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Abstract

Background FDG PET has not yet found a role in the
clinical evaluation of the tumor extent of breast cancer.
FDG PET has been reported to be useful for evaluating the
prognoses of breast cancer patients with more accuracy
than conventional imaging modalities. The purpose of this
study was to compare the accuracy of FDG PET and MRI
for the preoperative assessment of the tumor extent of
breast cancer, for evaluating the impact of FDG PET on
systemic staging, and also for predicting the prognosis of
patients who are candidates for breast-conserving therapy.
Methods The study was a prospective series of 23 breasts
with breast cancer that underwent both FDG PET and MRI
before surgery. Systemic staging with FDG PET was also
performed. The correlation between the results of these
examinations and histological findings was thus examined.
The maximum standardized uptake value (SUVmax) of the
tumors was investigated in association with the patient
prognoses.

Results When evaluating the local tumor extent, the
accuracy of FDG PET (43.5%) was significantly lower than
that of MRI (91%) (P < 0.001). The sensitivity, specificity,
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and accuracy of FDG PET regarding the nodal status were
60, 94, and 87%, respectively. No patients demonstrated
any distant metastasis, whereas FDG PET gave a false
positive in one patient. The mean follow-up period was 61
months. The SUVmax value of the worse prognosis patient
group was significantly higher than that of the good
prognosis patient group (P = 0.032).

Conclusions FDG PET is not a breast imaging modality
for evaluating the local tumor extent, but it is useful for
predicting the prognoses of patients who are candidates for
breast-conserving therapy.

Keywords PDG PET - Breast-conserving therapy -
Staging - Prognosis - MRI

Introduction

Breast-conserving therapy (breast-conserving surgery with
radiation therapy) (BCT) is an accepted alternative to a
mastectomy for the treatment of many women with early-
stage invasive breast cancer [1]. The recommended tech-
nique is the local excision of the primary tumor with clear
margins, which has provided good cosmetic results [1].
Although various factors have been identified that affect
the rate of local recurrence after BCT [2], negative margins
of BCT are necessary to obtain optimal local tumor control
[3, 4]. A preoperative breast imaging evaluation of the
intraductal spread of breast cancer (ductal carcinoma in
situ: DCIS) is essential to determine a patient’s eligibility
for BCT [5, 6]. Although MRI, multidetector row CT and
ultrasonography can complement mammography for the
preoperative evaluation of patients who are candidates for
BCT, MRI has been reported to be the most accurate breast
imaging modality for determining the tumor extent of
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breast cancer [6]. FDG PET has a relatively low diagnostic
accuracy for small breast cancer because of the limited
spatial resolution of PET devices [7]. Therefore, it cannot
be expected FDG PET will detect the intraductal spread of
breast cancer. Avril et al. [8] reported that only nine out of
18 patients who had multifocal or multicentric breast
cancer were identified by FDG PET, whereas Schirrmeister
et al. [9] reported that FDG PET was twice as sensitive at
detecting multifocal lesions than a combination of mam-
mography and ultrasound. Moreover, there are still very
few reports in the literature that report a comparison
between FDG PET and MRI findings regarding the tumor
extension of breast cancer [10, 11]. FDG PET exhibited a
sensitivity of 92.5%, which, though slightly lower than that
of MRI (95.2%), was superior to that of conventional
modalities [10]. Heinisch et al. [11] reported that MRI was
more accurate than FDG PET in the assessment of multi-
focal disease, but the study had only three patients with
multifocal disease. Therefore, FDG PET has not yet found
a role in the clinical evaluation of the tumor extent of
breast cancer.

Recently, FDG PET has been reported to be useful for
evaluating the prognoses of breast cancer patients, yielding
more accuracy than conventional imaging modalities [12—
14]. A high maximum standardized uptake value (SUV
max) is suggested to be useful in the preoperative evalua-
tion of the patient prognosis, and the findings have also
been reported to be more accurate that with other modal-
ities [13, 14]. The purpose this study was to compare the
accuracy of FDG PET and MRI for preoperative assess-
ment of the tumor extent of breast cancer and to evaluate
the impact of FDG PET on systemic staging and for pre-
dicting the prognoses of patients who are candidates for
BCT.

Subjects and methods

This study comprised a prospective series of 22 patients
with breast cancer who underwent both FDG PET and MRI
within 34 days (mean, 10 days). One patient had bilateral
breast cancer. Therefore, a total of 23 breasts with histo-
logically proven breast cancer were eligible for this study.
Our institutional review board approved the protocol, and
written informed consent was obtained from all patients.

FDG PET imaging

FDG PET imaging was performed using a modern PET
camera (Advance NXi; GE Medical Systems, Milwaukee,
WI, USA). The patients fasted for 4 h before the PET scan.
The emission scan was started 60 min after the injection of
220-240 MBq 18F-fluorodeoxyglucose. The FDG PET
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scans included 67 bed positions (5 min acquisition time per
position; total acquisition time, 30—35 min) while covering
the area from the skull to the proximal femora. The results of
post-emission transmission scans were used to correct for
attenuation. The standardized uptake values were calculated.

MRI

MRI examinations were performed with the patients in the
prone position. The instrument used was a 1.5 T com-
mercially available system (Gyroscan Intera; Philips
Medical Systems, Best, The Netherlands) with double
breast-surface coils. Our imaging protocol included a
localizing sequence followed by sagittal fast-spin echo T2-
weighted imaging (TR/TE, 5056/90; ETL, 15; matrix, 158
x 320) with fat suppression (SPIR; spectral presaturation
inversion recovery) of the affected breast. Other parameters
were: field-of-view, 18 cm; section thickness, 4 mm; in-
terslice gaps, 0.8 mm. This examination was followed by a
dynamic study of the affected breast, consisting of serial
imaging of a three-dimensional (3D) sagittal turbo-field
echo T1-weighted sequence (TR/TE, 11/5.4; flip angle, 20;
matrix, 143 x 256) with fat suppression (ProSet; principle
of selective excitation technique). The parameters were
field-of-view, 18 cm; section thickness, 2 mm; interslice
gap, —1 mm. Gadopentetate dimeglumine (Magnevist;
Nihon Schering, Osaka, Japan) was administered as a bolus
intravenous injection (2 mL/s) at a dose of 0.1 mmol/kg
body weight. This was followed by a 20-mL saline solution
flush. For dynamic studies, we acquired one pre- and three
post-enhancement scans; the scan time was 2 min per scan.

MMG examination

Bilateral digital MMG was performed (Senographe 2000D
unit; GE Medical Systems, Milwaukee, WI, USA),
including routine craniocaudal and mediolateral oblique
views of the breasts and spot-magnification views of the
area of the lesion.

Breast imaging interpretations

The digital mammograms on soft-copy reading were
independently double-read using BI-RADS assessment
categories [15] by two radiologists with 8-12 years of
experience in mammography. The readers also rated breast
density according to the standard BI-RADS scale
(extremely dense, heterogeneously dense, scattered fibro-
glandular densities, and almost completely fat). When
different BI-RADS assessment categories and BI-RADS
breast density scales were assigned by the two readers, then
a consensus was reached after discussing the findings. MR
images were independently interpreted by one of two
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radiologists with knowledge of the clinical and mammo-
graphic findings using the BI-RADS MR lexicon [15]. Any
contrast enhancement contiguous with the index tumor was
considered to be positive [6, 16, 17]. A diffuse enhance-
ment in the bilateral breasts was considered to be negative.
Following the BI-RADS MR lexicon [15], the morphology
and kinetics at MRI were evaluated for all enhanced
lesions. FDG PET images were independently interpreted
by one of two radiologists with knowledge of the clinical
and mammographic findings. The focally marked increased
FDG uptake was defined as an index tumor. A segmentally
increased FDG uptake in a single quadrant was defined as a
multifocal lesion. A case with double focally marked
increased FDG uptakes in greater than one quadrant was
defined as a multicentric lesion. The FDG PET images and
MRI images of a given individual were not interpreted by
the same radiologist.

Histopathological examination

The samples for histopathological examination were pre-
pared by making serial 5-mm slices of breast-conserving
surgical specimens and 5-10-mm slices of mastectomy
specimens according to the technique of Egan [18]. Histo-
logical diagnoses were made by one pathologist with 16
years of experience in breast histology. The correlations
between the histological and the breast imaging findings
were examined by the radiologists and pathologist in all
cases.

Disease extent criteria

In an effort to avoid artificially inflating or deflating the
performance of any imaging modality, we sought to iden-
tify a practical definition of disease extent. In this study, we
focused on the intraductal spread and the extent of invasive
tumor to evaluate the disease extent. The extent of disease
was classified into the following three types: the breast
carcinoma of limited extent (BCLE) type was defined as
having no invasive carcinoma or DCIS beyond 1 cm from
the edge of the dominant mass [6, 17, 19]; the multifocal
non-BCLE type, defined as a mass having tumor foci
beyond 1 cm from the edge of the index tumor in a single
quadrant; and the multicentric non-BCLE type, defined as
non-BCLE in more than one quadrant. Concerning MRI
images, non-mass enhancement (focal, linear, ductal, seg-
mental, and regional) as defined in the BI-RADS MR
lexicon [15] corresponded to non-BCLE. Moreover, a mass
with non-mass enhancement corresponded to non-BCLE.
Concerning the mammograms, suspicious microcalcifica-
tions, focal asymmetric density, architectural distortion, or
masses with an indistinct margin as defined in the
BI-RADS mammography lexicon [15] corresponded to

non-BCLE. Moreover, the presence of any microcalcifi-
cations and/or densities around and at a distance from the
mass corresponded to non-BCLE [6, 17, 19]. Concerning
FDG PET, a focally marked increased FDG uptake was
defined as BCLE. A segmentally increased FDG uptake in
a single quadrant was defined as a multifocal non-BCLE. A
case with double focally marked increased FDG uptakes in
greater than one quadrant was defined as a multicentric
non-BCLE. Figure 1 is a schematic representation of the
disease extent criteria used in this study.

Analysis

The findings from each breast imaging modality were
compared with mapping data from the histopathological
findings according to the prospectively defined three extent
criteria: the BCLE type, the multifocal non-BCLE type,
and the multicentric non-BCLE type. The chi-square and
Fisher exact tests for statistical significance, with a value of
P < 0.05 considered to be significant, were performed to
compare each modality regarding its accuracy for detecting
the tumor extent of breast cancer using a statistical soft-
ware package (SPSS Inc., Chicago, IL, USA). The Mann—
Whitney test was used to determine whether the SUVmax
of tumors was related to the association with the patient
prognoses.

Results

Among the 23 breast cancers, pathological examination
revealed four BCLE (17%), 16 multifocal non-BCLE
(70%) (Fig. 2), and three multicentric non-BCLE (13%).
The histological results and the disease extents are
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Fig. 1 Schematic drawings of breast carcinoma of limited extent
(BCLE), which is defined as having no invasive carcinoma or DCIS
beyond 1 cm from the edge of the dominant mass, and a non-BCLE
lesion, defined as a mass having tumor foci beyond 1 cm from the
edge of the index tumor
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Fig. 2 54-year-old woman with multifocal non-breast carcinoma of
limited extent. A mastectomy revealed a high-grade DCIS. a, b Axial
FDG PET slice and 3D maximum-intensity-projection FDG PET
images showing the segmentally increased FDG uptake (arrows). ¢, d
Sagittal TI-weighted contrast-enhanced MRI image and 3D

summarized in Table 1. This study had 20 palpable
tumors (87%) and three non-palpable tumors (13%). The
mean age was 55 years, with a range of 35-75 years. Four
breasts underwent a wide excision, nine breasts underwent
a quadrantectomy, and ten breasts underwent a mastec-
tomy. According to the standard BI-RADS scale, 13 of
these 23 breasts (56.5%) were dense breasts (breast pat-
tern BI-RADS; extremely dense and heterogeneously
dense), and ten (43.5%) of them were fatty breasts (breast
pattern BI-RADS; scattered fibroglandular densities and
almost completely fat). In addition, nine (39%) of the 23
breast cancers had microcalcification findings on the
mammograms.
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image showing segmental

maximum-intensity-projection MRI
enhancement in the right upper quadrant. e Mediolateral mammogram
showing segmental distribution of pleomorphic and coarse heteroge-
neous calcifications in the right upper quadrant

Table 1 Correlation of pathologic type and tumor extent

Pathologic type  BCLE  Non-BCLE Total
Multifocal ~ Multicentric

IDC 3 0 0 3 (13)

IDC + DCIS 0 9 2 11 (48)

ILC 1 2 0 3 (13)

DCIS 0 5 1 6 (26)

Total 4 (17) 16 (70) 3 (13) 23 (100)

Numbers in parentheses are percentages

IDC invasive ductal carcinoma, DCIS ductal carcinoma in situ, /LC
invasive lobular carcinoma, BCLE breast carcinoma of limited extent
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Table 2 Index tumors missed by the different breast imaging
modalities, by pathologic type

Pathologic type MR PET MMG
IDC 0 0 1
ILC 0 0 1
DCIS 0 2 1
Total 0 2 3

IDC invasive ductal carcinoma, ILC invasive lobular carcinoma,
DCIS ductal carcinoma in situ

Detection of index tumor

The mean histological size of the index tumor was 28 mm
(range 10-80 mm); the mean histological size of the
invasive ductal carcinoma (IDC) was 16.4 mm (range
10-30 mm), the mean histological size of the DCIS was
52.5 mm (range 15-80 mm), and the mean histological size
of the invasive lobular carcinoma (ILC) was 31.7 mm
(range 20-50 mm). Of the 23 index breast tumors, 23
(100%) were detected on MRI, 21 (91%) were detected on
FDG PET, and 20 (87%) were detected on mammograms.
The pathological types of the index tumors missed by each
modality are shown in Table 2. All index tumors missed on
mammography were for dense breasts. One index tumor
missed on mammography was also missed on FDG PET,
but the other index tumors missed on mammography were
visualized on FDG PET. The median size of the index
tumors missed on FDG PET was 17.5 mm (range 15-20
mm). The median size of the index tumors missed on
mammography was 30.7 mm (range 20-50 mm).

Overall accuracy of tumor extent

Table 3 summarizes the overall accuracy of the tumor
extent, estimated using each of the imaging modalities.
MRI was more accurate than FDG PET for the tumor
extent of breast cancer. The accuracy of FDG PET (43.5%)
was significantly lower than that of MRI (91%) (P <
0.001). The accuracy of mammography (30.4%) was sig-
nificantly lower than that of MRI (91%) (P < 0.001). The
accuracy of FDG PET was slightly, but not significantly,
higher than the accuracy of mammography (P = 0.542).
There was no overestimation of the tumor extent in these
breast modalities in this study.

Axillary lymph node involvement

An axillary lymph node dissection was performed for 20 of
the 23 (87%) patients. The remaining three patients did not
undergo an axillary lymph node dissection because one had
DCIS and the others were elderly persons. However, no
false-negative diagnoses occurred in the three patients

because there was no axillary lymph node metastasis
within a clinical follow-up period of more than 60 months.

Overall, 22% (5/23) of the patients had positive lymph
nodes in this study. The sensitivity, specificity, accuracy,
positive and negative predictive value of FDG PET for
nodal status were 60% (3/5), 94% (17/18), 87% (20/23),
75% (3/4), and 89% (17/19), respectively. The mean
diameter of false-negative lymph node involvement was
7.5 mm (range 7-8 mm), whereas the mean diameter of
true-positive lymph node involvement was 23.3 mm (range
20-30 mm). One false-positive lymph node involvement
was a case with reactive lymph node swelling.

Distant metastases

There was no patient with distant metastases in the initial
staging, although FDG PET was suggestive of metastasis in
one patient, thus corresponding to radiological studies; the
clinical examinations and follow-up were considered to be
consistent with lung sarcoidosis.

SUVmax and prognoses

Two DCIS were not visualized by FDG-PET. The
remaining 21 index tumors were visualized by FDG-PET.
The mean SUVmax value for IDC was higher than those
for DCIS (P = 0.405) or ILC (P = 0.08), but not signifi-
cantly so (Table 4).

The mean follow-up period was 61 months (range 50-64
months). A recurrence of breast cancer was diagnosed in
two (9%) patients with disseminated disease. Of those two
patients, one died 56 months after the first surgery, while
the other has survived with recurrent breast cancer for 64
months following the first surgery. The patient who died
had triple negative breast cancer with axillary lymph node
metastasis. The surviving patient with recurrent breast
cancer had non-triple negative breast cancer without axil-
lary lymph node metastasis. The remaining 20 patients
have been free of recurrence. The SUVmax value of the
worse prognosis patient group (n = 2) was significantly
higher than that of the good prognosis patient group (n =
20) (P = 0.032).

Discussion

To our knowledge, this is the first study to prospectively
assess the accuracy of MRI, FDG PET, and mammography
for the preoperative assessment of the local extent of in-
traductal spread of breast cancer. Although two small
studies have reported comparisons of FDG PET and MRI
for multifocal or multicentric lesions [10, 11], they did not
report any clear definition or criterion for the diagnosis of
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Table 3 Accuracy of tumor extent: comparison of FDG PET, MR imaging, and mammography (MMG)

Accuracy of tumor extent Under Agreement Over

PET MRI MMG PET MRI MMG PET MRI MMG
Overall (23) 56.5% (13) 8.7% (2)  69.6% (16) 43.5% (10) 91.3% (21) 30.4% (7) 0% (0) 0% (0) 0% (0)
BCLE (4) 0% (0) 0% (0) 25% (1) 100% (4) 100% (4) 75% (3) 0% (0) 0% (0) 0% (0)
Multifocal non-BCLE (16)  62.5% (10) 12.5% (2) 75% (12) 37.5% (6) 87.5% (14) 25% (4) 0% (0) 0% (0) 0% (0)
Multicentric non-BCLE (3)  100% (3) 0% (0) 100% (3) 0% (0) 100% (3) 0% (0) 0% (0) 0% (0) 0% (0)

Numbers in parentheses are numbers of tumors

BCLE breast carcinoma of limited extent

Table 4 Results for index tumor size, SUVmax of index tumors, and
sensitivity of FDG PET for various pathologic types

Pathologic type (n = 23) DCIS IDC ILC

(n=06) (n=14) (n=3)
Tumor size (mm; mean) 52.5 16.4 31.7
SUVmax (mean) [range] 3.0 [0-6.6] 6.6 [2.6-17.6] 3.3 [2.5-4.4]

Sensitivity (%) 67 (4/6) 100 (14/14) 100 (3/3)

DCIS ductal carcinoma in situ, /DC invasive ductal carcinoma, ILC
invasive lobular carcinoma

multifocal or multicentric lesions. In this study, the use of
the simple “BCLE” or “non-BCLE” tumor extent system
was considered to be useful and objective because the 1-cm
margin was not chosen arbitrarily but in accordance with
the current practice of surgeons to excise tumors with at
least a 1-cm margin of macroscopically uninvolved tissue
based on the established BCT procedures [6, 17, 19]. The
staging system represents a compromise between useful-
ness and convenience [6]. This study showed that MRI was
significantly more accurate than FDG PET for assessing the
tumor extent of breast cancer. This result was not surpris-
ing, because it cannot be expected that FDG PET will
detect the intraductal spread of breast cancer due to the
limited spatial resolution of PET devices. Avril et al. [8]
reported that only nine out of 18 patients who had multi-
focal or multicentric breast cancer were identified by FDG
PET. Heinisch et al. [11] reported that MRI was more
accurate than FDG PET in the assessment of multifocal
disease, but the study had only three patients with multi-
focal disease. The results of the present study and these
studies show that FDG PET is not the optimal breast
imaging modality for evaluating the local tumor extent for
the preoperative evaluation of patients who are candidates
for BCT. However, another previous study reported that
FDG PET had a good sensitivity of 92.5% for multifocal
lesions, which was slightly lower than that of MRI (95.2%)
[9]. This difference may be the result of the different
populations investigated in these studies, or the different
definitions and criteria for diagnosis used for multifocal
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lesions. However, it is very important to recognize that
FDG PET is not a powerful tool for discovering micro-
scopic disease, such as the intraductal spread of breast
cancer. This study showed that the accuracy of mammog-
raphy was significantly lower than that of MRI. Our results
also showed that the accuracy of FDG PET was slightly,
but not significantly, higher than the accuracy of mam-
mography. However, Schirrmeister et al. [9] reported that
FDG PET was twice as sensitive at detecting multifocal
lesions than a combination of mammography and ultra-
sound. The main cause of these different results may be the
number of dense breast cases in the studies, because two
index tumors missed on mammography were visualized by
FDG PET in this study. FDG PET may not be affected by
the dense breast tissue, which reduces the diagnostic value
of mammography, because FDG PET can provide 3D
visualization of the breast, like MRI. However, dense
breast tissue may be unlikely to affect the ability of FDG
PET to detect tumors [20]. In this study, two cases with
DCIS were not visualized by FDG PET. Little information
is available about the ability of FDG PET to detect DCIS.
Previous studies suggest that FDG PET cannot contribute
to an improved diagnosis of DCIS [8, 21]. This may be
linked to tumor biology, because DCIS does not demon-
strate either an increased vascularity or glycolytic activity.
This study also showed that the mean SUVmax value of
IDC was higher than those of DCIS or ILC, but not sig-
nificantly so. Previous studies reported a higher glucose
metabolism for IDC in comparison to ILC [22, 23]. The
lower SUV in ILC might thus be explained by a lower
tumor cell density and diffuse surrounding breast tissue
infiltration, because partial-volume effects can affect the
lower SUV.

In this study, the sensitivity, specificity, positive and
negative predictive value of FDG PET for the nodal status
were 60, 94, 75, and 89%, respectively. These results are
similar to those of a previous study [24], which reported the
sensitivity, specificity, positive and negative predictive
value to be 61, 80, 62, and 79%, respectively, for FDG PET
in axillary staging in 360 patients. This study showed the
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mean diameter of false-negative lymph node involvement
to be 7.5 mm, whereas the mean diameter of true-positive
lymph node involvement was 23.3 mm. The previous study
also showed that FDG PET failed to detect small and few
axillary lymph node metastases [24]. Wahl et al. [24]
concluded that FDG PET was not routinely recommended
for axillary staging of patients with newly diagnosed breast
cancer, although it was highly predictive for nodal tumor
involvement. Other previous studies suggested that a
positive FDG PET can identify patients who require axil-
lary lymph node dissection and could forego sentinel
lymph node biopsy because of the low rate of false-positive
findings [25, 26]. However, this study showed that one case
of false-positive lymph node involvement was actually
reactive lymph node swelling. Therefore, this aspect still
requires further study.

Systemic staging is not routinely performed in patients
who are candidates for BCT, due to the low likelihood of
distant metastases. In fact, this study showed that no patient
had distant metastases in the initial staging, although FDG
PET was suggestive of metastasis in one patient with lung
sarcoidosis. FDG PET is recommended as an option for
patients with either recurrent or stage 4 breast cancer
[27-29].

A previous study reported that the high uptake of FDG
by tumor may be useful as a prognostic indicator for
patients with primary breast cancer [12]. Another previous
study reported that FDG PET was useful in the preopera-
tive evaluation of the prognosis for breast cancer patients,
yielding greater accuracy than conventional TNM staging
[13]. This study showed that high SUVmax was signifi-
cantly associated with a poor prognosis in breast cancer
patients who are candidates for BCT. In this study, the dead
patient had triple negative breast cancer with an axillary
lymph node metastasis. Inoue et al. [13] reported that the
prognosis for breast cancer patients with high SUVmax and
FDG PET positive axillary lymph node involvement was
significantly poorer than that for the other patients. More-
over, Basu et al. [30] reported that triple negative breast
cancer with a poor prognosis was associated with enhanced
FDG uptake, commensurate with its aggressive biology,
and was detected with a very high sensitivity using FDG
PET. The results from this study and previous studies
suggest that FDG PET may therefore be useful for pre-
dicting the prognoses of patients who are candidates for
BCT, and that it can also be a noninvasive imaging tech-
nique for selecting high-risk and low-risk patients at the
time of primary surgery.

One problem with the present study is that the number of
patients studied was small. Therefore, the statistical sig-
nificance of these findings may be insufficient. Uematsu
et al. [6] reported that MR imaging tended to result in an
overestimation of the tumor extent. The small number of

patients included in this study may therefore have masked
the risk for such potential overestimation. Further valida-
tion is thus warranted, using a larger study population.
Another problem with the present study is that relatively
small injected doses of FDG were administered. It is pos-
sible that our injected doses (in the 220-240 MBq range)
may have reduced the sensitivity of FDG PET. However,
lower injected doses of FDG are typically given in Japan
because most Japanese patients are smaller than Western
patients. Finally, 13 of the 23 breasts studied underwent
breast-conserving surgery. Therefore, pathologically, we
could not determine whether these cancers were multi-
centric. However, no false-positive diagnoses occurred
within a clinical follow-up period of more than 60 months.

In conclusion, FDG PET is not a breast imaging modality
for evaluating tumor extent in patients who are candidates for
BCT, but it may be useful for predicting the prognoses of
patients who are candidates for BCT, and it is also a useful
noninvasive imaging technique for selecting high-risk and
low-risk patients at the time of primary surgery.
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