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associated marker
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ER Estrogen receptor
[18F]
FDG

2-Deoxy-2-[18F]fluoro-D-glucose
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AJCC/UICC TNM staging system

MIP Maximum intensity projection
N Lymph node status according to the
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of maximum
T Tumor status according to the

AJCC/UICC staging system
99mTc-
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UICC Union Internationale Contre le
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Case No. 1

Presentation

A 76-year-old woman with a recent diagnosis of
invasive ductal carcinoma of the left breast (6 cm in
size) and suspected left axillary lymph node involve-
mentwas referred for [18F]FDGPET/CT for staging.
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Findings

PET/CT imaging showed the presence of an [18F]
FDG-avid mass in central and lower quadrants of
the left breast corresponding to the diagnosed
carcinoma. Bilateral axillary lymph nodes with
high [18F]FDG uptake suspicious for node
involvement were also noted. Furthermore, there
were multiple foci of [18F]FDG uptake in dorsal
and lumbar spine, consistent with bone metastases
(Figs. 1, 2, and 3).

Discussion

[18F]FDG PET/CT is an important imaging
modality for the detection of locoregional and
metastatic spread in the appropriate patient popu-
lation; while [18F]FDG PET should not be used
routinely for initial detection of breast cancer or
for detection of axillary nodal involvement, [18F]

FDG PET in higher-risk populations has great
value in definitive whole body initial staging.

Case No. 2

Presentation

A 58-year-old woman presented with mammo-
graphic evidence of tissue distortion and micro-
calcification of the upper outer quadrant of left
breast. Core biopsy showed invasive lobular car-
cinoma, ER-positive, PR-positive, and negative
for human epidermal growth factor receptor
2 (HER2/neu). [18F]FDG PET/CTwas performed
to complete staging before planned surgery.

Findings

[18F]FDG PET/CT did not show foci of suspected
tracer uptake in the upper outer quadrant of the left

Fig. 1 Maximum intensity projection (MIP) (a, red cir-
cle), axial (b), sagittal (c), and coronal fused PET/CT
images of the [18F]FDG-avid left breast lesion. The MIP

image clearly demonstrated bilateral axillary lymph node
involvement (green arrows) and bone metastases (blue
arrows)
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breast (Fig. 4). Whole body staging was negative
for detection of axillary involvement and distant
metastasis. Breast-conserving surgery consistent
with quadrantectomy and sentinel lymph node
biopsy were performed. Histology showed micro-
metastasis in the sentinel lymph node.

Discussion

The ability of PET to detect breast cancer depends
on the tumor’s size and histology (e.g., low [18F]
FDG avidity in grade 1 cancer and/or in lobular
carcinoma). Sensitivity of [18F]FDG PET has
been reported to be 68% for small (<2 cm) tumors
and 92% for larger (2–5 cm) tumors, and its
reported overall accuracy for detecting in situ
carcinomas is low (sensitivity, 2–25%).

There is also a correlation between the tumor
proliferation index (Ki67 expression) and the

intensity of [18F]FDG uptake. [18F]FDG PET
has moderate accuracy for detecting axillary
metastasis, as it often fails to detect early axillary
node involvement and micrometastases.

Case No. 3

Presentation

A 42-year-old lady with a recent diagnosis of
breast cancer was referred for [18F]FDG PET/CT
for staging.

Findings

There was an [18F]FDG-avid lesion in right breast
(measuring ~1.4 � 1 cm, SUmax 7, long arrow in
upper, axial PET/CT image). There was also a

Fig. 2 Axial fused image of axillary hypermetabolic lymph nodes and focal uptake of dorsal spine consistent with
skeletal metastasis

Fig. 3 Fused coronal and sagittal PET/CT images showing metastatic bone involvement of dorsal (left panel) and lumbar
(right panel) spine
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mildly [18F]FDG-avid level III right axillary
lymph node (measuring ~7 mm, with SUVmax

2.0, short arrow). Histopathology of the right axil-
lary lymph node confirmed the diagnosis of nodal
involvement.

Discussion

The ability of [18F]FDG PET to detect breast
cancer depends on the tumor’s size and histology.
The sensitivity of PET has been reported to be
68% for small (<2 cm) tumors and 92% for larger
(2–5 cm) tumors. Overall accuracy for detecting
in situ carcinomas is low (25% sensitivity at
most). The major limitation of PET or PET/CT
for breast imaging is its poor detection rate for
small breast carcinomas and noninvasive breast
cancers. However, PET/CT has a role to play in a

group of patients, such as those with dense breasts
or with implants, for determining tumor multiplic-
ity, for localizing the primary tumor in those
patients with metastasis of breast origin when
the mammography is indeterminate, and for
those patients where biopsy is not a desirable
option. Regional lymph node assessment of the
axilla, internal mammary, or mediastinum is an
important factor to assess the prognosis of patients
with breast cancer. PET/CT can be a valid option
to localize and differentiate metastatic and reac-
tive lymph nodes when CT shows multiple
enlarged lymph nodes in the axilla. Distant metas-
tases from breast cancer are frequently found in
the lungs, liver, and bones. One advantage of
whole body PET imaging over conventional
imaging modalities is its ability to detect metasta-
sis at different sites and organs during a single
examination.

Fig. 4 Fused coronal [18F]FDG PET/CT (a) and axial images ((b) fused PET/CTand (c) low-dose CT) failed to detect the
malignant left breast lesion
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Case No. 4

Presentation

A 38-year-old woman with recent diagnosis of
locally advanced triple-negative breast cancer
(TNBC) underwent [18F]FDG PET for staging
before scheduled chemotherapy.

Findings

[18F]FDG-avid multiple left breast lesions were
noted. Enlarged left axillary lymph nodes with
pathological [18F]FDG uptake were also observed
(Fig. 5). Furthermore, a previously unknown [18F]
FDG-avid lymph node was clearly depicted in the
ipsilateral subclavicular region (Fig. 5). The
patient underwent anthracycline-based regimen.
After chemotherapy completion, [18F]FDG
PET/CT was performed to evaluate response to
treatment. Whole body PET/CT did not show
pathological radiopharmaceutical uptake, consis-
tent with complete metabolic response (Fig. 6).

Discussion

Triple negative breast cancer is an aggressive het-
erogeneous group of tumors, constituting 15% of
invasive breast tumors. Themajority of TNBCs are
aggressive basal-like subtypes presenting with
larger tumors of higher grade and increased num-
bers of involved nodes. Patients with TNBC have a
relatively poor outcome; however, this tumor has
more intrinsic responsiveness to chemotherapy
than estrogen receptor-positive tumors. Stratifica-
tion of TNBC prognosis would be highly desired,
since some patients with better prognosis might
benefit from appropriate targeted treatment.

TNBC tumors typically have higher metabolic
activities (expressed as [18F]FDG uptake) of than
those of other phenotype breast cancers. Pre-
treatment [18F]FDG PET/CT imaging may have
a significant prognostic value for predicting sur-
vival outcome of TNBC patients. Furthermore,
[18F]FDG PET/CT after two cycles of neo-
adjuvant chemotherapy may identify poor meta-
bolic responders, who have a high risk of early
relapse.

Fig. 5 Baseline whole body [18F]FDG PET/CT in patient
with locally advanced TNBC (a, maximum intensity pro-
jection). Fused PET/CT images show multifocal [18F]

FDG-avid primary breast tumor (b, c), pathological hyper-
metabolic lymph nodes in the left axillary (b, d) and in the
ipsilateral subclavicular regions (b)
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Case No. 5

Presentation

A 38-year-old woman who previously received
neoadjuvant chemotherapy and curative resection
of a right breast cancer was referred for sudden-
onset chest pain lasting for 15 days. Right pleural
effusion was demonstrated. Thoracentesis was
performed and pleural fluid analysis showed
light yellow and clear fluid with no evidence of
malignancy. High values of CA 15-3 and CEA
were present (65.6 U/mL and 18 ng/mL, respec-
tively). [18F]FDG PET/CT was performed for
suspected recurrent breast cancer to evaluate the
presence of disease.

Findings

[18F]FDG PET/CT images (Figs. 7 and 8) showed
diffuse intense [18F]FDG uptake of the right

pleura suspicious for metastatic disease. Marked
focal increased metabolic activity in segment 7 of
the liver was also demonstrated, consistent with
hepatic metastasis. Furthermore, [18F]FDG-avid
abdominal para-aortic lymph node and sternal
lesion were depicted. PET/CT findings clearly
demonstrated stage IV recurrent breast cancer.

Discussion

Approximately 30–50% of breast cancer patients
have a recurrence of disease within 10 years after
diagnosis. The [18F]FDG PET/CT scan plays an
important role in restaging breast cancer patients
with rising tumor markers and negative or equiv-
ocal findings on conventional imaging tech-
niques, with high sensitivity (>90%) and a
change in planned therapy in about 50% of the
cases.

[18F]FDG PET allows more accurate diagnosis
of metastatic disease in patients with treated breast
cancer and patients with rising levels of tumor

Fig. 6 Fused PET/CT images ((a) coronal, (b, c) transaxial) after chemotherapy completion show the disappearance of
the previously detected pathological [18F]FDG uptake in left breast and in regional lymph nodes
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markers compared with CT alone demonstrating
improved sensitivity, specificity, accuracy, and
predictive value.

Case No. 6

Presentation

A 28-year-old woman referred for [18F]FDG
PET/CT for staging with diagnosis of right breast
cancer cT1N1 (CDI, G2, ER ¼ 95%, PR ¼ 95%,
HER2 ¼ ISH not amplified, Ki-67 ¼ 80%) and
synchronous skeletal metastases, for treatment
planning.

Findings

A baseline [18F]FDG PET/CT was performed
prior to chemotherapy. PET/CT images

demonstrated a small [18F]FDG-avid nodule in
the upper inner quadrant of the right breast,
corresponding to the known malignancy (Fig. 9).
Focal increased [18F]FDG activity was noted in
the right humerus, spine, pelvic skeleton, and
femora (Fig. 9).

After chemotherapy, [18F]FDG PET/CT was
performed to evaluate response to treatment. The
PET/CT images showed metabolic progression of
the right mammary nodule (Fig. 10) and of bone
disease (Fig. 11).

Discussion

Treatment of breast cancer patients who have met-
astatic disease aims to improve survival and quality
of life, since the disease is generally not curable. It
is therefore essential to identify patients who do not
respond to chemotherapy, in order to avoid ineffec-
tive therapies and unnecessary side effects.

Fig. 7 Whole body [18F]FDG PET/CT in patient with
suspected recurrent breast cancer ((a), maximum intensity
projection, (b) coronal fused PET/CT, (c) sagittal fused

PET/CT). Diffuse intense [18F]FDG uptake of the right
pleura suspicious for metastatic disease is shown. Right
pleura effusion without significant metabolic activity
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Fig. 9 Baseline [18F]FDG PET/CT in patient with right
breast cancer and metastatic bone lesions (a, MIP). Axial
fused PET/CT image of [18F]FDG-avid breast nodule (b,

white arrow). Diffuse bone involvement consistent with
multiple focal increased metabolic activity was revealed
(a, c, and d images)

Fig. 8 Fused transaxial PET/CT images show pathologi-
cal pleural [18F]FDG uptake (a– d), sternal [18F]FDG-avid
lesion (b, white circle), liver metastasis (c, red arrow), and

abdominal lymph node involvement (d, white arrow) con-
sistent with distant metastatic recurrence of breast cancer
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Changes in tumor metabolic activity have been
shown to be an important indicator of treatment
effectiveness for breast cancer. In patients with
metastatic breast cancer, the effectiveness of che-
motherapy can be evaluated earlier with [18F]
FDG PET than with conventional imaging.
Another important finding is that PET/CT allows
evaluation of response in many different metasta-
ses. Therefore, PET/CT is helpful to detect a het-
erogeneous response (coexistence of responding
and nonresponding lesions within the same
patient). Furthermore, metastatic bone lesions,
the most common site of breast cancer metastases,
occurring in up to 80% of patients, are often
difficult to assess for response by conventional
imaging such as CT and bone scans. In this set-
ting, [18F]FDG PET/CT may play an important

role in assessing response to therapy in bone-
dominant breast cancer (Figs. 12 and 13) [1–3].

Fig. 10 Fused transaxial images of [18F]FDG PET/CT performed to evaluate treatment response show metabolic and
dimensional progression of primary tumor (a before therapy, b after therapy completion)

Fig. 11 Bone disease progression after chemotherapy demonstrated by fused [18F]FDG PET/CT images (a at baseline,
b after therapy)

Fig. 12 Fused PET/CT transaxial image of [18F]FDG-
avid right breast lesion and ipsilateral axillary lymph node
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Case No. 7

Presentation

A 72-year-old woman had been treated 13 years
earlier with left-sided mastectomy and axillary
lymph node dissection for an ER-positive,
PR-negative breast carcinoma. Now, she presents
with a lesion in the postmastectomy scar. Biopsy
showed an infiltrative lobular carcinoma,
ER-positive, PR-positive, and Her2/neu-negative.

Findings

99mTc-HDP bone scintigraphy showed a small
lesion in the right frontal bone as the only possible
bone metastasis (Fig. 14), although a solitary bone
island or hyperostosis frontalis was also considered

for differential diagnosis. Because of the uncertainty
about the possible solitary metastasis, the patient
was accepted for curative treatment and the lesion
in the left breast region was resected. Pathology
showed an infiltrative lobular carcinoma (2.2 cm in
maximum diameter), with residual focal tumor
growth at 1 mm from the resection margin. Addi-
tional imaging was therefore performed before pos-
sible treatment with radiotherapy and hyperthermia.

[18F]FDG PET/CT showed increased uptake at
the left thoracic wall, consistent with inflammation
due to recent surgery (Fig. 15). Furthermore, there
was a small moderately intense lesion on the left
side of first lumbar vertebra (SUVmax 4.0). On the
low-dose CT, multiple sclerotic lesions not associ-
ated with increased [18F]FDG uptake were seen in
the frontal bone, the spine, and pelvis.

To further characterize these sclerotic lesions,
the patient was referred for a PET/CT scan with
18F-FES, which was performed 1 month after the

Fig. 13 Coronal image of right breast lesion
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[18F]FDG PET/CT scan. 18F-FES PET/CT showed
multiple lesions with increased uptake through-
out the skeleton, as well as multiple 18F-FES-
avid axillary, mediastinal, lung hilar, and para-
aortic abdominal lymph nodes (Fig. 15). The

lesion seen in the first lumbar vertebra on the
[18F]FDG PET/CT scan also showed
moderately intense uptake of 18F-FES; however,
the 18F-FES PET/CT scan showed two
additional lesions with intense 18F-FES uptake

Fig. 14 Anterior (left
panel) and posterior (right
panel) 99mTc-HDP bone
scintigraphy showing a
solitary lesion in the right
frontal bone (red arrow)
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in the same vertebral body that were not visible at
all on the [18F]FDG PET/CT (Fig. 15e, f). The
sclerotic lesion in the frontal bone was negative
on both scans.

Follow-Up

Based on the 18F-FES PET/CT findings, it was
concluded that the patient had extensivelymetastatic

Fig. 15 [8F]FDG PET/CT
(left side: a, c, and e) and
18F-FES PET/CT (right
side: b, d, and f); a and b are
MIP images. c, d: increased
[18F]FDG uptake and no
18F-FES uptake at the left
thoracic wall (red arrows);
however, there is increased
18F-FES uptake in the
vertebra, rib, subcarinal,
and lung hilar lymph nodes
(green arrows). e, f:
moderately increased [18F]
FDG and 18F-FES uptake in
a lesion in the left portion of
L1 (yellow arrows). More
intense 18F-FES uptake in
two additional lesions in the
same vertebra without [18F]
FDG uptake (orange
arrows). Increased 18F-FES
uptake in a left para-aortic
lymph node (purple arrows)
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breast cancer. Therapy with aromatase inhibiting
drugs was therefore started and the patient was
referred for further palliative care.

Case No. 8

Presentation

A 42-year-old woman referred with diagnosis of
infiltrating ductal carcinoma with squamous dif-
ferentiation of the left breast (cT2N1).

Findings

18F-30-deoxy-30-fluorothymidine (18F-FLT)
PET/CT performed before neoadjuvant chemo-
therapy demonstrated a focal increased of tracer
uptake in the upper-outer quadrant of left breast
consistent with known malignancy. Furthermore,
there was a mildly 18F-FLT-avid left axillary
lymph node (Fig. 16).

After chemotherapy, 18F-FLT PET/CT
performed to evaluate treatment response
showed reduction of the focal increased 18F-
FLT activity in left breast and the disappearance

Fig. 16 18F-FLT PET/CT of left breast lesion (upper row,
blue arrow; a transaxial fused PET/CT; b transaxial PET; c,
transaxial CT) and ipsilateral axillary lymph node (bottom,

yellow circle; d transaxial fused PET/CT; e transaxial PET;
f, transaxial CT)

Fig. 17 18F-FLT PET/CTafter chemotherapy completion,
showing reduction of pathological 18F-FLT activity in left
breast lesion (a, transaxial fused PET/CT) and

disappearance of tracer uptake in ipsilateral axillary
lymph node (b, transaxial fused PET/CT)
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of pathological uptake in ipsilateral axillary
lymph node (Fig. 17).

Mastectomy and concomitant sentinel lymph
node biopsy were performed, with diagnosis of
pT2N0 CDI, G3 ER-, PgR-, HER2 0, Ki67 92%.
Follow-up [18F]FDG PET/CT performed 1 year
later showed the appearance of hypermetabolic
nodular pleural thickenings consistent with metas-
tases (Fig. 18).

Discussion

18F-FLT has been shown to be helpful as a
potential indicator of tumor response or resistance
to therapy in breast cancer. In fact, 18F-FLTuptake
reflects activity of the enzyme thymidine kinase-1
(TK1), well known for its function in the

pyrimidine salvage pathway. This enzyme is
upregulated during the late G1/S phase of the
cell cycle, thus representing an indirect marker
of cell proliferation.
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Fig. 18 [18F]FDG PET/CTof nodular pleural thickenings (a, MIP; b, transaxial PET; c, transaxial CT; d, transaxial fused
PET/CT)

61 Teaching Cases in Nuclear Oncology: Breast Cancer 1877


	61 Teaching Cases in Nuclear Oncology: Breast Cancer
	Case No. 1
	Presentation
	Findings
	Discussion

	Case No. 2
	Presentation
	Findings
	Discussion

	Case No. 3
	Presentation
	Findings
	Discussion

	Case No. 4
	Presentation
	Findings
	Discussion

	Case No. 5
	Presentation
	Findings
	Discussion

	Case No. 6
	Presentation
	Findings
	Discussion

	Case No. 7
	Presentation
	Findings
	Follow-Up

	Case No. 8
	Presentation
	Findings
	Discussion

	References


