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Molecular Imaging: Thriving All
Over the World
The Highlights Lecture is presented at the closing
session of each SNM Annual Meeting by Henry N. Wagner,
Jr., MD. This year’s lecture was presented on June 6 in
Washington, DC. To mark the 30th year in which Wagner has
presented this summary of presentations, innovations, and
personal observations at the meeting, new SNM President
Alexander McEwan, MD, and immediate past President
Martin Sandler, MD, gave the speaker a plaque and expressed
their thanks and the thanks of the entire SNM membership.
his year I would like to begin by thanking Martin
Sandler; Fred Fahey, DSc, chair of the Scientific
Program Committee; Jane Day and all the SNM staff
members responsible for making this meeting a success;
and Virginia Pappas for her continued leadership in
creating what has become a truly exciting organization
and annual meeting. I once heard an attendee remark that
coming to the SNM meeting is like drinking out of a fire
hose—an excellent analogy for the challenge of taking in
the enormous amount and variety of material packed into
this meeting.
Each year I pick a theme for this highlights talk, and
this year I’ve chosen the global spotlight on molecular
imaging. Molecular imaging is truly thriving all over the
world. This also happens to be the 50th anniversary of the
International Atomic Energy Agency (IAEA), which was
formed in 1957 in response to a suggestion by President
Dwight D. Eisenhower in his 1953 ‘‘Atoms for Peace’’
speech before the United Nations. The IAEA has played
a major role in the development of nuclear medicine
throughout the world and will continue to do so, increasingly
interacting with large societies such as the SNM as well
as organizations in developing countries. Since its founding,
the IAEA has been responsible for 2,248 fellowships and
954 person-years of training in areas related to nuclear
medicine. The agency has sponsored 288 training courses
attended by 4,756 trainees. The IAEA has been in the
forefront of global training and, in my judgment, has been
responsible for the continued spread of nuclear medicine
throughout the world.
Once again the SNM meeting was a truly global event,
with 44 countries submitting papers or posters for presentation. Of those presented, half were from outside the
United States (Table 1). This figure has held steady for
many years, fluctuating between 47% and 53%. As I do
each year, I would like to ask those from the United States
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to give a round of applause in
appreciation for the contributions
from those who attend this meeting
from other countries. We hope you
will all keep coming back.
On April 16, 2007, I had the
opportunity to visit Kuwait, where I
met with technologists and physicians in nuclear medicine at the Henry N. Wagner, Jr.,
Mubarak Hospital in Kuwait City. MD
PET systems today are in active
operation in the Middle East in Egypt, Lebanon, Jordan,
Saudi Arabia, and Israel. A PET scanner has been installed
in Kuwait and is about to begin operation, and another will
soon be installed in the United Arab Emirates. I was
reminded of the spread of molecular imaging throughout
the world during my visit to Kuwait, where a $120-million
Institute for Molecular Imaging in Medicine is being built
at the Kuwait Health Sciences Center. Nuclear medicine
research and clinical benefits truly constitute a global
effort, and the papers that I will highlight in this talk clearly
represent the extent to which contributions from all over the
world are coming together to advance molecular imaging
and therapy.
Much of current nuclear medicine research is of worldwide interest. Koopmans et al. from the University Medical
Centre Gröningen (The Netherlands) presented results on
the use of 11C-hydroxytryptophan and 18F-fluoro-L-DOPA
(18F-DOPA) PET to image islet cell tumors. Figure 1 shows
their results, indicating that 11C-hydroxytryptophan clearly
shows widespread islet cell tumors in a patient in whom
18F-DOPA, CT, and octreotide imaging results were inferior.
Diabetes is a new target for molecular imaging and is
certain to remain a focus of interest for SNM members and
their colleagues. Today there is a worldwide epidemic of type
2 diabetes in both industrialized and developing countries.
On my visit to Kuwait, for example, I learned that 5% of that
country’s population have type 2 diabetes. High percentages
are also seen in India and China. The challenge to molecular
medicine is to slow or reverse the progressive age-related
decline in pancreas b-cell function, the major cause of progression of type 2 diabetes. This decline is known to begin
long before it is reflected in blood sugar levels.
Radiolabeled tracers offer one possible way to identify
persons at risk for type 2 diabetes. Kung et al. from the
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TABLE 1
Countries Represented in Presentations at SNM 2007
Country*

No. of
presentations

Percentage
of total

United States
Japan
Germany
Korea
China
Canada
Italy
France
Taiwan
The Netherlands
Turkey
United Kingdom
Australia
Belgium
Switzerland
India
Austria
Spain
Israel
Denmark
Sweden
Poland
Brazil
Czech Republic
Greece
Iran
Saudi Arabia
Russian Federation
Hungary
The Philippines

776
146
146
111
60
42
41
39
38
34
31
29
27
27
25
22
19
16
12
11
9
9
8
6
6
5
5
3
2
2

50.0
9.4
9.4
7.1
3.9
2.7
2.6
2.5
2.4
2.2
2.0
1.9
1.7
1.7
1.6
1.4
1.2
1.0
0.8
0.7
0.6
0.6
0.5
0.4
0.4
0.3
0.3
0.2
0.1
0.1

*Other countries represented in 2007 included Argentina, Chile,
Croatia, Cuba, Ireland, Jordan, Lebanon, New Zealand, Pakistan,
Romania, Slovenia, South Africa, Thailand, and Uruguay.

University of Pennsylvania (Philadelphia) reported on 18FFP-(1)-DYBZ as a PET ligand for measuring b-cell mass
in the pancreas. This tracer was serendipitously found to
bind to the pancreas during studies of vesicular monoamine
transporters in the mouse brain. Avid accumulation was
observed in the pancreas, as shown with the red arrow in
Figure 2. It is because of this and similar exciting
approaches to the study of type 2 diabetes that I have

FIGURE 1. Images acquired in a 54-year-old patient with islet
cell tumor: (A) CT; (B) octreotide scintigraphy; (C) 18F-DOPA
PET; and (D) 11C-5-hydroxytryptophan PET.
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FIGURE 2. Small Animal Image of the Year. Avid tracer
accumulation of this promising PET ligand was observed in rat
pancreas (arrow), suggesting potential applications in quantitative measurement of b-cell mass and research into the
pathogenesis and treatment of diabetes (left). In vivo biodistribution study results in normal rat (right).

selected this image as the Small Animal Image of the Year
for 2007. I’d like to call for a round of applause for these
investigators.
Small Animal Imaging
Figure 3 shows the growth in the number of small
animal PET and SPECT studies presented at the SNM
meeting over the past 8 years. This provides clear evidence
that we will see a continuing stream of tracers fueling the
development of new techniques. This is a part of the mission of the SNM in translating research from the bench to
the bedside. Animal imaging was the focus of many presentations at this meeting: 126 with PET, 46 with SPECT,
17 with PET/CT, 21 with SPECT/CT, and 21 with the increasingly important technique of optical imaging. Manufacturers are supporting this effort with dedicated small
animal imaging devices. Among those seen at the SNM
meeting were the Bioscan NanoSPECT, Gamma Medica
X-SPECT, GE Healthcare Explore SPECT-CZT, Molecular
Imaging U-SPECT, Neurophysics MollyQ, and Siemens
Inveon.

FIGURE 3. Numbers of presentations on small animal imaging
research with PET and SPECT at the SNM Annual Meeting,
2000–2007.
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(Continued on page 19N)

FIGURE 4. SPECT/CT of tumor-bearing rat injected with 40
MBq 111In-octreotide (top). In the bottom image, ex vivo autoradiography (top row) is compared with in vivo SPECT images
(bottom row). The authors concluded that their small animal
SPECT/CT device was a highly accurate tool for following physiologic processes in the same animal over time with different
tracers.
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(Continued from page 16N)
I have drawn examples from a few presentations that
illustrate where and how new tracers are being generated in
university pharmacology, biochemistry, and nuclear medicine departments. Forrer et al. from Erasmus Medical
College (Rotterdam, The Netherlands) and the Research
Centre Jülich (Germany) reported on small animal SPECT/
CT for in vivo evaluation of radiotracers. Figure 4 shows
the SPECT/CT image of a tumor-bearing rat injected with
40 MBq 111In-octreotide. The spatial resolution can be seen
to be comparable with that of ex vivo autoradiograms
(where animals were injected in vivo and killed before
imaging). Another example came from Gagnon et al. at the
University of California, Davis, who presented the results
of high-throughput screening of molecular imaging agents
using microPET. The group evaluated 43 peptides radiolabeled with 18F in animals over 11 consecutive days (4 per
day). This effort yielded 4 hits; that is, 4 peptides with
favorable pharmokinetics and tumor specificity. With highthroughput microPET imaging, combinatorial laboratories
can produce millions of compounds on insoluble beads.
Peptide sequences are then identified, analyzed using in
vitro assays, and finally evaluated in animal studies. This
process can greatly accelerate the identification of new
tracers and speed their translation to human studies.
van der Have et al. from University Medical Center Utrecht (The Netherlands) presented work with the
U-SPECT II, a versatile sub-half-millimeter–resolution small
animal SPECT system suitable for gated cardiac perfusion
imaging in mice (Fig. 5). When I look at images such as

FIGURE 5. Single frame from dynamic U-SPECT II gated
cardiac perfusion imaging in a mouse. In addition to ultra-highresolution rat and mouse imaging capabilities, the device has
advanced data acquisition and detector electronics that can
support novel research.

this I realize how astounded I would have been when I first
entered the field of nuclear medicine to know that 50 years
hence we would be able to do gated cardiac perfusion in
a mouse model. I find this quite exciting, and I hope you all
do as well. In Figure 6, acquired with the same apparatus,
the right and left ventricles are clearly visible in the rat, and
at the bottom is the image obtained in a mouse. On the left
it is apparent that hot sources only .4 mm apart can be
resolved. This indicates the great improvements in spatial
resolution that we continue to see.
I might note that these spectacular images were
acquired with SPECT. We still hear speculation that PET
will continue to prosper and that SPECT will atrophy.

FIGURE 6. Rat image (top right) acquired with the U-SPECT II
clearly shows the right and left ventricles. Collimator images
(left) and mouse image (bottom right) indicate the increased
spatial resolution possible with this device.
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However, I look at it as I do the human hands: PET is 1
hand and SPECT the other. You can do a lot with 1 hand
and a lot with the other, but you can do much more with
both. Each of these 2 modalities has unique capabilities.
PET has the important advantage of being able to study the
most important elements in the body: carbon, oxygen,
nitrogen, and hydrogen (with fluoride as an analog). PET
has limitations in spatial resolution. SPECT has unlimited
spatial resolution, and studies can be extended out for days,
a capability that is not possible with PET because of the
radiation dose. SPECT also facilitates multiple studies with
different nuclides in the same animal. New and innovative
applications will continue to be identified for both PET and
SPECT.
Wagenaar et al. et al. from Gamma Medica-Ideas, Inc.
(Northridge, CA); the University of California, Irvine; and
Johns Hopkins University (Baltimore, MD) presented a
multiring small animal cadmium zinc telluride system for
simultaneous SPECT/MR imaging. Figure 7 shows an in
vivo multiisotope SPECT with CT mouse image acquired
with an MR-compatible unit. The distinct separations of
99mTc for bone, 123I for thyroid, and 201Tl for the heart are
clearly seen in the image.
Kadrmas et al. from the University of Utah (Salt Lake
City) presented a study illustrating the feasibility of
multiple tracer studies with PET—despite the fact that all
the tracers give rise to indistinguishable 511-keV photon
pairs. What they showed is that the kinetic behavior of each
tracer obeys certain restraints. When staggered injections
are used, it is possible to recover from the time–activity
curves signal components related to each tracer. (I note in
passing that another method of performing double-tracer

FIGURE 7. Triisotope SPECT with CT image acquired with
a miniaturized, stationary, multiring CZT SPECT system that
provides 24 unique angular samples and has components that
are functional in MR fields up to 7T. In the image, orange 5
99mTc targeting of bone; blue 5 123I targeting of thyroid; and
green 5 201Tl cardiac targeting.
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FIGURE 8. Simultaneous PET/MR image acquisition in
a mouse: PET (left); MR (middle); and the fused image (right).
The fully integrated PET and 7T apparatus also allows nuclear
MR spectroscopy and functional MR images.

studies with PET is to use the different half-lives of 11C [20
minutes] and 18F [2 hours]).
Judenhofer and a consortium of researchers from the
University of Tubingen (Germany); the University of
California, Davis; Siemens Preclinical Solutions (Knoxville, TN); and Bruker BioSpin MRI (Ettingen, Germany)
presented a fully integrated 7T MR/PET system for animal
studies. This system allows not only PET measurements but
also nuclear MR spectroscopy and functional MR imaging.
The system yields high-resolution PET/MR images, as seen
in the examples in Figure 8. Figure 9 shows in vivo
dynamic PET/MR imaging with 11C-methylphenidate over
60 minutes in a mouse brain.
Molecular Medicine: Advancing
Radiopharmaceutical Development
A Swedish proverb cautions that ‘‘Naught is had that is
not won.’’ To advance molecular imaging, it takes more
than good science to move research from the lab into routine medical practice. I’ve shown you some examples of
instruments and screening methods for developing compounds with potential clinical use. The question now is how
to most effectively, efficiently, and rapidly move these from
the lab into clinical practice.
All big pharmaceutical companies now have medical
imaging divisions that work to integrate molecular imaging

FIGURE 9. Images from a 60-minute dynamic PET/MR series
acquired with 11C-methylphenidate in mouse brain. Transverse
and coronal views are shown for PET (left); MR (middle); and the
fused image (right).

NUCLEAR MEDICINE • Vol. 48 • No. 8 • August 2007

another new primary malignant tumor were found in 130
(5.5%) patients.
Questions arise in connection with these interesting
studies. What is the cost of doing these studies? What is the
economic consequence of finding unexpected lesions? I
believe that if molecular imaging is to advance even more
quickly in clinical medicine, we must try first to modify
existing U.S. Food and Drug Administration (FDA) regulations to facilitate approval of new molecular imaging
agents for clinical use and also publicize an economic
model that can justify the high costs of molecular imaging
in patient care.
Suleiman and Fejka, from the FDA Office of Oncology
Drug Products (Silver Spring, MD), presented an update on
Radioactive Drug Research Committees (RDRCs) at the
SNM meeting. Under current FDA regulation of RDRCs,
research is limited to ‘‘basic science research and is intended to obtain basic information regarding the metabolism of a radioactively labeled drug or regarding human
physiology, pathophysiology, or biochemistry, but is not
intended for immediate therapeutic, diagnostic, or similar
purposes or to determine the safety and effectiveness of the
drug in humans for such purposes.’’ In 2003 (the last year
for which I have data), there were 284 research studies
performed under RDRC regulations, involving 2,797 human
subjects with more than 120 different radioactive tracer
molecules—all done in basic research under the present
regulations.
I suggest that these regulations should be modified. As
noted, under 21 Code of Federal Regulations 361.1, the
conditions for RDRC research require that studies must be
performed for basic science research and have no pharmacologic effect. The RDRC responsibilities include review
and approval of each research protocol (with Institutional
Review Board concurrence) and submission of reports to
the FDA. The nuclear medicine community should constantly emphasize to the world that diagnostic radiotracer
studies and other tracer studies under development with
other modalities do not have pharmacologic effects. Regulation as primarily stable drugs designed and administered
to have a pharmacologic effect is simply not appropriate
for radiopharmaceuticals. Moreover, this approach is the
primary limitation to approval of these agents.
My modest proposal is that clinical studies as well as
basic science research should be permitted under RDRC
guidelines; that is, we should be able to have studies
approved that may help specific patients while the basic
study is being performed. To facilitate approval of the very
large numbers of new tracers with potential for clinical use,
we must work with the FDA to modify the present RDRC
guidelines. Under such an approach, new molecular imaging probes would be assessed to determine their value in
helping solve a patient’s or patients’ problem(s). The FDA
role would be to create new guidelines for RDRC approval
of novel molecular probes, but the RDRCs themselves
would have a radical increase in their scope of activities.
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into drug design and development. Together with advances
in academic medical centers, these programs produce many
new candidates for diagnostic radiopharmaceuticals. At
the same time, however, their parent companies are more
interested in the development of blockbuster drugs with
billion dollar sales. Our challenge is to find new ways of
drawing on research from industry and academia to continue to develop novel tracers, none of which is likely to be
a ‘‘blockbuster,’’ and work together to have these approved
and integrated into medical practice.
The nature of the health care system in the United
States (and many other countries) is complex, raising difficult issues involving not only science and technology but
also politics and economics. Major economic gains, for
example, could be realized by decreasing unhelpful surgery,
avoiding the administration of unhelpful or even harmful
medication, practicing diligence in preventing disease as
well as exacerbations or recurrences of disease, and speeding the translation of research advances to patient care.
‘‘Personalized medicine’’ describes the health care
approach in which patients are treated as individuals rather
than basing management decisions solely on statistical
evidence from similar patients. To make personalized medicine a practical reality, I do not believe that we should
search for the causes of disease; these are, for the most part,
impossible to find. What we call ‘‘cause’’ is really only the
choice of a single antecedent over another, almost never
getting back to a single, verifiable cause. Instead, I believe
we can identify ‘‘modifiable molecular manifestations’’
(3M) of the patient’s problems and use 1 or more of these
3Ms to decide on the course of treatment and follow up on
its effectiveness.
At this and past SNM meetings we have seen numerous
examples of ways in which molecular imaging can serve as
the foundation for molecular medicine. ‘‘Molecular medicine’’ suggests that revolution through which molecular
considerations will pervade the practice of medicine. Although molecular imaging is already here and present
throughout the world, molecular medicine is only beginning. To make molecular medicine truly effective in the
complex set of variables in health care systems, we will
need to consider the economic advantages and implications
of moving in this direction. One example is in screening
techniques. Shibata et al. from the Nishidai Clinic Diagnostic
Imaging Center and the National Cancer Center Hospital
(Tokyo, Japan) presented a study on cancer screening with
18F-FDG PET. In initial studies, the authors examined 16,923
apparently health individuals, 248 (1.4%) of whom were
determined to have cancer. Moreover, the group concluded
from the results of their extensive follow-up studies that periodic cancer screening may reduce cancer mortality rates.
Giacomuzzi et al. from the Azienda OspedalieroUniversitaria (Undine, Italy) presented a study on 18FFDG PET/CT detection of unexpected primary tumors in
patients with known cancer. The study included 2,344
patients, and focal 18F-FDG–avid lesions suggestive of
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Hospitals would cover the costs of the first clinical research
studies before approval for payment by insurance. The
medical and economic value of each study would be
assessed.
It is interesting and instructive to look at the ways in
which other countries are managing these challenges, and
a strong relationship with the IAEA is helpful in obtaining
such data. In Japan, for example, local institutional approval regulates the introduction of new radiotracers. The
national government is involved only in decisions about
insurance payment. So when our Japanese colleagues tell us
that 18F-FDG has not yet been approved in their country, it
means only that the government has not approved it for
insurance reimbursement. Yet for more than a decade, 18FFDG has been widely used in Japan. Many research grants
or patients themselves paid for the studies before government approval. Provincial governments inspect local
manufacturing practices, including environmental safety
inspections. Guidelines for use of the tracers in medical
practice are provided by the Japanese Society of Nuclear
Medicine and the Japan Radioisotope Association. Hospitals ensure and validate the medical value of tracer procedures in all patient studies. If this seems unusual to a U.S.
audience, I should remind you of the analogous status of
surgery here. Here, hospitals have the same sorts of responsibilities for novel surgical procedures performed in
patients. It is my belief that hospitals can and should
assume similar responsibility for radioactive tracer studies—
a process that would allow performance of studies before
tracers have been officially approved under regulations for
reimbursement.
Dr. Maurizio Dondi, head of the Nuclear Medicine
Section of the IAEA proposed at this meeting that the
IAEA work with national organizations to help develop
international guidelines for approval of clinical molecular
imaging tracers, with particular emphasis on ensuring good
manufacturing practices and environmental radiation safety.
Such cooperation is important, but I am also advocating the
idea of local production, control, and approval as a way of
rapidly building important research and beneficial clinical
experience with new radiotracers.
The Economic Value of Our Knowledge
As I have noted, the economics of health are becoming
increasingly important throughout the world. A relatively
new idea in economics is that knowledge itself can be
viewed as a discrete unit of value that must be considered
along with the classic elements of space, personnel, and
materials. The number of studies ordered by referring physicians, for example, is an indication of value, where what
has been termed ‘‘creative neglect’’ by referring physicians
can eliminate unhelpful studies.
It is my contention that the value of each patient study
can be measured in terms of hospital days. Under this
assumption, the economic value of molecular imaging can
be expressed as dV/dt 5 fK*, where V 5 value and K 5

22N

THE JOURNAL

OF

knowledge. Correct decision making depends on knowledge; knowledge is the basic unit. Increasing our knowledge by molecular imaging is expensive, but making
correct decisions decreases the overall cost of caring for
each patient. The result may be an overall increase in institutional costs, because increasing productivity also increases demand for procedures. This is a key economic
point with direct relevance to innovation in imaging: when
a new and effective technique or tracer appears, demand
will increase, which will increases expenditures but improve productivity.
I am proposing the following process to assess the value
of a procedure. First identify a group of patient medical
records, along with suitable control patients, and obtain
appropriate institutional and regulatory approval for access
to these studies. The first data point is time in days from
detection of disease to the beginning of treatment (t1).
Detection of disease could be defined as the first occurrence
of a symptom or disability, and t1 would be the time from
that occurrence up to the initiation of treatment. Data point
t2 is the time from the start of treatment to the beginning of
improvement of the patient; t3 is the length of stay in the
hospital; t4 is the time in days required for the patient to
return to normal activities, and t5 is the time from initiation
of treatment until death. It is common to assign economic
values to patient days, and in this model all times would
be assigned such values. In the resulting expression, the
numerator represents the survival of the patient in days,
whereas the denominator contains the values that we seek
to decrease:
V5

fðt5 Þ
fðt1 Þ 1 fðt2 Þ 1 fðt3 Þ 1 fðt4 Þ:

Translating Research into Clinical Applications
The incidence of many diseases is too low to allow any
single hospital to conduct prospective clinical trials. Consolidation of data from multiple institutions into a registry
can validate molecular imaging procedures, assess therapeutic regimens, and help develop knowledge-based practice guidelines. Leung et al., for example, from the London
Health Sciences Center, London Regional Cancer Center
(Canada), and the Zentralklinik Bad Berka (Germany) reported on the design and implementation of the International Neuroendocrine Therapy (I-NET) Registry, an
online multicenter database of patients with neuroendocrine
cancer. Scott et al. from a consortium of health centers
reported on the Australian Prospective Multicenter PET
Data Collection Project, which is similar in intent to the
U.S. National Oncologic PET Registry. As a condition for
Australian government funding of PET in 2001, each of
8 sites was required to participate in a data collection
program. This is 1 example of a program for collecting data
that also facilitates use of procedures and tracers prior to
securing approval for reimbursement. The data collection

NUCLEAR MEDICINE • Vol. 48 • No. 8 • August 2007

Trends and Tracers
One of the advantages of having given these highlights
talks for the last 30 years is the ability to look back and
identify trends. If we look at the numbers of oral and poster
presentations on PET and SPECT at the SNM Annual
Meeting over the past 25 years (Fig. 11), we see continuous
growth. In 2006, PET studies in the United States increased
by 20% from the previous year. The 2006 figures included
1.4 million PET, 62 million CT, and 27 million MR
imaging studies. The current gap between the numbers for
PET and other studies illustrates the tremendous potential
for expansion of PET applications. It is certainly clear that
PET provides information that is equivalent to or as

FIGURE 10. 18F-fallypride PET imaging in an untreated patient
(left) and a patient treated with ziprasidone (right) suggest that
this tracer may be useful in therapeutic monitoring of new atypical antipsychotic medications.
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and reporting process was standardized in a manner
analogous to the RadLex initiative from the Radiological
Society of North America. Data collected included patient
demographics, reason for the study, basis for diagnosis
(ICD-10-AM), stage of disease (TNM or AJCC), management plan, and PET effect on decision making. The
Australian registry’s database included almost 30,000 18FFDG PET studies at the time of presentation. Indications
for scanning included diagnosis (13.7%), staging (34.3%),
restaging (49.4%), therapeutic monitoring (2.5%), and
other (0.1%). Scott’s group reported specifically on the
medical impact of 18F-FDG PET in oncology, epilepsy, and
cardiac patients, which they found to be significant. This is
another example where a database could also be used to
calculate the economic effects of such studies.
A number of presentations at the meeting focused on
beneficial applications of tracers that have not yet been approved for clinical use. Fellows et al. from RWTH Aachen
University (Germany) and the University of Mainz (Germany)
reported on the use of 18F-fallypride PET for therapeutic
monitoring in patients with schizophrenia being treated with
the dopamine receptor antagonist ziprasidone. This tracer
showed promising results in longitudinal comparison of
treatment results in medicated and unmedicated patients
(Fig. 10), but the challenge now is to get 18F-fallypride studies
approved for clinical use.

FIGURE 11. Presentations on PET and SPECT at the SNM
Annual Meeting, 1983–2007 (left); these presentations as percentages of total presentations, 1983–2007 (right).

significant as CT and MR studies—and we should make
sure that the public, political leaders, and industry are
aware of the potential of both PET and SPECT. In 2006,
240 PET/CT and 50 SPECT or SPECT/CT instruments
were sold in the United States.
18F remains the dominant tracer in studies presented at
the SNM Annual Meeting (Fig. 12), with the overwhelming
majority of these being 18F-FDG studies. Thirty-two presentations focused on 18F-fluorothymidine (18F-FLT). Other
positron tracers included in presentations were 11C, 15O,
68Ga, 64Cu, 82Rb, 13N, and 124I.
It was not too long ago in our field that we would see
presented and/or published studies with 10 or 5 or even
fewer patients. At this meeting, many presentations involved large numbers of patients and long-term follow-up
periods. For example, Baum et al. from the Zentralklinik
Bad Berka described the results of a 5-year follow-up
of 1,150 courses of peptide receptor radionuclide therapy
in 360 patients with progressive somatostatin receptor–
positive neuroendocrine tumors. At a mean follow-up of
24 months, 17% of patients were found to be in partial
remission, 76% with stable disease, and 7% with progressive disease, with tumor response noted in 88%. Overall
clinical benefit was seen in .90% of these patients. Again,

FIGURE 12. Presentations on work with various radiotracers
at the SNM Annual Meeting, 1983–2007. 18F remains the predominant radioisotope.
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I would be interested in learning more about the economic
analysis of the benefits of such a study.
The numbers of papers on oncology presented at the
SNM meeting each year continue to grow (Fig. 13).
Oncology presentations far outnumber those on neuroscience and cardiology (Fig. 14). But if you look at U.S.
clinical nuclear medicine practice today, heart studies far
outnumber those for cancer. I predict that we are about to
see a tremendous rise in clinical applications in the neurosciences as well. Of the 702 oncology presentations at the
meeting, 18F-FDG was by far the dominant tracer (362
presentations), followed by radiolabeled FLT (32), hypoxia
tracers (22), and radiolabeled choline (13), acetate (11), methionine (9), fluoroethyltyrosine (FET) (7), DOPA (7), rituximab
(3), fluoro-ß-D-arabinofuranosyl-thymine (FMAU) (3), and
fluorodeoxy-1-ß-D-arabinofuranosyl-5-iodouracil (FIAU) (3).
We need another blockbuster tracer. 18F-FDG is wonderful but not perfect, as illustrated in the presentation by
Mathews et al. from the University of Texas Southwestern
Medical Center (Dallas). They presented diagnostic dilemmas in 18F-FDG PET/CT, listing a number of mechanisms that can result in low FDG uptake in tumors,
including low metabolic demand for glucose, low expression of Glut 1 transporters, low expression of hexokinases,
low availability of FDG for distribution in cells, high
expression of glucose-6-phosphatase, high mucin content
within tumors, high content of necrotic material within
tumors, and high blood levels of glucose. They identified
numerous tumor types that may show reduced 18F-FDG
uptake, suggesting that our oncology studies would be
greatly benefited by the introduction of new tracers.
Can we predict which will be the next Centers for
Medicare & Medicaid–approved tracer study? Will it be
18F-fluoride, 18F-tyrosine, other 18F-labeled amino acids, or
new single-photon agents? It has been 12 years since the
last radiolabeled tracer was approved for widespread clinical use and reimbursement in the United States.
Rutten et al. from CHU of Liège and the University of
Liège (Belgium) reported on an 18F-FET PET/CT study in
patients with meningiomas at the skull base. All meningiomas were visualized with 18F-FET, with no uptake seen in

FIGURE 13. Presentations focusing on oncology at the SNM
Annual Meeting, 1983–2007 (left); these presentations as percentages of total presentations, 1983–2007 (right).
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FIGURE 14. Oncology presentations far outnumbered those
on neuroscience and cardiology at the SNM Annual Meeting.
This graph represents only 18F-FDG studies in oncology, the
neurosciences, and cardiology.

normal brain (a difficulty with 18F-FDG). PET’s ability to
accurately delineate the extent of lesions was equal to that
of MR imaging in 54% of patients and greater than that of
MR imaging in 38%.
Antigens constitute a broad area with potential for the
development of new molecular radiotracers. Maresca et al.
from Molecular Insight Pharmaceuticals (Cambridge, MA)
and the Johns Hopkins Medical Institution reported on
molecular targeting of prostate cancer with small-molecule
inhibitors of prostate-specific membrane antigen (PMSA).
Figure 15 shows selective targeting in the positive tumor
but not in the PMSA-negative tumor on the opposite side.
Bencherif et al. from the University of Pittsburgh (PA)
presented work on the relationship between the histopathology estimation of cell proliferation (Ki67 index) and
18F-FLT uptake in ovarian tumors. Figure 16 shows a fused
18F-FLT PET/CT image in recurrent ovarian cancer. Ki67
proliferation indices correlated well with 18F-FLT PET/CT
positivity and negativity.
Think Globally, Produce Locally
For molecular imaging to move forward steadily in
clinical care, we must be able to produce more clinically
useful radiotracers in hospital or regional laboratories
through local production and distribution, including hospital laboratories. In 1991, I predicted that in 30 years every
major hospital would have a cyclotron. I still stick to that
prediction. Tiwari et al. from the Fukui Medical University
(Japan) presented an example of work that is possible with
an in-house cyclotron. They reported on an automatic 15O
labeling system using hemoglobin vesicles for clinical oxygen metabolism studies (Fig. 17). Local production makes
possible onsite synthesis of tracers that are not commercially available. Oommen et al. from the Christian Medical
College (Vellore, India) reported on 14 years of experience
with in-house preparation of 131I-metaiodobenzylguanidine
(131I-MIBG) for scintigraphy. Over the 1993–2006 period
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FIGURE 17. One group presented an automatic 15O labeling
system using hemoglobin vesicles for clinical oxygen metabolism
studies. Red blood cell (left); polymerized hemoglobin (right).

FIGURE 15. Selective molecular targeting of prostate cancer
with small-molecule inhibitors of prostate-specific membrane
antigen with in vivo 123I-MIP-1072 SPECT/CT. The technique
may lead to optimization of treatment strategies for prostate
cancer.

of the study, 247 batches were prepared and used in 671
clinical studies.
Enclosed systems are being developed to facilitate local production. Thostenson et al. from the University of
Washington (Seattle) reported on the validation of a disposable, closed system for radiolabeling of monoclonal antibodies with 131I for high-dose radioimmunotherapy. They
labeled antibodies with activities up to 1,600 mCi and

FIGURE 16. Fused 18F-FLT PET/CT image in recurrent ovarian cancer. Ki67 proliferation indices correlated well with 18F-FLT
PET/CT positivity and negativity.

validated a closed system with larger volume ($2.5 mL)
labeling columns.
Locascio et al. from the Dana–Farber Cancer Institute
(Boston, MA) described a program of PET/CT quality
assurance in clinical trials and provided guidance on good
clinical practice. The investigators implemented quality
assurance procedures and a PET/CT database to achieve
accurate and reproducible PET standardized uptake value
(SUV) measurements. They reviewed and measured parameters in 11,000 patients and found that significant errors
would have occurred had parameters not been accurately
measured and entered in the database during acquisition.
Many papers at the SNM meeting emphasized the importance of quality control and documentation.
Zubal et al. from the Institute for Neurodegenerative
Disorders (New Haven, CT) described an automated program
for analyzing striatal uptake in 123I-b-CIT SPECT images
in patients with Parkinson’s disease. The graphs in Figure
18 showing agreement between automated and manual
analysis of images indicate the utility of such an approach.
18F-fluoride is another useful tracer that is produced
locally. It is not too much to hope that at this time next year
this tracer will have been approved for use and reimbursement. Lee et al. from the Yokohama City University
Hospital (Japan) described the usefulness and limitations of

FIGURE 18. Results from an automated program for analyzing
striatal uptake in 123I-b-CIT SPECT images in patients with
Parkinson’s disease. Comparison of 1,388 single scans
computed by automated and manual analysis (left) and
comparison of 694 repeated scans computed by automated
and manual analysis (right) show excellent agreement between
the automated and conventional approaches.
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18F-sodium

fluoride for PET bone imaging. Advantages
include shorter acquisition times than methylene diphosphonate (MDP) SPECT tracers, good spatial resolution, more
accurate evaluation of bone tumors than SPECT, and true
semiquantitative 3D images. Figure 19 is an example of
a whole-body PET image acquired with 18F-sodium fluoride and subsequently fused with an MR image. Figure 20
provides another example from this group of skeletal imaging with 18F-sodium fluoride, showing bilateral lesions.
Many types of syntheses can be automated to facilitate
local production of clinically useful radiotracers. Wang et al.
from the National Yang-Ming University Medical School
(Taipei, Taiwan) and the Taipei Veterans General Hospital
described a high-yield robotic system for synthesizing
5-18F-fluoro-2’-deoxyuridine, which can be used for measuring RNA activity. The increasing use of local germanium/
gallium generators was also in evidence at the meeting.
Kurihara et al. from the University of Texas M.D. Anderson
Cancer Center (Houston) used their locally generated 68Ga
to label guanine for PET assessment of cell proliferative
activity. The arrows in Figure 21 indicate that accumulation

FIGURE 20. Volume-rendered skeletal imaging with 18Fsodium fluoride and CT. Multiple lesions can be seen in the
left hip.

of this 68Ga-EC-guanine tracer is lower in organs and inflammation than in tumor.
Young Nuclear Medicine Professionals
This year I had the opportunity to attend the meeting of
the SNM Young Professionals Council, which I believe is
an outstanding success. It is wonderful to sit in the back of
the room and see these young nuclear medicine professionals. Werner et al. from Harvard Medical School (Boston,
MA) and Eberhard-Karls University (Tubingen, Germany)
reported on the effect of respiratory gating on quantitative
PET imaging in lung cancer. In this study, 18 patients with
and without known cancerous lesions underwent 18F-FDG
PET imaging with and without respiratory gating. In their
presentation, the group showed cine images indicating
clearly that if steps are not taken to correct for motion,
quantification errors may result. Figure 22 shows the charted
results for lesion volumes and SUVs in this study. For this
excellent work, this study was named ‘‘Best Clinical Paper
by a Young Investigator.’’ Respiratory gating enhances the
determination of tumor gating in lung cancer and increases

FIGURE 19. Whole-body PET image acquired with 18Fsodium fluoride and subsequently fused with an MR image.
(A) Original radiographic image; (B) PET image; and (C) T1weighted MR image (top), T2-weighted MR image (middle), and
PET/MR fusion image (bottom).
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FIGURE 21. Accumulation of locally generated 68Ga-labeled
guanine was lower in organs and inflammation than in tumor in
mouse images. This tracer shows promise in assessing cell
proliferative activity.
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FIGURE 22. Respiratory gating enhanced the determination of tumor volumes (left) in lung cancer and increased
the measured tracer activity in lung
lesions (right), resulting in greater quantitation accuracy in PET imaging.

the measured tracer avidity of the lung lesions. It may soon
become routine practice to perform gated nuclear studies of
the lung or in lesions near the diaphragm.
Radionuclide Therapy
Figure 23 shows the changes in numbers of radionuclide therapy presentations at the SNM meeting since 1997.
Imaging techniques for monitoring such therapy were also
prominent at this meeting. One example was from Chen et al.
from the University of California, Los Angeles (UCLA),
who reported on metabolic imaging with 18F-FLT PET as
a powerful predictor of overall survival in patients with
malignant gliomas treated with bevacizumab and irinotecan. Figure 24 from this study indicates that a dramatic
decrease in 18F-FLT uptake could be seen on PET in only 1
week, whereas MR imaging showed little change until 3
months after treatment. This is another example where additional investigation might yield valuable data on economic benefits. Figure 25 shows median survival times for
18F-FLT responders and nonresponders in the study. This is

FIGURE 23. Presentations in radionuclide therapy at the SNM
Annual Meeting, 1997–2007.

an example of data on what I previously termed T5, the
time from initiation of therapy until death.
Schiepers et al. from UCLA reported on 18F-FLT kinetics in brain tumors during treatment. The data displayed
in Figure 26 indicate a linear relationship between SUV
and influx K in these studies.
Hybrid and Fused Imaging
Half a century ago ‘‘fused imaging’’ was achieved by
superimposing rectilinear scan images on radiographs.
Figure 27 is an example of this technique in a patient with
a sublingual mass that accumulated iodine. However, the

FIGURE 24. 18F-FLT PET is a powerful predictor of overall
survival in patients with malignant gliomas treated with
bevacizumab and irinotecan. MR imaging 3 months after
treatment showed change only at 3 months (left), whereas
a dramatic decrease in tracer uptake could be seen on PET as
little as 1 week after treatment (right).
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FIGURE 27. Two views of a 1961 rectilinear scan performed
with 131I and superimposed over a radiograph to reveal a sublingual thyroid. ‘‘Fused’’ imaging avoided surgery.

FIGURE 25. Median survival times for those defined by early
18F-FLT PET as responders (solid line) and nonresponders
(dotted line) in the study described in Figure 24. Median survival
time for nonresponders was 3.4 months and for responders
was 10.8 months.

fused imaging indicated that there was no thyroid tissue in
the neck, and surgery was avoided. The principles are the
same today, but the technology continues to advance rapidly. Table 2 indicates the numbers of papers on various
types of fusion imaging at this and the last 6 SNM meetings. The 2007 meeting featured 449 presentations on
fusion: 318 on PET/CT (hybrid, 301; coregistered, 17), 43
on PET/MR imaging (hybrid, 8; coregistered, 35), 80 on
SPECT/CT (hybrid, 74; coregistered 6), and 8 on SPECT/
MR imaging (hybrid, 3; coregistered, 6).
Instrument development in nuclear medicine also continues at a rapid pace, with new cameras available every

year. Sharir et al. from Procardia (Tel Aviv, Israel), CedarsSinai Medical Center (Los Angeles, CA), University College
of London Hospital (UK), and Spectrum Dynamics (Haifa,
Israel) reported on the D-SPECT system for high-speed
myocardial perfusion imaging. In Figure 28 you can see
the higher resolution results and faster acquisition times
achieved with this system compared with those from a
dual-detector Anger camera. Slomka et al. from CedarsSinai Medical Center and the Cardiovascular Medical Group
of Southern California (Los Angeles) reported on software
fusion of 64-slice CT angiography (CTA) and myocardial
perfusion SPECT. They determined that the fused images
modified the definition of the perfused vascular territory in
6 of 20 cases. Integrated SPECT/CTA analysis detected 2
left anterior descending lesions and 2 right coronary arterial
lesions that CTA alone did not. Figure 29 shows the 2
diagonal branches, indicating where the blockage was and
associated with the perfusion defect on the left, which was
not visible by looking at the calcified lesions on CTA. It
will be interesting to follow the growth and development of
these very expensive 64-slice CTA instruments in nuclear
cardiology.
Molecular Medicine and Disease Processes
Another important concept emphasized in presentations
at this meeting is that molecular medicine focuses not only
on organs but also on disease processes. Involvement of the
autonomic nervous system in coronary artery disease is an
example. Fricke et al. from the Institute of Radiology,
Nuclear Medicine, and Molecular Imaging and the Heart
TABLE 2
Image Fusion Presentations at Recent SNM Annual
Meetings

FIGURE 26. 11F-FLT kinetics in malignant brain tumors show
a linear relation between influx rate K (x axis) and SUVs. The
authors of this study concluded that 11F-FLT uptake appears
appropriate for measuring therapy response.
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Modality

2001

2003

2005

2007

PET/CT
PET/MR
SPECT/CT
SPECT/MR

33
25
8
8

96
21
19
11

242
28
41
16

318
43
80
8
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FIGURE 28. Stress and rest images acquired with a dualdetector Anger camera (top) and a new system for high-speed
myocardial perfusion imaging (bottom) in a 66-year-old male
with left circumflex artery ischemia. Stress and rest images with
the Anger camera were acquired over 19 and 11 minutes, respectively; these figures were 4 and 2 minutes for the highspeed system.

and Diabetes Center North Rhine-Westphalia (Bad Oeynhausen,
Germany) looked at myocardial sympathetic innervation in
diabetic patients with asymptomatic coronary artery disease. They saw, for example, that preserved sympathetic
nerve activity could often be found in regions where the
perfusion was decreased (Fig. 30, where the black arrow
indicates decreased flow). It is possible that this is a
harbinger of fatal ventricular fibrillation. Sasano et al. from
Johns Hopkins University reported on the relationship between sympathetic dysinnervation and invasive electrophysiology in postinfarct ventricular tachycardia in animals.
Voltage mapping colocalized the sites of ventricular tachycardia in pigs (Fig. 31), with findings that may also support
the idea that detection of sympathetic nerve abnormalities
may be prognostic of ventricular fibrillation. These types of
studies could conceivably move nuclear medicine into
another domain, the prevention of disease.
Schindler et al. from UCLA showed the diagnostic
value of global and longitudinal myocardial flow responses
to sympathetic stress (cold pressor test) to identify abnor-

FIGURE 29. Results with integrated software fusion of 64slice CT angiography and SPECT. Stress (left); rest (right).

FIGURE 30. Preserved sympathetic innervation in the stunned
myocardium in diabetic patients. Arrows indicate severely
reduced flow on stress imaging (left) and preserved 11Chydroxyephedrine tracer retention (right). The authors conducted the study to determine whether coronary flow reserve
has a pronounced influence on sympathetic innervation in
diabetic patients.

mal coronary vasomotor activity. The decrease in regional
(longitudinal, that is strips of decreased) myocardial blood
flow during a cold pressor test had a higher sensitivity than
change in global myocardial blood flow in identifying coronary vasomotor dysfunction.
Seventeen presentations at the SNM meeting focused
on the atherosclerotic process. Rudd et al. from the Mount
Sinai School of Medicine and Hospital (New York, NY),
for example, used 18F-FDG PET to show that atherosclerotic
plaque inflammation in 1 arterial territory is highly correlated with inflammation elsewhere. In Figure 32, the green
arrows in the upper row indicate calcifications of the ascending aorta, and the lower image shows uptake in the
right carotid artery. Again, atherosclerosis is a generalized
disease that is not restricted to specific organs and is a very
important domain for nuclear medicine research. Hosokawa
et al. from Kitano Hospital (Osaka, Japan) and Kyoto
University and Hospital (Japan) targeted vulnerable plaques
by using an intravascular radiation detector that can be
moved along the vessel looking for evidence of inflammation in the plaque. Huyghe et al. from Antwerp University (Belgium) introduced a gamma probe device used
in guiding skeletal biopsies. At times the accumulation of
99mTc-MDP could not be seen by imaging but could be
seen by the probe; that is, if the patient had tenderness in
a certain area that showed no lesion on imaging, the probe
showed the lesions (Fig. 33).
The Neurosciences and More
Will neuroscience be the next big leap forward?
Neuroscience was the focus of 269 papers presented at
the 2007 SNM meeting. Figure 34 indicates the growth in
numbers of papers on neurotransmission at this meeting
since 1983. They seem to have plateaued at a high level.
Brain dysfunction was also the focus of a growing number
of presentations this year.
Dr. Robert Butler, the respected leader of the International Longevity Center, now recommends publicly that
18F-FDG PET be used in the care of patients with dementia.
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FIGURE 31. 13N-ammonia PET (left)
and 11C-epinephrine PET (second from
left) perfusion images acquired in a pig at
4 and 11 weeks, respectively, after induction of myocardial infarction in a study
that showed that regional perfusion/
innervation mismatch colocalizes with the
site of ventricular tachycardia inducibility.
Cine MR and invasive electroanatomical
mapping (right) were performed within 1
week of the later PET imaging.

Several papers presented at this meeting addressed such
applications. Rehani et al. from Kettering Medical Center
(OH) and Wright State University (Dayton, OH) reported
on 18F-FDG PET assessment in 96 patients referred for
suspected dementia. PET imaging changed the diagnosis in
27% and agreed with previous diagnoses in 73%. The use
of PET changed management for 27% of the patients, and
anticholinergic drug therapy was initiated in 14 patients on
the basis of imaging results. Again, this is a study that calls
for controls, time criteria, and an analysis of the economic
advantages that accrued to the use of PET in assessing
patients for dementia. Price et al. from the University of
Pittsburgh (PA), the University of Michigan (Ann Arbor),
and Washington University (St. Louis, MO) evaluated the
multiinstitutional reproducibility of 11C-PIB PET studies of
dementia. Figure 35 shows the similarity of results across
institutions in PET imaging of controls and individuals with
mild cognitive impairment.
Heiss et al. from the Max Planck Institute for Neurological Research (Cologne, Germany), the University of

FIGURE 32. Green arrows in 18F-FDG PET images indicate
that atherosclerotic plaque calcifications in the ascending aorta
(top) correspond to uptake in the right carotid artery (bottom).
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Cologne, and the University of Manchester (UK) reported
on the identification of cholinergic brainstem nuclei in PET
images coregistered with MR images. Cholinergic impairment was found in patients with Alzheimer’s disease (AD).
This impairment was more severe in patients who were
sleep deficient. The work promises to shed light on the
recognized association between sleep disturbances in AD
and cholinergic impairment in brainstem nuclei.
Ellis et al. from Monash University and Austin Health
(Victoria, Australia) and Cognitive Drug Research (Goringon-Thames, UK) used 2-[18F]F-A-85380 PET in a study
that found that galantamine improves cognition but does
not affect nicotinic receptors in early AD. Galantamine
treatment in early AD significantly enhanced performance

FIGURE 33. Areas of increased focal 99mTc-methylene diphosphonate uptake on bone scintigraphy (left) often do not
correlate with any anatomical lesions displayed on conventional
radiography but can be detected and biopsied by the use of
a gamma probe (right).
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on clinical measures of cognitive function and on language
and verbal learning tasks. However, 2-[18F]F-A-85380 PET
imaging identified no significant effect of galantamine on
a4b2 naChRs. Changes in naChRs alone, then, are not
responsible for cognitive improvements following galantamine treatment. This is an example of a ‘‘negative’’ result
that provides important knowledge.
Odano et al. from the Karolinska Institute (Stockholm,
Sweden) compared 18F-flumazenil with 11C-flumazenil for
central benzodiazepine receptor imaging. Although the
mean values of the binding potentials were almost identical,
variance with the 18F-labeled flumazenil was less than that

FIGURE 35. 11C-PIB imaging in healthy individuals (top row)
and individuals with mild cognitive impairment (bottom row).
Images were acquired at Washington University (left), the
University of Pittsburgh (middle), and the University of Michigan
(right). Consistent measures of tracer retention and test–retest
variability over the 3 sites are promising for multisite therapy
studies in which different scanner systems are used.

FIGURE 36. Comparison of 18F-flumazenil (left) and 11Cflumazenil imaging (right) in central benzodiazepine assessment. Summation images (0–93 minutes; top) and interim
images (39–45 minutes, bottom) indicate that 18F is the superior
tracer and could provide useful information in clinical studies.
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FIGURE 34. Presentations on neurotransmission topics at the
SNM Annual Meeting, 1983–2007.

with 11C. This provides important information for clinical
trials, indicating that differences in response to therapy are
more significant if the variance is less. Figure 36 shows that
although the images are quite similar, 18F would be the
superior label for monitoring response to therapy.
Lin et al. from the Chang Gung University and Memorial Hospital (Kwei-Shan, Taiwan) reported on rodent
serotonin transport imaging using multipinhole SPECT
and correlated their results with those from quantitative
autoradiography. Their studies with dynamic 123I-ADAM
SPECT correlated images with time changes.
Huang et al. from the Tri-Service General Hospital and
National Defense Medical Center (Taipei, Taiwan) reported
on 4-18F-ADAM PET imaging of serotonin transporters in
healthy and drug-naı̈ve, depressed individuals. In the
United States, it is often difficult to recruit patients who
have never received pharmaceutical treatment, but this
study was possible in Taiwan. They found that the brain
distribution of this tracer in humans appears to be correlated with the known distribution of serotonin transporters. The 18F-ADAM imaging quality is better than that of
123I-ADAM. Figure 37 shows decreased distribution volume ratios and binding parameters in depressed subjects.
We have seen many studies over the past few years on
dopamine and serotonin transporters, and norepinephrine
transporter studies are now growing in numbers. Takano
et al. from the Karolinska Institute and Eli Lilly and Co.
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FIGURE 37. CT (top rows of both image sets) and 18F-ADAM
PET (bottom rows) in coronal (left), sagittal (middle), and transaxial (right) views in healthy individuals (top) and depressed
individuals (bottom) suggest that this tracer may be a useful tool
in assessing the status of human brain serotonin transporters.

(Indianapolis, IN) reported on imaging norepinephrine
transporters with regional pharmacokinetic analysis. They
showed activity curves illustrating differences in thalamus
and caudate, with accompanying images (Fig. 38).
We now know quite clearly that communication involves all cells, not only those in the central nervous system. At this meeting 110 studies focused on receptors in
oncology. Receptor topics included somatostatin (40), integrins (21) bombesin (11), EGFR (8), estrogen (7), folate (4),
sigma (3), and others (16).
Mäcke et al. from the University of Basel (Switzerland),
the University of Berne (Switzerland), and the Salk Institute (La Jolla, CA) reported on research designed to answer
the questions: Are radiolabeled somatostatin receptor antagonists superior to agonists for in vivo tumor targeting?
They found that internalization of the tracer is essential for
efficient and persistent targeting of G-protein–coupled
receptors with radioligands. They also found that antagonists target more binding sites.
Molecular Imaging, Genetics, and Pharmacology
Molecular imaging, genetics, and pharmacology are all
key elements in understanding the relationship between
brain chemistry and behavior. Dopamine, serotonin, and
norepinephrine are involved in emotions, including aggres-

32N

THE JOURNAL

OF

sive behavior. The emotional ‘‘fight or flight’’ response was
first described by Walter Cannon and extended by Hans
Selye decades ago. At that time, they focused on adrenal
epinephrine and steroids in stress reactions. An excellent
study showing the gene–brain–behavior relationship was
reported on at the meeting by Alia-Klein et al. from the
Brookhaven National Laboratory (Upton, NY), King’s College (London), and the National Institute on Drug Abuse
(NIDA; Bethesda, MD). Their studies with 11C-clorgyline
showed an inverse quantitative association between aggression and brain monoamine oxidase A (MAO A) activity; as
subjects became more aggressive, MAO A activity decreased. Significantly, no relationship was found between
genotype and MAO A activity. These types of studies are
becoming increasingly relevant to psychiatrists and psychologists who have long used other types of quantitative
techniques, such as multidimensional personality questionnaires. I selected a composite of representative images from
the Brookhaven study as the Image of the Year (including
the brain image shown in Figure 39), illustrative of the
types of studies that may in the future further illuminate
relationships between genotypes and phenotypes. [Editor’s
note: the complete Image of the Year was featured in the
July issue of Newsline (J Nucl Med. 2005;48(7):15N).]
Do such studies as that from Brookhaven suggest that
norepinephrine and testosterone are the culprits in aggression? Dopamine and serotonin generally are thought to be
more ‘‘calming,’’ whereas norepinephrine is involved in the
fight-or-flight response. Lakshmi et al. from the University
of Pennsylvania and Columbia University (New York, NY)
presented work with (R)-N-methy-3-(3-123I-pyridin-2yloxy)3-phenylpropylamine as an improved SPECT ligand for
norepinephrine transporters.
Addictive smoking is associated with a decrease in
striatal dopamine D2 receptor availability. Landvogt et al.
from the University of Mainz reported that addictive
smoking is associated with a decrease in dopamine D2
receptor availability. This suggests that large amounts of
dopamine are on the receptors to compete with the tracer
(which is also the case with other substances of abuse).
Figure 40 includes bilateral putamen ratio images comparing results first in smokers who are smoking and nonsmokers and then comparing smokers after stopping
smoking with nonsmokers.
Esterlis et al. from the Yale University School of Medicine (New Haven, CT) and the VA Connecticut Healthcare
System used 123I-iomazenil SPECT to look at GABAA benzodiazepine receptors in smokers and nonsmokers. They
found that these receptors decreased in anxiety disorders,
posttraumatic stress disorder, and depression. They concluded that smoking may help to reduce anxiety and depressive symptoms by stimulating GABA function. Smoking,
then, affects those psychological factors that can now be
assessed with radiotracer techniques.
Wang et al. from the Brookhaven National Laboratory,
NIDA, the National Institute on Alcohol Abuse and Alcoholism
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FIGURE 38. Activity curves from initial
human studies with (S,S)-18F-FMeNERD2 PET show differentiation of uptake in
thalamus and caudate. Preliminary imaging suggests that this tracer has suitable characteristics for PET studies of
the norepinephrine reuptake system.

(Rockville, MD), and St. Luke’s Hospital (New York, NY)
used 18F-FDG PET imaging to demonstrate sex differences
in brain metabolic response to cognitive inhibition during
food stimulation (Fig. 41). When hungry men and women
were presented with food (that they could see and smell),
strikingly greater levels of neuronal activity throughout the

brain were seen in women than in men. In cognitive
inhibition studies (when hungry patients were shown food
but told not to think about it), men showed slight decreases
in neuronal activity but women showed none at all.
Another example of studies of imaging related to
brain actions was research by Badgaiyan et al. from the
Massachusetts General Hospital (Boston, MA) and Harvard
Medical School on detection of task-induced extrastriatal
dopamine secretion using the tracer 18F-fallypride. They
studied dopamine secretion in association with human
emotional memory processing. They presented neutral

FIGURE 39. In a part of the image series selected as 2007
SNM Image of the Year, 11C-clorgyline PET imaging (an example of which is shown here) indicated an inverse quantitative
association between male aggression and brain monoamine
oxidase A activity.

FIGURE 40. 18F-fallypride PET ratio images of the bilateral
putamen. Top row: Ratio images compared heavy smokers
under ‘‘consume’’ conditions with nonsmokers. Bottom row:
Heavy smokers after overnight withdrawal compared with nonsmokers.
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FIGURE 41. 18F-FDG PET imaging in men (top row) and women
(bottom row) demonstrated sex differences in brain metabolic
response to food stimulation (left) and cognitive inhibition (right).
In each pair of images, the left represents stimulus imaging and
the right represents baseline for that challenge.

words, such as ‘‘park,’’ ‘‘pencil,’’ or ‘‘nuclear medicine’’ and
emotional words, such as ‘‘fire,’’ ‘‘gun,’’ or ‘‘radiology.’’ Subjects indicated their like or dislike for each word. The lines
in the middle of the graphs in Figure 42 show the point at
which the emotional word was spoken to the subject. Immediately after hearing ‘‘emotional’’ words, ligand activity
decreased in the amygdala, hippocampus, and prefrontal
cortex, interpreted as endogenous dopamine secretion. Time
curves that can be derived for these decreases can be
obtained for every voxel in the imaging system.
We must remind ourselves frequently that molecular
imaging in patients with thyroid disease began more than
half a century ago with the molecule sodium iodide and that
techniques in the detection and treatment of thyroid disorders remain important in our field. Eichhorn et al. from

FIGURE 42. 18F-fallypride PET changes (top) in extrastriatal
dopamine secretion in the amygdala, medial temporal, and
ventral prefrontal cortex were associated with neural processing of neutral and emotion-stimulating words. Time–activity
curves (below) indicate that immediately after hearing emotionstimulating words, dopamine secretion declined in all 3 areas,
most precipitously in the prefrontal cortex.
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FIGURE 43. 18F-fluoroethyldiprenorphine PET imaging found
positive correlations between opioid receptor availability and
test metrics of reward dependence (left) and self-directedness
in healthy individuals (right).

the Johannes Gutenberg University (Mainz, Germany) reported on the use of 18F-FDG PET to measure the neuronal
correlates of overt hypothyroidism. They found that hypothyroid patients showed significantly decreased metabolism in the bilateral thalamus and posterior insula. After a
return to euthyroidism, FDG accumulation increased in the
primary visual cortex and in the sensory association cortex.

FIGURE 44. In vivo PET mapping of the human cerebral
cannabinoid-type 1 receptor (here coregistered with 3D MR
images) showed gender-dependent increases in temporal,
limbic, and motor areas with age.
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FIGURE 45. In vivo PET mapping of cannabinoid-type 1
receptor availability in healthy human volunteers correlated with
psychological test metrics of novelty seeking. Images acquired
in ‘‘low novelty-seeking’’ individuals (top) and ‘‘high noveltyseeking’’ individuals (bottom) suggest a potential role for the
cannabinoid receptor system in behavior.

Klega et al., also from the Johannes Gutenberg University, reported on central opioid system correlates with
personality traits in healthy subjects. They found positive
correlations between opioid receptor availability and
reward dependence and between opioid receptor availability and self-directedness (Fig. 43). Van Laere et al. from
University Hospital (Leuven, Belgium) reported on in vivo
PET mapping of the human cerebral cannabinoid-type 1
receptor and showed gender-dependent increases with
aging. Figure 44 shows increased cannabinoid receptors
in temporal, limbic, and motor areas with age, an increase
that was more pronounced in women. In a separate study,
the same group reported that cannabinoid-type 1 receptor

Data Processing, Display, and Automation
Continuing advances are being made in data processing
and display. Lu et al. from Insightful Corporation (Seattle,
WA), the Allen Institute for Brain Science (Seattle), and the
University of Washington described FusionViewer, an open
source medical image display, for which additional information is available at http://fusionviewer.sourceforge.
net. The display has multiplatform support, uses the Insight
Toolkit, is customized for PET/CT but is extensible, and
was funded originally by the National Cancer Institute.
Another advance was a Java-based integrated environment for image quantitation presented by Truong et al.
from the UCLA School of Medicine. Shiraishi et al. from
the University of Chicago (IL) presented an automated
method for temporal subtraction images (that is, comparing
1 image with another in skeletal imaging) to assist radiologists in assessing interval changes in successive wholebody bone scans. Their clinical trial with this method
began in 2006, and Figure 46 shows an example of the
results.
Li et al., also from the University of Chicago, described
an automated computerized scheme for tumor detection in
PET images. What was the impetus for the development of
this system? In some parts of Japan, as noted earlier, 18FFDG PET is beginning to be used to screen healthy persons.
Interpretation of large numbers of studies by subjective
screen viewing is time consuming. As PET screening is
used more, demands for imaging physicians to read and
report on every screening study are likely to become
overwhelming. Automated detection schemes are clearly 1

FIGURE 46. An automated method for
producing temporal subtraction with
a nonlinear image-warping technique is
designed to assist radiologists in assessing interval changes in successive
whole-body bone scans. Anterior (left
set) and posterior (right set) images
contain prior (left), later (middle), and
automatically subtracted images (right).
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availability is inversely correlated to novelty seeking in
healthy human volunteers (Fig. 45; novelty seekers also showed
a higher incidence of substance abuse and eating disorders).
These results may be related to known cannabinoid-type 1
receptor inhibitory presynaptic modulation.

N E W S L I N E

answer to this challenge. One example of the ways in which
we will be challenged to find more efficient ways to
evaluate large-scale screening efforts can be found in the
presentation by Nishizawa et al. from the Hamamatsu
Medical Photonics Foundation (Shizuoka, Japan). Their
cancer screening trial to evaluate the efficacy of 18F-FDG
PET in healthy volunteers included 1,197 individuals, in
whom 27 cancers were detected (12 by PET and 7 by other
means; 8 were not detected by screening). We have to ask:
what was the cost of all this screening and what was the
value of detecting cancer in these 12 people? Clearly one
way to make such studies more cost efficient is to generate
validated detection methods that aid the imaging specialist
in rapidly reviewing findings.

New Techniques and Instrumentation
New techniques were numerous at the meeting: 29 presentations involved corrections for patient motion in fused
imaging, 12 were concerned with intraoperative probes, and
10 involved other probes for use beyond the operating room.
Scanners continue to be improved. Townsend et al.
from the University of Tennessee (Knoxville, TN) and the
University of Surrey (Guildford, UK) reported on a new
PET/CT scanner with an extended axial field of view (FOV).
The detector volume is increased by 30%, which increases
the sensitivity by 78%. Increased sensitivity means shorter
imaging times, and larger axial FOV means fewer bed
positions. These advances are being made in parallel with
reconstruction techniques. Figure 47 shows a high-quality
whole-body scan acquired in 15 minutes on the Biograph
TruePoint TrueV unit described by Townsend et al.
Tsui et al. from Johns Hopkins University and Philips
Medical Systems (Milpitas, CA) reported on improved
myocardial perfusion SPECT using a rotating multisegment
slant-hole collimator system that does not continuously go
around the subject but instead images in segments (Fig. 48).
We also saw presentations at the meeting on devices
developed for specific organ imaging or specific procedures.
One example is that presented by Raylman et al. from West
Virginia University (Morgantown), Thomas Jefferson National
Accelerator Facility (Newport News, VA), the University of
Washington, and the University of Maryland School of
Medicine (Baltimore, MD), which described initial testing
of a positron emission mammography (PEM)/PET breast
imaging and biopsy device. PET is used for detection and
PEM for verification. The unit consists of 2 sets of rotating
planar detectors, with 2 · 2 · 15-mm LYSO detector elements and a 15 · 20 FOV. The biopsy system is computer
controlled.
Yamamoto and Hatazawa described a small-FOV
LaBr3(Ce) gamma camera for low-energy single-photon
imaging. The device uses a pinhole collimator and provides
high spatial resolution, as seen in the 99mTc-labeled bone
image of a rat (Fig. 49).
Heckathorne et al. from UCLA and IntraMedical Imaging, LLC (Los Angeles, CA) described a surgical positron

FIGURE 47. High-quality whole-body scans acquired in only
15 minutes on a new PET/CT scanner with an extended axial
field of view.

FIGURE 48. Standard myocardial perfusion SPECT with
pinhole collimator (left), compared with improved SPECT imaging
using a rotating multisegment slant-hole collimator system (right).
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imager using novel photodetectors, again an example of an
improved special-purpose instrument. Kerrou et al. from the
Hôpital Tenon (Paris, France) and the Laboratoire IMNC–
CNRS (Paris) described an intraoperative imaging probe
for sentinel lymph node biopsy in breast cancer. The device
has an FOV of 40 mm and can be used with 99mTc, 111In, or
125I tracers, with a spatial resolution of 2 mm. The probe
can be used both preoperatively and in the operating room.
Wendler et al. from Technische Universität München
(Germany) reported on validation of navigated b-probe
imaging with PET/CT-generated activity surfaces. This
constitutes a new approach to radioguided resection for 18FFDG–positive tumors (Fig. 50). This is representative of
a movement that is seeing more nuclear medicine techniques transition into the operating room in image-guided
interventions.

PET and Patient Management
Ansquer et al. from University Hospital (Nantes, France),
University Hospital (Nancy, France), and University Hospital
(Marseille, France) examined PET/CT as a new tool to
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FIGURE 49. Planar image of a 99mTc hot phantom acquired
with small-FOV LaBr3(Ce) gamma camera low-energy singlephoton imaging (top). The device uses a pinhole collimator and
provides high spatial resolution, as seen in the 99mTc-HDMP
bone image of a rat (bottom).

avoid unnecessary surgery of benign adrenal tumors. They
found PET imaging to be positive in 65% of lesions that
were candidates for surgery and negative in 86% of lesions
not considered candidates for surgery. This, again, is a study
that could provide valuable data for economic analysis.
Rousseau et al. from the Cancer Center (Nantes-Saint
Herblain, France) and University Hospital (Nantes) reported on the clinical impact of 18F-FDG PET in recurrent
ovarian carcinoma in patients with elevated serum levels of
tumor marker. They found that the use of PET with CT
modified treatment plans in 69% of patients in the study.
PET/CT modified treatment plans in 95% of patients in
whom previous CT imaging was negative or equivocal.
18F-FDG PET plays a very important role in identifying
cancer in thyroid nodules. Agrawal et al. from the Radiation Medicine Center (BARC; Mumbai, India) reported on
the efficacy of 18F-FDG PET in identifying cancer in
patients in whom fine-needle aspiration biopsy of the
suspected lesion had been indeterminate. Sayed et al. from
St. Louis University (MO) reported on a study of the added
value of PET/CT in patients with cancer of unknown
primary (CUP) origin. 18F-FDG PET detected primary
tumors in 21 (56.7%) of the 37 studied patients with CUP
and provided detection rates higher than those reported for
any other imaging modality. PET/CT should be considered
as standard for imaging in all CUP cases. And, again, I hope
that next year at the SNM meeting we will see a number of
solid economic analyses based on these excellent studies.
Time is short, and I have a number of other presentations I would like to mention briefly. Abouzied et al. from
the State University of New York at Buffalo and the King
Faisal Specialist and Research Center (Riyadh, Saudi Arabia)
reported on the role of 18F-FDG PET/CT in the follow-up
of pediatric patients with sarcoma after neoadjuvant chemotherapy. They found that PET was effective in ruling out
the recurrence of local disease, with negative and positive
predictive values of 95% and 67%, respectively.
Piperkova et al. from the St. Vincent’s Medical Centers
of New York (NY) reported on the discrepancy between CT
and PET in evaluating treatment response and follow-up in
patients with soft tissue sarcomas. In 27 early follow-up
studies at 2–6 months after treatment, discordance between
PET and CT was observed in 4 studies (15%). In 34 studies
evaluated in long-term follow-up (.6 months), this discordance was seen in 4 studies (12%).
Turcotte et al. from the Centre Hospitalier Universitaire
de Sherbrooke (Canada) compared PET and CT quantitative methods to predict the response of diffuse large B-cell
lymphomas after a single cycle of RCHOP chemotherapy.
They found that the percentage change in tumor SUVmax
can clearly discriminate responders from nonresponders
after the first cycle of chemotherapy. CT volumetric measures could not make such distinctions, even after 4 cycles
of chemotherapy. The ability to discriminate responders from
nonresponders opens the door to potential lowered costs of
treatment.
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FIGURE 50. Schematics (left) and surface model results (right) of a navigated
b-probe that generates PET/CT activity
surfaces, providing a new approach to
radioguided resection of 18F-FDG–positive
tumors.

Conclusion
The range of new techniques, tracers, and devices seen
at the SNM 2007 Annual Meeting makes it imperative that
we find new approaches to educate the world about the ways
in which the knowledge provided by molecular imaging is
economically as well as clinically valuable. We must show
that molecular imaging can pay for itself by saving more
than it costs to care for specific patients. I stress the individual patient, here, because nuclear medicine will not decrease
costs to the entire system. As the system gets better and more
people want the health advantages that can be provided, then
the government must find a way to meet the demand.

We also must decrease the costs of certain studies by using
less expensive systems, such as dedicated imaging devices or
probes that match the spatial resolution of the detection system
to the spatial resolution needs of the procedure. Every patient
with a heart problem does not need CTA.
Finally, we must increase our efforts worldwide to
educate patients, referring doctors, the public, and political
leaders about the value of molecular imaging.
Henry N. Wagner, Jr., MD
The Johns Hopkins Medical Institutes
Baltimore, Maryland

Erratum
In the article ‘‘SNMTS Honors Member Contributions, Achievements’’ (J Nucl. Med. 2007;48[7]:22N), the photo
caption incorrectly identified the person accepting the Outstanding Technologist Award. Aileen Carey accepted the
award on Antonella Guardiola’s behalf.
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