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The aim of this study was to compare the visual analysis of
attenuation-corrected and noncorrected 18F-fluoro-2-deoxy-Dglucose (FOG) PET images in patients with primary or metastatic
breast cancer using standardized film documentation and to
evaluate the influence of attenuation correction on lesion detect
ability. Methods: Standard FOG PET of the breasts and of the
axillary regions was performed on 28 women with breast cancer.
Transmission scans were acquired for attenuation correction
after administration of FOG. Transverse and coronal slices and
maximum intensity projections both with and without attenuation
correction were documented in a standardized manner on film.
Noncorrected images were displayed with an upper threshold of
five times the mean activity in normal lung tissue. Attenuation
corrected images were documented with an upper threshold of a
standardized uptake value of five. Two independent nuclear
medicine physicians, who were unaware of the results of clinical
investigation, other imaging modalities and histopathologic find
ings, interpreted the images visually, noncorrected images first.
Results: One hundred eighty-four of 189 lesions in 28 of 28

patients were found on attenuation-corrected and noncorrected
images. Seventeen lesions were found in the breasts of 12
patients. In 18 patients, 31 axillary lesions were found. Moreover,
141 lesions representing distant metastases were detected in 18
patients. Attenuation-corrected images showed the same lesions
in all patients but 2, in whom 5 of 189 small pulmonary lesions
(2.6%) were not detected. Iterative reconstruction did not im
prove detectability of these lesions on attenuation-corrected
images. These lesions were confirmed by CT, which revealed
diameters of <1 cm. Conclusion: Attenuation correction by
transmission measurement after injection may impair lesion
detectability in PET for staging of breast cancer patients. When
using the image modalities described, noncorrected PET images
should be considered in image analysis.
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reast cancer is the most common malignancy of women
in the Western Hemisphere. The annual incidence in the
United States between 1990 and 1995 was approximately
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100 per 100,000 women (1). Almost 10% of women develop
breast cancer during their lifetime. Early tumor detection
and the presence of axillary lymph node metastases have
been identified

as the most important

factors determining

the

prognosis of breast cancer patients (2,3). Mammography,
MRI and sonography are common methods used for breast
imaging (4â€”9).Although mammography and MM provide a
high sensitivity in the detection of breast cancer, their
specificity is limited (7). Sonography may provide addi
tional morphologic information (e.g., differentiation be
tween cystic and solid tumors), whereas its specificity is low,
similar to that of mammography (6,9). Increased uptake of
â€˜8F-fluoro-2-deoxy-D-glucose (FDG) in breast cancer tissue
was first reported

in 1989 (10,11).

In further

studies,

PET

using FDG has shown both a high sensitivity and a high
specificity in the detection of breast cancer. FDG PET allows
the detection of multiple lesions and axitlary lymph node
involvement in primary breast cancer. The latter holds
predominantly true for patients with locally advanced breast
cancer (12). Although accurate staging of distant metastases
conventionally requires several imaging modalities (i.e.,
radiography, sonography, CT or bone scanning), whole
body FDG PET may provide staging in one single procedure

(13). Moreover, FDG PET may be useful as a prognostic
indicator for breast cancer patients (14â€”17).
Most publications dealing with FDG PET in breast can
cer are based on studies
(13â€”26).The main advantage

with attenuation
correction
of attenuation correction is an

improved anatomic orientation (i.e., discrimination of lung
tissue from liver or mediastinum). Moreover, using attenua
tion correction, images may be evaluated semiquantitatively
(i.e., standardized

uptake values [SUVs} can be calculated).

The latter is important for therapy monitoring (14â€”17).A
comparison of attenuation-corrected and noncorrected im
ages in oncology has been obtained (27), including four
patients with breast cancer. However, to our knowledge, the
effect of attenuation correction on visual evaluation of FDG
PET in breast cancer has not been determined on a broad
basis.
Therefore, the aim of this study was to compare visual
analysis of both attenuation-corrected
and noncorrected
FDG PET images in patients with primary or metastatic
breast cancer using standardized film documentation.
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MATERIALS AND METhODS
Patients
Twenty-eight women with histologically proven breast cancer
were investigated. Of these, 7 patients with newly diagnosed breast
tumors were referred for FDG PET before surgery or neoadjuvant
chemotherapy, and 21 women were referred for suspected relapse
or distant metastases of breast cancer.

PET
Patients fasted for at least 6 h before PET to minimize blood

insulin levels and glucose utilization of normal tissue (28). Before
surgery, patients were imaged on a foam rubber support in the
prone position with arms and breasts hanging freely. For the
patients' comfort, investigations after surgery were performed in
the supine position. Imaging was performed using an ECAT
EXACT

47 scanner

(CTI/Siemens,

Inc.,

Knoxville,

TN)

(29).

Emission scans of the breasts starting 40 mm after intravenous
administration of 350 MBq FDG and of axillary lymph nodes
starting 50 mm after injection were acquired for 10 mm. Thereafter,

transmission scanning was performed for 10 mm per bed position
using three rotating @Ge
rod sources (30,31). Rod window settings
were applied (i.e., all coincidences not passing through the current

position of the rods were rejected). Rod window settings remove
about 95% of scattered and random coincidences from the transmis
sion measurement. In addition, rod window settings suppress by
about the same percentage the emission contamination in transmis
sion measurements after injection. No subtraction of the remaining

emission counts was performed (32).
Documentation
Attenuation correction factors were obtained by dividing the
sinogram

data of a blank measurement

(without

the patient)

acquired with the rod sources during the night by the sinogram data
of the windowed transmission scan on a pixel-by-pixel basis (33).
Scan duration and radioactive decay were taken into account.
Attenuation-corrected emission data were reconstructed by filtered
backprojection using a Hanning filter with a cutofffrequency of 0.4
of the Nyquist frequency. The transaxial spatial resolution was
approximately 12 mm (full width at half maximum). PET images
were printed on transparency film (Helios 810; Sterling Diagnostic
Imaging, Bad Homburg, Germany) using a linear gray scale with
the highest activity displayed in black. Noncorrected images were
displayed with an upper threshold of five times the mean activity in
the lung. Attenuation-corrected data were converted to SUVs and
documented with an upper threshold of an SUV of five. SUVs were
computed by normalizing the measured tumor radioactivity concen
tration to the injected dose and the total body mass (34). Differ
ences in plasma glucose levels were neglected.
In selected patients, attenuation-corrected data were recon
structed iteratively by an ordered subset expectation maximization
algorithm (35). This kind of algorithm has been shown to result in a

significantly better signal-to-noise ratio with respect to tumors than
filtered backprojection (36).
Standardized documentation on film included 20 transverse
slices with a slice thickness of I3.5 mm, 20 coronal slices with a
slice thickness of 13.5 mm and maximum-intensity projections in
anterior, left lateral, right anterior oblique and left anterior oblique
views as reported (37).
Image Analysis
Two independent nuclear medicine physicians, who were un
aware of the results of clinical investigations, other imaging
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modalities and histopathologic findings, interpreted the images
visually on a lesion-by-lesion basis. Lesions were graded 1â€”4
(1,
definitely malignant; 2, high probability of malignancy; 3, low
probability of malignancy; 4, definitely not malignant). Lesions
graded as 1 or 2 were considered to be positive for malignancy. The
same criteria were used for the noncorrected and the attenuation
corrected images. The subgroup of the noncorrected images was
analyzed first. Interpretation of the attenuation-corrected images
was performed independently in a different session, and images
were read in different order. The observers reached consensus for
each patient in both image-reading sessions. SUVs were calculated
for image-scaling purposes only.

RESULTS
One hundred eighty-nine lesions were detected in 28
patients on noncorrected PET images. Twelve patients
showed 17 lesions in their breasts. In 18 patients, 3 1 axittary
lesions were found. Moreover, 141 lesions representing
distant metastases were detected in liver, lung, bone and
lymph nodes other than axitlary in 18 patients. Coronal
sections of a patient with small pulmonary lesions are shown
in Figure 1.
Attenuation-corrected images showed the same lesions in
all patients except 2 patients with multiple metastases, in
whom 5 of 189 small pulmonary lesions (2.6%) were not
detected (Fig. 1). Monitor analysis did not show the lesions
either. Iterative reconstruction did not improve detectability
of these lesions on attenuation-corrected
images (Fig. 1).
These lesions were confirmed by CT, which revealed
diameters of < 1 cm. The additional lesions detected on the
noncorrected images did not lead to an upstaging of the
patients' disease.
DISCUSSION
Sensitivity and specificity of FDG PET for detection of
primary breast cancer vary from 68% to 96% and 78% to
100%, respectively (21,23). Accordingly, sensitivity and
specificity for detection of axillary metastases vary from
70% to 100% and 67% to 100%, respectively (12,19,24,25).
Sensitivity and specificity depend on the criteria used for
image interpretation and on tumor size. Thus, FDG PET has
been

considered

valuable

for

staging

of breast

cancer

(12,13,18,19,38). Most studies that report on FDG PET in
breast cancer are based on evaluation of attenuation
corrected images. The main advantages of attenuation
correction are both an improved anatomic delineation and
the ability to quantify tracer uptake. Although quantification
may be helpful in several clinical settings (e.g., differentia
tion between benign and malignant tissue, treatment monitor
ing [21,22] and as a prognosis factor [14]), the necessity of
attenuation correction has been questioned (27). Moreover,
lesion detection is most important for accurate tumor
staging, and it has been shown for several tumor entities
(e.g., lymphoma or lung, colorectal or breast cancer) that
quantification is not mandatory for this purpose (27). To our
knowledge, lesion detection on attenuation-corrected
im
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FIGURE 1. Coronalslicesof FOG PET
obtained in patient with multiple metastases
of breast cancer. Pulmonary and mediasti
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ages and on noncorrected images in breast cancer patients
has not been compared systematically. Therefore, the aim of
this study was to evaluate the effect of attenuation correction
on lesion detection in routine clinical FDG PET in breast
cancer.
In this study FDG PET images were documented on film
in a standardized manner. The use of an appropriate thresh
old is of vital importance for lesion detection. Hence,
establishing thresholds should be standardized to reduce
both inter- and intraobserver
variability. Attenuation
corrected images may be easily normalized with respect to
quantitatively derived values (e.g., SUV). A range of SUV
from zero to five has been established using PET in breast
cancer (21). To normalize noncorrected images, we used
normal lung tissue as an internal reference for tracer uptake.
The upper threshold was set at five times mean activity in the
lung (37). Although regional differences in FDG uptake in
normal lung were described (39), variations were too small
to be relevant in this context.
In this study, most lesions, i.e., 184 of 189 (97.4%), were
detected on both image types, whereas only 5 of 189 lesions
(2.6%) were not detected on attenuation-corrected images.
This result agrees with the findings of a study comparing the
regional tracer distribution on attenuation-corrected
and
noncorrected images of 34 patients undergoing FDG PET
for tumor staging, including 4 patients with breast cancer
(27). The tumor-to-background

ratio was significantly

higher

on noncorrected images compared with attenuation-cor
rected images. Consequently, in most clinical situations
attenuation correction may not be mandatory (27). A lower
target-to-background ratio on attenuation-corrected images
might be explained by several factors. First, measured
transmission increases noise within reconstructed images
(40). Second, because transmission scanning was performed

metastases

/

(arrows)

are

notseen

on

attenu

ation-corrected images reconstructed by fil
tered backprojection (middle row) or on
images reconstructed iteratively (bottom
row).

after injection of FDG both to shorten the scanning time and
to increase patient throughput, an increased activity within
the tumor yields an artificially reduced tracer uptake within
the lesion. Third, partial volume effects caused by patient
movement, i.e., breathing, may lead to an underestimation of
tracer uptake in small pulmonary lesions. On the basis of
common experience, an increased noise might be overcome
by prolonging acquisition time of transmission images.
However, it was shown that contrast did not improve
significantly when transmission duration was increased up
to threefold (27). Moreover, noise in reconstructed images
may be reduced by iterative reconstruction. Nevertheless,
five pulmonary lesions were not detected on attenuation
corrected images reconstructed by filtered backprojection or
on images generated by iterative reconstruction.
CONCLUSION
Attenuation correction by postinjection transmission mea
surement may impair lesion detectability in PET for staging
of breast cancer. When using the image modalities de
scribed, noncorrected PET images should be considered in
image analysis.
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