET could accurately predict
response to chemotherapy after the third cycle of therapy; SUV decrease was 52-56% in
responders compared to decrease of 16-26% in nonresponders. They found that semi-
quantitative changes after the first cycle were not predictive nor was visual assessment at any
time point after the start of therapy. FDG PET results following completion of chemotherapy
also carries strong prognostic information. In a study of 47 patients with metastatic breast
cancer having completed high-dose chemotherapy with autologous stem cell transplantation,
Cachin et al. [75] showed that patients without residual FDG uptake on whole-body scans
(complete metabolic response) had significantly longer survival times than those with a positive
FDG PET (median survival time 24 months vs 10 months, respectively). The results of these
early studies, along with determining the most accurate method of predicting response in the
metastatic setting, need to be confirmed in larger prospective trials. The main potential benefit
of using FDG PET as a method of assessing treatment response in patients with metastatic
breast cancer is the earlier recognition of those who do not respond to systemic chemotherapy,
allowing the earlier withdrawal of this often toxic from of therapy.

Since there are many therapeutic options available to patients with skeletal metastases,
including both local treatment (surgery and/or radiation) and systemic treatment
(chemotherapy, endocrine therapy, diphosphonates or a combination), accurate assessment of
treatment response is crucial to ensure prolonged quality of life and survival. Following patients
with bone disease on systemic therapy with serial bone scintigraphy, the standard method, and
MR is unsuitable since the disease is not measurable [76]. Tracer uptake on scintigraphy or
morphologic change on CT or MR do not accurately represent disease burden [77] or can be
misleading as exemplified by the phenomenon of bone scan “flare” [78]. In a retrospective
study, Stafford et al. [74] 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. [79] 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.

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. Du et al. [80] made some interesting observations on the natural
history of 146 bone lesions in 25 breast cancer patients with metastatic skeletal disease being
treated with systemic therapy and followed serially with PET/CT. An osteoblastic response
was seen in the majority of FDG–avid lesions that were either osteolytic (n=77) or invisible
(n=17) by CT to start with and converted to FDG-negative with additional systemic therapy.
The change in CT appearance with additional treatment appears to be helpful, in some cases,
in confirming treatment response based on FDG SUV change. Furthermore, Tateishi et al.
[81] 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
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FDG SUV of the index lesion is predictive of a more durable response to therapy. Larger
prospective trials are again warranted to confirm these initial observations.

Impact on management
More important than the diagnostic performance of FDG PET and PET/CT compared to CI is
the impact they have on the management of patients with suspected recurrent breast cancer.
Unlike patients with some other advanced-stage malignancy, patients with advanced breast
cancer can benefit from a variety of therapies including surgery, radiation, chemotherapy and
hormonal therapy. Choosing the most appropriate therapy depends primarily on accurately
defining the extent of disease. As of October, 2002, PET has been approved for payment by
the Center for Medicare and Medicaid Services in the US for staging or re-staging of patients
with recurrent or metastatic disease, especially when conventional staging studies are
equivocal. Despite this approval, there is relatively little insight into which patients with
recurrent or metastatic breast cancer benefit the most from FDG PET. In a prospective study
of 50 women undergoing staging studies for suspected recurrent breast cancer [32], FDG PET
had a significant impact on defining the extent of disease by changing the clinical stage in 36%
of patients and on management by inducing changes in therapy in 58% of the patients. In our
retrospective study of 125 patients with advanced breast cancer undergoing conventional
imaging and FDG PET for staging [33], the extent of disease was changed in 67% (increased
in 43% and decreased in 24%) of patients and the therapeutic plan was altered in 32% of patients
based on FDG PET findings. Among different referral categories, FDG PET altered therapy
most frequently in patients suspected of locoregional recurrence, under consideration for
aggressive local therapy (44%), by demonstrating more widespread disease than expected and
avoiding local surgical therapy. Patients with known metastases being evaluated for response
to therapy (33%) was another subgroup of patients in whom FDG PET helped the oncologic
team make decisions to change therapy. In our study, these two subgroups of patients with
advanced disease were most likely to benefit from staging with FDG PET. The more recent
retrospective studies comparing PET/CT to contrast-enhanced CT have also shown that PET/
CT impacts treatment choices in 20-51% of patients [27,66]. The need for a more sensitive
staging tool in patients with first-episode locoregional recurrence was also corroborated by van
Oost et al. [82]; their study of 175 patients showed that 16% had distant metastases at the time
of locoregional recurrence and 24% developed distant metastases within 18 months of
confirmation of recurrence. They estimated that FDG PET would upstage, and likely change
the therapeutic plan, in up to 29% of patients with negative conventional staging studies. These
results indicate that FDG PET should not be used as the sole restaging tool in patients with
recurrent or metastatic disease but to answer specific questions that will likely impact their
management.

PET/CT also shows promise in radiation treatment planning by modifying target tissue volumes
selected for irradiation based on the combination of morphologic and metabolic data [83]. For
example, PET/CT may help to further define the supraclavicular or internal mammary nodal
region in patients at risk for recurrence in these regions. In a study that included 32 patients
with advanced breast cancer and positive FDG uptake in the supraclavicular region [41], five
patients had FDG-positive nodes posterior to the vertebral body transverse process, a location
not covered by a typical radiation field to the supraclavicular region and several other patients
had nodes close to the medial border of the field. The impact of PET/CT on patient outcomes
and which patients will benefit from more aggressive radiation coverage will need to be
addressed in future studies.
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Summary
FDG PET and PET/CT are useful tools for restaging breast cancer patients who have undergone
primary therapy, particularly in those with advanced stages, equivocal findings at conventional
staging studies or asymptomatic with elevated tumor markers. In the clinical setting, they
should be used to answer specific clinical questions and to complement conventional staging
studies, not as a replacement. Evaluation of locoregional recurrences involving the skin, breast
and chest wall with FDG PET and PET/CT can be problematic due to poor accuracy and
diagnosis is usually made by histologic confirmation. For evaluation of distant metastases,
FDG PET and PET/CT perform significantly better than conventional staging studies,
particularly for the detection of nodal disease and osteolytic skeletal metastases, and therefore
a more accurate method of determining the true extent of disease. One exception is the detection
of sclerotic bone metastases; these lesions are not metabolically active enough for FDG PET
detection but readily are detected by bone scan. PET/CT enhances diagnostic confidence (with
marginal improvement in accuracy) compared to FDG PET alone for the evaluation of
metastatic disease. FDG PET and PET/CT can also help in the assessing the treatment response
of metastases earlier than conventional imaging. Serial FDG PET or PET/CT more accurately
reflects disease status in patients with bone-dominant disease undergoing systemic treatment
compared to conventional methods. Preliminary investigations show that FDG PET has the
greatest impact on the choice of treatment in patients with suspected or proven locoregional
recurrence who are being considered for aggressive curative treatment and in the evaluation
of treatment response in patients with metastatic disease.

Synopsis
One of the major strengths of FDG PET and PET/CT in breast cancer imaging is in the
evaluation of patients with suspected locoregional recurrence or distant metastasis. In general,
FDG PET is more sensitive than conventional imaging for the detection of recurrent disease.
Due to its ability to more accurately stage patients with advanced breast cancer, FDG PET has
a significant impact on choice of treatment and management in this patient group.
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Figure 1.
Recurrence in the contralateral breast in a patient with history of left breast cancer and left
partial mastectomy 10 years ago. She also underwent left total mastectomy and prophylactic
right mastectomy when she had recurrence 6 years ago. Ultrasound images (a and b) show
multiple hypoechoic and heterogeneous mixed echogenic lesions with shadowing in the right
breast. Axial CT (c) and FDG PET-CT images (d) reveal hypermetabolic soft tissue mass and
nodules with irregular skin thickening in the right breast.
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Figure 2.
Locoregional recurrence in the left posterior chest wall in a patient who had undergone left
radical mastectomy 13 years ago. She had left anterolateral chest wall recurrence 5 years ago,
which had been resected. CT (a), FDG PET-CT (b) and MR (c and d) images show
hypermetabolic irregular mass in the left posterior chest wall extending to the epidural space
of T5.
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Figure 3.
Patient with history of breast cancer. Coronal PET (a) and PET-CT images (b) show extensive
bilateral axillary, mediastinal, supraclavicular and retroperitoneal nodal involvement.
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Figure 4.
Pulmonary metastasis in a patient with history of recurrent right breast cancer and widespread
metastases to brain and bones. CT image (a) shows spiculated nodule in the right lower lobe
(arrow). FDG PET-CT image (b) reveals hypermetabolic activity in the nodule.
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Figure 5.
Recurrence after resection of prior liver metastasis in a patient with history of breast cancer.
Axial image of liver MRI following gadolinium enhancement (a) demonstrate multiple
enhancing masses (arrows) that correspond to the hypermetabolic activity involving entire liver
on coronal FDG PET image (b).
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Table 1

Largest series comparing the ability of whole-body FDG PET with 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 FDG PET Sensitivity
(TP/TP+FN)*

FDG PET Specificity
(TN/TN+FP)*

Bender 19972 75 60/15 95% (41/43) 96% (213/221)

Moon 19983 57 29/28 93% (27/29) 79% (22/28)

Lonneux 20004† 39 33/6 94% (31/33) 50% (3/6)

Kim 20015 27 17/10 94% (16/17) 80% (8/10)

Lin 20026 36 11/25 85% (23/27) 96% (85/89)

Liu 20027† 30 28/2 96% (25/28) 50% (1/2)

Suarez 20028† 38 26/12 92% (24/26) 75% (9/12)

Vranjesevic13 2002 61 42/19 93% (39/42) 84% (16/19)

Gallowitsch 20039 62 34/28 97% (33/34) 82% (23/28)

Siggelkow 200310 57 31/26 81% (25/31) 98% (25/26)

Kamel 200311 60 43/17 89% (24/27) LRR**

100% (26/26) DM††
84% (16/19) LRR
97% (30/31) DM

Wolfort 200615 23 16/7 81% (13/16) 100% (7/7)

Mahner 200814*** 119 71/48 87% (62/71) 83% (40/48)

*
Values calculated on patient analysis except for Bender and Lin series which are calculated on lesion analysis; TP=true positive, TN=true negative,

FP=false positive, FN=false negative

†
Patients were mostly or all asymptomatic with elevated tumor markers.

**
LRR=Locoregional recurrence

††
DM=Distant metastases

***
50/119 patients had undergone primary treatment
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