Medical Technology Assessment Determined by Science and Economics

CLINICAL PET: WHAT ARE THE ISSUES?

In this issue, William J. Powers, MD,

Marcus E. Raichle, MD, and Henry
N. Wagner, Jr., MD, explore the pros
and cons of promoting the clinical use
of positron emission computed to-
mography (PET) in the Letters to the
Editor section (see pages 1501-1502).

Since this dialogue began with the
Scientific Highlights of The Society of
Nuclear Medicine's Annual Meeting,

published in the July 1985 Newsline,
we invited other investigators active
in PET research to comment on the
debate.

hat is the clinical poten-
tial of PET in the future
practice of medicine?

This question underscores the dia-
logue between Drs. Powers and
Raichle (/) and Dr. Wagner (2).
While it may seem like a straightfor-
ward and well-defined question, it
raises the more general issue of how
clinical procedures are developed, as-
sessed, and released for use in the
medical community. These complex
issues must be considered in terms of
the criteria used to define the compli-
cated and ever-changing require-
ments of the medical care system,
particularly in its present economic
turmoil.

The establishment of a clinical pro-

“Can the scientific proof

of PET’s ability to provide new information,
reduce risks or costs, and enhance the medical treatment of
patients be determined without its widespread clinical application?
The answer, unequivocally, is no. Only with the opportunity to

test the potential capabilities of PET will the true measure

of its success or failure be known.”

cedure typically involves at least four
phases:

(a) basic research where the funda-
mental principles and precision of a
technique are determined (primarily
funded by public agencies and private
foundations);

(b) clinical research where the
ability to separate normal from ab-
normal tissue is explored (typically
funded by the same sources that sup-
port basic research);

(c) clinical trials where the sensi-
tivity and specificity of a technique
are determined (typically subsidized
by fee-for-service arrangements, the
commercial sector and, to a lesser
degree, the public sector); and

(d) clinical utility determinations
where the impact of the procedure on
mortality, morbidity, and medical
economics is assessed.

With these stages in mind, let us
consider the basis for a clinically use-
ful test. A successful clinical proce-
dure must, first and foremost, be
sound in principle. These principles
are developed and evaluated by ex-
periments directed at defining the
fundamental relationships that under-
lie the procedure. Experiments are
carried out under tightly controlled
conditions and employ many different
methodologies to measure the varia-
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bles of these relationships. Secondly,
the test must be precise; the results
must be reproducible and must be
performed with a high degree of qual-
ity control. Lastly, the test must pro-
vide more accurate or unique infor-
mation about disease, reduce medical
costs, enhance patient care, or reduce
patient risk.

PET criteria

How does PET fare with respect to
these criteria? The scientific basis for
PET is the application of the princi-
ples of computed tomography and
tracer kinetic methods to measure
physiologic, biochemical, pharmaco-
kinetic, and hemodynamic processes
(3-12). The principles underlying
such measurements are well founded
in the basic science laboratory where
radioassays are used throughout the
entire spectrum of biologic sciences.
In contrast to PET, other imaging
techniques, such as conventional
radiology, ultrasound, nuclear medi-
cine planar imaging, x-ray computed
tomography (CT), and nuclear mag-
netic resonance imaging (NMRI),
were implemented clinically before
the biophysical and biologic princi-
ples that result in the image were, or
are still not, well understood.

(continued on page 1354)
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(continued from page 1353)

Empirical relationships are com-
monly used to establish much of the
technique’s value. While such empiri-
cal relationships can be extremely
valuable in the clinical setting, they
frequently add little to the under-
standing of a disease process. For ex-
ample, one may say that cerebral
edema is associated with decreased
x-ray attenuation values in x-ray CT
or altered signal intensities with
NMRI. These changes are not specif-
ic to edema. More importantly, how-
ever, what does this test result tell us
of the biology of the tissue?

PET has indicated that edema in
the brain can have a direct impact on
specific physiologic processes: it can
reduce blood flow and oxidative res-
piration (3-5). Ischemic diseases
typically are detected at later stages
by identification of resultant tissue
damage (usually an irreversible com-
ponent) or vessel occlusion by con-
ventional radiologic imaging tech-
niques. By definition, however,
ischemia is a state in which supply
(blood flow) is insufficient to meet
demand (metabolism)—parameters
directly measured by PET. In other
words, the results from PET are ex-

pressed in biologic terms derived
from the tracer kinetic measurements
with biologically active compounds.
The x-ray CT and NMRI results are
expressed in physical terms since
these techniques result from the
application of basic physical
principles to biologic systems. Bio-
logic changes do underlie alterations
seen by x-ray CT and NMRI. The
ambiguities that result, however,
from the immense array of chemical
constituents contributing to the signal
deny specific association.

Precision and reproducibility

How reproducible and precise are
PET studies? Basic research at over
50 centers throughout the world, in-
cluding extensive studies of normal
subjects over the last 10 years, docu-
ment PET’s ability to provide con-
sistent and reproducible results in a
research environment (3-16). The
wealth of information and the number
of normal and abnormal subjects
studied with PET far exceeds those
for other techniques prior to their
introduction into the clinical arena.

How can the clinical utility of PET
be determined? In order to judge
PET’s capacity to provide new infor-

-

“Basic research at over 50 centers throughout the world document PET’s ability to

provide consistent and reproducible results.”
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mation, reduce patient costs or risks,
or enhance patient care, we need to
examine the criteria used for clinical
utility testing.

Consider the following question.
Can you identify any clinical proce-
dure, no matter how trivial, that has
been scientifically proven to be clini-
cally useful, and to have a positive
impact on mortality, morbidity, and
medical economics prior to its appli-
cation in general patient popula-
tions? We cannot, and the reason is
simple.

A basic paradox is inherent in clin-
ical utility testing. In order to deter-
mine the very important variables
needed to establish the efficacy of a
clinical test, one needs to apply the
test to large patient populations by
undertaking clinical trials and utility
testing. Therefore, the very informa-
tion needed to prove the utility of the
test prior to its application can only
be obtained through its application.

Clinical trials and utility testing re-
quire a der study design than
basic research. The study approach
is less controlled and more con-
strained in the scope of investigational
interventions. The nature of clinical
problems addressed is also less clear-
ly defined than that in basic resgarch
because of our limited knowledge of
the mechanisms of human disease,
the heterogeneity of its manifesta-
tions, and the vagaries of clinical
classifications. Since clinical utility
testing requires large populations, re-
search funding typically cannot—and
presently will not—support such
undertakings. Therefore, it must be
done in the clinical environment.

Research vs. clinical medicine

The objectives and criteria for
judging significance and success are
different for research and clinical
medicine. In the former, one seeks
new knowledge about the underlying
mechanisms and principles of a dis-
ease process; the “‘scientific method”
guides the experimental design and
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methods of assessment. The latter
uses the resultant knowledge and
techniques to detect the presence of
disease in the general population, se-
lect therapies, and predict outcomes
as efficiently and safely as possible.
Empirical techniques, with scientific
methods to analyze significance, are
the hallmark of these approaches.

Although research and clinical
medicine are related (the latter com-
monly being an outgrowth of the
former) they remain distinct entities.
Through the full gamut of present-day
diagnostic tests, from the physical
examination itself to the application
of NMR principles to imaging, no test
has proven scientifically valid or un-
equivocally useful, by the criteria
listed above, prior to its application
in populations larger than research
studies can provide.

Economics and science

What, then, is required of PET to
perform well in the difficult and com-
petitive clinical environment imposed
by today’s economic and scientific
standards? Consider one of the most
fundamental issues in the study of
human disease—the question of
whether tissue is alive or dead. This
basic question goes largely unan-
swered by bedside, laboratory, or
imaging approaches. The basis of
such a determination is physiologic
and biochemical rather than
anatomic.

What technique is better suited than
PET in basic principles to answer
such a question? Lest we consider this
question trivial, consider its implica-
tions. What is the value, in terms of
therapeutic implications, of determin-
ing the viability of a segment of the
myocardium, a portion of the cerebral
cortex, a tumor previously treated
and possibly recurring, or an
ischemic extremity in need of ampu-
tation or revascularization? If PET
can answer this one basic question,
its ability to fulfill the criteria neces-
sary to satisfy today’s demanding sci-

sn

‘Newsline

“No test has proven scientifically valid
or unequivocally useful prior to its application
in populations larger than research studies

can provide.”

entific and economic constraints will
be realized. In our opinion it can.

Although the general issue of tissue
viability is a sufficient reason to justi-
fy PET’s application in general clini-
cal populations, more specific exam-
ples are easily found.

The elimination of invasive or un-
necessary tests, or ineffective thera-
pies, can certainly result from PET’s
application to neurologic and cardio-
vascular disease. Examples are found
in the basic research literature on cor-
onary artery disease, epilepsy, and
dementias (3-11, 14-17). Information
provided by PET could enhance ther-
apy and reduce risk by excluding pa-
tients, for example, who would un-
necessarily undergo revascularization
procedures. Evidence for this poten-
tial use comes from the PET studies
of patients with acute and chronic
ischemic heart disease (/4-16). Simi-
lar evidence is found in the PET liter-
ature associated with extracranial-
intracranial bypass procedures
(3-11,13,17).

By eliminating unnecessary sur-
gery for nonviable tissue, health care
would realize substantial reductions
in cost and risk. Research studies
with PET indicate that possibly as
many as half of the $7 billion/year
coronary artery bypasses will be
without benefit in terms of improving
segmental and global cardiac function
(16). PET can also provide more
objective selection criteria for surgery
versus medical therapies (/4-15).

Similarly, biochemical and phar-
macologic measurements with PET
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offer the potential for improving sub-
categorization of patient populations
and refining the selection process for
the use of drugs (14-17).

Lastly, when diseases are examined
early in their course, patient evalua-
tion is typically on an outpatient
basis. PET, as a noninvasive study,
limits risks with attendant morbidity
and mortality, and therefore is well
suited as a screening procedure.

PET investigations have concen-
trated on the brain and heart because
of the interests of those investigators
who initiated and applied PET tech-
nology to human disease. Because
PET provides an examination of bio-
logic processes that are ubiquitous
and fundamental to all human dis-
ease, however, its applicability can be
generalized throughout the body.

Criticisms of PET

It seems clear, therefore, that PET
is not only fundamentally sound, and
has undergone extensive testing in
normals to determine reproducibility
and separation of healthy tissue from
abnormal states, but it also has a tre-
mendous capacity for providing new
and previously unobtainable informa-
tion about normal and pathologic
processes in the human body. Why,
then, has PET not gone the way of
other diagnostic tests with a more
rapid dissemination into clinical
trials? To understand this situation,
it would be valuable to address a num-
ber of the more common criticisms
of PET in regard to its clinical use.

(continued on page 1356)
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(continued from page 1355)

It is sometimes stated that PET is
too complicated because it involves
physicists, chemists, biochemists,
pharmacologists, computer scientists,
biomathematicians, engineers, radi-
ologists, cardiologists, neurologists,
oncologists, etc. Although this notion
is true, it applies to the professional
constituency of the field—not the
people who would carry out the
resultant clinical procedures. One
could also say, for example, that clin-
icians could not carry out convention-
al nuclear medicine procedures
because nuclear medicine consists of
this same professional constituency.

Over the last decade, a professional
constituency has developed that will
continually expand PET’s capabili-
ties. This in good part is based upon
the existence of an enormous number
of biochemical assays in the biologic
sciences that can be continually trans-
ferred to patient settings via PET.

Where is the cost problem?

“PET is too expensive!” according
to some critics. One part of this argu-
ment is the tomograph, but it really
is not the determining issue. Tomo-
graphic imaging devices for PET,
SPECT and x-ray CT, produced for
a clinical market, are all expected to
fall in a similar price range (12,17).

There are many factors that affect
price within the free enterprise sys-
tem, and it is not the purpose of this
discussion to examine them. How-
ever, consider x-ray CT, which has
gone through four generations of
technical improvement over the last
10 years while the scanners have only
increased modestly in cost and charg-
es have remained almost constant—
a rare event in medicine, and con-
sumer goods in general, in the last
decade.

So where is the cost problem? It is
in the supply of labeled compounds.
Is this real or artificial? At this time
it is probably both. A cyclotron-based
system with supplies, personnel, ren-
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ovations, and overhead can be com-
petitive in cost, and, in fact, advanta-
geous in cost over an eight-year annu-
alized depreciation schedule when
compared with the routine purchase
of labeled compounds (/7,18). This
analysis is a “‘model,” however, and
not a reality because at present there
is no technologist-oriented and sim-
plified minicyclotron-based system
that supplies positron-labeled com-
pounds for a truly clinical setting.
This system must not be confused
with small “medical cyclotrons”
which exist in a number of commer-
cial systems. We are referring to a sys-
tem that provides labeled compounds
(not isotopes) under good and guar-
anteed commercial practice, consis-
tent with the professional quality
control of nuclear medicine.

Such systems are under develop-
ment and are benefitting from re-
search now carried out in laboratories
throughout the world. This research
is providing new approaches to tar-
getry, delivery line, and synthesis
technologies required to produce
positron-labeled compounds in high
yield and purity with ever-increasing
simplicity. However, it is not required
that this system be achieved for all
positron-labeled compounds before
such an approach can begin. Today
it is needed only for those positron-
labeled compounds for which there
are procedures to support the clinical
enterprise. In fact, there are so many
positron-labeled compounds (over
200 at present), and the number is so
rapidly growing, that this is an open-
ended objective (3,5).

When such a system is developed
so that we no longer refer to it as a
“minicyclotron” or “‘medical cyclo-
tron,” but rather as a generator system
for producing labeled compounds, it
will meet this practical requirement
of PET in a clinical setting. It is not
a question of whether it can be
achieved (because we know it can)
but whether it will be. Even the pres-
ent cost projections for such a system

(from $500,000 to $1 million) are not
sufficient to deny the clinical success
of PET when put into perspective
with annualized expenditures. This
cost, added to other expenditures for
carrying out PET studies, would indi-
cate procedure charges of $400 to
$1,500 per study, depending primari-
ly on throughput (demand and value
of the study) (17,18). These estimated
charges, the implications of PET pro-
cedures for medical decision-making,
and the cost factors resulting from a
diagnosis, are not restricting factors;
in fact, they give favorable indications
for the type of information provided
with PET.

Critical issue

So what is the critical issue? It is
clear that a practical stumbling block
stands in the way of testing the clinical
hypothesis presented here. How can
one move to the next tier by the dis-
semination of PET to a number of
clinical (not clinical research) envi-
ronments if there is no “clinical posi-
tron generator system’?

Cyclotron technology inspired the
beginning of nuclear medicine. To-
day, cyclotron technology lies at the
heart of nuclear medicine and repre-
sents the future of this specialty (12).
It is unlikely that the long-term goals
and vitality of nuclear medicine can
be achieved by always relying on the
“magic bullet” concept of techneti-
um-99m-labeled compounds. All
other radioisotopes used in nuclear
medicine are produced from a cyclo-
tron. Research involving accelerator
technologies, therefore, should not be
put aside as some foreign factor in
nuclear medicine.

We should also keep in mind the
fundamental principle of technology
development: The greater the devel-
opment effort, the simpler, cheaper,
and more effective the resultant
solution.

There are, of course, alternatives
that some would propose to the mini-

(continued on page 1357)

The Journal of Nuclear Medicine



(continued from page 1356)
cyclotron-based technology for PET,
including the use of conventional gen-
erator approaches such as with stron-
tium-82/rubidium-82 and germani-
um-68/gallium-68. All of these alter-
natives can potentially play a role as
this field evolves.

The carbon-11; oxygen-15; nitro-
gen-13; and fluorine-18-labeled com-
pounds, however, are too valuable to
be put aside. These radioisotopes
form the fabric that connects in vivo
radionuclide procedures to the bio-
logic sciences. They are the only
radioactive forms of the natural ele-
ments that can be detected externally.
These radioisotopes can directly pro-
vide labeled versions of compounds
for which a tremendous body of
knowledge relating to biologic
behavior and assay techniques exists.
These radioisotopes provide labeled
compounds for which issues of safety
and approval for human use are re-
solved by mainly satisfying quality
control requirements. These labeled
compounds will not require de novo
development as is so commonly the
case with our conventional nuclear
medicine radioisotopes that often re-
sult in labeled compounds with un-
known or unpredictable biologic
properties. As we move more from
body functions to body chemistry, it
becomes increasingly more difficult
to produce labeled compounds that
retain specific biologic properties.

For example, one does not have to
measure and prove the biologic prop-
erties of amino and fatty acids labeled
with carbon-11 instead of carbon-12
and given in pico- or nanomole
amounts. Drugs and analogs of sub-
strates are typically selected that have
been extensively investigated in the
biologic and clinical sciences and are
labeled to produce the identical com-
pound, thus retaining the knowledge
of the compound’s properties. Addi-
tionally, such compounds are pro-
duced on-site, which avoids shipping
problems, and they reduce concerns

snm

Newsline

“The rationale for resisting PET’s
dissemination does not rest on any difficulties
with the technology’s basic principles or lack
of confidence in its ultimate capacities.”

of radioactive waste disposal and con-
tamination because of their short half-
lives.

PET has a very large research base,
established not only through over 50
PET centers operational worldwide,
but also through the vast application
of tracer kinetic methods in the basic
sciences with analogous labeled com-
pounds. This research base combined
with the clinical information available
to date indicates a number of target
areas where, in a controlled setting,
clinical application and utility testing
should begin. These target areas in-
clude epilepsy, coronary artery dis-
ease, cerebrovascular disease, neo-
plastic disorders, and dementia.

It would be justifiable and prudent
to be less aggressive in the application
of PET in areas where either basic re-
search or initial clinical research is
not as advanced. However, these less
advanced areas, in terms of disease
categories and processes that can be
measured, represent the broad appli-
cation and growth potential of PET.

We must accept the fact that PET
is based upon sound principles. No
one in medicine would deny the tre-
mendous value and specificity that
local, noninvasive, biochemical ex-
aminations of patients could provide
categorically (independent of any
particular technology) since all dis-
eases have a biochemical basis and
origin, and all therapies are directed
at correcting, retarding, or supple-
menting that biologic abnormality.

The PET research community con-
tinues to establish new methods, new
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data, and new ideas in specific PET
approaches for performing analytic
biochemical assays. This occurs as an
inherent part of the investigators’
search for more refined and diverse
tools to probe the fundamental nature
of processes in human health and dis-
ease. This work continually expands
the number and scope of existing (and
potential) approaches that can be sim-
plified and later used to test the value
of these PET-provided assays in med-
ical care.

The major economic issue is not the
cost of carrying out diagnostic proce-
dures, but rather the cost of imple-
menting the decisions that result in
patient care. 1t is very likely that as
the changing medical care system ad-
vances in its understanding of how to
be more cost-efficient while main-
taining medical care, it will progress
from limiting diagnostic procedures
to emphasizing those that can most
effectively alter the course of the
treatment. Techniques with high
specificity (and also high sensitivity)
should be favored in such a climate.

The rationale for resisting PET’s
dissemination does not rest on any
difficulties with the technology’s
basic principles or any lack of con-
fidence in its ultimate capacities—
but rather on issues of practicality.
Even economics cannot be viewed as
the basis for the delay of PET’s ap-
pearance in the clinical marketplace.
Cost reductions realized through the
early detection of disease, the avoid-
ance of unnecessary surgery or other

(continued on page 1358)
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(continued from page 1357)
procedures, and the improved diag-
nostic, therapeutic, and prognostic
capacities that PET should ultimately
provide far outweigh the expenditures
required for acquisition and mainten-
ance of equipment. Although cost has
played a role in the dissemination of
comparable technologies such as x-
ray CT and NMRI, it has not denied
them access to the proving grounds
of medical care. These technologies
have benefitted from a commercial
supply-driven approach while PET
has developed through a demand-side
evolution by investigators who believe
in its value.

Is PET sound both in fundamental
principles and its potential to enhance
the study of human biology and dis-
ease? The answer, unequivocally, is
yes. Can the scientific proof of PET’s
ability to provide new information,
reduce risks or costs, and enhance the
medical treatment of patients be de-
termined without its widespread clin-
ical application? The answer, un-
equivocally, is no. Only with the
opportunity to test the potential capa-

bilities of PET will the true measure
of its success or failure be known.
Michael E. Phelps

John C. Mazziotta

Heinrich R. Schelbert

Randall A. Hawkins

Jerome Engel, Jr.

The authors are with the Division
of Nuclear Medicine and Biophysics,
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