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Molecular Imaging/Therapy:
It’s Only Useful If It’s Useful––and
Available

A
dvances in imaging technology have made it possible
to view molecular pathways within living individuals
as never before. However, molecular imaging and

therapy have existed for more than a half-century and are
based on long-established concepts and methods (see sug-
gested references for support for statements made in this
commentary). As molecular techniques come to the forefront
in medicine, it has become clear that, just as a diversity of
scientists is required to advance basic knowledge in the field,
we will need physicians from multiple disciplines, cross-
disciplinary training, and a commitment to cooperative ex-
ploration if the potential of molecular imaging therapy is to
be fulfilled.

In the middle of the last century, scientists capitalized on
tracer methodologies using radionuclides to investigate
disease. These scientists had a variety of academic back-
grounds, and those with medical degrees were from a range of
disciplines, including pathology, surgery, internal medicine,
pediatrics, and radiology (which included radiotherapy).
They shared a common passion to understand health and
disease, an understanding of the new field of radionuclide
technology, and the access and ability to work with tracer
technologies. Recognizing that medical technology should
influence patient care, they developed therapeutic and
diagnostic methods, some of which continue to be useful
today (although often improved by better technology).

To share information, small gatherings were organized.
These meetings led to formalization of the Society of Nuclear
Medicine (SNM), with its first meeting in 1953 and first
journal in 1961. SNM and The Journal of Nuclear Medicine
became international vehicles for communication of scien-
tific developments in the field. Twenty years later, a remark-
able group of individuals identified the need to formalize
a medical discipline around clinical and research procedures
based on the use of radionuclides for molecular applications.
The proposal was met with enthusiasm by organized
medicine. Formal support for a new specialty board in
nuclear medicine initially came from the American Boards of
Internal Medicine (ABIM), Radiology (ABR), and Pathol-
ogy (ABP) and from SNM. Belated opposition from the
American College of Radiology (ACR) and ABR led the
American Board of Medical Specialties to approve a com-
promise: a conjoint board, the American Board of Nuclear
Medicine (ABNM), cosponsored by ABIM, ABR, ABP, and

SNM. Each of these cosponsoring organizations would
appoint 3 individuals to the ABNM board of directors. The
initial board, appointed in 1971, included Joseph Kriss, MD,
Richard Peterson, MD, and Joseph Ross, MD, from ABIM;
Frederick J. Bonte, MD, E. Richard King, MD, and David E.
Kuhl, MD, from ABR; Tyra Hutchins, MD, Ralph Kniseley,
MD, and W. Newlon Tauxe, MD, from ABP; and Merrill
Bender, MD, Paul Harper, MD, and Henry N. Wagner, Jr.,
MD, from SNM. Nuclear medicine stands on the shoulders of
these giants. Scientific pioneers in their own right, they
established a board certifying individuals in all aspects of the
medical use of radionuclides, including therapy and imaging.

Leaders have visions that extend beyond their own self-
interests. The early giants in nuclear medicine envisioned
a 3-legged stool contributing to better care for patients. All
legs of the stool were deemed important to the integrity of
nuclear medicine and included molecular-targeted radio-
nuclide therapy, molecular-targeted radionuclide therapy,
molecular imaging, and molecular diagnostics. The seat
supported by and uniting these legs was made up of research
and development. All were believed to be important and
integral to the well being of patients and medicine. With this
strong foundation and a growing body of scientific knowl-
edge and professional accomplishment, ABNM became an
independent board in 1985.

Shifting Paradigm, Stable Foundation

Today an important paradigm shift to individualized or
personalized medicine is occurring. Molecular imaging and
therapy are in the forefront of this trend, especially for
cancer. For the most part, current cancer therapies are
population based; that is, targeted at an ‘‘average patient.’’
The goal now is to individualize treatments to improve
response and safety. Drugs that work in one individual may
be ineffective or cause adverse events in others. Imaging
may distinguish responders from nonresponders and promote
early changes in management for those who do not respond.
The National Cancer Institute’s new guidelines for a complete
response in lymphoma, now defined by an absence of uptake
on imaging in a previously 18F-FDG–avid malignancy, pro-
vide an example of the many potential roles of molecular
imaging in cancer.

Webster’s dictionary defines medicine as ‘‘the science
and art of diagnosing, treating, curing, and preventing
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disease. . .and improving and preserving health.’’ Dorland’s
dictionary similarly defines medicine as ‘‘the art or science
of healing diseases; especially the healing of diseases by
the administration of internal remedies.’’ Note the emphasis
on healing and treating. Molecular imaging and nuclear
medicine are almost self-explanatory; the previous focuses
on molecules and the latter on atomic nuclei. Groups within
our profession have defined nuclear medicine as ‘‘the
medical specialty that uses the tracer principle, most often
with radiopharmaceuticals, to evaluate conditions of the
body for the purposes of diagnosis, therapy and research’’ and
molecular imaging as ‘‘the visualization, characterization,
and measurement of biological processes at the molecular
and cellular levels in humans and other living systems.’’

Nuclear medicine is, however, increasingly character-
ized as merely 1 among many promising molecular imag-
ing approaches. This is despite its position as the stable
foundation upon which molecular imaging and therapy rest.
Although broader in applications for research and de-
velopment, molecular imaging is and has been essentially
radionuclide-based at the clinical level. This is the origin and
prototype of technology that has prevailed for more than
a half-century. Although imaging combinations may yield
additional information, translation for some imaging meth-
ods to clinical applications will be difficult. MR imaging
provides intrinsic molecular information that can define
metabolic pathways and the effect of therapy on these
pathways, but it has not progressed in the clinic very far
beyond characterization of vessels and vascular spaces.
Optical imaging provides a powerful means for research
visualization, because it is relatively inexpensive and readily
available. But despite substantial enthusiasm from research-
ers and funding agencies, inherent limitations have prevented
either of these imaging methods from translating broadly
to the clinic. Both violate the principles of methodology
required to accurately trace extrinsically introduced mole-
cules. Tracer methodology requires that: (1) the molecule
is not altered by the tracer and (2) the molecular process is
not altered by the tracing molecule. Radionuclides are ex-
ceptionally well suited for these purposes. Nuclear imaging
is highly sensitive, quantitative, and readily translated to
human subjects. Radioisotope emissions are not as attenuated
as fluorescent signals and, therefore, are less depth dependent.
Simply stated, tracer methodologies using radionuclides and
radionuclide signal detection are likely to continue to dom-
inate molecular imaging at the clinical level because of their
inherent advantages.

Successes and Questions

No other discipline of medicine has proven as continu-
ously exciting over the years as nuclear medicine. As Henry
N. Wagner, Jr., MD, has stated, ‘‘this is the best-kept secret in
medicine.’’ There is long history of an intimate relationship
between diagnosis and therapy facilitated by nuclear medi-
cine techniques. Today, the promise of molecular imaging to
play an important role in accounting for individual variations

of disease and for personalizing the diagnostic strategy is
unlikely to be fulfilled in the absence of therapeutic relation-
ships. Although molecular therapy encompasses a much
broader range of approaches, molecular-targeted radionu-
clide therapy provides the most intimate and interdependent
relationship of molecular imaging with molecular therapy.
The availability and direction of molecular imaging in the
future seems likely to depend on current research and suc-
cesses in molecular therapy.

We have seen some stunning successes. More-effective,
less-toxic drugs for lymphoma based on molecular-targeted
radionuclide imaging have been approved, with numerous
reports of high response rates and favorable long-term
outcomes––including reports of cures in otherwise untreat-
able disease. These drugs compare favorably by almost any
standard with competing pharmaceutical regimens, and
many believe that these new approaches should be admin-
istered earlier in the course of disease progression.

Yet these new molecular-targeted radionuclide-based
regimens are markedly underused, even in markets where
patients are actively asking for access. Whereas rituximab
(Rituxan), a drug for immunotherapy of lymphoma, has been
a market success, related drugs 90Y-ibritumomab (Zevalin)
and 131I-tositumomab (Bexxar) are so underused that the
New York Times and other major U.S. newspapers have
published articles about the need to expand access. The
situation is so counterintuitive to the notion of providing
optimal diagnosis and treatment to patients who need it most
that we must ask ourselves and our colleagues in other
disciplines difficult questions: Why is this so? Is it because
there is no longer an advocacy group for molecular-targeted
radionuclide therapy? Should we be actively taking the facts
to patients and their advocacy groups?

More important and significant for long-range planning
is the question of whether nuclear medicine has failed to
provide and require adequate therapy training. Have radi-
ation and medical oncology likewise failed to show an
interest in molecular-targeted radionuclide-based therapies,
so that individuals from these disciplines lack both basic
knowledge and defined access? If nuclear medicine focuses
solely on molecular imaging, then a vacuum exists and is
likely to grow. There is a need for leadership, novel strategies,
and partnering with other groups. Oncologists have been
accused of ‘‘withholding’’ these treatments for economic and
territorial reasons. This is as unacceptable as our failure to
ensure that these therapies are readily available to needy
patients. Responsible for patient welfare, we can no longer
shy away from speaking out.

Going Forward

Nuclear medicine once attracted the best. The future
of nuclear medicine and molecular imaging and therapy
depends on the long-term availability of talented and
passionate scientists and physicians––not on advances in
technology. ‘‘It is not necessary to change. Survival is not
mandatory,’’ wryly noted the efficiency and productivity
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expert W. Edwards Deming. If we are to survive, we must
have foresight and wisdom. Transformations in patient care
can be facilitated by molecular medicine, but only if
physicians are trained to provide that care. Organizations
already exist with the influence and infrastructure to move
forward with training this workforce. In the United States, the
SNM’s mission is ‘‘to improve health care by advancing
molecular imaging and therapy.’’ ABNM aims to ensure that
physicians meet adequate standards for delivering patient
care using nuclear technologies for molecular tracing and
therapy. These 2 groups will be looked to as leaders in
identifying changes that can lead to the creation of the
molecular imaging and therapy workforce of the future.

How will this workforce be different? Given the current
challenge of available therapeutics with verified success but
limited use, we must ask additional hard questions about the
training that nuclear medicine physicians should receive. Do
we currently have sufficient focus on the ethical and social
responsibilities of each physician and scientist involved in
patient care? A therapeutic option is inherent in the definition
of medicine and should be seen as an integral part of our field.
If molecular tracing (imaging) leads, for example, to
a decision that therapy should not be given, then this implies
that a therapeutic option exists. We must think like a patient
and distinguish that which a physician does from that which
a ‘‘technocrat’’ does.

Physician diversity will be required if nuclear medicine is
to participate in the full realization of the potential of
molecular imaging and molecular-targeted radionuclide
therapy. This is a problem that we can and must resolve
now. We must identify where and how education
in molecular-targeted radionuclide therapy is provided in
training programs today, and this effort must not be restricted
by traditional discipline boundaries. With additional train-
ing, many individuals specializing in medical oncology and
radiation oncology––as well as nuclear medicine––have
backgrounds that should enable them to engage in molecular-
targeted radionuclide therapy. Either new organizations will
develop or the existing organizations must embrace this
diversity by showing the same willingness as our field’s
founders to cross boundaries and plan together to adapt to the
ever-changing promise of medical progress.

SUGGESTED REFERENCES

1. Bauer GCH, Scoccianti P. Uptake of Sr85 in non-malignant vertebral lesions in

man. Acta Orthop Scand. 1961;31:90–102.

2. Bender MA, Blau M. The autofluoroscope. In: Progress in Nuclear Radioisotope

Scanning. Oak Ridge, TN: Oak Ridge Institute of Nuclear Studies; 1962.

3. Berenson A. Market forces cited in lymphoma drugs’ disuse. New York Times.

July 14, 2007. Science Times.

4. Blau M, Nagler W, Bender MA. Fluorine-18: a new isotope for bone scanning.

J Nucl Med. 1962;3:332–334.

5. Blumgart HL, Weiss S. Studies on the velocity of blood flow. VII. The pulmonary

circulation time in normal resting individuals. J Clin Invest. 1927;4:399–425.

6. Bonte FJ, Parkey RW, Graham KD, Moore J, Stokely EM. A new method for

radionuclide imaging of myocardial infarcts. Radiology. 1974;110:473–474.

7. Cheson BD, Horning SJ, Coiffier B, et al. Report of an international workshop to

standardize response criteria for non-Hodgkin’s lymphomas. J Clin Oncol. 1999;

17:1244–1253.

8. DeNardo GL. The conundrum of personalized cancer management, drug

development, and economics. Cancer Biother Radiopharm. 2007;22:719–721.

9. DeNardo GL, Sysko VV, DeNardo SJ. Cure of incurable lymphoma. Int J Radiat

Oncol Biol Phys. 2006;66(2 suppl):S46–S56,

10. Emmanouilides C, Witzig TE, Wiseman GA, et al. Safety and efficacy of

yttrium-90 ibritumomab tiuxetan in older patients with non-Hodgkin’s

lymphoma. Cancer Biother Radiopharm. 2007;22:684–691.

11. Ferrucci PF, Vanazzi A, Grana CM, et al. High activity 90Y-ibritumomab

tiuxetan (Zevalin) with peripheral blood progenitor cells support in patients with

refractory/resistant B-cell non-Hodgkin lymphomas. Br J Haematol. 2007;139:

590–599.

12. Goldenberg DM, DeLand F, Kim E, et al. Use of radiolabeled antibodies to

carcinoembryonic antigen for the detection and localization of diverse cancers by

external photoscanning. N Eng J Med. 1978;298:1384–1386.

13. Juweid ME, Cheson BD. Positron emission tomography and assessment of

cancer therapy. N Engl J Med. 2006;354:496–507.

14. Juweid ME, Cheson BD. Role of positron emission tomography in lymphoma.

J Clin Oncol. 2005;23:4577–4580.

15. Juweid ME, Stroobants S, Hoekstra OS, et al. Use of positron emission

tomography for response assessment of lymphoma: consensus of the imaging

subcommittee of International Harmonization Project in Lymphoma. J Clin

Oncol. 2007;25:571–578.

16. Kaminski MS, Tuck M, Estes J, et al. 131I-tositumomab therapy as initial

treatment for follicular lymphoma. N Eng J Med. 2005;352:441–449.

17. Lawrence JH, Scott KG, Tuttle LW. Studies on leukemia with the aid of

radioactive phosphorus. Int Clin. 1939;3:33–58.

18. Lawrence JH, Tuttle LW, Scott KG, et al. Studies on neoplasms with the aid of

radioactive phosphorus. I. The total phosphorus metabolism of normal and

leukemic mice. J Clin Invest. 1940;19:267–271.

19. Low-Beer BVA, Blais RS, Scofield NE. Estimation of dosage for intravenously

administered 32P. Am J Roentgenol Radium Ther Nucl Med. 1952;67:28–41.

20. Mankoff D. A definition of molecular imaging. J Nucl Med. 2007;48(6):18N.

21. McAfee JG, Subramanian G. Radioactive agents for the delineation of body

organs by external imaging devices: A review. ISA Trans. 1966;5:349.

22. Nunn AD. Molecular imaging and personalized medicine: An uncertain future.

Cancer Biother Radiopharm. 2007;22:719–721.

23. Order SE, Klein JL, Ettinger D, Alderson P, Siegelman S, Leichner P. Phase I–II

study of radiolabeled antibody integrated in the treatment of primary hepatic

malignancies. Int J Radiat Oncol Biol Phys. 1980;6:703–710.

24. Prinzmetal M, Corday E, Bergman HC, et al. Radiocardiography: A new method

for studying the blood flow through the chambers of the heart in human beings.

Science. 1948;108:340–341.

25. Seidlin SM, Marinelli LD, Oshry E. Radioactive iodine therapy: effect on

functioning metastases of adenocarcinoma of the thyroid. CA Cancer J Clin.

1990;40:299–317.

26. Shankar LK, Hoffman JM, Bacharach S, et al. Consensus recommendations for

the use of 18F-FDG PET as an indicator of therapeutic response in patients in

National Cancer Institute trials. J Nucl Med. 2006;47:1059–1066.

27. Spar IL, Bale WF, Goodland RL, Izzo MJ. Preparation of purified I131-labeled

antibody which reacts with human fibrin: preliminary tracer studies on tumor

patients. Cancer Res. 1964;24:286–293.

28. Subramanian G, McAfee JG, Blair RJ, Kallfelz FA, Thomas FD. Technetium-

99m-methylene diphosphonate – a superior agent for skeletal imaging:

comparison with other technetium complexes. J Nucl Med. 1975;16:744–755.

29. Taplin GV, Johnson DE, Dore EK, Kaplan HS. Suspensions of radioalbumin

aggregates for photoscanning the liver, spleen, lung and other organs. J Nucl

Med. 1964;5:259–275.

30. Taplin GV, Meredith OM Jr, Kade H. The radioactive (131I-tagged) rose bengal

uptake-excretion test for liver function using external gamma-ray scintillation

counting techniques. J Lab Clin Med. 1955; 45:665–678.

31. Wagner HN Jr, Sabiston DC Jr, McAfee JG, Tow D, Stern HS. Diagnosis of

massive pulmonary embolism in man by radioisotope scanning. N Eng J Med.

1964;271:377–384.

32. Wagner HN Jr., Weiner IM, McAfee JG, Martinez J. 1-Mercuri-2-hydroxypro-

pane (MHP): a new radiopharmaceutical for visualization of the spleen by radio-

isotope scanning. Arch Intern Med. 1964; 113:696–701.

33. Wenzl JE, Tauxe WN, Hunt JC. A single-injection technic for renal photo-

scanning with ortho-iodohippurate-I-131. A preliminary report. Proc Staff Meet

Mayo Clin. 1963;38:313–320.

(Continued on page 44N)

42N THE JOURNAL OF NUCLEAR MEDICINE • Vol. 49 • No. 9 • September 2008

N
E

W
S

L
I

N
E



(Continued from page 43N)
a number of different types of cancer. After the clinical
presentations, Drs. Atcher and McCarthy segued the
discussion to the public policy arena by providing an
overview of current reimbursement challenges and our
regulatory concerns at the U.S. Food and Drug Adminis-
tration. In addition, they discussed the need to increase
patient participation in clinical trials and to remain
steadfast in our collective advocacy efforts to boost federal
funding for biomedical research at both the Department of
Energy and the National Institutes of Health.

Briefing attendees expressed great interest in what was
presented and indicated a desire to convene again in the fall
for further discussion and information sharing, particularly

regarding the expected January release of the revised Centers
for Medicare & Medicaid Services National Oncologic PET
Registry coverage guidance. Other next steps include
exploring ways to work together to increase clinical trials
recruitment by educating physicians and nurses about
molecular imaging studies. SNM also committed to de-
veloping additional materials illustrating the intersection
between molecular imaging and comprehensive, quality
cancer care. SNM looks forward to expanding upon this
initial effort and developing strong working relationships
with our colleagues in the cancer community.

Valerie Cronin, CNMT, FSNMTS
SNM/AMI Patient Advocacy Task Force Chair

(Continued from page 43N)
a comprehensive view. A standard patient survey instrument
has been developed by ABMS for physicians providing direct
care. It is likely that a standard brief national survey will be
developed for the other groups listed for a 360� survey. The
advantage of a standard brief national survey is that the
results for each diplomate can be compared with those in
a national database. Use of a standard survey also holds the
promise of reducing redundancy.

The least-well-understood competency is systems-based
practice. The goal of this competency is to have the diplomate
understand how other parts of the health care system affect

the quality of practice. For example, patient waiting times are
often affected by the availability of transporters to bring
patients to and from the nuclear medicine facility. The
accuracy and timeliness of interpretation are dependent on
the accuracy and timeliness of the transcription as well as the
method of delivery of the report. Understanding systems-
based practice is especially important, because significant
improvements in health care usually require changes to
systems in addition to changes that individuals can make.

Henry D. Royal, MD
Executive Director, ABNM
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