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Upon completion of this activity,
participants should be able to:

o Describe the different
mechanisms of FDG
metabolism in tumor cells.

o Listthe indications of PET
and PET/CT in breast cancer
patients.

o Explain the limitations of PET
in the diagnosis of primary
breast cancer and axillary
lymph node staging.

o Select which patients with
suspected bone metastasis
will benefit from PET scan or
bone scan.
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PET and PET/CT for Breast Cancer

By Rakesh Kumar, M.D., and Abass Alavi, M.D.

nancy to occur in women in the U.S.

Approximately one woman in nine will
have breast cancer during her lifetime.'
Detection is increasing due to regular screening
and self-examination, and treatment has
changed over last the decade, progressively
becoming less radical. Neoadjuvant chemo-
therapy is increasingly used as primary treat-
ment of locally advanced breast cancer. There-
fore, a comprehensive imaging

B reast cancer is the most common malig-

PRINCIPLES AND TECHNIQUE

PET imaging uses positron-emitting radionu-
clides such as carbon-11, nitrogen-13, oxygen-
15, and F-18, which can replace their stable
nuclei respectively in biologically active mole-
cules. These radionuclides decay by positron
emission. After being emitted from the nucle-
us, a positron will combine with a nearby elec-
tron through a process known as annihilation.
Annihilation converts the mass of both parti-

modality that detects tumor in
early stages, defines the extent

of disease, monitors treatment ' - T,
response, and predicts tumor | F-18 |
behavior in patients with breast \
P " 511-keV Photon
cancer will be extremely useful. e

During the past decade, the
application of PET scanning has
improved the management of
cancer patients remarkably.
Fluorine-18 FDG is the glucose
analog most widely used as a
radiotracer in clinical practice.
The clinical value of PET and
PET/CT is expanding for diag-
nosis, initial staging, monitor-
ing of patient response to
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chemotherapy, and determina-
tion of metastatic disease in
patients with breast cancer.

Figure 1. F-18 decay by positron emission. After being emitted, a positron meets an
electron through a process known as annihilation. Annihilation converts the mass of
both particles into energy in the form of two antiparallel 511-keV gamma rays.
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cles into energy in the form of two
antiparallel 511-keV gamma rays (Figure
1). The detectors in a PET scanner are
arranged in a ring in order to detect these
gamma rays.

At present, F-18 FDG is the most com-
monly used positron-emitting radiophar-
maceutical for PET imaging. F-18 FDG is a
radioactive analog of glucose that is able to
detect altered glucose metabolism in dis-
ease processes. Like glucose, FDG is trans-
ported into cells by means of a glucose
transporter protein and begins to follow
the glycolytic pathway.! Once inside the

BREAST CANCER

taken for contrast CT should be observed.
Sequential overlapping emission scans of
the neck, chest, abdomen, and pelvis
should be acquired on the PET or PET/CT
scanner 60 minutes after the injection of
tracer.

PET/CT OR PET ALONE?

PET has been shown to improve the man-
agement of cancer patients significantly.
But in some instances, it is difficult to
interpret a PET scan alone, due to poor
anatomic localization, especially in head
and neck, abdominal, and pelvic regions.

than 1 cm was 57% (13/22), while it was
91% (155/170) in tumors larger than 1
cm. The specificity of FDG-PET in differ-
entiating benign from malignant lesions
was almost 90% in most of these studies,
with inflammatory conditions accounting
for most of the false-positive results.
Using SUV thresholds of 2 to 2.5, dis-
crimination of benign from malignant
lesions can be obtained with about 90%
accuracy. Dehdashti et al found a signifi-
cantly higher SUV of 4.5 £ 2.8 in malig-
nant lesions as compared with an SUV of
1.05 £ 0.41 in benign lesions.’ They

cell, F-18 FDG is phospho-

achieved a sensitivity of

rylated into F-18 FDG-6-
phosphate. F-18 FDG-6-
phosphate cannot continue
through glycolysis, however,
because it is not a substrate
for enzyme glucose-6-phos-
phate isomerase. As a result,
F-18 FDG-6-phosphate is
biochemically trapped with-
in the cell (Figure 2).

This process of metabolic
trapping constitutes the
basis of PET imaging. PET
imaging makes it possible to
calculate a specific uptake
value, normalized to the
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of 2 as a cutoff value for
diagnosis of malignan-
cy. Similarly, Avril et al
reported in their initial
study that malignant
lesions had an SUV 2.5
times greater than be-
nign lesions." By cor-
recting for partial vol-
ume effect, sensitivity
improved from 75% to
92%, while specificity
decreased from 100% to
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97%.

injected dose, that is called a
standardized uptake value
(SUV). The SUV provides
an approximate indicator
that correlates with FDG metabolism. A
lesion with an SUV greater than 2.5 is con-
sidered to have a high probability of
malignancy.

PATIENT PREPARATION

AND ACQUISITION

All patients should fast for a minimum of
four hours before the study, and the blood
glucose level should be lower than 150
mg/dL. Normal blood glucose level is very
important in diabetic patients, as an
increased glucose level can alter distribu-
tion of F-18 FDG. F-18 FDG is adminis-
tered in a dose of 5 to 10 mCi through a
peripheral vein. The patient is asked to
refrain from talking, walking, and per-
forming any other muscular activity after
FDG injection.

Most of the time, no contrast is used for
the CT portion of the PET/CT study, and
no additional patient preparation is re-
quired. If contrast is used for a PET/CT
study, however, the precautions normally
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Figure 2. Three different mechanisms of FDG metabolism in comparison with glucose in a neaplastic
cell. 1: Increased Glut receptors in tumor cells. 2: Increased hexokinase. 3: Decreased glucose 6-
phosphatase enzyme.

The normal physiologic accumulation of
FDG in these regions can be misinterpret-
ed as a pathologic area, leading to false-
positive results.

PET/CT provides better accuracy in
localizing pathologic areas of FDG uptake.?
In addition, CT data are used for attenua-
tion correction instead of PET transmis-
sion, thereby shortening acquisition time
by more than 10 minutes for each patient.

DIAGNOSIS OF PRIMARY

BREAST CANCER

Several investigators have assessed the
role of F-18 FDG-PET in detecting pri-
mary breast cancer and in distinguishing
malignant from benign disease. Most of
the larger prospective studies using FDG-
PET in patients with unconfirmed, suspi-
cious breast lesions have yielded very
encouraging results, showing sensitivities
and specificities ranging from 80% to
100% and 75% to 100%, respectively. The
sensitivity for detecting tumors smaller

The only PET/CT
study that has aimed at
staging breast cancer
patients reported a sen-
sitivity, specificity, and accuracy of 93.3%,
90.9%, and 100%, respectively, for the
diagnosis of the primary tumor and 80%,
90%, and 86.7%, respectively, for detection
of lymph node metastases. This suggests
that PET/CT diagnosis of both primary
tumor and axillary lymph node involve-
ment is more accurate than diagnosis
using mammography, ultrasound, or PET
alone.?

False-negative results are reported in
small lesions (<1 cm) and in slowly grow-
ing and well-differentiated histologic sub-
types of tumors such as tubular and in situ
carcinoma, and in lobular carcinomas.”
The ultimate role of FDG-PET in imaging
primary breast lesions is not clear. It is not
suited for screening purposes, as its accu-
racy does not appear comparable to the
standard practice of mammography sup-
plemented by ultrasonography and histo-
logic analysis of specimen obtained from
image-directed core needle biopsy. Because
of its high positive predictive value, how-
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ever, PET may be useful in selected
groups of patients with breast im-
plants, dense breasts, and suspected
local recurrence.

AXILLARY LYMPH NODE

STAGING

Sentinel lymph node dissection is a
well-established procedure for detect-
ing axillary lymph node metastasis
from primary breast cancer.” The sen-
sitivity of PET in detection of axillary

Jones et al demonstrated the feasi-
bility of detecting internal mammary
nodal metastases in early-stage pa-
tients using FDG-PET." Eubank et al
investigated 33 patients for detection
of recurrent or metastatic disease and
demonstrated superior sensitivity of
85% with FDG-PET as compared with
54% with CT." In another study,
Gallowitsch et al evaluated FDG-PET
for detection of recurrence or distant

metastases in 62 breast cancer pa-

lymph node metastasis varies from

tients."” The authors reported sensitiv-

20% to 100% compared with sentinel
lymph node biopsy or axillary node
dissection (Figure 3). In a recent series
that included a substantial proportion
of patients with smaller primary
tumors, the sensitivity of FDG-PET in
detecting axillary metastases was sig-
nificantly less when only one node
was positive versus several positive
nodes and when the primary tumor
had infiltrating lobular versus ductal
histology.® These more recent studies

ity, specificity, positive predictive
value, negative predictive value, and
accuracy of 97%, 82%, 87%, 96%, and
90%, respectively, for FDG-PET com-
pared with 84%, 60%, 73%, 75%, and
74%, respectively, for CT.

In bone metastases, FDG-PET has
produced variable results when com-
pared with bone scan, depending upon
the type of metastatic lesion.” In some
patients, bone scan has better sensitiv-
ity in detecting radiologically sclerotic

underscore the limitation of PET’s
ability to detect small-volume axillary
disease in early-stage breast cancer.

The results of these studies suggest
that FDG-PET should not replace axil-
lary node sampling for routine staging
of the axilla. FGD-PET can miss
micrometastasis in lymph nodes, as there
are fewer numbers of tumor cells, which
may or may not have increased glucose
metabolism to be detected. In any case,
FDG-PET and any other imaging modali-
ties are expected to have a higher false-neg-
ative rate than sentinel lymph node biopsy
and histological examination of tissues.

In contrast to the variable sensitivity of
FDG-PET, almost all studies have shown
specificities of higher than 90% and some
approaching 100% for determining the
status of axillary lymph nodes. In our
experience, FDG-PET has limitations in
detecting lymph node metastases when
compared with sentinel lymph node biop-
sy, but it was highly specific for staging
axilla.! Therefore, FDG-PET may be com-
plementary to sentinel lymph node map-
ping and other standard axillay procedures
in patients with more advanced tumors
and/or equivocally palpable axillary nodes.

DETECTION OF REGIONAL

AND DISTANT METASTASIS

FDG-PET can contribute significantly to
the clinical management of patients who

Figure 3. A: PET shows focal areas of intense FDG uptake in right
breast and right axillary lymph node, suggestive of primary breast
cancer with axillary lymph node metastasis. B: CT image of chest
shows irregular density in right breast and enlarged right axillary
lymph node.

have been treated previously by surgery or
radiation and where a question persists of
discrimination between post-treatment
scar and recurrent tumor. PET can help
define the extent of disease in suspected
recurrences when CT or MRI is equivocal
or negative. FDG-PET has been shown to
be superior to conventional diagnostic
imaging for detecting distant metastases
in breast cancer.

A particular clinical problem in breast
cancer patients after initial treatment is
brachial plexopathy. Since either tumor
recurrence or treatment-induced scarring
can cause symptoms, it is important to dif-
ferentiate between these two conditions.
FDG-PET is a very sensitive method for
the detection of brachial plexus metastases
in breast cancer patients. Hathaway et al
showed the value of combining functional
information from FDG-PET and anatomic
information from dedicated MR imaging
to decide whether patients would benefit
from further surgery.’ Metastases to inter-
nal mammary and axillary nodes are usu-
ally synchronous, and prognosis is signifi-
cantly worse when internal mammary
nodes are involved."*

or mixed sclerotic/osteolytic lesions.
PET also has a limited role in detecting
bone metastasis in the skull due to
high physiologic uptake in the brain.
Bone scintigraphy has lower sensitivity
in pure lytic lesions or metastases con-
fined to the marrow cavity, however,
because of lack of sufficient osteoblastic
response. FDG-PET has shown higher
specificity but lower sensitivity for detect-
ing bone metastases as compared with
bone scan. Cook et al showed that FDG-
PET detected more lesions than bone
scintigraphy except in a subgroup of
patients with osteoblastic metastases."

These studies imply that FDG-PET is
not a substitute for bone scans, but the two
modalities are complementary to one
another. PET using the F-18 fluoride ion
has shown superior results compared with
bone scan and may play a role in breast
cancer bone metastasis staging in the
future.

MONITORING TREATMENT

RESPONSE

Neoadjuvant chemotherapy is the stan-
dard therapy for patients with locally
advanced breast cancer. It is associated
with a good response rate in more than
70% of these patients, leading to a com-
plete pathologic remission rate of about
10% to 15%. Early assessment of neoad-
juvant chemotherapy response would
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greatly benefit patient management by
assuring continuance of therapy in
responders and instituting alternative
therapy in nonresponders.* FDG-PET
has been reported to detect metabolic
changes in breast cancer as early as eight
days after initiation of chemotherapy.
Significant decline in FDG uptake was
noted in responders, while uptake was
persistent in nonresponders.

Several studies have differentiated
responders from nonresponders after
the first course of chemotherapy using
FDG-PET imaging."""* Two separate
investigators have evaluated FDG-PET
in predicting complete macroscopic
pathologic response to therapy, defined
as the absence of gross viable tumor in
the surgical specimen post-therapy, after
a single cycle of chemotherapy. These
exciting results suggest a possible role
for PET in the early evaluation of
response to therapy.

Bassa et al found that FDG-PET was
useful in evaluating response to chemo-
therapy for primary locally advanced

breast cancer.' The investigators showed
a good correlation of persistence of FDG
uptake after completion of che-
motherapy and poor prognosis. Another
study investigated the factors influenc-
ing the response to chemotherapy in
locally advanced breast cancer patients
using FDG and O-15 water. The authors
hypothesized that low tumor perfusion
and high FDG metabolism correlated
with the poor response to chemothera-
py.” Two preliminary studies show the
potential value of FDG-PET in evaluat-
ing the response of patients with
advanced breast cancer.”” A significant
reduction was noted in axillary nodal
FDG uptake after neoadjuvant chemo-
therapy. In another study, patients who
showed a clinical response had an aver-
age decrease in lesion SUV of 72% after
chemotherapy compared with no
change in lesion SUV from baseline in
nonresponders.” Stafford et al used ser-
ial FDG-PET to evaluate the response of
skeletal metastases to therapy and
demonstrated strong correlation be-

tween the quantitative change in SUV
and overall clinical assessment of res-
ponse and change in tumor marker.”

SUMMARY

PET or PET/CT is currently the single
most useful diagnostic modality in
breast cancer patients, especially those
with recurrent or metastatic disease.
PET/CT can influence the planning of a
treatment modality at staging and in
patients with suspected locoregional
recurrence. PET seems to be highly use-
ful in predicting tumor response to
chemotherapy and can differentiate
between responder and nonresponder
earlier in the course of treatment than
any conventional method currently
available.

PET has limitations in detecting
small tumors (<1 cm), well-differentiat-
ed tubular carcinoma, in situ carcinoma,
and lobular carcinomas. In the future,
PET is likely to better characterize
tumor biology and thereby individualize
treatment.
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