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Evaluation of the Detectability of Breast
Cancer Lesions Using a Modified
Anthropomorphic Phantom
Niraj K. Doshi, Mario Basic and Simon R. Cherry
Crump Institute for Biological Imaging and Department of Molecular and Medical Pharmacology, University of California at
Los Angeles School of Medicine, Los Angeles; and Radiolog)' Support Devices, Inc., Long Beach, California

During the development and characterization of imaging technology
or new imaging protocols, it is usually instructive to perform phan
tom experiments. Often, very simplified forms of the realistic patient
anatomy are used that may be acceptable under certain conditions;
however, the implications for patient studies can be misleading. This
is particularly true in breast and axillary node imaging. The com
plexities presented by the anatomy, variable object scatter, attenu
ation and inhomogeneous distribution of activity in this upper
thoracic region provide a significant challenge to the imaging task.
Methods: A tissue-equivalent anthropomorphic phantom of the
thorax (Radiology Support Devices, Inc., Long Beach, CA) contain
ing fillable cavities and organs was modified for the studies. The
phantom was filled with realistic levels of FDG activity and scanned
on a Siemens ECAT HR+ whole-body PET scanner. Breast attach
ments containing 2.0- and 2.55-cc lesions with lesion-to-back
ground ratios of 5:1 and 7:1, respectively, were imaged. Scatter and
attenuation effects were analyzed with various experimental setups.
A lymph node experiment and a multibed position whole-phantom
scan also were performed to illustrate the extent to which the
phantom represents the human thorax. Results: Regions of interest
were drawn on the lesions as well as the background breast tissue
in all studies. It was found that the signal-to-noise ratio decreased
65% when a more realistic phantom (lesions plus breasts plus
thorax, all containing activity) was used, as compared to a simple
phantom (lesions plus breasts containing activity; no thorax), due to

the effects of increased scatter and attenuation. A 23% decrease in
the contrast also was seen from the scan of the more realistic
phantom due to surrounding activity from nearby organs such as
the heart, as well as an increase in the volume of attenuating media.
Conclusion: This new phantom allowsus to more realisticallymodel
the conditions for breast and lymph node imaging, leading to
preclinical testing that will produce results that better approximate
those that will be found in vivo. The phantom will be a valuable tool
in comparing different imaging technologies, data collection strate
gies and image reconstruction algorithms for applications in breast
cancer using PET, SPECT or scintimammography systems.

Key Words: phantom; fluorodeoxyglucose PET; breast cancer;
breast; lymph nodes
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t was predicted that 184,300 new invasive cases of breast
cancer among women in the U.S. would be diagnosed in 1996
(/ ). Breast cancer is the second leading cause of cancer death in
women. Currently, mammography and physical breast exami
nation are the two most effective techniques available for
screening potential breast cancer patients.

To improve the quality of care and management of breast
cancer patients, in conjunction with screening mammography
and other established techniques, there has been a large impetus
toward the development of new techniques, altered paradigms
and dedicated imaging systems for breast cancer. Scintimam
mography, lymphoscintigraphy and positron emission mam
mography, as well as other dedicated imaging techniques and
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FIGURE 1. A picture and schematic rep
resentation of the anthropomorphic
phantom. The schematic diagram (Right)
also contains various physical measure
ments of the phantom.

systems, are currently being developed to aid in the fight against
breast cancer (2-10).

The development and characterization of these new systems
or protocols usually is performed with the aid of a phantom. The
phantoms generally used are quite simple, in the form of a
cylinder with spherical lesions (6) or a rectangular box with rod
sources (4). The use of these simplified phantoms may, how
ever, lead to misleading results in many circumstances. Lesions
or objects of interest that can be seen clearly with a simple
phantom, with little scattering or attenuating media and a
restricted distribution of activity, may not be visualized as
clearly in a realistic scenario. An imaging device that has
relatively poor energy resolution, timing resolution and count
ing rate performance may give good images of a simple
phantom but very poor images when faced with a more realistic
and challenging imaging environment.

The purpose of this study was to develop and implement a
more realistic phantom for breast and axillary node imaging as
well as to demonstrate the significant role of scatter and
attenuation in lesion detectability using PET. Both simple and
more realistic phantoms were used to assess the effects of
scatter, attenuation and the contribution of activity from adja
cent organs (such as the heart and liver) to the breast, lymph
nodes and lesions within the breasts.

MATERIALS AND METHODS

Phantom
A fully tissue-equivalent anthropomorphic phantom of the hu

man thorax (Radiology Support Devices Inc., Long Beach, CA.)
was modified for the studies. The thoracic cavity and the breast
attachments were molded from human models. The phantom is
constructed with tissue-equivalent material with appropriate linear
attenuation coefficients. Modifications to the phantom included the
addition of channels drilled in the axillary regions to allow the
simulation of lymph nodes using small capsules containing activ
ity. There are four individual channels drilled in both axillary
regions with a diameter of 1 cm, ranging in length from 2 to 4 cm.
Thus, variously sized axillary nodes can be placed in any one of the
channels, simulating lymph node mÃ©tastases.Another modification
was the development of breast molds in both supine and prone

geometry that can be attached directly to the chest with ports for
lesions and a cavity for background breast activity. In addition, the
phantom contains Tillable cavities, accurately representing the
geometry and location of the heart, liver and thoracic space,
allowing simulation of realistic tissue uptake characteristics. Var
ious sized lesions may be introduced in the breast, axilla, inter-
mammary and supraclavicular regions to simulate breast cancer
patients. The dimensions of the phantom are realistically modeled
after humans (Fig. 1). Table 1 lists the volumes of the different
cavities and organs available for use with the phantom to model
human activity distributions realistically. A variety of other lesion
sizes may be easily created by the user.

Attenuation Validation
To confirm the tissue equivalency of the various components of

the phantom at 511 keV, several narrow-beam geometry linear
attenuation measurements were performed.

In the measurements, a I8F point source was placed behind a set

of lead bricks that served to collimate the beam with a 10-cm-
long X 0.7-cm-wide slit. A single 2 X 2 X 20-cm3 lutetium

oxyorthosilicate crystal was coupled to a photomultiplier tube to
serve as the photon detector. The distance between the source and
the proximal face of the lutetium oxyorthosilicate crystal was 40
cm. Cylindrical samples of the various phantom materials, such as
cortical and spongiosa bone, soft tissue and lung tissue, were each
placed on the opposite side of the source adjacent to the lead bricks.
A sample of 93.5% pure aluminum (2024-T3) also was measured
as a reference to confirm the accuracy of the experimental setup.

TABLE 1
Volumes of Structures and Cavities Used with Phantom

Cavity/structure Volume (ml)

Thoracic cavity
All heart chambers
Liver
Left and right lungs
Supine left and right breasts
Prone left and right breasts
Breast lesions
Lymph nodes

8200
286
998

878 and 1153
514 and 456
521 and 500

2.0 and 2.5
1.0,2.1,2.2
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TABLE 2
Concentration Values for Various Tissues as Determined from Real

Patient Data

FIGURE 2. (A)The breasts and lesionsin the supine position in the gantry of
the PET scanner as scanned in lesion Experiment 1. (B) The position of the
phantom as scanned in lesion Experiments 2 and 3, as well as the lymph
node experiment.

Three measurements were taken for 1 min each and averaged.
Thereafter, the sample thickness was increased by adding another
piece of the same material juxtaposed to the first piece. Again,
three measurements were taken for 1 min each and then averaged.
In total, the sample thickness was varied from 2 to 8 cm. A
background measurement in which no radioactive source was
present was made and then subtracted from all other measurements.
A measurement with no attenuator present in the path of the narrow
beam also was made.

On completing the measurements, the linear attenuation coeffi
cient for the various tissues was calculated by linear regression on
a logarithmic plot of the data. The slope of the line was the linear
attenuation coefficient.

Whole-Body PET Scanner Experiments

Lesion imaging Experiments. Three different experiments were
performed on a Siemens/CTI ECAT EXACT HR+ (Knoxville,
TN) PET scanner. The three experiments were used to determine
the role of object scatter, attenuation and activity distribution in
defining image signal-to-noise ratio (SNR) and contrast with both
the simple and realistic phantoms.

In Experiment 1, only the supine geometry breast molds con
taining single lesions each were scanned. The left breast was 514
cc containing a 2.55-cc lesion. The right breast was 456 cc and
contained a 2.0-cc lesion. The lesion-to-background activities were
7:1 and 5:1 for the left and right breasts, respectively. The activity
ratios were verified by taking samples and measuring them in a
well counter. The breasts containing the lesions were placed in the
supine position during the scanning procedure (Fig. 2A) and were

Tissue/organLesion

Myocardium
Liver
Breast
Thoracic cavityConcentration

(/Â¿Ci/cc)0.1

8 Â±0.02
0.13 Â±0.02
0.11 Â±0.01
0.05 Â±0.01
0.05 Â±0.01Â±

s.d.

not attached to the rest of the phantom. This setup allowed the
closest simulation of a simple phantom, in which the scatter and
attenuation from the rest of the thorax is ignored. Also, the activity
distribution is restricted to that contained in the breasts and lesions
alone, eliminating any contributions from activity outside the area
of interest.

In Experiment 2, the same breast molds and lesions used in
Experiment 1 were attached to the thorax. The thorax contained the
lungs, heart and liver and was filled with cold water without any
radioisotope. Again, the phantom was placed in the supine position
in the scanner as shown in Figure 2B. In this protocol, an
assessment of the contribution of attenuation and scatter due to the
presence of the thorax and its respective organs could be made. The
activity distribution remained identical to that in Experiment 1.

In Experiment 3, the thoracic cavity, heart and liver were now all
filled with realistic activity concentrations (Fig. 2B). This scanning
setup provided the most complex and closest simulation to that
which occurs while scanning a real patient. Thus, in this protocol,
the complex geometry, attenuation, scatter and activity distribution
were all replicated as closely as possible to a real human's

characteristics.
To fill the phantom and its various components with realistic

activity levels, four breast cancer patient scans from whole-body
PET studies were obtained to extract the appropriate data. Regions
of interest (ROIs) were drawn around the various tissues of interest,
such as the breast lesion, breast tissue, heart, liver and background
thoracic cavity using commercial software (CAPP; Clinical Appli
cations Programming Package, Siemens/CTI, Knoxville, TN). The
ROI values were converted to activity concentrations in units of
jnCi/cc for each tissue or organ (Table 2).

Scanning Protocol. All the experiments followed a similar
scanning protocol. The phantom was filled with 18F-fluorodeoxy-

glucose (FDG) solution as described for each experiment, based on
values in Table 2. A two-dimensional PET scan was acquired with
the breasts centered within the 15-cm axial field of view with the
phantom in a supine position. A 60-min emission scan was taken
immediately after all the components of the phantom were filled
and assembled together. A 20-min transmission scan was taken the
following morning, without the phantom being moved, allowing all
of the activity to have decayed more than five half-lives. Filtered
backprojection was used for reconstructing the 63 image planes
using a Shepp filter with a roll-off frequency equal to one-half the
Nyquist frequency. No axial smoothing was performed on the
images. The images were reconstructed at the highest resolution to
accentuate the SNR and contrast differences between the experi
mental conditions and to minimize confounding factors such as
partial volume effects. All scans were performed on the same
scanner and identical scanning conditions were maintained.

Qualitative Imaging Experiments. To test the ability of the
phantom to simulate lymph node involvement, the entire phantom,
including the supine geometry breast molds, heart, liver and
thoracic cavity, were all filled with realistic levels of activity. A
1.0-cc lesion was placed in the mediastinal area, on the left side,
posterior to the sternum and between the second and third ribs. A
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2.1-ce lesion was placed in the left axillary region, 2.0 cm below
the surface. Both lesions were at 7:1 lesion-to-background activity,
using the activity values listed in Table 2. The phantom was
positioned as shown in Figure 2B. The same scanning protocol, as
described above, was used for the lesion experiments.

A modified multibed position whole-phantom scan also was
conducted. The entire phantom was filled with activity according to
values listed in Table 2. Lesions of 2.0 and 2.55 cc were inserted
in the right and left breasts, respectively, as was done in the lesion
experiments. The two lymph nodes also were placed, as described
above, in the mediastinal and left axillary regions. A third lymph
node, 1.6 cc in volume, was added in the right axillary region, 1.5
cm below the surface. The scan protocol was a modified version of
the typical whole-body scanning protocol used for clinical patients
at the University of California at Los Angeles. Essentially, four bed
positions were scanned with a four-plane overlap between bed
positions. A 20-min emission scan was acquired for the first bed
position, 35 min for the second, 50 min for the third and 65 min for
the fourth bed position. The increase of 15 min in scanning time for
each bed position compensated for the decrease in counts due to
radioactive decay. A 20-min transmission scan was performed for
each bed position. Manning filters with 0.44 and 0.42 Nyquist
frequency cutoffs were used for the radial and axial directions,
respectively.

Signal-to-Noise Ratio and Contrast Analysis

After the scans were completed and the data were acquired, the
images were analyzed using ROI analysis. The ROIs were defined
over the lesion and over background tissue using the CAPP
software. The ROI values were imported into Microsoft Excel
(Microsoft Corp., Redmond, WA). The SNR and contrast were
computed for the different experiments.

The SNR was assumed to be proportional to the quotient of the
mean ROI values of the lesion divided by the mean of the standard
deviation of the background breast region. The lesion ROIs were
drawn on all the planes that contained lesion activity in such a
fashion as to include all pixels containing â€”70%of the maximum

pixel value. The background tissue ROIs were drawn on several
planes of the image volume, on the image slices of the breasts not
containing any lesion volume, usually 10 planes above the plane
where the lesion activity starts.

The contrast was calculated by taking the mean ROI value for
the lesion minus the mean ROI value of the background, then
dividing by the mean ROI value for the lesion. Again, the same
procedure for ROI drawing was used as described above.

RESULTS

Attenuation Validation
The measured linear attenuation coefficients for the various

tissue samples at 511 keV were close to real human tissue
values as quoted by Hubbcll (11 ). Looking at a few examples,
the measured attenuation coefficient for cortical bone was 0.16
cm"1, whereas Hubbell quotes it as 0.17 cm"' for 511 keV. The
value for soft tissue from Hubbell is 0.10 cm ', which is fairly
close to the value of the phantom's soft tissue sample, which
was 0.11 cm"'. Finally, the value of aluminum as listed in the
text is 0.23 cm"', compared to 0.24 cm"1 from the measure

ment. The complete results of the measurements are listed in
Table 3. A group from St. Joseph's Health Center (London,

Ontario, Canada) has previously validated the tissue equiva
lency of the phantom at 140 keV (12) for use with ^"Re

labeled tracers.

Whole-Body PET Scanner Experiment Results

Lesion Imaging Experiments. The images of the various
breast lesion experiments are presented in Figure 3. The

TABLE 3
Measured Linear Attenuation Coefficients for 511-keV Photons

Sample

Phantom linear
attenuation coefficients

(cm"1) Â±s.d.

Cortical bone
Spongiosa bone
Soft tissue
Lung tissue
Aluminum (reference)0.156

Â±0.004
0.088 Â±0.002
0.110 Â±0.009
0.039 Â±0.002
0.240 Â±0.025

differences in image quality due to the variation in attenuation,
scatter and activity distribution between the experimental setups
are readily seen.

The image from Experiment 1 (Fig. 3A) is less noisy and has
better contrast than the other images. The breasts and lesions are
clearly resolved. The average SNR of the left and right breasts
was measured to be 14.63. The average contrast was found to be
0.71.

In Experiment 2 (Fig. 3B), the average SNR and contrast
were 8.74 and 0.65, respectively, a 40.2% decrease in SNR and
an 8.7% decrease in contrast in comparison to Experiment 1.
Thus, with the addition of the thorax filled with water and no
activity, an appreciable decrease in SNR and contrast was
noted. The water-filled thorax scatters and attenuates the
photons from the activity-filled breasts and lesions, thereby
diminishing the total number of true coincidence events de
tected. An almost 3-fold decrease in net trues is seen from
Experiment 1 to Experiment 2 (Table 4), leading to a dimin
ished SNR. Because of the presence of the thorax there are
many more scattered photons. The detection of these scattered
photons provides a randomized, indistinct background in the
images, which leads to a reduction in contrast.

In Figure 3C, the thorax, lungs, myocardium and breasts are
easily differentiated. However, the contrast between the lesions
and the background tissue activity is much less evident in
comparison to Experiment 1. A notable downward trend in SNR
and contrast was seen both in the images and in the numbers, as
shown in the graphs in Figure 4. In Experiment 3, when the
thorax was filled with realistic levels of activity, a 65.3%
decrease in SNR and a 22.7% decrease in contrast were noted
as compared to Experiment 1. In Experiment 3, the contribution
from activity from organs outside the area of interest, such as
the heart and liver, increased the total number of singles
detected in the field of view. The randoms rate increased with
the square of the singles rate. The randoms fraction increased to
7.6% in Experiment 3, whereas it was only 0.8% in Experiment
1 and 1.2% in Experiment 2 (Fig. 5). This increase in randoms
ultimately leads to an increase in the noise because the true
coincidence events are corrected for randoms. Because the
number of true coincidence events is equal to the total number
of prompts minus the total number of randoms, the process of
correcting for the random events adds noise to the image. Also,
with an increase in singles rate, the scanner dead time increases,
thereby reducing the total number of true coincidence events
detected from the breast region, decreasing the signal. Thus,
with an increase in noise and a decrease in signal, there is a
further dramatic decrease in the SNR.

The decrease in contrast is to be expected because the activity
outside the breast region, primarily from the heart and liver, can
scatter into the breast region. The detection of these additional
scattered photons provides a very uniform, indistinct back
ground, thereby decreasing the overall contrast.
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FIGURE 3. (A) Images from lesion Exper
iment 1 (imaging breasts and lesions
only). (B) Images from lesion Experiment
2 (breasts and lesions attached to a wa
ter-filled thorax). (C) Images from lesion
Experiment 3 (breasts and lesions at
tached to an activity-filled thorax). Note

the change in image quality, even though
the amount of radioactivity in the breast
and lesions is constant throughout all
three experiments.

Qualitative Imaging Experiments. In Figure 6, a representa
tive image of the phantom in a horizontal slice is shown. From
the image, the mediastinal and axillary nodes are clearly
discriminated in relation to the breasts, heart, lungs and thoracic
space. No background activity surrounding the axillary node
was seen because of the physical structure of the phantom. The
internal thoracic cavity of the phantom is somewhat dome-
shaped near the clavicular region, and thus, no background

TABLE 4
Some of the Relevant Values from Three Breast

Lesion Experiments

Experiment1Experiment
2Experiment

3Net

trues*(cps)537197472Randoms(cps)5236Singles(cps)206,260155,235580,665

The net trues are corrected for randoms.

activity is present in the axilla itself. In contrast, the mediastinal
node is completely surrounded by activity from the thoracic
space.

In Figure 7, coronal and sagittal projection views of the
whole thoracic phantom filled with FDG is shown. To show the
various organs and cavities in a single view, several slices of the
original image file were added. Organs and lesions such as the
lymph nodes, myocardial wall, liver and lungs are distinct, and
the similarity to real human studies can be appreciated.

DISCUSSION
In the first experimental setup, a simple phantom was

simulated by using only the breast molds and lesions. This
provided the smallest amount of scattering and attenuating
medium. It also closely resembled what several other groups
use in terms of phantoms, such as boxes or cylinders, in their
studies. With this setup, the best SNR and contrast were
observed. The lesions were easily detectable.

In the second experiment the thorax, heart and liver, filled
with cold water, were added. Essentially, the contribution of

LESIONDETECTABILITYUSINGA MULTIMODALITYPHANTOMâ€¢Doshi et al. 1955
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FIGURE 4. Graphs of the contrast and SNR trends for each of the three
lesion experiments. There was a considerable decrease in both contrast and
SNR as scattering material and activity outside the breasts was added.

object scatter and increased attenuation due to the rest of the
body on the SNR and contrast were to be assessed. Both figures
of merit decreased, as expected, with the increase in object
scatter and attenuation.

In the third setup, the thorax, heart and liver were all filled
with realistic activity levels. This was the closest achievable
simulation of breast cancer patients, barring the inclusion of the
axillary nodes. This more realistic scenario produced the worst
SNR and contrast. However, because this is a fairly close
simulation of scanning a real breast cancer patient, it provides
the most accurate means of determining the scanner's perfor

mance characteristics in evaluating real patients.
In the imaging experiments, the flexibility of the phantom to

provide unique dataseis was demonstrated. Because lymph
nodes can be placed in various anatomical locations, fairly
realistic images simulating breast cancer patients with lymph

Randoms Fraction

Experiment #1 Experiment #2 Experiment #3

FIGURE 5. A graph representing the randoms fraction as the randoms-to-
true coincidence events ratio. With the addition of the activity-filled thorax in
lesion Experiment 3, a dramatic increase in the singles counting rate and,
therefore, the randoms counting rate was seen.

*

FIGURE 6. Image of the lymph node experiment. A horizontal section
showing the mediastinal (1.0-cc) and axillary (2.1-cc) nodes. The imaging
protocol used was the same as that used for the lesion experiments. The
lesion-to-background ratio was 7:1.

node mÃ©tastasesare obtained, types of images that are difficult
to obtain with simple phantoms. The thoracic images provide a
good representation of the phantom and its potential uses across
multiple modalities. Because the phantom is composed of tissue
equivalent material and it contains various realistic, fillable
organs and cavities, a plethora of radioisotope uptake scenarios
can be simulated, allowing an experimental setup that is fairly
close to real patient imaging. The phantom's ability to more

closely simulate the scatter and attenuation properties of real
human thoraxes in comparison to simple phantoms makes it a
unique imaging tool.

Understanding of the important roles of object scatter, atten
uation and activity distribution in determining image quality for
a dedicated nuclear medicine imaging system designed for
breast and axillary region imaging is crucial. Retrospectively, if
a simple phantom, such as that delineated in Experiment 1, was
used to characterize a new system or new imaging protocols,
inaccurate and misleading results regarding lesion detectability
would be obtained. The breast and axillary region of the thorax
is composed of a variety of tissue types with varying attenuation
coefficients. The geometry of the region also is very complex.
A simple phantom does not provide a realistic activity distri
bution, scatter or attenuation environment to accurately account
for the level of degradation of SNR and contrast as would occur
in a real patient. This would ultimately lead to incorrect images
with favorable SNR and contrast, leading the researcher to
believe that the system's performance was better than it would

be when used clinically. In particular, these studies demonstrate
that the performance of the imaging system in terms of energy
resolution, timing resolution, counting rate performance and
out-of-field activity shielding will be critical for achieving
high-quality images in a realistic imaging environment. How
ever, simple phantoms are quite useful for other means, such as
validating Monte Carlo simulations, or when an isolated portion
of human anatomy is to be imaged that is not of complex
geometry or composed of variegated tissue types. The modified
anthropomorphic phantom allows a close simulation of real
patient anatomy and, with the correct amount of activity loaded
into the appropriate cavities and organs, the radioisotope uptake
can be closely imitated, as well.

This multimodality anthropomorphic phantom allows the
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Axillary Nodes

Mediastinal Node

Breast Lesions

FIGURE 7. A coronal and sagittal projec
tion view of the thoracic phantom filled
with FDG and scanned on a whole-body

PET scanner. Various organs and lesions
are distinguished in the above images.
The external outlines of the phantom
were drawn artificially onto the images.

close simulation of breast cancer patient anatomy with respect
to the complex geometry of the breast and axillary regions, as
well as appropriate radioisotope activity distributions relative to
the breast lesions, axillary nodes, breasts, heart, liver and
thoracic cavity. It is our intention to use this phantom to assist
in the characterization of our dedicated mammary and axillary
node PET imaging system in the near future.

CONCLUSION
Signal-to-noise ratio and contrast decrease with the addition

of a thorax containing organs filled with realistic activity levels.
Object scatter, attenuation and the activity distribution play a
crucial role in breast lesion detectability. Thus, the use of a
realistic phantom is vital in characterizing new nuclear medi
cine technology or protocols for breast imaging. The develop
ment of this multimodality phantom provides an excellent
means of simulating nuclear medicine studies of the breast and
axillary regions, both of which are located in an area of the body
with complex geometry and multiple tissue types. This phantom
will be an invaluable tool in comparing different imaging
technologies, data collection strategies and image reconstruc
tion algorithms for applications in breast cancer using PET,
SPECT or scintimammography systems. The unique dataseis
also can be used to run receiver operating characteristic studies
to assess and to compare various imaging modalities, algo
rithms or techniques.
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RequestforNewData:MIRORadionuclideDataandDecaySchemes,secondedition

During1999,the SNMDepartmentofCommunicationsisplanningto publishaneweditionofMIRD
RadionuclideDataandDecaySchemes.DavidA.Weber,PhD,andcoauthorsintendto updateall radionu-
clidedataanddecayschemeswith the latestpeer-reviewedtabulations.Theyalsowill includenew

radionuclidesthat havebecomerelevantto the nuclearmedicinecommunityorwereoverlookedin the
currentedition. Inviewof thesubstantialrevisionto thisvaluablenuclearmedicinereferencework,the
authorsarerequestingsuggestionsor recommendationsfor additionalradionuclides,tabulardataor
otherinformationto appearin the newedition.Suggestionsandrecommendationsmaybesentto
DavidA.Weber,PhD,RadiologyResearchFOLBII-E,242145thSt.,Universityof California-DavisMedical
Center,Sacramento,CA95817-6364(e-mail:daweber@ucdavis.edu).
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