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education offerings, will address cardiology; oncology;
basic science; neurology; pulmonary; endocrinology;
musculoskeletal disorders; genitourinary; gastrointestinal;
and other areas, such as hematology, infections, and lym-
phatics. A CT module will also be included.

These competitively priced modules will offer vir-
tual workstations, providing multimedia graphics and
reviews in PET, CT, and/or PET/CT modes. Each
module will contain tables, figures, a glossary, and
multiple-choice questions (based on clinical decision
making), each with a review and test capability. The
modules, which will be revised every 3 years, will
provide critiques, case studies, surveys, and Web-based
checklists and simulations. They will offer complete
search capability, indices, and the ability to take notes
(and download that information) to develop an individ-
ual study guide.

The architects of this innovative program include
Alan H. Maurer, MD, chair of the SNM Education Com-
mittee; SNM officers; and Lynn Barnes, SNM director of
education. Dominique Delbeke, MD, PhD, will serve as

chair of the MOC program and will develop a system of
module vice chairs, authors, and reviewers.

The program’s 3-year business plan and detailed out-
lines were presented at a summit meeting held at last
month’s mid-winter meeting. The first 3 demonstration
modules (cardiology and oncology) will be available for
viewing at the SNM annual meeting, June 18-22, in To-
ronto. The educational portal from the society’s Web site to
the MOC programs is expected to be online by September 1.

Although MOC affects physicians, its reach will ex-
tend to technologists, radiologists, and scientists. Nuclear
medicine technologists are now struggling with changes
in continuing education guidelines, which will be re-
quired this July. The effects of MOC on our members and
the society itself are enormous. SNM stands ready to ease
the way for nuclear medicine professionals to continue
their lifelong learning with this new MOC program. More
information about this initiative will be made available as
work progresses in 2005.

Virginia Pappas, CAE
Executive Director, SNM

Physics Applications in Nuclear
Medicine: Progress on Many

Fronts

he year 2004 was a year of significant progress in
I the area of physics applications in nuclear medi-

cine. Research marched forward in detector devel-
opment and reconstruction technology, and new tools
became available. Discussion in the dosimetry commu-
nity about the importance of patient-specific dosimetry
continued and was brought to focus at a European con-
gress. Calculational tools, including the OLINDA/EXM
code, were developed and released. Electronic resources
continued to be a developing field, facilitating interna-
tional communications and making daily work go faster.

Instrumentation Innovations

New detector materials, imaging tubes, and readout
systems are being integrated to create novel detector
geometries that are rapidly moving from research to prac-
tical clinical imaging devices. Breast imaging devices
based on standard Nal crystals and pixelated Csl are
being used in different geometries made possible by the
use of unrestricted arrays of position-sensitive or multi-
anode photomultiplier tubes. The ability to mount these
room temperature devices to crystals arrayed in unusual
geometries makes it possible to efficiently surround or-
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gans such as the breast in arrays for single-photon or
positron imaging. A special session on breast imaging at
the 2004 Institute of Electrical and Electronics Engineers
Medical Imaging Conference featured a number of the
current devices used alone or in conjunction with radio-
graphic imaging ensembles for biopsy correlated nuclear
medicine procedures (7).

A follow-on to the multiple pinhole dynamic 3D
imaging (4D) work for brain flow/function pioneered by
the Arizona group has moved from instrumentation to
clinical applications (2—4). An alternate approach useful
in small animals simulated submillimeter resolution in
very small regions of a mouse using a commercial 3-head
gamma camera with a spherical multipinhole collimator
with holes converging on the target region of the body
(5). Innovations stimulated by the National Institutes of
Health (NIH) small animal imaging focus continue to
emerge, now joined by major Homeland Security funding
for screening devices that attempt to meet the combined
need for high sensitivity with energy selectivity.

Many important developments in the field of emission
tomography were brought together in an important new
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book produced from manuscripts presented upon Bob
Beck’s retirement from the University of Chicago to
honor his many contributions to theory and practical
developments in medical imaging (6).

Image Processing

New open systems software packages continue to
emerge. The NIH has continued to develop a series of
powerful desktop tools for their own work, which they
have disseminated for more general use. The initial
Macintosh-based NIH Image program made it possible to
analyze features in many different classes of medical
images. Image J, a nonproprietary PC-based extension of
NIH Image broadened the user base. A new and powerful
general purpose Medical Image Processing Analysis and
Visualization Package (MIPAV) developed by NIH re-
searchers provides JAV A-based tools that run on a variety
of platforms. It provides many of the features of the
various commercially marketed products that can be
adapted in a user-friendly fashion to specific user appli-
cations. It reads and writes numerous image formats,
including DICOM3.0, GE, Siemens, Analyze, TIFF, and
others, and handles PET and SPECT images as well as
other imaging modalities. It provides tools for automatic,
semiautomatic, and manual segmentation and quantifica-
tion and rigid and nonrigid registration. It provides many
user-selectable tools for image filtering, noise reduction,
image compression, and many other useful functions. For
additional details see http://mipav.cit.nih.gov/.

Radiation Dosimetry and Radiobiology

One of the notable but sad events of 2004 was the
passing of Lauriston S. Taylor at age 102, one of the
important pioneers of radiation protection philosophy, a
founding member of the International Commission on
Radiological Protection (ICRP), and author of numerous
important and influential works, including Organization
for Radiation Protection (7).

2004 was the year that a-emitter dosimetry jumped
into our collective consciousness. Miederer et al. (8)
described the pharmacokinetics, dosimetry, and toxicity
of 22Ac-HuM195 in nonhuman primates. We also began
more serious inquiry into ways to calculate dose to the
tissues of animals used in preclinical work. A paper by
Hindorf et al. (9) presented some preliminary dose factors
and discussed parameters of importance to the calcula-
tions. Stabin et al. (/0) presented voxel-based, realistic
models of a rat and mouse, with dose factors for electrons
and photons developed for generalized use.

Nettleton et al. (/7), reporting on a group of patients
with prostate cancer who opted for orchidectomy and
were administered ''In or 2°!'T1 before surgery, showed
that the predicted values of testicular uptake by the ICRP
“for '''In might be too low by a factor of 4, whereas those
for 2IT1 might be too high by a factor of 4” (12). Indeed

the overestimate of testicular uptake of 2°'T] has been a
subject of study for several years by Thomas et al. (/3),
who have produced a paper thoroughly evaluating exist-
ing models for 29! Tl and presenting a complete and up-
to-date dosimetry summary, including a significantly
lower estimate of testicular dose than that in the ICRP
tables. As noted by Nettleton et al. and by Thomas et al.,
further work is needed to evaluate small scale dose issues
within the testes.

The use of ™Tc-annexin V for detection of apoptotic
responses continued to be demonstrated and investigated
(14-17). Two groups demonstrated interesting methods
for minimizing red marrow dose during radioiodine ther-
apy (18,19).

In years past, we have focused on criteria for release
of radioactive patients, and the issue has not completely
gone away (20). In 2004, concerns related to homeland
security brought up a new problem involving the public:
nuclear medicine patients have triggered radiation detec-
tion alarms in public transportation centers and other
locations, causing unnecessary concerns and possibly
travel delays for the patients and others (27). Several
authors have looked at this issue. A fairly thorough and
innovative investigation was undertaken by Zuckier et al.
(22), in which responses at a few meters in the presence
of radiopharmaceuticals were assessed and times after
administration were calculated during which patients
should carry letters from their physicians documenting
the identities and quantities of the radiopharmaceuticals
administered.

The debate continues, and is perhaps reaching a peak,
over whether dosimetry for nuclear medicine patients
should follow more of a “radiation oncology” or a “che-
motherapy” model—that is, whether patient-specific do-
simetry and optimization of individual patients’ tumor
and normal tissue doses is optimal or whether patients
should be given what is basically a “one size fits all”
approach, perhaps with minor modifications allowing for
differences in body weight. Keith Britton (23), in The
Journal of Nuclear Medicine (JNM), asked in a letter to
the editor, “Should we insist on the nuclear medicine
approach to cancer therapy, in which potential nonre-
sponders are excluded by imaging, or should we follow
an apparently oncologic approach whereby as long as the
marrow is safe, it does not matter whether the tumor
receives an adequate or inadequate amount of therapy or
whether the patient receives unnecessary radionuclide
therapy? Should not we uphold the basic principles of
nuclear medicine and radiation protection for radionu-
clide therapy?” As a follow-up to the 30-year Oak Ridge
(and, in 2002, Nashville), TN, radiopharmaceutical do-
simetry symposium series, the “1st International Sympo-
sium on Radionuclide Therapy and Radiopharmaceutical
Dosimetry” was held in conjunction with the 2004 Euro-
pean Association of Nuclear Medicine (EANM) Congress
in Helsinki, Finland, September 4—8. In addition to the
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presentation of a number of significant papers on radia-
tion dose models and methods, spirited debate among
physicians, physicists, and other professionals ensued on
this topic of the need for patient-specific dosimetry ther-
apy. The organizers did an excellent job of integrating the
symposium into the EANM congress and of bringing
together professionals from the different disciplines to
debate this and other issues. The result was a rather
surprising consensus that dosimetry should be more inte-
grated into routine nuclear medicine therapy practice. Dr.
Glenn Flux of the UK noted the regulations of the Euro-
pean Union that basically mandated such practice, and
encouraged attendees to adopt the practice, noting that
progress was already moving in this direction as a result
of regulatory pressure and the presence of better calcula-
tional tools (see, for example, the article by Sgouros et al.
in JNM [24]) and will not likely move backward later.
After the meeting, a number of centers have begun to
share data and methods in the hopes of establishing rea-
sonable, standardized protocols for gathering data for
dosimetry. This effort is being coordinated by members
of the RADAR group (25).

Acceptance of radiation dosimetry in the clinic de-
pends on 2 critical factors: the ability to produce accurate,
reproducible results, and the ability to link the results to
observed effects. This, too, was a topic of major emphasis
at the EANM meeting. There, the JNM papers by Siegel
et al. (26) and Shen et al. (27), demonstrating methods for
performing patient-specific corrections for marrow mass
and improving dose/effect correlations, continued to be
discussed. In July, de Jong and colleagues (28), in the
words of Stan Goldsmith (29), “convincingly demon-
strated that, in radionuclide dosimetry, it is not valid to
assume a uniform distribution of radiation sources in a
target organ and, hence, that it is not appropriate to
compare radiation effects from absorbed doses delivered
by external-beam sources with doses from injected radio-
nuclides.” Several excellent presentations at the EANM
congress touched on this issue, and should be appearing
in early 2005 as meeting proceedings in special issues of
Cancer Biotherapy and Radiopharmaceuticals. Papers by
Konijnenberg et al., extending previous work (30), and
Pauwels et al. gave further evidence that reliable associ-
ations of radiation dose (particularly when expressed as
biologically effective dose [BED, see also a previous
paper by Bodey et al. (37)]) with effects in the kidneys
can be made and provide a strong link to our knowledge
of dose—effect relationships from external beam therapy,
when properly assessed. Thus, the prospects for the use of
radiation dosimetry in practical settings were dramatically
strengthened. Other relevant information was published
in a special section of Cancer Biotherapy & Radiophar-
maceuticals (32). The proceedings of a Medical Internal
Radiation Dose (MIRD) Committee-sponsored continu-
ing medical education session entitled “Kidney Dose—
Response for Radionuclide Therapy,” held at the 50th

annual meeting of the SNM, in New Orleans in 2003,
were presented in this special section.

Electronic Resources

As reported in this article last year, the RAdiation
Dose Assessment Resource (RADAR) Web site
(www.doseinfo-radar.com) was developed to freely dis-
seminate widely used data and information (standardized
dose estimates, decay data, absorbed fractions, dose con-
version factors, information on radiobiology, and dosim-
etry literature). Published articles support the scientific
basis for the data on this site (33-35). In 2004, the
OLINDA/EXM software, the purported successor to the
MIRDOSE 3 code, was released (36-38). Vanderbilt
University began distribution of the code in October
2004, after receiving U.S. Food and Drug Administration
approval of the code through a 510(K) mechanism.

A number of interesting e-mail lists (NucMed, Rad-
Pharm, PETmail, Medical Imaging (Archive-Comm-L),
Radsafe, Dose-Net, and others) are available for exchang-
ing information actively with other interested parties.
Subscriptions are free, and digest versions (once-per-day
summaries of all posts) are usually available. A large
number of Yahoo groups also exist with relevance to this
area of science (but which are too numerous to mention).
Many of these use a bulletin-board approach to exchange
information. See http://hps.org/resources.html for more
details.

M. Stabin, PhD

A.B. Brill, MD, PhD
Vanderbilt University
Nashville, TN

REFERENCES

1. IEEE, Trans Nucl Sci. April 2005. In Press

2. Liu Z, Barrett HH, Stevenson GD, et al. High-resolution imaging with
99mTc-glucarate for assessing myocardial injury in rat heart models exposed to
different durations of ischemia with reperfusion. J Nucl Med. 2004;45:1251—
1259.

3. Liu Z, Stevenson GD, Barrett HH, et al. ®™Tc glucarate high-resolution
imaging of drug sensitive and drug resistant human breast cancer xenografts
in SCID mice. Nucl Med Commun. 2004;25:711-720.

4. Liu Z, Stevenson GD, Barrett HH, et al. Imaging recognition of multidrug
resistance in human breast tumors using *™Tc-labeled monocationic agents
and a high-resolution stationary SPECT system. Nucl Med Biol. 2004;31:53—
65.

5. Beekman FJ, Vastenhouw B. Design and simulation of a high-resolution
stationary SPECT system for small animals. Phys Med Biol. 2004;49:4579—
4592.

6. Beck RN. Imaging science: bringing the invisible to light. In: Wernick MN,
Aarsvold JN, eds. Emission Tomography. The Fundamentals of PET and
SPECT. Amsterdam, The Netherlands: Elsevier Academic Press; 2004.

7. Taylor LS. Organization for Radiation Protection. The Operations of the
ICRP and NCRP, 1928-1974 . Springfield, IL: National Technical Informa-
tion Service; 1979.

8. Miederer M, McDevitt MR, Sgouros G, Kramer K, Cheung N-K V, Schein-
berg DA. Pharmacokinetics, dosimetry, and toxicity of the targetable atomic
generator, 22’Ac-HuM195, in nonhuman primates. J Nucl Med. 2004;45:129—
137.

9. Hindorf C, Ljungberg M, Strand SE. Evaluation of parameters influencing S
values in mouse dosimetry. J Nucl Med. 2004;45:1960—1965.

(Continued on page 22N)

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 46 * No. 2 ¢ February 2005



22N

(Continued from page 20N)

10. Stabin MG, Peterson TE, Holburn GE, Emmons MA. Voxel-based mouse and
rat models for internal dose calculations [abstract]. J Nucl Med. 2004,
45(suppl):57P.

11. Nettleton JS, Lawson RS, Prescott MC, Morris ID. Uptake, localization, and
dosimetry of ""'In and 2°'T] in human testes. J Nucl Med. 2004;45:138-146.

12. ICRP Publication 53: Radiation dose to patients from radiopharmaceuticals.
Ann ICRP. 1987;18:1-373.

13. Thomas SR, Stabin MG, Castronovo FP. Radiation absorbed dose from
thallium-2"'Tl-chloride. J Nucl Med. 2005; in press.

14. Kuge Y, Sato M, Zhao S, et al. Feasibility of ™Tc-annexin V for repetitive
detection of apoptotic tumor response to chemotherapy: an experimental study
using a rat tumor model. J Nucl Med. 2004;45:309-312.

15. Bennink RJ, van den Hoff MJ, van Hemert FJ, et al. Annexin V imaging of
acute doxorubicin cardiotoxicity (apoptosis) in rats. J Nucl Med. 2004;45:
842-848.

16. Peker C, Sarda-Mantel L, Loiseau P, et al. Imaging apoptosis with *™Tc-
annexin V in experimental subacute myocarditis. J Nucl Med. 2004;45:1081—
1086.

17. Taki J, Higuchi T, Kawashima A, Tait JF, et al. Detection of cardiomyocyte
death in a rat model of ischemia and reperfusion using **Tc-labeled annexin
V. J Nucl Med. 2004;45:1536-1541.

18. de Keizer B, Hoekstra A, Konijnenberg MW, et al. Bone marrow dosimetry
and safety of high 'I activities given after recombinant human thyroid-
stimulating hormone to treat metastatic differentiated thyroid cancer. J Nucl
Med. 2004;45:1549-1554.

19. Zanzonico PB, Becker DV, Hurley JR. Enhancement of radioiodine treatment
of small-pool hyperthyroidism with antithyroid drugs: kinetics and dosimetry.
J Nucl Med. 2004;45:2102-2108.

20. Marcus CS, Siegel JA. NRC absorbed dose reconstruction for family member
of BT therapy patient: case study and commentary. J Nucl Med. 2004;45:
13N-16N.

21. Toltzis RJ, Morton DJ, Gerson MC. Problems on Pennsylvania Avenue.
N Engl J Med. 1986;315:836—-837.

22. Zuckier L, Howell RW, Lanka VK. Homeland security-based guidelines for
vigilance post-radionuclide administration [abstract]. J Nucl Med. 2004;
45(suppl):437P.

23. Britton KE. Radioimmunotherapy of non-hodgkin’s Lymphoma. J Nucl Med.
2004;45:924-925.

24. Sgouros G, Kolbert KS, Sheikh A, et al. Patient-specific dosimetry for '3'I

thyroid cancer therapy using '>*I PET and 3-dimensional internal dosimetry
(3D-ID) software. J Nucl Med. 2004;45:1366-1372.

25. Stabin M, Siegel J, Hunt J, Sparks R, Lipsztein J, Eckerman K. RADAR: the
radiation dose assessment resource. An online source of dose information for
nuclear medicine and occupational radiation safety [abstract]. J Nucl Med.
2002;42(suppl):243P.

26. Siegel JA, Yeldell D, Goldenberg DM, et al. Red marrow radiation dose
adjustment using plasma FLT3-L cytokine levels: improved correlations be-
tween hematologic toxicity and bone marrow dose for radioimmunotherapy
patients. J Nucl Med. 2003;44:67-76.

27. Shen S, Meredith RF, Duan J, et al. Improved prediction of myelotoxicity
using a patient-specific imaging dose estimate for non-marrow-targeting Y
antibody therapy. J Nucl Med. 2002;43:1245-1253.

28. de Jong M, Valkema R, van Gameren A, et al. Inhomogeneous localization of
radioactivity in the human kidney after injection of '"'In-DTPA-octreotide.
J Nucl Med. 2004;45:1168—-1171.

29. Goldsmith SJ. Improving insight into radiobiology and radionuclide therapy.
J Nucl Med. 2004;45:1104—-1105.

30. Konijnenberg MW, Bijster M, Krenning EP, de Jong M. A stylized compu-
tational model of the rat for organ dosimetry in support of preclinical evalu-
ations of peptide receptor radionuclide therapy with °°Y, '!'In, or '77Lu. J Nucl
Med. 2004;45:1260-1269.

31. Bodey RK, Flux GD, Evans PM. Combining dosimetry for targeted radionu-
clide and external beam therapies using the biologically effective dose. Can-
cer Biother Radiopharm. 2003;18:99-108.

32. Sgouros G, et al. Kidney dose-response for radionuclide therapy. Cancer
Biother Radiopharm. 2004;19:357-390.

33. Stabin MG, Siegel JA. Physical models and dose factors for use in internal
dose assessment. Health Phys. 2003;85:294-310.

34. Stabin MG, da Luz CQPL. New decay data for internal and external dose
assessment. Health Phys. 2002;83:471-475.

35. Stabin MG, Stubbs JB, Toohey RE. Radiation Dose Estimates for Radiophar-
maceuticals. NUREG/CR-6345. Washington, DC: US Nuclear Regulatory
Commission, US Department of Energy, US Department of Health & Human
Services; April 1996.

36. Stabin MG, Sparks RB. MIRDOSE4 does not exist. J Nucl Med. 1999;
40(suppl):309P.

37. Stabin MG. MIRDOSE: personal computer software for internal dose assess-
ment in nuclear medicine. J Nucl Med. 1996;37:538-546.

38. New internal radiation dose and modeling software; FDA approves commer-
cial MIRDOSE successor. J Nucl Med. 2004;45:26N-28N.

Imaging Informatics and Nuclear

Medicine

or nuclear medicine, among the most “computer-

ized” of imaging specialties, the year 2004 brought

physicians, physicists, and technologists face-to-
face with what has become the biggest challenge to all of
imaging practice: the rapid increase in size and complex-
ity of datasets. Although nuclear medicine was largely
isolated from this rapid growth in the past, the advent of
PET/CT and the promise of routine SPECT/CT have
made the “image overload” associated with multichannel
CT a new and, in many cases, daunting factor in planning
for aspects as diverse as patient throughput, image inter-
pretation, departmental workflow, and image archive,
storage, and retrieval. Many clinical users are actively
working with manufacturers to answer important ques-
tions, including, “How can we maintain throughput when
it takes longer to reconstruct and send the images to an

archive or to workstations than it does to scan the patient,
thus creating a bottleneck?” The question of image over-
load was addressed at major imaging meetings in 2004,
and the Society for Computer Applications in Radiology
held a special symposium on the topic in Bethesda, MD,
earlier this month.

Another trend that began elsewhere in imaging but
that is beginning to resonate in nuclear medicine is the
routine use of 3D/multiplanar images. Picture archiving
and communications (PACS) vendors are increasingly
including 3D/multiplanar solutions in their products, but
at the same time are struggling to find ways to integrate
these with existing technologies. A new trend for 2004
was more general acceptance of the idea of doing 3D
processing on a server rather than at the level of the

(Continued on page 25N)

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 46 * No. 2 ¢ February 2005



