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OBJECTIVE. We describe the significance of detecting focal areas of hypermetabolism in the
breast in patients undergoing PET/CT for reasons other than for breast cancer detection or staging.

CONCLUSION. When evaluated, almost all of the abnormal foci detected in the breast
subsequently proved to be breast carcinoma, specifically infiltrating ductal carcinoma.

he role of 18F-FDG PET in the eval-
uation of patients with suspected or
established cancer has undergone
rapid growth over the past 5 years

because of the high sensitivity and specificity of
PET in detecting areas of malignant potential
over other imaging techniques [1]. Historically,
one of the major drawbacks of PET has been
the inability to precisely localize areas of poten-
tial abnormalities within the body. This prob-
lem has recently been resolved with the devel-
opment of in-line PET/CT scanners that allow
precise anatomic mapping of areas of increased
glucose metabolism [2, 3]. Results of several
published studies found that the use of in-line
PET/CT scanners improves diagnostic accu-
racy compared with PET or CT alone or when
both studies are compared side by side [4–6].

As the use of PET/CT continues to grow,
previously unsuspected areas of disease are
being detected. In most cases, the finding of
focal areas of hypermetabolic activity should
prompt further investigation until an explana-
tion is found [7]. In this article, we describe
the significance of detecting focal areas of hy-
permetabolism in the breast in patients under-
going PET/CT for reasons other than for
breast cancer detection or staging. When eval-
uated, almost all of the abnormal foci de-
tected in the breast subsequently proved to be
breast carcinoma, specifically infiltrating
ductal carcinoma.

Materials and Methods
A total of 1,339 whole-body PET/CT examina-

tions were performed from January 1, 2004, to Sep-
tember 30, 2004. Each patient scanned during this
period was included in the Scottsdale Medical Im-
aging patient PET/CT database using Microsoft

Access. This study received institutional review
board approval. Two-hundred forty-one patients
(18%) were excluded from this retrospective anal-
ysis because of a known diagnosis or a history of
breast cancer. Among the remaining 1,098 patients,
565 were males (51.5%) and 533 (48.5%) were fe-
males. Of the females, 1.1% (6/533) had unex-
pected (incidental) focal hypermetabolic activity in
the breast tissue. None of the males had incidental
hypermetabolic activity. A retrospective review of
the clinical findings for the six patients with inci-
dental hypermetabolic activity is presented.

PET/CT Acquisition
Before imaging, patients were instructed to fast

for at least 4 hours. Fasting blood glucose was mea-
sured before IV injection of 18F-FDG: Patients
meeting the criterion of a blood glucose level
within the 60 to 200 mg/dL range received
18F-FDG (0.154 mCi/kg or 0.57 mBq/kg) through
an antecubital vein in a quiet environment. After in-
jection, patients were instructed to remain in a re-
cumbent position for 1 hour. After having voided,
each patient was placed supine on the PET/CT
scanner (Discovery LS, GE Healthcare); the field of
view was 50 cm, and the full width at half maxi-
mum (FWHM) was 6.5 mm.

The CT attenuation data were acquired in the
standard fashion at 140 kVp, 80 mAs, a pitch of
1.5:1, a table speed of 15 mm/rotation, and 5-mm
slice thickness in a craniocaudal direction while
the patient was undergoing tidal breathing. PET
emission data were then acquired in a caudocra-
nial direction progressing from the thighs to the
orbitomeatal line at 5 minutes per table position.
The PET/CT data sets were reconstructed using
iterative reconstruction (ordered subset expecta-
tion maximum [OSEM]) with attenuation correc-
tion applied. The images were displayed on a
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workstation (Entegra, GE Healthcare) in the ax-
ial, coronal, and sagittal planes. The Entegra
workstation and software provided user-indepen-
dent image fusion and displayed maximum-inten-
sity-projection (MIP) images for whole-body
data review.

The workstation made available on-the-fly stan-
dardized uptake value (SUV) calculations by plac-
ing a user-defined circular region of interest (ROI)
on the attenuation-corrected images resulting in a
display of the mean and maximum SUVs. SUV is
defined as the amount of 18F-FDG activity in an
ROI per gram of tissue according to the following
formula: SUV = activity / mL tissue (decay cor-
rected) / injected dose / body weight. All PET/CT
studies were interpreted separately by three nuclear
medicine radiologists with 26 years of combined
experience in the interpretation of PET scans. Ac-
tivity in the breast was considered suspicious if the
18F-FDG activity displayed a focal area of in-
creased uptake with SUVs greater than the opposite
breast or mediastinum.

Results
Patient Population

There were 1,098 patients who met the
criteria for inclusion in this study. Approxi-
mately 51.5% were males and 48.5% per-
cent were females. The mean age of the
group was 62 years (SD, 13 years; range,
8–98 years). The mean ages of males and fe-
males were almost identical: men, 62.1
years (SD, 13 years; range, 19–93 years)
and women, 61.6 years (SD, 13 years;
range, 8–98 years). No males had unex-
pected hypermetabolic foci in the breast;
therefore, only female patients were in-
cluded in the subsequent analyses.

A total of 533 females who underwent
PET/CT for whole-body oncology imaging
from January 1, 2004, to September 30, 2004,
were included in this retrospective study. Six
patients were identified as having unexpected
uptake in the breast. The ages of the six women
in this study ranged from 44 to 72 years (mean,
62.8 years; SD, 10.5 years). All patients were
asymptomatic and were being evaluated for
other reasons. Four of the six patients were un-
dergoing imaging for evaluation of a solitary
pulmonary nodule. One patient was being
evaluated for lung cancer restaging, and the
other was being evaluated for Hodgkin’s lym-
phoma (Table 1).

Evaluation of Hypermetabolic 
Activity in the Breast

All six patients were noted to have focal ar-
eas of increased activity in the breast with an
average maximum SUV (SUVmax) of 3.5 (SD,
1.3; range, 2.3–5.5). The mean SUV (SUVmean)
had an average of 2.5 (SD, 0.8; range, 1.2–3.4).
The average lesion size was 1.5 cm (SD, 0.8;
range, 1.0–2.5 cm) (Figs. 1–3). Four of the hy-
permetabolic foci were in the right breast and
two in the left. Of the six patients, five were dis-
covered to have infiltrating ductal carcinoma
that was confirmed by tissue sampling. All five
women with breast carcinoma had undergone
conventional anatomic evaluation with mam-
mography, sonography, or MRI before under-
going the biopsy that had been prompted by the
PET/CT results. The sixth patient had a percu-
taneous biopsy 1 month before PET/CT, which
proved to be a fibroadenoma. The lesion biop-
sied was in the region where positive PET/CT
findings were seen.

TABLE 1: Patient Characteristics, Standardized Uptake Values (SUVs), and 
Pathology Results of Unexpected Hypermetabolic Areas in the Breast

Patient

Indication for PET/CT
Lesion Size

(cm)a

SUV

PathologyNo. Age (y) Mean Maximum

1 61 Solitary pulmonary nodule 1.8 3.0 3.8 IDC

2 60 Solitary pulmonary nodule 2.2 2.7 3.2 IDC and DCIS

3 69 Solitary pulmonary nodule 1.1 1.2 2.0 IDC

4 44 Lung cancer restaging 1.0 3.4 5.5 IDC

5 72 Hodgkin’s lymphoma 2.5 2.9 4.0 IDC

6 71 Solitary pulmonary nodule 0.5 1.8 2.3 Fibroadenoma

Average 62.8 1.5 2.5 3.5

SD 10.5 0.8 0.8 1.3

Note—IDC = infiltrating ductal carcinoma, DCIS = ductal carcinoma in situ.
aBased on pathologic measurements of the lesion.

Discussion
An estimated 700,000 clinical PET patient

studies were performed in the United States in
2003, a 58% increase from 2002 [7]. This ex-
plosive growth is attributed to two factors: the
higher sensitivity and specificity of 18F-FDG
PET compared with CT or MRI for the detec-
tion and staging of cancer, heart disease, and
neurologic abnormalities [8]; and the reduc-
tion in economic barriers that had made PET
untenable in most of the past century. As a re-
sult, the use of PET and now PET/CT has be-
come the fastest-growing segment of the nu-
clear medicine marketplace [9]. The ability to
not only produce accurate CT-based attenua-
tion maps for attenuation correction but also
keep the patient in the same position for acqui-
sition of the two data sets used for image fusion
of the PET data onto the CT-generated maps
are the main advantages of PET/CT over PET
[10]. There is also accumulating evidence sug-
gesting that PET/CT can provide additional in-
formation above and beyond PET alone [4–6].
This advantage of PET/CT over PET has been
related more to the diagnostic certainty of le-
sion characterization and location rather than
to an improvement in the resolution of the PET
scanners themselves [11].

The ability to accurately map areas of ab-
normal glucose metabolism has been helpful in
evaluating areas of incidentally detected foci of
hypermetabolic activity [12]. In this article, we
describe the high rate of breast carcinoma de-
tected in women who have PET/CT scans
showing unexpected hypermetabolic foci
within the breast. Five (83%) of six patients
with hypermetabolic activity detected inciden-
tally in our series had proven infiltrating ductal
carcinoma. The sixth patient was found to have
a fibroadenoma in the region of hypermeta-
bolic uptake on PET/CT. Nevertheless, the
data from this study indicate the need for an ag-
gressive workup of any patient who is found to
have incidental areas of increased glucose me-
tabolism on 18F-FDG PET/CT.

Breast cancer is the most common cancer
in women in the United States. The lifetime
risk of breast cancer is approximately one in
eight American women [13]. Clinical exam-
ination and diagnostic imaging are essential
for evaluating the breast. The efficacy of
18F-FDG PET for diagnosing, staging, re-
staging, and monitoring therapeutic re-
sponse in patients with breast cancer has
been evaluated. These data suggest that the
diagnostic utility of 18F-FDG PET is limited
in the detection of small, less than 1 cm, pri-
mary breast tumors [10].
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PET has superiority over conventional im-
aging in detecting distant metastases, evaluat-
ing recurrent disease, and monitoring thera-
peutic response. Newer-generation PET
scanners with advanced crystal technologies
have theoretically improved resolutions down
to 3 mm at FWHM; however, these resolutions
still do not match the spatial resolutions of the
current screening techniques of mammogra-
phy and sonography or MRI. Thus, a screening
18F-FDG PET/CT for breast cancer is not ap-
propriate with the current generation of whole-
body scanners and should be discouraged
whenever possible. Although emerging re-
search has shown the usefulness of PET in the
management of breast carcinoma, to our
knowledge, scant literature exists regarding the
importance of a hypermetabolic focus in the
breast as an incidental finding in women un-
dergoing PET/CT for other reasons.

Interpretations of incidental findings of hy-
permetabolic activity must be specific to each

organ, taking into account its unique structure,
metabolism, and function. For example,
PET/CT of the lung may show areas of hyper-
metabolic focus that may or may not be malig-
nant. Compared with the lung, the breast is less
likely to be involved in infectious or inflamma-
tory disease. Nevertheless, the results from our
study are not entirely surprising given the high
sensitivity and specificity of 18F-FDG PET for
the detection of lesions larger than 1 cm.

The patients in this retrospective review
underwent 18F-FDG PET/CT evaluation for
potential cancer detection and staging in re-
gions other than the breast. The percentage of
women without a history of breast carcinoma
who showed hypermetabolic foci on PET/CT
was 1.1% (six of 533 patients) in the popula-
tion evaluated over the study time period,
whereas the total percentage of breast cancer
was 0.94% (five of 533 patients).

In addition, all of the breast cancers detected
in this study were infiltrating ductal carci-

noma. It is known that not all breast cancer his-
tologies have similar hypermetabolic potential.
Buck and colleagues [14] showed 18F-FDG lo-
calization was significantly higher in ductal
carcinoma than in lobular carcinoma (mean tu-
mor-to-background ratio, 17.3 vs 6.5, respec-
tively). Crippa et al. [15] also showed that the
median SUV was markedly higher in infiltrat-
ing ducal carcinomas than in lobular carcino-
mas (SUV, 5.6 vs 3.8, respectively).

The average SUVmax in our population was
3.5 (± 1.3). The reason for a lower SUV com-
pared with published data could be related to
our small number of cases, differences in im-
aging techniques, and the use of CT for atten-
uation correction, which may have altered
SUV values compared with typical transmis-
sion sources of germanium-68 [16]. In addi-
tion, breast density and hormonal status can
alter 18F-FDG uptake, factors that were not
accounted for in our population [17]. In this
study, only one patient was classified as

A

Fig. 1—72-year-old woman (patient 5 in Table 1) with infiltrating ductal carcinoma 
being evaluated for Hodgkin’s lymphoma.
A, Axial PET image shows focal area of increased metabolism (maximum 
standardized uptake value = 4.0) in left breast, lateral to midline.
B, PET/CT fusion image shows hypermetabolic focus corresponds to ill-defined 
asymmetric soft-tissue density.
C, MR image shows 2.5-cm lesion (arrow) corresponding to PET/CT abnormality.
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A

Fig. 2—60-year-old woman (patient 2 in Table 1) with infiltrating ductal carcinoma 
and ductal carcinoma in situ (DCIS) scanned for evaluation of solitary pulmonary 
nodule.
A, Axial PET image shows a low level of metabolism (dashed arrow) in right breast 
with more intense and focal metabolism (solid arrows) in lower outer quadrant of 
right breast. Maximum standardized uptake value of focal area of hypermetabolic 
activity is 3.2.
B, PET/CT fusion image shows most intense focus to be associated with ill-defined 
CT density on lower outer quadrant of right breast in 7-o’clock position.
C, Sonogram shows 1.1-cm area of abnormal shadowing at 7-o’clock position of right 
breast. Mammogram (not shown) was remarkable for pleomorphic calcifications (BI-
RADS category 4). Diffuse activity on PET surrounding focal hypermetabolic region 
corresponded to DCIS. Tumor measured 2.2 cm at time of surgery.

B C

A B

Fig. 3—71-year-old woman (patient 6 in Table 1) with fibroadenoma who was being evaluated for solitary pulmonary nodule.
A, Axial PET image shows very small focus of hypermetabolic activity in right breast (maximum standardized uptake value = 2.3).
B, PET/CT fusion image locates lesion centrally in right breast, superior and lateral to nipple. Biopsy revealed fibroadenoma (images not shown).
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having a benign explanation (false-positive)
for the hypermetabolic activity. Whether the
hypermetabolic focus in that patient was re-
lated to the fibroadenoma or postsurgical in-
flammatory change is uncertain.

Follow-up clinical information was not
available for this population of women; there-
fore, the number of women who had breast
cancers that remained undetected on PET/CT
is not known—which is a limitation of this
study. Such information would have been use-
ful to better understand the negative predic-
tive value of PET/CT in our population.
Therefore, a negative PET/CT scan should
not be used to exclude breast cancer entirely
based on the results of this investigation. In-
deed, the current generation of PET/CT scan-
ners has reduced sensitivity in the detection of
subcentimeter breast cancers. That, in combi-
nation with the variable metabolic potential of
breast cancers of different histologies, makes
the use of the current generation of PET or
PET/CT scanners unacceptable for breast
cancer screening or for the evaluation of
equivocal breast lesions smaller than 1 cm.

In conclusion, unexpected focal areas of
hypermetabolic activity discovered in the
breast at the time of PET/CT with 18F-FDG
are associated with a high likelihood of infil-
trating ductal carcinoma. Therefore, any sus-
picious activity discovered in the breast on
PET/CT should be evaluated until a diagnosis
is found.
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