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POSITRON EMISSION TOMOGRAPHY IN QUEBEC

Positron emission tomography (PET) is a noninvasive
medical imaging technique. It provides information on
the location and metabolic activity of tissues and lesions,
which distinguishes it from most other medical imaging
techniques, which provide mainly anatomical informa-
tion.

Originally a research tool, PET is being used more and
more in clinical settings, with the issue of coverage now
facing most public and private health insurance plans.

With this backdrop, the Fédération des médecins spé-
cialistes du Québec and the Conseil québécois de lutte
contre le cancer asked the Agence d’évaluation des tech-
nologies et des modes d’intervention en santé (AETMIS)
to examine the appropriateness of deploying PET for
clinical purposes in Québec, where there are already two
mainly research-oriented centres equipped with this
technology.

AETMIS observed that, while the list of clinical uses is
growing, the formal assessment reports on the efficacy
and cost-effectiveness of PET are cautious about the
strength of the hard data. Nonetheless, a good number of
clinical uses of PET are recognized in oncology, neurol-
ogy and cardiology. There are several other, potential or
nonrecognized uses in these fields (data incomplete or
nonexistent).

The hard data nonetheless seem sufficient for recom-
mending the deployment of PET in Québec for certain
clinical uses. A ministerial master plan should govern
this deployment, taking into account the population’s
clinical needs and the specialized human and physical
resources that this technology requires. Furthermore, this
deployment should be accompanied by research, training
and validation and take place in close collaboration with
university hospital centres and university institutes.

In disseminating this report, AETMIS wishes to provide
the best possible information to the policymakers con-
cerned by this topic at different levels in Québec's health
and social services system.

Renaldo N. Battista
Chief Executive Officer
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SUMMARY

CONTEXT AND OBJECTIVES OF THIS REPORT

This assessment report was undertaken fol-
lowing a joint request from the Fédération des
médecins spécialistes du Québec (FMSQ) and
the Conseil québécois de lutte contre le cancer
(CQLC) concerning the clinical efficacy of a
recent medical imaging technology, positron
emission tomography (PET). Over the past
decade, the use of PET for diagnostic and
therapeutic guidance and monitoring purposes
has increased considerably. The Agence
d’évaluation des technologies et des modes
d’intervention en santé (AETMIS) undertook
to: a) gather hard data on the clinical use of
PET in different fields, in particular, oncology,
neurology and cardiology; and b) to make rec-
ommendations concerning the possible de-
ployment of PET in Québec. While carrying
out this project, AETMIS relied on the collabo-
ration of an advisory committee consisting of
representatives from the FMSQ, the CQLC and
the Ministére de la Santé et des Services so-
ciaux (MSSS) and other health technology as-
sessment specialists. It should be noted that
this report examines only the clinical uses of
PET, to the exclusion of its research applica-
tions.

POSITRON EMISSION TOMOGRAPHY

Introduced as a research tool in the mid-70s,
PET differs from other medical imaging tech-
nologies in that it enables one to study the
metabolic activity and blood flow in tissues.
PET requires the administration of radiophar-
maceuticals labelled with positron-emitting
isotopes. For example, FDG (fluorodeoxyglu-
cose), the substance currently used most often
in PET scans, incorporates a radioactive iso-
tope, fluorine-18. These isotopes are produced
by cyclotrons. Three-dimensional images are
obtained by detecting photons created during

positron emission and by interpreting them
using a complex imaging system.

Most of the isotopes used in positron emission
tomography have a very short half-life (e.g., 2
minutes for oxygen-15 to 110 minutes for fluo-
rine-18). Facilities that offer PET services must
therefore have a cyclotron or be close enough
to one to be able to transport isotopes within a
reasonable amount of time.

In Québec, there are already two mainly re-
search-oriented PET facilities with a cyclotron,
one at the Montreal Neurological Institute
(MNI), the other at the Centre hospitalier uni-
versitaire de Sherbrooke (CHUS). Québec cur-
rently ranks average among the industrialized
countries in terms of the number of PET facili-
ties per capita. Ontario, British Columbia and,
as of 2001, Alberta have PET facilities as well.

STUDY METHODOLOGY

As part of this study, 4ETMIS did a review and
synthesis of the hard data on the clinical effi-
cacy of PET. The assessment was based on
data from reports published by assessment
agencies and reports from organizations con-
taining recommendations concerning PET scan
coverage and on publications postdating those
reports. The publications were chosen on the
basis of criteria adapted from reliable proto-
cols.

As was the case for several other medical im-
aging technologies, the clinical use of PET de-
veloped before its efficacy and efficiency were
demonstrated. The fields of application of PET
continue to evolve, thanks to the contribution
of research. Furthermore, the rapid pace of
technological improvements to PET are an ob-
stacle to acquiring hard data to be used for as-
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sessment purposes. In fact, the list of uses
whose clinical efficacy is recognized is grow-
ing by the day. Lastly, the use of PET is devel-
oping in a complementary fashion with a pano-
ply of medical imaging technologies, which are
evolving rapidly as well. This assessment was
not aimed at documenting the evolution of the
related technologies.

CLINICAL UTILITY OF PET

AETMIS'’s study confirms the clinical utility of
PET in many oncological, neurological and
cardiological applications. For example, in on-
cology, the PET’s utility is recognized in cer-
tain specific applications in lung cancer, colo-
rectal cancer, melanoma, head and neck cancer,
and lymphomas. Depending on the type of can-
cer, PET is used for diagnostic purposes, for
detecting metastases and for monitoring re-
sponse to therapy. In neurology, PET is recog-
nized to be effective in certain uses in epilepsy
and brain tumors. In cardiology, its utility is
recognized in certain applications, such as
myocardial viability and myocardial perfusion
studies. Lastly, PET has promising potential
for other uses in these areas of practice.

There are few data on the efficiency of PET,
except for some partial data for non-small-cell
lung cancer, to cite one example. This is why
models have been constructed exclusively for
the applications in this type of cancer and those
for evaluating myocardial viability. These
models suggest that PET is cost-effective in
these cases.

SUGGESTIONS FOR DEPLOYING PET IN
QUEBEC

Since the list of recognized or potential uses of
PET is constantly growing, it is difficult to ac-
curately determine the number of patients who
could benefit from this technology in Québec.
However, based on opinions expressed within
the advisory committee, the number of scans
required could tentatively be estimated at

15,000 or more a year. Based on this estimate,
the clinical needs seem sufficient for justifying
the timely deployment of PET for certain uses
in oncology, cardiology and neurology.

These estimated needs can only be met gradu-
ally. In ordinary operating conditions, the de-
ployment of PET would require about 10 to 15
scanners supplied by 3 or 4 cyclotrons (in-
cluding those already in operation). Based on
the implementation scenarios chosen, the over-
all cost of deploying additional PET resources
would be between several tens of millions of
dollars and more than about hundred million
dollars.

Gradual deployment is all the more necessary
because operating a PET centre requires spe-
cialized physical and human resources. Pres-
ently, there are not enough human resources
specifically trained in PET in Québec to sustain
the proposed deployment. Training such re-
sources should therefore be a priority.

A ministerial master plan should govern the
deployment of PET, taking into account the
clinical needs and specialized physical and
human resources (existing or to be developed)
that this technology requires.

RECOMMENDATIONS
Deployment

« Since the clinical efficacy of PET is recog-
nized in many oncological, cardiological
and neurological applications, it would be
advisable to promote and sustain the de-
ployment of PET for clinical purposes in
Québec’s public health-care system.

« PET scans should be available on a priority
basis for the clinical applications with rec-
ognized clinical efficacy. These applica-
tions should be reviewed periodically as
new hard data reflecting the rapid devel-
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opment of relevant information become
available.

Deployment Specifics

A master PET deployment plan should be
prepared by the Ministere de la Santé et des
Services sociaux.

The plan should involve quantifying the
population’s PET scan needs both with re-
gard to optimizing the other existing tech-
nologies and to PET requirements for
which human and physical resources could
sometimes prove to be a limiting factor.
The plan should therefore be prepared both
in collaboration with the existing PET cen-
tres, whose expertise could be put to good

use, and in consultation with the different
players in tertiary intervention settings.

The plan should take into account the fact
that PET cannot be deployed for clinical
purposes without conducting research into
the promising applications that are pres-
ently recognized as having potential but
whose efficacy and cost-effectiveness have
not yet been demonstrated.

Since the plan should involve assessing the
efficiency of PET during its deployment for
clinical purposes, the deployment should
take place in close collaboration with uni-
versity hospital centres and university in-
stitutes.
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Glossary

Coincidence detection

Computed tomography

Conventional imaging

Half-life

Isotope

Magnetic resonance imaging

Metabolic imaging

Morphological imaging

Positron

Radioisotope

GLOSSARY

Characteristic of PET technology based on the si-
multaneous detection of photons at the opposite
poles of a detector.

A radiologic examination consisting in recon-
structing 2- or 3-D images from one-dimensional
projections from several angles.

A medical imaging technology that permits only
the anatomical localizaton of lesions, such as ra-
diography, computed axial tomography, ultrasono-
graphy, magnetic resonance imaging and scinti-

graphy.

The amount of time it takes a radioactive sub-
stance to lose half of its radioactivity, that is, half
of its number of radioactive atoms.

One of two or more types of atoms of a given ele-
ment whose nucleus contains the same number of
protons but a different number of neutrons.

An imaging technique that exploits the orientation
properties of the magnetic moment of hydrogen
nuclei in the human body under the effect of a
strong magnetic field.

Visualization of biochemical changes or reactions
in the body.

Visualization of the shape and structure of organs
and tissues.

A subatomic particle whose mass is equal to that
of an electron but which is oppositely charged, i.e.,
positive.

An unstable isotope of an element that breaks up
or disintegrates spontaneously, emitting radiation
and moving to a more stable state in the process.
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Glossary

Radiopharmaceutical

Radiotracer

Scintigraphy

Scintillator

Signal amplification and processing electronics

Single-photon emission tomography

Standardized uptake value (SUV)

Ultrasound

A radionuclide-labelled pharmaceutical or
chemical preparation used for diagnostic or thera-
peutic purposes.

A radionuclide or radiolabelled chemical used to
reveal the path travelled by nonradioactive sub-
stances or their location.

A medical imaging technique for showing both the
structure and functioning of organs and of certain
pathological processes. The detection of the radia-
tion emitted by a radioactive substance introduced
into the body that has a particular affinity for a
given organ or tissue.

A substance that emits visible light when hit by a
subatomic particle or an x-ray or a gamma ray.

Conversion of an optical image into an electronic
image in order to increase the luminosity and accu-
racy of a radiological image.

(SPECT) A medical imaging technique based on
detecting, by means of a special camera, radiation
emitted by a radioactive substance introduced into
the body (scintigraphy) and which provides cross-
sectional images (tomography) of different organs.

Activity of a tracer (counts/pixel/second) in the re-
gions of interest (ROIs)/injected dose of tracer +
patient’s body mass index (mCi/kg).

(or ultrasonography). Technique for visualizing
certain internal organs by studying the reflection of
a beam of ultrasounds.
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Introduction

1. INTRODUCTION

1.1 CONTEXT

Introduced in the mid-70s, positron emission
tomography (PET) has prompted a great deal
of research because of its ability to analyze the
metabolic activity and pathophysiology of tis-
sues. For the most part, the other medical im-
aging technologies (referred to as “conven-
tional”) only permit the anatomical localization
of lesions (radiography, computed axial tomo-
graphy, ultrasonography, magnetic resonance
imaging, etc.). Over the past decade, the clini-
cal use of PET for diagnostic and therapeutic
guidance and monitoring purposes has in-
creased dramatically, as evidenced in the
United States by the ever-increasing list of ap-
plications covered by public and private health
insurance plans.

In Canada, current and potential PET users
enthusiastically recommend the deployment of
this technology for clinical purposes. In Qué-
bec, there are presently two PET centres, each
equipped with scanners and a cyclotron, which
is helping to fuel this trend.

Contrary to this enthusiasm, the conclusions of
most of the assessment organizations that have
examined this matterl] and this, still quite re-
centlyl] contain a number of provisos on the
clinical use of PET. These reservations stem
mainly from the paucity of adequate studies of
the efficacy and cost-effectiveness of PET in
relation to the existing medical imaging tech-
nologies.

It was in this context that the Agence
d’évaluation des technologies et des modes
d’intervention en santé (AETMIS) began, in
late September 2000, to examine positron
emission technology in Québec. In this report,
we first explain the origin of the requests to

have this technology assessed by AETMIS and
the steps undertaken to meet these requests.
This is followed by a description of the tech-
nology, the positions of the current and poten-
tial users of PET, those of third-party payers
and assessment agencies, and an update on
publications that postdate the latest assess-
ments. The current and foreseeable uses are
listed before discussing the avenues for the
possible deployment of this technology for
clinical purposes in Québec.

1.2 THE REQUESTS THAT GAVE RISE TO THIS
REPORT

In 1999, the management of the Office of Pro-
fessional Development and Health Policy of
the Fédération des médecins spécialistes du
Québec (FMSQ) set up a committee on posi-
tron technology (PTC).

The committee’s mandate was to assess, within
the framework of the expertise of the special-
ties represented on the committee and from a
report submitted, in May 2000, to the FMSQ
by the Association des médecins spécialistes en
médecine nucléaire du Québec (AMSMNQ),
the scientific and clinical value of positron
emission tomography imaging technology and
the advisability of recommending its use in
Québec, but without specifying, at this point,
any sites for implementation.

The specialties represented on the working
committee were as follows: cardiology, general
surgery, hemato-oncology, nuclear medicine,
neurosurgery, neurology, respirology, psychia-
try, radiology and radio-oncology. A represen-
tative from the Ministére de la Santé et des
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Services sociaux (MSSS) also sat on this com-
mittee, as an observer. In September 2000, sev-
eral of the committee’s members submitted, as
private individuals or as representatives of their
respective specialties, a report on the potential
use of PET.

Concurrently with these activities, given the
increasing number of potential uses of PET in
oncology, the Conseil québécois de lutte contre
le cancer (CQLC) was taking an active interest
in this technology.

The FMSQ and the CQLC contacted AETMIS
in September 2000 for the purpose of initiating
a collaborative effort between the three organi-
zations with a view to drafting an assessment
report on PET. On the basis of this assessment,
it would be possible to make recommendations
concerning the deployment of this technology.

During a meeting held on September 26, 2000,
which was attended by members of the
FMSQ’s Positron Technology Committee and
representatives from 4ETMIS, it was agreed
that the process of evaluating the hard data and
drafting a report would involve interaction
between the authors at AETMIS and an advi-
sory committee consisting of specialists from
the FMSQ and representatives from organiza-
tions interested in preparing this report,
namely, the CQLC and the MSSS.

The advisory committee’s main function was to
assist in the drafting of the AETMIS report by
helping to incorporate the existing data on the
clinical use of PET and the results of the
evaluations of these data by various organiza-
tions. The members of the advisory committee
are mentioned in the Acknowledgments.
AETMIS invited one of the members of its
board of directors, Dr. Jean-Marie Moutquin,
to chair the committee.

1.3 INTERNAL AND EXTERNAL COLLABO-
RATION

Because of the wide array of current and po-
tential uses of PET and of a tight deadline for
preparing a final report, 4ETMIS sought inter-
nal and external collaboration to take advan-
tage of specialized expertise and to document
the various aspects to be covered. The in-house
team consisted of Frangois-Pierre Dussault,
Ph.D., who wrote the entire report, except for
the sections on cardiology, which were pre-
pared by Dr. Fatiha Rachet, and the section on
economics, which was written by Van H.
Nguyen. These three authors revised the entire
report at the different stages of its preparation.
Other writers contributed as well. They are
listed below.

Specific contributions were requested from
members of the advisory committee or other
experts. Thus, James Hanley, Ph.D., collabo-
rated in developing the methodological selec-
tion-and-assessment strategy; Dr. Francois Bé-
nard wrote the parts on technical data, PET-
related activities at CHUS and data interpreta-
tion; and Renald Lemieux wrote the section on
radiation protection. Two external resource
persons were asked to select, retrieve and
evaluate recent publications in the field of on-
cology (Janet Faith and Daniel Blay), which
had been previously identified, located and ac-
quired by AETMIS’s documentation staff (Pi-
erre Vincent and Micheline Paquet).

Furthermore, a willingness on the part of
AETMIS and Ontario’s Institute of Clinical
Evaluative Sciences (ICES), both of which
were assessing this technology for their re-
spective provinces, to cooperate led to ex-
changes of information on each other’s meth-
odological process, for the purpose of drafting
independent reports. A meeting aimed at com-
paring results, obtained or anticipated, took
place, and a framework for a joint statement on
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these two agencies’ positions regarding the
clinical use of this technology was developed.
ICES had begun its work much earlier than
AETMIS and published its report in May 2001.
It is available on the Web at http://www.
ices.on.ca. Both agencies’ conclusions call for
guided deployment of PET for clinical pur-
poses.

While this report was being drafted, there were
informal exchanges with other assessment
agencies, especially the Comité d’évaluation et
de diffusion des innovations technologiques
(CEDIT). Once again, although there was no
joint drafting, these exchanges provided an op-
portunity to compare methodological ap-
proaches and goals, thus preparing the
groundwork for future collaboration.
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2. POSITION EMISSION TOMOGRAPHY (PET)

2.1 GENERAL DESCRIPTION

PET is a 3-dimensional medical imaging tech-
nology. Images are obtained by administering
radiopharmaceuticals containing positron-
emitting tracers. Positrons are particles whose
mass is equivalent to that of electrons but
which are oppositely charged. “Positron” is a
blend of “positive” and “electron”.

Positrons leave the nuclei of isotopes and pair
off with electrons after travelling a few milli-
metres to form short-lived positroniums, which
annihilate, emitting two 511-keV photons ori-
ented in opposite directions (180°). The simul-
taneous detection of these photons by appropri-
ately aligned detectors is used, after computer
processing, to constitute a 3-dimensional image
of the sites of this energy release.

Positrons were discovered some 60 years ago,
but the use of their properties for medical im-
aging purposes did not really begin until about
the mid-70s [Phelps et al., 1976]. Intensive re-
search in various areas of application gradually
evolved to the clinical use of PET in neurology
and cardiology, then in oncology.

The brief overview provided below of the op-
erating principles of PET is supplemented in
Appendix 1 with additional details on the
equipment (cyclotrons and scanners [Section
A1.1]). The appendix also explains the basis of
the general opinion regarding the safety of PET
(Section A1.2). Another section (A1.3) in this
appendix deals with patient preparation, yet
another (A1.4) with the examination procedure.
The guiding principles and the regulations gov-
erning radiation protection, in particular, the
transport of positron-emitting isotopes, are de-
tailed in Appendix 2.

Basically, PET is based on identifying, in the
body, sites where there is an accumulation of
positron-emitting isotopes. These radioisotopes
reveal their presence by emitting photons when
they enter a stable energy state. One can thus
locate isotopes incorporated into molecules that
are analogs of natural substrates or that have
pharmacologic properties and follow their dis-
tribution and accumulation in the body.

The use of fluorine-18 ('*F) as a substitute for
an oxygen atom in a glucose molecule, for ex-
ample, permits localization of regions where
the accumulation of this analog is indicative of
increased glucose metabolism in the tissues
[Phelps, 2000]. In effect, the '*F-labelled ana-
log enters cells but is not subsequently me-
tabolized. This feature of PET makes this an
attractive technology because, depending on
the isotopes used, simple administration by in-
halation or intravenous injection enables one to
locate an anatomical entity and to simultane-
ously assess its functional status. This distin-
guishes PET from a good number of imaging
techniques that provide information mainly on
the anatomical location of the sites of interest,
although some of these techniques can provide
functional information.

2.2 DISTRIBUTION OF PET

The increase in the number of PET centres
worldwide has occurred rapidly, especially
over the past few years. In Germany, there
were six PET centres in 1988. In October 1999,
there were 65. In the United States, there were
about 55 centres in 1997, with the figure ex-
ceeding 300 in February 2000. Nonetheless, the
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implementation of PET is not uniform from
continent to continent or country to country, as
can be seen from Table 11 in Appendix 3. This
table does not make a distinction between the
uses of PET for clinical purposes and those for
research purposes. However, PET already
seems to have become commonplace at about a
hundred centres worldwide and is a research
technology used at a hundred or so others, and
a large number of potential users would like to
acquire it.

It is in oncology that most PET scans are cov-
ered, accounting for 65% of all payments.
Based on the results of an INAHTA survey,
about 85% of clinical PET scans reimbursed
worldwide were performed in Australia, Swit-
zerland, Denmark and the United States. The
United States, Switzerland and Denmark reim-
burse the largest number of PET scans per
100,000 patients [Adams et al., 1999].

The uses of PET in neurology account for 25%
of the clinical PET scans that are reimbursed.
The health-care systems in Switzerland, Aus-
tralia and Finland are those that reimburse the
largest number of PET scans in neurology.
The INAHTA survey revealed that the number
of scans in each area of use varies considera-
bly. For instance, scans for brain tumors and
epilepsy account for 75% of all PET scans in
neurology [Adams et al., 1999].

The uses of PET in cardiology account for the
smallest proportion (6%) of PET scans reim-
bursed worldwide, and 60% of them are per-
formed to detect viable myocardium. Fewer
than half of the public health-care systems that
participated in the INAHTA survey cover the

use of PET in cardiology, the largest proportion
of PET cardiac studies being performed in the
United States, Switzerland and Denmark [Ad-
ams et al., 1999].

In Canada, there are PET scanners in seven
cities located in four provinces. In Québec,
there are two centres equipped with cyclotrons
and scanners, both research-oriented and clini-
cally oriented in different proportions.

The Montreal Neurological Institute (MNI)
has, for about 10 years, been using PET to
conduct research on multifocal epilepsy, recur-
rent brain tumors, Parkinson’s disease and
Alzheimer’s disease. The clinical use of PET at
the institute is limited to about a hundred pa-
tients a year.

The PET unit at the Centre hospitalier univer-
sitaire de Sherbrooke (CHUS) began operation
in 1998 and uses PET for research and clinical
purposes. Between May 15, 2000 and May 15,
2001, 1,253 clinical scans were performed.
Scans in oncology patients (lung cancer, lym-
phoma, etc.) topped the list, as can be seen
from Table 12 in Appendix 3. Table 14 shows
where the patients were from, and Table 13 in-
dicates that the average waiting time is 45
days. Figure 3 in that appendix shows the in-
crease in demand over the past year. It went
from about 60 a month in 1999 to about 100 in
2000 and continues to increase.

It should be noted that the breakdown of these
scans reflects the centre’s activities and can
therefore not be used immediately to extrapo-
late to all of Québec’s needs.
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3. OBJECTIVES AND METHODOLOGICAL STRATEGIES

3.1 OBJECTIVES

The objectives of AETMIS’s assessment are:

1. To gather hard data on the clinical use of
PET in different fields, in particular, oncol-
ogy, neurology and cardiology; and

2. To make recommendations concerning the
possible deployment of PET in Québec.

The methodological strategy for the first ob-
jective is the subject of the present chapter. The
second objective is discussed in light of the
conclusions regarding the clinical efficacy and
cost-effectiveness of PET (Chapter 4) and the
prerequisites for implementing this technology
(Chapter 6).

3.2 IDENTIFICATION, SELECTION AND

EVALUATION OF DATA

The identification of the relevant data involved
several steps, most of which were carried out
simultaneously. First, the reports stemming
from the work of the Positron Technology
Committee (PTC) of the Fédération des
médecins spécialistes du Québec (FMSQ) were
inventoried and consulted (see the section enti-
tled “Reports by current or potential users” in
the References). Next, numerous Web sites
were searched, and several reports were
downloaded (see Appendix 5 for a brief de-
scription of the latest ten reports on the sub-
ject). Lastly, a protocol for querying biblio-
graphic databases was instituted in October
2000. It included establishing profiles at 2-
week intervals and a retrospective search (de-
scriptors listed in Appendix 6). The databases
queried were mainly MEDLINE (PubMed) and
the Cochrane Library. In addition, a few
searches were done in Embase, Cancerlit and in

health technology economic assessment data-
bases.

Given that the assessment reports identified are
of recent publication (e.g., that of the MSAC in
Australia [Ghersi et al., March 2000, official
version disseminated in April 2001:
http://www.health.gov.au/haf/pet] and the
HCFA’s report [Tunis et al., December 2000]),
it was agreed that the retrospective search
would be limited to forming a bridge between
the surveys of the latest available reports and
recent publications postdating those reports.

To ensure overlapping between the end of the
surveys of the recent reports and certain publi-
cations predating those reports, given the in-
dexing time in certain databases, such as
MEDLINE, the cut-off date for the retrospec-
tive search performed in November 2000 was
set at January 1999. The surveys of bimonthly
profiles began in November 2000 and contin-
ued until February 2001.

3.2.1 Results of literature searches

Even though the literature search was limited
in time, it generated several thousand individ-
ual references. Of these, about 600 were con-
sidered for selection, based on the criteria pre-
sented below (Section 3.2.3 and Appendix 6).
On the whole, the publications identified show
that PET is rapidly advancing from a techno-
logical standpoint and that its clinical applica-
tions are evolving quickly and in a diversified
manner.

Thus, we identified highly technical articles on
various aspects, such as new crystals for de-
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tectors, new attenuation calculations, new
markers and, more generally, new-generation
devices that increase PET’s clinical perform-
ance.

We also found numerous results of studies
aimed at exploring or validating various appli-
cations. In oncology, the objective is mainly to
enhance the diagnostic capacity of PET in or-
der to differentiate between benign and malig-
nant lesions, the ability to grade malignant le-
sions and the ability to assess the spread of the
disease in order to guide the choice of treat-
ment, then to measure its results. In neurology,
particularly in refractory epilepsy, PET is used
to determine the sites of surgical intervention,
while in cardiology, it is used to assess myo-
cardial viability in order to optimize the thera-
peutic options (medical, revascularization or
transplantation) and to evaluate coronary per-
fusion for the diagnosis, prognosis and thera-
peutic monitoring of coronary patients.

Studies exploring or confirming potential clini-
cal applications of PET are as increasingly nu-
merous in literature searches as comparative
studies are sparse, as are economic studies, es-
pecially those on the cost-effectiveness of this
technology in relation to that of other medical
imaging technologies. In this context, the re-
cent assessment reports can shed some light on
the clinical performance of PET by providing
organized data on this aspect, as will be seen in
the following sections.

3.2.2 Assessment reports

PET has been in existence for a few decades
now, and its clinical use seems to have been an
outgrowth of research. Indeed, structured, ex-
haustive reports systemically assessing the
clinical performance of PET are still recent and
few in number. For all practical purposes, the
first widely disseminated report was written in

1996, with an update in 1998, by the Veterans
Affairs Technology Assessment Program (VA-
TAP) [Flynn and Adams, 1996; Adams and
Flynn, 1998].

Between these two reports, the problem of
evaluating diagnostic tests performed by medi-
cal imaging was outlined in a report published
by the Department of Veterans Affairs [Adams,
1997] that includes several criteria, which are
listed in Appendix 6. These criteria concern the
inclusion or exclusion of studies that were
identified (Table 17), the evaluation of their
methodological quality (Table 18) and the as-
sessment of the overall quality of the results
and conclusions (Table 19).

The VA-TAP criteria, which were used to as-
sess the clinical performance of PET, were
supplemented with criteria, found in reports
from a few other organizations, for evaluating
economic studies, which are discussed in Sec-
tion 4.4.

Since these publications by the VA-TAP, PET
has been the subject of reports by assessment
agencies and organizations that make recom-
mendations for coverage by public and private
health-care systems. Some of these reports
were often used as guidelines when drafting the
present report (e.g., the report of the Andalusia
Health Technology Assessment Agency
[AHTAA]; those of the Medicare Services Ad-
visory Committee (MSAC) in Australia; and
those of the Blue Cross Blue Shield Associa-
tion Technology Evaluation Center [BCBSA-
TEC] and the Health Care Financing Admini-
stration [HCFA] in the United States).

Although the raison d’étre of the various orga-
nizations concerned with the coverage of clini-
cal examinations and that of assessment agen-
cies are sometimes different, the assessment
methodologies used for PET were similar in
several cases. Thus, in the United States, the
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HCFA turned to the Agency for Health Re-
search and Quality (AHRQ) for evaluating a
request for broad PET coverage submitted by a
group of promoters of this technology, and the
BCBSA submitted questions to its own tech-
nology evaluation centre (TEC). For its part,
the MSAC, which is an assessment organiza-
tion, acted on a request from Australia’s Min-
ister of Health and Aged Care (MHAC). In
short, assessment committees drafted or col-
laborated closely in the drafting of these orga-
nizations’ or agencies’ conclusions.

Furthermore, these PET assessment reports are
closely linked, not only by the criteria used
(most of which are those in the VA-TAP re-
port, with slight modifications, depending on
the agency or organization), but also by abun-
dant mutual citations. For example, the MSAC
refers to the INAHTA, VA-TAP and NHS
R&D reports (see Appendix 5 for a brief de-
scription of these reports), pointing out that its
conclusions are largely consistent with those of
those reports. In turn, the HCFA based, in part,
its assessment on those of the BCBSA-TEC
and the MSAC, in addition to the results of its
own study review.

From this standpoint, the MSAC and HCFA
reports were a major source of information for
this report. That information is described in
greater detail below.

3.2.2.1 Report of Australia’s Medicare Serv-
ices Advisory Committee (MSAC)

The MSAC is an independent committee that
was set up to advise the Commonwealth Min-
ister for Health and Aged Care on the con-
vincingness of safety, efficacy and cost-
effectiveness data on new technologies and
new procedures.

There are three main PET centres in Australia.
The first one was created in 1992. Gradually,

and as the other units were put into operation,
the number of main clinical uses increased in
oncology (lung cancer, melanoma, gastrointes-
tinal cancer and a few other uses, namely, brain
tumors, breast cancer, and head and neck can-
cer). In cardiology, the number of uses in-
creased until 1994, then decreased.

The issue of PET’s diagnostic efficacy quickly
arose. In 1993, a 5-year assessment project be-
gan at two centres. In 1997, the project was
modified to include partial coverage for certain
examinations in oncology, neurology and car-
diology. Afterwards, other centres put into op-
eration in 1996 and 1998 made a request to re-
ceive such coverage.

The evaluation of the merits of coverage was
revived. The matter was submitted to the
MSAC, and its report on PET was circulated
on a limited basis in March 2000 [Ghersi et al.,
2000] for consultation before official approval
of the interim-coverage recommendations. The
latter were ratified by the Department of Health
& Aged Care - Diagnostics & Technology
Branch (DHAC-DTB) in a report that became
available in August 2000 and which was offi-
cially published in April 2001
(www.health.gov.au/haf/pet).

As regards methodology, a team of five experi-
enced evaluators systematically reviewed the
publications identified between 1966 and Feb-
ruary 2000 on the different uses of PET. The
literature search was carried out using several
bibliographic databases (MEDLINE, the Coch-
rane Library and its related databases, assess-
ment agency Web sites, health technology eco-
nomic evaluation databases, etc.).

The selection criteria were the same as those of
the VA-TAP and are presented in Table 17 of
Appendix 6. The articles chosen were sub-
jected to the following questions [Jaeschke et
al., 1994]:
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1.  Was there an independent, blind
comparison with a reference stan-
dard?

2. Did the patient sample include an
appropriate spectrum of patients to
whom the diagnostic test will be
applied in clinical practice?

3.  Did the results of the test being
evaluated influence the decision to
perform the reference standard?

4.  Were the methods for performing
the test described in sufficient de-
tail to permit replication?

The articles were then grouped according to the
different uses of PET: diagnostic (staging,
spread, recurrence), therapeutic impact (choice
of treatment and therapeutic monitoring), pa-
tient outcomes and cost-effectiveness.

The application of the said criteria was sup-
plemented by opinions of experts in nuclear
medicine, radiology, cancer surgery, neurology
and cardiology.

As an illustration, in the MSAC’s literature re-
view of the diagnostic use of PET in non-
small-cell lung cancer, 42 papers were selected
for assessment. A partial breakdown of these
articles revealed 14 on the diagnostic accuracy
of PET, six of which were included in the VA-
TAP report. Three papers compared computed
tomography alone and computed tomography
followed by PET. Five studies concerned the
detection of distant metastases.

It will be noted that the MSAC’s conclusions
concerning the clinical uses of PET and its rec-
ommendations regarding its interim coverage
were ratified by the DHAC-DTB. They are
summarized in Chapter 4 and are spelled out in
greater detail in Appendix 7.

3.2.2.2 Report of the U.S. Health Care Fi-
nancing Administration (HCFA)

The HCFA is a federal agency responsible for
the Medicare and Medicaid programs in the
United States. It also administers the Chil-
dren’s Health Insurance program jointly with
the Health Resources and Services Admini-
stration. During the last few weeks when this
report was being drafted, the administration’s
name was changed to “Centers for Medicare
and Medicaid Services” (CMS). The name
“HCFA” was nonetheless kept in this report.

Already in 1995, the HCFA agreed to cover
PET scans using rubidium-82 for coronary per-
fusion imaging and the management of coro-
nary patients. In 1998, it agreed to cover PET
scans using FDG (FDG-PET) for staging non-
small-cell lung cancer (NSCLC) and evaluating
solitary pulmonary nodules (SPNs). In 1999,
the list was expanded to include the localiza-
tion of recurrent colorectal cancer in the con-
text of an elevated carcinoembryonic antigen
(CEA) level, the staging of lymphoma (in place
of gallium imaging) and the preoperative
evaluation of recurrent melanoma (in place of
gallium imaging).

In July 2000, the HCFA received a request for
broad coverage of FDG-PET scans. The article
in support of this request was published in May
2001 [Gambhir et al., 2001]. The request was
accompanied by 419 articles and abstracts on
22 diseases. Because of the large amount of
data submitted, the HCFA requested assistance
from the Agency for Health Research and
Quality (AHRQ). The AHRQ had the Evi-
dence-based Practice Center (EPC) perform a
validation check on the PET submission. The
EPC concluded that the request had not been
submitted as a standard systematic literature
review. It was, instead, a vast fresco of PET
uses. Questions were at once raised about the
inclusion criteria in the cited studies. The
HCFA concluded that systematic reviews sepa-
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rate from the compilations accompanying the
request were necessary in order to substantiate
a coverage policy in line with its mandates.

The HCFA completed its task using the Blue
Cross Blue Shield Association’s assessments,
those of the Commonwealth Review of Posi-
tron Emission Tomography (DHAC-DTB and
MSAC), additional analyses of results on lung
and esophageal cancer using material from the
requester’s submission, and a literature search.
The HCFA considered other sources of evi-
dence as well, including extensive consulta-
tions with clinical experts in oncology, nuclear
medicine, cardiology, neurology and other
relevant clinical disciplines.

The literature search was performed by the
Evidence-based Practice Center (EPC) in
MEDLINE and BIOSIS for each of the uses
mentioned in the request. For the 10-year pe-
riod from 1990 to 2000, the EPC identified
more than 500 articles, which were selected
and reviewed according to criteria adapted
from those in the 1997 VA-TAP report (Tables
17,18 and 19 in Appendix 6).

In November 2000, the Medicare Coverage
Advisory Committee (MCAC) established
guidelines for evaluating diagnostic tests and
focused on the following questions:

1. Is the evidence sufficient for deter-
mining if the use of the diagnostic test
provides more-accurate diagnostic in-
formation?

Step 1: Assess the quality of the
studies of the test’s performance.

Step 2: Evaluate the possibility that
the two tests are complementary.

2. If the test improves diagnostic accu-
racy, is the evidence adequate to con-
clude that the improved accuracy
would lead to better health outcomes?

Step 1: Calculate the posttest prob-
ability of disease.

Step 2: Evaluate the potential impact
on patient management when two
tests differ in terms of the posttest
probability of disease.

Over and above the initial request, the follow-
ing diseases were chosen for assessment pur-
poses: lung cancer, colorectal cancer, lym-
phoma, cancer of the esophagus, melanoma,
head and neck cancer, coronary artery disease
and epilepsy. The HCFA concluded that the
evidence was sufficient to justify adding cer-
tain examinations to the Medicare PET cover-
age policy. However, the quality of the evi-
dence was not consistent with the standards of
practice for assessing diagnostic tests. Several
of the studies reviewed had serious methodo-
logical biases, which made it difficult to draw a
firm conclusion as to the benefits of FDG-PET
in clinical practice. The HCFA concludes by
stating that, when studies of higher quality are
available, it would advisable to reconsider the
coverage decision concerning PET scans in or-
der to reflect the advancing state of knowledge
[HCFA: Tunis et al., 2000].

3.2.3 Modification of the methodological
quality scale

In general, all assessment reports raise the
problem of assessing diagnostic tests. These is-
sues are discussed in greater detail in Appendix
6. Not all the criteria proposed by the VA-TAP
[Adams, 1997] have been used by the organi-
zations and agencies mentioned thus far, be-
cause some of the criteria are inapplicable or
because of the nature of studies aimed at
documenting the efficacy of PET. These crite-
ria are detailed in Tables 17, 18 and 19 in Ap-
pendix 6.
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The published criteria do not generally seem to
explicitly take into account the simultaneous
comparison of two test modalities in a given
study. It is recognized [Ransohoff and Fein-
stein, 1978] that patient characteristics can
greatly influence the performance of a given
diagnostic modality. This notion is implicit in
the phrases “broad generalizability to a variety
of patients” and ‘““a narrower spectrum of gen-
eralizability” presented in the definitions of
grades A and B (Table 18, Appendix 6).

For purposes of this report, the comparison
criterion was considered explicitly, for the best
way to avoid the likelihood of “partial” com-
parisons is to insist that the same sample of
cases be evaluated for each of the modalities
being compared. Otherwise, the accuracy of
PET could be assessed with an “easy” sample
at one facility and the accuracy of conventional
imaging assessed in a more “difficult” sample
(or vice versa) at another.

Comparative studies were rated A or B when
they included all or some of the criteria (Table
18, Appendix 6). Any study that did not in-
clude an explicit comparison between compet-
ing technologies or between PET used in con-
junction with conventional imaging and con-
ventional imaging used alone was rated C or D.
However, in some cases, when there is no other
useful test, the sensitivity or specificity of PET
must be considered in absolute terms.

3.2.4 Assessment strategy chosen by
AETMIS

AETMIS chose, as its point of departure, the
expectations of clinicians as expressed in nar-
rative reviews, with no explicit methodology
for assessing this technology. This group was
designated as follows:

= Current or potential users (opin-
ions of specialists, based on their
clinical experience and exper-
tise).

Second, AETMIS used, as a guideline, the con-
clusions of assessment reports based on proto-
cols that explicitly state criteria for selecting
and evaluating studies of the clinical perform-
ance of PET. It will be noted that, while the
conclusions of these evaluations serve as a
springboard for AETMIS’s assessment, the de-
cisions of other organizations regarding the
conditions for using PET (eligibility of centres,
conditions for coverage, etc.) cannot be imme-
diately transposed to the situation in Québec.
This option led to the grouping of these reports
under the following headings:

s Assessment agencies (assessments, using
an explicit methodology, of the clinical ef-
ficacy of PET).

= Public and private reimbursement organi-
zations (assessments of PET, using an ex-
plicit methodology, for the purpose of
making PET scan coverage decisions).

Third, the VA-TAP’s study selection and
evaluation protocols were applied to the publi-
cations that were identified from 1999 to Feb-
ruary 2001 which had not been included in the
previously published assessment reports [Ad-
ams, 1997], with the addition of the explicit re-
quirement of comparing the technologies being
examined, as described above. The ratings
given to the articles selected thus reflect the
methodological quality of these studies in
AETMIS's updates (Tables 35 to 43 in Appen-
dix 9) and are based on the criteria in Table 18
in Appendix 6. However, these ratings are not
based on the overall study evaluation criteria,
since they are usually inapplicable (Table 19,
Appendix VI).
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4. CLINICAL USES OF PET

Which uses of PET are clinically effective?
The answer to this question is provided by epi-
demiologic data on the diseases of interest (es-
pecially for Québec and Canada), on the con-
ventional diagnostic modalities and on the role
of PET in each of the uses examined by
AETMIS in oncology, neurology and cardiol-

ogy.

This order of presentation is not indicative of
the relative importance that AETMIS attaches
to these areas of application. Furthermore,
based on the INAHTA survey [Adams, 1999],
the breakdown of the reimbursements for all
the clinical uses was 65% in oncology, 25% in
neurology and 6% in cardiology. Oncology is
presented first, as in a number of other assess-
ment reports, no doubt to follow their example.
Furthermore, data in oncology and neurology
are not always mutually exclusive. As a general
rule, the uses in oncology concern tumors other
than those of the central nervous system, and
part of the section on neurology concerns
neuro-oncology (brain tumors), hence the close
proximity of these two areas of application in
the order of presentation, since there is some-
times some overlapping.

The list of uses examined by AETMIS is based
on information from the literature surveys and
expectations expressed by current or potential
users. Thus, for each use examined, there is a
summary table of the positions expressed by
assessment organizations and agencies. These
tables provide, in a condensed form, the con-
clusions based on structured assessments and a
basis for comparison with the results of the up-
dates (1999 to February 2001), which confirm
or invalidate these conclusions.

Detailed compilations of the positions of cur-
rent and potential users, reimbursement organi-
zations and assessment agencies are presented

in Appendix 7 for each use examined. These
positions are expressed in condensed form for
the purposes of this section and are ranked on a
scale of 1 to 6 (see Table 1 on the following

page).

Next in order are the bases for the MSAC's and
HCFA's conclusions. In accordance with the
explanations given in Section 3.2.4, the
MSAC's and HCFA's assessments were used as
guidelines for recognizing the clinical efficacy
of PET in the uses examined here. Failing an
assessment by the MSAC or HCFA, the con-
clusions of other organizations or agencies
were taken into account, if necessary. In accor-
dance with the methodological strategy used by
AETMIS, updates aimed at identifying publica-
tions subsequent to the assessment reports are
compared with the MSAC's and HCFA's con-
clusions.

As can be seen from Section 4.4, which con-
cerns the economic aspects of PET, there is a
paucity of hard data on the cost-effectiveness
of the various uses of PET. The cost-
effectiveness of the various uses of PET has
not yet been determined, except for the char-
acterization of the solitary pulmonary nodule.
This is why these data need to be supplemented
by models.

The conclusions of the main organizations or
agencies, in particular, those of the MSAC, are
not definitive and involve many nuances re-
garding the interpretation of the significance of
the existing hard data. Consequently, the over-
all conclusions (conclusions of agencies and
organizations and conclusions of updates) for
each clinical use were classified as follows:

= A clinical use is said to be recognized if
the hard data are acceptable (in terms of
clinical efficacy).
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= It is considered potential if the hard data
are acceptable but incomplete.

= [t is considered nonrecognized if the data
are insufficient to a make a decision, if

they show that it performs poorly or if
there are no data in the literature surveys
carried out for this report.

Table 1: Classification of the positions of assessment organizations and agencies

1 ) Recognized use.

2 /0 Use recognized by some and considered potential by others.

3 ) Potential use (but further research is required).

4 ) Debated (use recognized by some, potential or not recognized by others).

5 /0 Use considered potential by some and not supported by the hard data for others.
6 ) Evidence insufficient to support this use.

7 NM Not mentioned.

4.1 ONCOLOGY

In oncology, the following uses were exam-
ined: lung cancer, colorectal cancer, melanoma,
head and neck cancer, Hodgkin's and non-
Hodgkin's lymphoma, breast cancer and pros-
tate cancer.

There are probably several important uses of
PET that were not examined in this report. It
should therefore not be assumed that PET does
not play a role in the uses that are not men-
tioned here. Based on the MSAC's consulta-
tions with PET suppliers, the uses examined in
its March 2000 report (lung cancer, colorectal
cancer, melanoma, glioma, epilepsy and coro-
nary revascularization) account for only 40%
of the PET scans performed in clinical settings.

4.1.1 Lung cancer

4.1.1.1 General data

In Canada, the age-standardized incidence rates
for lung cancer have been estimated at 80 per
100,000 males and at 47 per 100,000 females

in 2001. For Québec, they are 108 per 100,000
males and 51 per 100,000 females, which
translates into 6,500 new cases of lung cancer
and 5,600 deaths due it (NCIC, Canadian Can-
cer Statistics, 2001].

The presence of a radiographically detected
pulmonary lesion (nodule or mass) is reason to
suspect lung cancer. To determine how a pa-
tient with lung cancer should be managed and
what his or her prognosis is, it is essential to
differentiate, histopathologically, between
small-cell lung cancer and non-small-cell lung
cancer (NSCLC) [Lacasse, 2000].

Small-cell lung cancer (SCLC) accounts for
about 20% of all primary lung cancers. Patients
with this type of cancer have a very poor prog-
nosis, with 5-year survival rates of less than
1%. Non-small-cell lung cancer (NSCLC) is
often limited to the chest upon initial staging,
and 5-year survival rates for these patients are
60 to 70% for stage 1", 30 to 50% for stage 11, 5
to 30% for stage III and less than 2% for stage

" Staging in accordance with 1997 UICC recommenda-
tions.
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IV cancers [Klemenz and Taaleb, 2000].

Despite the intention to treat NSCLC with
curative-intent surgery, the lesions are not re-
sectable in 5 to 7% of operated patients, and
14% of patients die during the first year fol-
lowing curative-intent surgery. These results
underscore the major need to improve the strat-
egy for diagnosing lung cancer [Klemenz and
Taaleb, 2000].

The conventional methods used to characterize
the pulmonary nodule (bronchoscopy, transtho-
racic needle biopsy) and to determine the ex-
tent of the disease when a diagnosis of cancer
is made (axial CT scan of the chest, bone scan,
abdominal ultrasound and mediastinoscopy)
are imperfect and often invasive. Furthermore,
it is common for these conventional methods to
underestimate the extent of the disease, which
results in inadequate patient management [La-
casse, 2000].

4.1.1.2 The role of PET

In NSCLC, the following uses were examined:
characterizing the solitary pulmonary nodule
(SPN), initial staging (detecting distant and
mediastinal metastases), monitoring response
to therapy and detecting recurrence or residual
tumors following therapy.

On the whole, PET appears to perform better
than the conventional invasive investigative
methods (e.g., CT-guided transthoracic bi-
opsy). Furthermore, it does not involve any
complications.

4.1.1.3 Previous positions and updates

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed additional light on the subject,
if need be. The complete list of positions is

presented in Appendix 7. The studies selected
and evaluated for the updates using the criteria
set out in Chapter 3 and in Appendix 6 are pre-
sented in Appendix 8.

Characterizing the solitary pulmonary nodule
(SPN)

€@ | Use recognized by the HCFA, MSAC
and BCBSA and the assessment agen-
cies MHTAC, AHTAA and INAHTA.
The VA-TAP recognizes PET’s poten-
tial for this use (€).

Following the HCFA’s 1998 decision, Medi-
care covers PET scans in patients with an un-
determined solitary pulmonary nodule (SPN)
(as a substitute for transthoracic biopsies and
surgical excisions) [Tunis et al., 2000].

The MSAC cites three studies concerning the
diagnosis of solitary pulmonary lesions [Lowe
et al., 1998; Prauer et al., 1998; Dewan et al.,
1997]. Lowe et al. obtained a sensitivity of
92% and a specificity of 90% for PET in such
cases, results which were supported by those of
Prauer et al. (sensitivity of 90% and specificity
of 83%). The MSAC concluded that "[t]he po-
tential value for PET in this indication is in the
avoidance of biopsy in negative lesions. How-
ever, since FNAB is still a reasonably low-risk
procedure, PET would mainly be of value for
lesions considered to be unsuitable for FNAB
[because of severe lung disease or because the
lesion is in an unfavourable location] or for
those with a very low post-test probability of
malignancy" [Ghersi et al., 2000].

Up to February 2001, no new studies on the
characterization of the SPN were identified.
Given that there is no noninvasive examination
for differentiating between a benign nodule and
a malignant one at this time, that the preva-
lence of malignant nodules is high in Québec
and that most pulmonary nodules are malignant
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(personal communication from the advisory
committee, 2001), PET would be useful in such
cases. The MSAC's and HCFA's conclusions
are repeated here: The characterization of the
SPN by PET is considered a recognized use.

Staging: distant and mediastinal metastases

< Use recognized by the HCFA, BCBSA-
TEC, MSAC, MHTAC and INAHTA.
According to the VA-TAP, PET has
potential for detecting mediastinal me-
tastases.

Following the HCFA’s 1998 decision, Medi-
care covers PET scans for the initial staging of
lung cancer in patients diagnosed with NSCLC
[Tunis et al., 2000].

The MSAC report reviews 14 relevant studies
published before the end of 1999. It states that
PET is more accurate than conventional imag-
ing in detecting distant and mediastinal metas-
tases and that the evidence is significant with
regard to a change in management before sur-
gery or radiation therapy, although there is no
evidence at this time to quantify the impact of
these changes on health outcomes. It concludes
that "[d]espite the methodological limitations
of some of these studies, it is reasonable to
conclude that PET significantly improves the
diagnostic accuracy of staging the mediastinum
over conventional imaging, particularly when
PET is considered in addition

to CT" [Ghersi et al., 2000].

Our searches (Appendix 8) identified six new
studies on PET for staging NSCLC. Data on
the sensitivity and specificity of PET are pre-
sented in five of them, although only four
compared it with computed tomography. The
four studies in question are those by Gupta et
al. [2000] (25 patients), Vanuytsel et al. [2000]
(105 patients), Pieterman et al. [2000] (102 pa-
tients) and Hara et al. [2000] (29 patients) (see
Appendix 9 for the methodological quality of

these studies). In these four studies, the sensi-
tivity of PET was superior to and its specificity
greater than or equal to those of computed to-
mography. In Vanuytsel's study, better sensi-
tivity and equal specificity were achieved with
PET + CT than CT alone. Only one study, that
by Gupta et al., reports that the sensitivity of
PET depends on the size of the lesions, stating
that it is less (82%) for nodules of <1 cm.

The improvement achieved with PET in these
four studies was similar to that reported in the
studies evaluated by the Australian authors:
sensitivity is improved by 10% or more, while
the improvement in specificity is between 0
and 25%.

A meta-analysis performed by Dwamena
[1999] compares PET for the mediastinal
staging of non-small-cell lung cancer in 14
studies and computed tomography in 29 but
does not provide a matched comparison be-
tween the simultaneous, comparative studies.
In addition, five of the 14 studies of PET had
already been reviewed in the Australian report.
This meta-analysis concludes that PET is supe-
rior to computed tomography.

Another recently published meta-analysis
[Gould et al., 2001] does not compare PET to
any other imaging method for diagnosing pul-
monary nodules and lesions. However, the
authors conclude that FDG-PET is a noninva-
sive test with acceptable efficacy, although
there are few data for nodules of < 1 cm. They
state that, in clinical practice, FDG-PET has
high sensitivity but intermediate specificity in
determining malignancy of a lesion.

With surgical intervention avoided in some pa-
tients, PET could also be cost-effective
[Gambhir et al.,1998]. Section 4.4 examines
this in greater detail and provides a decision
model for NSCLC.
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This update shows that the clinical utility of
PET in staging NSCLC is supported by new
data demonstrating superior sensitivity and
equal or superior specificity, which facilitates
patient management in the immediate term.

Monitoring response to therapy

] The MSAC and VA-TAP recognize that
PET has potential for this use. The
HCFA does not cover PET scans for
monitoring response to therapy.

In its report, the MSAC mentions the potential
role of PET in monitoring response to therapy
(chemotherapy or radiation therapy), but this
use was not thoroughly examined in its March
2000 assessment. It does, however, mention
two studies [Kiffer et al., 1998; Nestle et al.,
1999] that report a change in the radiation field
in close to one third of cases after a PET scan.
However, Kiffer et al.'s study was a retrospec-
tive analysis, and that of Nestle et al. involved
a series of selected cases, with the result that
the real impact of PET on the change in man-
agement cannot be assessed. The MSAC be-
lieves that "[f]or patients whose disease is po-
tentially curable but who present a poor surgi-
cal risk, radical radiotherapy may be given. In
such cases, the role and value of PET in the
initial staging and in determining whether ag-
gressive or palliative radiotherapy is given
should be similar to its role in preoperative
surgical imaging."

No new studies on monitoring response to
therapy were identified. The MSAC's conclu-
sion is repeated here: PET could play a role in
therapeutic response monitoring in NSCLC,
although hard data are needed in order to con-
clude that it is clinically effective.

m Detecting residual or recurrent tumors

@/€@ | The HCFA recommends that this use be
covered, and the MHTAC (Minnesota)
recognizes this use. The MSAC and

VA-TAP recognize PET’s potential for
this application.

In its 2000 decision, the HCFA made a rec-
ommendation to Medicare that it extend its
coverage of PET to the detection of residual or
recurrent NSCLC tumors, the main rationale
being the study by Bury et al. [1999], which
involved 126 patients. Although the PET re-
sults were not analyzed in a blinded fashion,
the HCFA calls attention to the study's rigorous
design and the large patient sample. The com-
parisons showed that PET was superior to
computed tomography in detecting residual or
recurrent tumors, with a sensitivity of 100%
(compared to 72% for computed tomography)
and equivalent specificity (90%) [Tunis et al.,
2000].

No new studies on the detection of recurrent or
residual NSCLC tumors were identified. Al-
though the HCFA recommends coverage of
PET for detecting recurrent or residual tumors,
this recommendation is based on just one
study. This use of PET is therefore a potential
application, according to the MSAC's conclu-
sions.

4.1.1.4 Conclusions

In non-small-cell lung cancer, the clinical util-
ity of PET is

recognized for the following uses:

s characterizing the solitary pulmonary nod-
ule;

= initial staging when a diagnosis of non--
small-cell lung cancer is made, including:
s the detection of mediastinal lymph

node metastases; and

@ the detection of distant metastases;

and has potential for:
= monitoring response to therapy; and
s detecting recurrent or residual tumors.
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4.1.2 Colorectal cancer

4.1.2.1 General data

It is estimated that there will be 17,200 new
cases of colorectal cancer and 6,400 deaths due
to colorectal cancer in Canada in 2001. In
Québec, for the same year, the number of new
cases of colon and rectal cancer is estimated at
4,300 and the number of deaths at 2,100
[NCIC, Canadian Cancer Statistics, 2001].

The examination of choice for initially diag-
nosing colon cancer and biopsying suspicious
lesions (polyps) is the colonoscopy [Laplante,
2000]. Barium enemas, a complete blood
count, a carcinoembryonic antigen (CEA) as-
say and other tests (electrolytes, enzymes, etc.)
also aid in the diagnosis. Treatment is essen-
tially surgical in nature and consists in excising
the tumors. This will be the only intervention
in cases that are diagnosed early. In more ad-
vanced cases, radiation therapy and chemother-
apy may be added.

The frequent sites of metastasis during recur-
rence are the pelvic region, liver and lungs. Re-
currences occur in 75% of patients, and their
diagnosis is somewhat problematic, especially
in the case of recurrences in the region of the
anastomosis, local recurrence, lymph node
metastases and distant metastases. The thera-
peutic outcomes in these patients mainly de-
pend on the recurrence being diagnosed early.
The usual follow-up consists of a postoperative
examination with tumor markers, mainly CEA
[Dimitrakopoulou-Strauss, 2000; Laplante,
2000].

In the presence of an elevated CEA, the best
methods for diagnosing recurrent colorectal
cancer include the double-contrast barium en-
ema, rectosigmoidoscopy, endoscopic ultra-
sound (EUS), computed tomography and mag-
netic resonance imaging. The efficacy of EUS
is superior to that of computed tomography and

magnetic resonance imaging. The latter two
techniques are useful for detecting an increase
in lymph node size and detecting distant me-
tastases, although their efficacy in detecting a
local recurrence is not entirely satisfactory
[Dimitrakopoulou-Strauss, 2000].

Another method for detecting local recurrence
is the CT-guided biopsy, an invasive procedure
that cannot be used as a diagnostic standard be-
cause, although a positive result is clearly in-
dicative of tumor recurrence, a negative result
cannot rule out the presence of a tumor. Immu-
noscintigraphy is another method that can be
used to detect recurrence, but its sensitivity de-
pends on several factors, including the physical
properties of the radionuclide, the labelling
technique, the location and size of the lesions,
and the protocol used during the examination
[Dimitrakopoulou-Strauss, 2000].

4.1.2.2 The role of PET

In colorectal cancer, the following uses were
examined: diagnosing the primary lesion;
monitoring response to therapy; evaluating re-
gional lymph nodes; detecting hepatic and ex-
trahepatic metastases in cases of suspected lo-
cal recurrence; detecting recurrence; differenti-
ating between recurrence and postoperative
scar; and determining the location of recurrent
tumors in the context of a rising CEA level.

It is for detecting metastases that PET appears
to be most beneficial in colon cancer, as it en-
ables one to plan the simultaneous resection of
the metastases or to avoid a major operation in
the presence of generalized disease. For de-
tecting hepatic or extrahepatic metastases and
differentiating postoperative scar from local re-
currence, PET seems to be more sensitive then
computed tomography. However, it should be
noted that PET can yield false-positive results
during the six months following radiation ther-
apy because of the inflammatory reaction
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[CMI: Beanlands et al., 1999; Laplante, 2000;
Létourneau, 2000].

4.1.2.3 Previous positions and updates

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed further light on the subject, if
need be. A complete list of the positions is pro-
vided in Appendix 7. The studies selected and
evaluated for the updates using the criteria set
out in Chapter 3 and in Appendix 6 are pre-
sented in Appendix 8.

Diagnosing the primary lesion

@/® | Only the MHTAC mentions PET in
connection with diagnosing colorectal
cancer. However, the members of the
FMSQ's committee consider that there is
no evidence to support this use.

No new studies on diagnosing the primary le-
sion in colorectal cancer by FDG-PET were
identified up to February 2001.

Monitoring response to therapy

€ | Only the MHTAC and the AHTAA
mention PET’s potential for this use.

No new studies on monitoring response to
therapy with FDG-PET were identified up to
February 2001.

Detecting hepatic and extrahepatic metastases in
cases of suspected local recurrence

€@/€@ | The HCFA, BCBSA-TEC and MSAC
support this use. The MHTAC and VA-
TAP recognize PET’S potential for this
application

The conclusions of the Australian report and

those in the HCFA's coverage decision are
based on two high-quality studies with a suffi-
ciently large number of patients [Flamen et al.,
1999 (103 patients) and Valk et al., 1999 (155
patients)]. In addition, similar results had been
obtained in two smaller studies previously
published by Ogunbiyi et al. [1997, 47
patients] and Delbeke et al. [1997, 45 patients].
Valk et al. obtained a sensitivity of 95% with
PET for the detection of hepatic metastases
versus 84% with computed tomography (speci-
ficity: 100% for PET vs. 95% for computed
tomography) and a sensitivity of 90% with
PET versus 58% with computed tomography
for extrahepatic metastases. Flamen et al. ob-
tained similar results. The sensitivity of PET
was 4% higher than that of computed tomogra-
phy for hepatic metastases and 38% higher for
extrahepatic metastases (specificity of PET
greater than or equal to that of CT).

The studies by Flamen et al. and Valk et al.
show that PET is superior to computed tomo-
graphy in detecting hepatic and extrahepatic
metastases in cases of suspected local recur-
rence [Ghersi et al., 2000; Tunis et al., 2000].

For detecting hepatic metastases in cases of lo-
cal recurrence of colorectal cancer, the MSAC
concludes that "the concordance between CT
and PET results is high, though PET offers the
advantage of detecting a small number of can-
cers that would have been missed by CT....
Little is known about how outcomes are af-
fected by changing management in people who
have abnormalities that are detectable only on
PET. Although there is evidence that chemo-
therapy for early asymptomatic disease pro-
longs survival..., it is unclear if this advantage
extends to disease detectable only on PET and
whether there are improvements in quality of
life" [Ghersi et al. 2000].

For the detection of extrahepatic metastases,
the MSAC concludes that "the relatively large
improvement in sensitivity of PET in the de-
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tection of extrahepatic metastases has a major
potential impact on avoiding surgery and its
human and financial costs. The effect of
avoiding surgery on survival and quality of life
has not been directly assessed" [Ghersi et al.
2000].

Three new studies of suitable quality (see Ap-
pendix 9) were identified up to February 2001
[Imdahl et al., 2000, 71 patients; Zhuang et al.,
2000, 80 patients; and Staib et al., 2000, 100
patients].

For the detection of metastases, Imdahl et al.
report a sensitivity of 100% for PET (vs. 87%
for computed tomography and 100% for MRI,
although MRI was performed in only 22 pa-
tients) and a specificity of 98% (vs. 91% for
computed tomography and 100% for MRI).
Furthermore, the treatment could have been
modified in 16/71 patients, thanks to PET. The
results of the study by Zhuang et al. are equally
robust, with PET having detected extrahepatic
lesions in 6/80 patients versus computed tomo-
graphy, which did not detect any. Staib et al.'s
results confirm these figures, with a sensitivity
of 100% for PET compared to 97% for con-
ventional imaging (specificity: 99% for PET
vs. 96% for computed tomography). Accord-
ingly, surgery in these patients can therefore be
avoided with PET.

A new study, by Strasberg et al. [2001], in-
volved 43 patients with hepatic metastases
identified by computed tomography who were
considered suitable candidates for surgery. PET
identified extrahepatic metastases in 10 of
these patients, thus avoiding unnecessary sur-

gery.

This update lends, by way of new data, support
to the MSAC's and HCFA's conclusions. The
most important clinical contribution of PET in
this type of cancer consists in identifying pa-
tients with extrahepatic metastases, in whom
surgery is contraindicated, which would reduce

the morbidity and hospital costs associated
with such surgery.

The clinical utility of PET in detecting metas-
tases from recurrent colorectal cancer is recog-
nized.

m Recurrence: Detection, differentiation of

postoperative scar and determination of the
location of recurrent tumors in the context
of a rising CEA level

< The HCFA recognizes the use of PET
for detecting recurrent tumors (in con-
junction with computed tomography),
but the MSAC, MHTAC, AHTAA, VA-
TAP and INAHTA only recognize its
potential in this regard.

® | Debate: The HCFA and MSAC recog-
nize the use of PET for differentiating
recurrence from postoperative scar,
while the BCBSA-TEC states that there
is no evidence in this regard. The
AHTAA recognizes PET’s potential for
this application.

€ | Up until 2000, the HCFA covered PET
scans only for determining the location
of recurrent colorectal tumors when in-
dicated by rising CEA levels (restriction
lifted in 2000). The BCBSA-TEC and

AHTAA recognize this use.

In its March 2000 report, the MSAC recom-
mends that PET be covered on an interim basis
for the evaluation of residual abnormalities on
conventional imaging in patients who are
symptomatic following definitive treatment for
colorectal cancer. This decision was based on
the two studies mentioned earlier (Flamen et
al., 1999; Valk et al., 1999], which show that
PET is superior to computed tomography in
detecting recurrent colorectal cancer [Ghersi et
al., 2000].
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Following the HCFA's decision, Medicare has,
since 1998, been covering PET scans for de-
termining the location of recurrent tumors in
the context of a rising CEA level. In its 2000
decision, the HCFA lifted the restriction of an
elevated CEA. This use is now covered in the
context of abnormal clinical findings during
posttreatment follow-up. In addition, the
HCFA extended its PET coverage recommen-
dation for colorectal cancer to include differ-
entiating between local recurrence and postop-
erative scar. Although the six studies reviewed
by the organization were characterized by cer-
tain methodological biases, the HCFA main-
tains that PET scanning could have the ability
to influence posttest probabilities such that pa-
tients and their physicians can choose an ap-
propriate biopsy strategy, which would in-
crease the chances for curative resection [Tunis
et al., 2000].

No new studies on the utility of PET in differ-
entiating between recurrence and postoperative
scar or in evaluating residual lesions after de-
finitive treatment were identified.

As for determining the location of recurrent
tumors in the context of abnormal clinical
findings after curative-intent treatment, Imdahl
et al. [2000] report that, in their study, PET
provided additional information in 86% of the
cases compared to conventional imaging,
which had an impact on the surgical decision in
61% of the cases. Similarly, the results of the
study by Staib et al. [2000] show a sensitivity
of 98% for PET (vs. 91% for computed tomo-
graphy and 76% for the CEA assay) and a
specificity of 90% (vs. 72% and 90% for com-
puted tomography and the CEA assay, respec-
tively).

This update shows that PET seems to improve
the detection of recurrence (in the context of
abnormal clinical findings). No new studies on
differentiating between residual tumor and
postoperative scar (or radionecrosis) were

identified. The MSAC's and HCFA's conclu-
sions are repeated here: The clinical utility of
PET in detecting recurrence, differentiating
between recurrence and postoperative scar, and
determining the location of recurrent tumors in
the context of abnormal clinical findings is
recognized.

4.1.2.4 Conclusions

In colorectal cancer, the clinical utility of PET

ist ecogmzed for the following uses:
detecting preoperatively hepatic and extra-
hepatic metastases in patients in whom a
localized recurrence is detected,;

s determining the location of recurrent tu-
mors in the presence of clinical symptoms
or abnormal paraclinical findings (conven-
tional imaging, CEA, etc.); and

s differentiating between recurrence and
postoperative scar in the context of diag-
nostic imaging that shows abnormalities;

has potential for:
= monitoring response to therapy;

and is not recognized for:
s diagnosing the primary lesion.

4.1.3 Melanoma

4.1.3.1 General data

The incidence of melanoma has increased
steadily over the past few years. Thelen and
Bares [2000] cite a melanoma incidence rate
for whites in Europe of 8 per 100,000, with the
rate increasing up to 20 per 100,000 near the
equator.

It is estimated that there will be 3,800 new
cases of melanoma and 820 melanoma deaths
in Canada in 2001, with 570 new cases and 140
deaths in Quebec [NCIC, Canadian Cancer
Statistics, 2001].
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One of the characteristics of melanoma is its
rapid metastasis. For staging regional lymph
nodes, high-resolution ultrasound is the most
widely used method. Chest x-rays and abdomi-
nal ultrasound are used as well. When the re-
sults are inconclusive or reveal an abnormality,
CT scans of the chest, abdomen and, if appli-
cable, the head are performed [Thelen and
Bares, 2000].

There is currently no curative treatment for
melanoma with widespread metastases.

4.1.3.2 The role of PET

In melanoma, the following uses were exam-
ined: diagnosis, initial staging, evaluating
lymph nodes, detecting extranodal metastases
in the context of a preoperative workup or of a
posttreatment or postoperative follow-up, and
evaluating recurrence during a postoperative
follow-up.

PET is less effective than conventional diag-
nostic methods for detecting the primary lesion
and diagnosing local recurrence and therefore
cannot, at this time, be used as a diagnostic
standard, according to Thelen and Bares
[2000]. It can however, be used to visualize
suspected malignant lesions in structures that
appear normal on clinical examination (e.g.,
normal-size lymph nodes), thus permitting
early localization of a tumor and thus improv-
ing the patient's prognosis. Furthermore, the
detection of widespread metastases can spare
the patient "extensive, mutilating surgery"
[Eigtved et al., 2000].

4.1.3.3 Previous positions and updates

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed further light on the subject, if
need be. A complete list of the positions is pro-

vided in Appendix 7. The studies selected and
evaluated for the updates using the criteria set
out in Chapter 3 and in Appendix 6 are pre-
sented in Appendix 8.

Diagnosing the primary lesion

] The only organization that mentions this
use of PET is the INAHTA, which rec-
ognizes its potential in this regard.

Up to February 2001, no new studies on the di-
agnosis of the primary melanoma tumor were
identified.

Initial staging

@/@ | The HCFA, MSAC and BCBSA rec-
ommend coverage of PET for the stag-
ing of melanoma. The INAHTA recog-
nizes its potential in this regard.

The Australian report identified 11 studies on
the detection of melanoma metastases that
qualified according to the selection criteria.
Only four of these studies were actually com-
parative (one additional study compared the
sensitivity rates but not the specificity rates -
See Appendix 9). In the first of these studies
[Blessing et al., 1995, 20 patients], computed
tomography was not found to be more accurate
than ultrasound. In the second study [Valk et
al., 1996, 35 patients], the sensitivity of PET
and that of computed tomography were compa-
rable (96% and 94%), but PET’s specificity
was superior, being 55% versus 12%, which is
low. In the third study [Holder et al., 1998, 76
patients), the higher sensitivity of PET (94%)
versus that of computed tomography (83%)
was achieved at the cost of low specificity
(55% for PET and < 84% for computed tomo-
graphy). The fourth study, the most robust and
rigorous one [Rinne et al., 1998] involved 52
patients. The sensitivity of PET was 100%, that
of conventional imaging 85%. This sensitivity
was achieved while at the same time main-
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taining 96% specificity compared to 68% for
conventional imaging.

Based on these studies, mainly that of Rinne et
al. [1998], the Australian report concludes that
"PET appears to have improved diagnostic ac-
curacy over conventional imaging in the detec-
tion of metastatic lesions, but methodological
limitations of the studies should be borne in
mind."

Ten studies published between 1999 and Feb-
ruary 2001 were identified. Only three of them
were comparative, and they were of low meth-
odological quality. The first one [Paquet et al.,
2000], which involved 24 patients, reported
equivalent accuracy for PET and computed to-
mography (> 80%), which is not surprising,
given the small, statistically insufficient patient
sample (study rated D).

The second study, rated C, involved 38 patients
[Eigtved et al., 2000] and reports 97% sensi-
tivity for PET and 62% for conventional im-
aging, with 62% specificity (vs. 22% for con-
ventional imaging). The third study, rated D,
involved 68 patients with advanced melanoma
[Dietlein et al., 1999]. It merely concludes that
"PET detected fewer pulmonary and hepatic
metastases..., but more lymph node and bone
metastases than conventional radiology or CT."

Since the new studies are of inadequate meth-
odological quality, they add nothing to the
MSAC's and HCFA's conclusions, which are
that the clinical utility of PET for initial staging
of melanoma is recognized.

m  Evaluating lymph nodes

this application.

® | The HCFA, MSAC and BCBSA-TEC
consider that there is no evidence to
support the use of PET for this applica-
tion because of its low sensitivity for
micrometastases. The AHTAA ac-
knowledges that the evidence is lacking,
but that there is nonetheless potential for

Based on the results of a study by Wagner et al.
[1999], the MSAC concludes that PET is not
accurate for diagnosing micrometastases.
Wagner et al. reported quite low results for the
diagnosis of lymph node metastases compared
to lymph node biopsy. They state that if PET is
used to screen patients for the purpose of re-
secting seemingly isolated metastases, micro-
metastatic disease in other sites cannot be ruled
out. The MSAC states that "[t]his does not ne-
gate PET's potential role in identifying patients
for whom surgery would achieve local control
and delay the onset of major symptoms or
complications from metastatic disease. How-
ever, the value of PET in changing manage-
ment to avoid surgery in those patients with
early metastatic disease is unclear and would
require long-term controlled cohort stud-
ies...before any conclusions could be drawn."
[Ghersi et al., 2000].

The HCFA concludes that, since there is a lack
of evidence to the contrary, certain strongly
negative studies (e.g., that of Wagner et al.,
1999, mentioned above) form the basis for its
refusal to cover PET for lymph node evaluation
[Tunis et al., 2000].

A recently published meta-analysis [Mijnhout,
2001] of 11 studies, several of which were
mentioned above (initial staging), draws the
following conclusion: PET seems to be highly
accurate in detecting metastases, but it seems to
be less accurate for regional than systemic
staging and for stages I and II disease than
stage I1I melanoma.

Two fairly recent studies [Tyler et al., 2000;
Wagner et al., 1999] (that of Wagner et al. was
used by the MSAC and HCFA to draw their
conclusions), illustrate, in part, the large dis-
parity between the performance results re-
ported in various studies. Although Tyler et al.
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examined PET in stage III melanoma (in lymph
node metastases), their sensitivity of 87% was
obtained with a specificity of only 44%. Wag-
ner et al.'s study [1999], which is of high-
quality, found that PET's sensitivity for occult
lymph node metastases was only 17%, with
96% specificity. Sentinel lymph node biopsy,
on the other hand, had a sensitivity of 95%,
with 100% specificity.

It seems to be accepted that PET is more sensi-
tive in detecting disease with metastatic dis-
semination but that it is insensitive in detecting
micrometastases from early-stage lesions. In
short, the evidence concerning the improve-
ment in diagnostic accuracy for lymph node
metastases with PET is very limited. Wagner et
al.'s study shows that PET cannot replace sen-
tinel lymph node biopsy for detecting regional
lymph node metastases during initial staging or
during posttreatment monitoring.

Since no new studies that could support or
contradict the MSAC’s or HCFA's conclusions
were identified in the update, the clinical utility
of PET in evaluating regional lymph nodes is
not recognized.

Extranodal metastases (preoperative staging or
ostoperative follow-up)

® | The HCFA, MSAC and BCBSA-TEC
recommend coverage of PET for the
detection of extranodal metastases dur-
ing initial staging or in the context of a
postoperative follow-up. The AHTAA
mentions PET's potential for detecting
metastases in cases of advanced lesions
(Clark III and 1V).

In its conclusions, the MSAC states that, in the
studies where metastatic disease was not de-
tected by conventional imaging modalities,
PET was reported to have nearly 100% sensi-
tivity [Steinert et al., 1995; Rinne et al., 1998;
and Holder et al., 1998]. However, the authors

also mention the possibility of selection bias in
some of these studies, since only PET-positive
lesions were confirmed histologically. Fur-
thermore, they once again cite Wagner et al.'s
study [1999], which reports a very low sensi-
tivity for PET and in which histological con-
firmation was done in entire series of cases.
Nevertheless, the MSAC recommends cover-
age of PET on an interim basis for the preop-
erative evaluation of patients being considered
for surgical resection of apparently limited
metastatic disease from melanoma [Ghersi et
al., 2000].

For its part, the HCFA bases its recommenda-
tion that PET be covered for the detection of
extranodal metastases in the context of a post-
operative follow-up on two studies cited by the
MSAC [Rinne et al., 1998; Holder et al., 1998]
and on that of Valk et al. [1996]. Rinne et al.'s
study [1998] provides promising data to sup-
port the use of PET when added to conven-
tional imaging in this situation, despite the lack
of evidence of health benefits. The HCFA
draws the following conclusion: "However, it
is likely that the expected clinical impact will
be limited. In patients where there is a concor-
dant result..., there will be no significant
change in management. The true impact will
likely be realized when PET detects lesions
missed by conventional imaging since patients
will receive necessary treatment in a timely
fashion without the delay from underdiagnosis"
[Tunis et al., 2000].

None of the ten new studies identified up to
February 2001 is of sufficient quality to con-
firm or invalidate the MSAC's or HCFA's con-
clusion, which is as follows: The clinical utility
of PET in evaluating extranodal metastases is
recognized.

Preoperative evaluation of recur-
rence/postoperative follow-up

® | The HCFA recommends coverage of
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PET for the evaluation of recurrence
when used as an alternative to a gallium
scan. The AHTAA also recognizes this
use. The MSAC makes no mention of it.

Since there are no new studies contradicting its
1999 conclusion, the HCFA renewed, in De-
cember 2000, its decision concerning PET cov-
erage for the evaluation of melanoma prior to
surgery when used as an alternative to a gal-
lium scan.

No new studies on the clinical utility of PET in
the evaluation of recurrent melanoma were
identified up to February 2001.

4.1.3.4 Conclusions

In melanoma, the clinical utility of PET

ist ecogmzed for the following uses:
detecting extranodal metastases during
initial staging or in the context of a
postoperative follow-up;
= evaluating a potentially treatable recur-
rence; and

is not recognized for:
= diagnosing the primary lesion; or
= detecting lymph node metastases.

4.1.4 Head and neck cancer

4.1.4.1 General data

Head and neck tumors account for about 3 to
5% of all malignant tumors and occur mainly
in males (male-to-female ratio = 6:1). In gen-
eral, the worldwide incidence is about 20 in
100,000 (males), and the mortality rate, in
1994, was 6.3 in 100,000 males and 1.1 in
100,000 females [Bender and Strachler-Pohl,
2000].

It is estimated that there will be 3,100 new

cases of mouth cancer and 1,250 new cases of
cancer of the larynx in Canada in 2001, with
1,570 resulting deaths. In Québec, in 2001, it is
estimated that there will be 1,290 and 560 new
cases of mouth and laryngeal cancer, respec-
tively, with about 450 resulting deaths [NCIC,
Canadian Cancer Statistics, 2001].

The diagnosis of head and neck tumors is based
mainly on a physical examination, together
with ultrasound, computed tomography, mag-
netic resonance imaging and biopsy. In general,
palpation and visual examination seem to have
better specificity than morphological imaging,
as they provide information on tumor structure
and consistency. The use of imaging tech-
niques permits a better evaluation of the size,
structure, relationship to the adjacent issues
and extent of the disease. There are limitations
when the lesions are small and without any
morphologic change (micrometastases, or
small metastases in normal-size lymph nodes,
etc.); when lymph nodes have increased in size
in the absence of any typical signs of malig-
nancy; and when the anatomical regions have
been deformed by surgery or radiation therapy,
thus complicating the task of differentiating
between postoperative scar and tumor [Bender
and Straehler-Pohl, 2000].

Newly diagnosed malignant lesions are consid-
ered "unknown primaries" in 2% of cases.
These tumors often manifest as adenopathies in
lymph nodes throughout the body (37%), and
31% of them occur in the head and neck region
[Jungehulsing et al., 2000; Scheidhauer et al.,
2000]. Squamous-cell cervical metastases from
unknown primary sites probably originate from
an unknown head and neck primary, since the
tendency with head and neck tumors is that
they are originally regional, not distant, metas-
tases, which makes them potentially curable
[Lassen et al., 1999; Dr. Jacques Laplante, per-
sonal communication, 2001].
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4.1.4.2 The role of PET

In head and neck cancer, the following uses
were examined: identifying an unknown pri-
mary tumor, staging regional lymph nodes,
monitoring response to therapy, detecting re-
currence or residual tumor, and differentiating
postoperative scar.

It has been suggested that the use of functional
imaging techniques improves tissue evaluation
and probably provides clues as to a tumor's
histology. This is very important because typi-
cal functional changes can occur at an early
stage, often well before morphological changes
can be detected [Bender and Strachler-Pohl,
2000].

4.1.4.3 Previous positions and update

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed further light on the subject, if
need be. A complete list of the positions is pro-
vided in Appendix 7. The studies selected and
evaluated for the updates using the criteria set
out in Chapter 3 and in Appendix 6 are pre-
sented in Appendix 8.

Identifying an unknown primary tumor in the
resence of cervical lymph node metastases

@ | The HCFA and BCBSA-TEC recom-
° mend coverage for PET for this use
when conventional imaging is unable to
identify the primary tumor. The
AHTAA considers that the data are in-
sufficient to support this use, while the
VA-TAP recognizes PET’s potential for
this application.

The MSAC does not mention unknown pri-
mary tumors in its March 2000 report. It states
that there are several other potentially impor-
tant uses of PET but that they were not studied

in its report and stresses that it should not be
assumed that PET has no role to play in the
uses that are not mentioned in its assessment.

Of the eight studies identified on the subject,
the HCFA selected four for review, based on
their ability to demonstrate the incremental
benefit of this use of PET. The four studies
showed a pooled true-positive rate of 30% in
patients who had negative findings on exami-

nation and conventional imaging [Tunis et al.,
2000].

PET seems to have positive utility in identify-
ing an unknown primary tumor when there are
cervical node metastases. When the primary
tumor is identified by PET and when this is
confirmed by biopsy, directed tumor manage-
ment is initiated, thus avoiding the morbidity
associated with unnecessary radiation therapy
or surgery. Long-term survival has thus far not
been studied. Although management is im-
proved, it is not certain that this leads to better
health outcomes.

The HCFA concludes that it is reasonable to
support coverage of PET for identifying un-
known primary tumors, since this could be
beneficial in nearly one third of patients in
whom diagnosis might otherwise have failed
[Tunis et al., 2000].

Our literature searches identified four new
studies [Jungehulsing et al., 2000; Bo-
huslavizki et al., 2000; Perie et al., 2000; and
Lassen et al., 1999] on the identification of un-
known primary tumors, although none of these
studies is of sufficient quality (see Appendix
9). The HCFA's conclusion is therefore re-
peated here: The clinical utility of PET in
identifying unknown primary tumors is recog-
nized.

m  Staging cervical lymph node metastases

] The HCFA and BCBSA recommend
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e coverage of PET for the initial staging
of cervical lymph nodes involved in
metastatic disease. In the AHTAA's
opinion, there is no evidence to support
this use. The VA-TAP recognizes PET’s
potential for staging cervical lymph
node metastases.

potential in cases where there are nega-
tive findings on computed tomography
or magnetic resonance imaging.

Based on the BCBSA-TEC's conclusions and
on a small, methodologically robust study (n =
19) [Wong et al., 1996] that is supported by
data from other, less rigorous studies, the
HCFA concludes that PET should be covered
for staging cervical lymph nodes when there is
metastatic disease. The results of Wong et al.'s
study showed that computed tomography alone
correctly staged the disease in 69% of the pa-
tients, while computed tomography followed
by PET correctly staged it in 92% of the pa-
tients [Tunis et al., 2000].

No new studies on staging head and neck can-
cer were identified. The HCFA's conclusion is
stated here: The clinical utility of PET is rec-
ognized for staging cervical lymph nodes.

Monitoring response to therapy

< In the AHTAA’s opinion, there is no
evidence to support this use, while the
VA-TAP recognizes PET’s potential for
such use, although it states that further
studies are required. The HCFA does
not cover PET for monitoring response
to therapy.

No new studies were identified up to February
2001. PET has potential clinical utility in this
application.

Detecting recurrence or a residual tumor and
differentiating postoperative scar

@/€@ | The HCFA recommends coverage of
PET for this use. The MHTAC and VA-
TAP recognize PET's potential for this
application. The AHTAA recognizes its

The HCFA reviewed 11 comparative studies in
order to make its coverage decision regarding
PET for detecting recurrence and residual tu-
mors and for differentiating them from postop-
erative scar. Six of the studies showed PET to
have superior sensitivity and specificity than
computed tomography, magnetic resonance
imaging and the physical examination [Lowe et
al., 2000; Wong et al., 1997; Anzai et al., 1996;
Farber et al., 1999; Rege et al., 1994; and Kao
et al., 1998]. Four of them reported neutral or
mixed rates [Hanasono et al., 1999; Manolidis
et al., 1998; Nowak et al., 1999; and Greven et
al., 1997], and the last one [Paulus et al., 1998]
reported a less favourable diagnostic perform-
ance with PET in relation to computed tomo-
graphy. The HCFA bases itself on the study by
Wong et al. [1996] to support its coverage de-
cision, despite the small sample size in this
study (which was of relatively strong design),
stating that a more informed clinical decision
probably leads to improved health outcomes
[Tunis et al., 2000].

Four new studies were identified up to Febru-
ary 2001 [Di Martino et al., 2000; Lowe et al.,
2000; Lonneux, 2000; and Farber et al., 1999].
They seem to suggest that PET is superior to
conventional imaging (computed tomography,
MRI, ultrasound), but these studies were of low
methodological quality (grades C or D; see
Appendix 9).

Since this update did not identify any studies
supporting or contradicting the HCFA's con-
clusion concerning head and neck cancer, that
conclusion is stated here: The clinical utility of
PET in detecting recurrent disease and residual
tumors in the presence of abnormalities on
conventional imaging is recognized.
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4.1.4.4 Conclusions

In head and neck cancer, the clinical utility of
PET

is recognized for:

= identifying an unknown primary tumor
in the presence of cervical node metas-
tases;

= staging cervical lymph nodes when
there are negative findings on conven-
tional imaging; and

o detecting recurrent disease or residual
tumor and differentiating postoperative
scar;

and is not recognized for:
= monitoring response to therapy.

4.1.5 Lymphoma

4.1.5.1 General data

It is estimated that there will be 6,200 new
cases of non-Hodgkin's lymphoma and 2,700
deaths due to this type of cancer in Canada in
2001. In addition, it is estimated that there will
be 810 new cases of Hodgkin's lymphoma and
120 deaths due to this disease. In Québec, the
estimates are 1,590 new cases of non-
Hodgkin's lymphoma and 580 deaths [NCIC,
Canadian Cancer Statistics, 2001].

The introduction of computed tomography and
magnetic resonance imaging led to vast
changes in the diagnostic imaging of lympho-
mas. Although there have been some meth-
odological improvements, these changes have
apparently now slowed down. Because of the
limitations of diagnostic methods like ultra-
sound, staging malignant lymphoma presently
depends on an increasing number of diagnostic
methods specific to the disease of interest (or-
gan system-specific). These tests are associated
with significant costs in terms of time and lo-

gistics, to say nothing of the considerable pa-
tient discomfort associated with the usual pro-
cedures for staging lymphoma (bone marrow
aspiration and biopsy, CT scans of the abdo-
men, pelvis and chest, gallium imaging and, in
some cases, bone imaging) [CMI: Beanlands et
al., 1999; Moog, 2000].

4.1.5.2 The role of PET

In lymphoma, the following uses were exam-
ined: initial staging, posttreatment follow-up
and monitoring response to therapy.

The numerous modalities used for the usual
staging of lymphoma can be replaced by a sin-
gle PET scan. Furthermore, PET often reveals
a more advanced stage of the disease and leads
to more aggressive management. It has been
suggested that PET is as useful for evaluating
response to therapy as it is for staging. An
American study [Young et al., 1997] found that
upon using PET prior to treatment and again
after two cycles of chemotherapy for evaluat-
ing the intermediate response to treatment, the
mortality rate due to lymphoma was reduced
by one half in relation to the national average
rate [CMI: Beanlands et al., 1999].

For example, PET is a one-day procedure that
is more advantageous than gallium imaging be-
cause it has higher resolution, permits better
dosimetry, induces less intestinal activity and
shows quantitative potential. Furthermore,
FDG-PET can be used to evaluate residual le-
sions posttreatment with a high level of accu-
racy [Laplante, 2000].

4.1.5.3 Previous positions and update

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed further light on the subject, if
need be. A complete list of the positions is pro-
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vided in Appendix 7. The studies selected and
evaluated for the updates using the criteria set
out in Chapter 3 and in Appendix 6 are pre-
sented in Appendix 8.

Initial staging and posttreatment follow-up

€@/€@ | The HCFA and BCBSA-TEC both rec-
ommend coverage of PET for these
uses. The MHTAC and AHTAA recog-
nize PET's potential for these applica-
tions.

The MSAC does not mention Hodgkin's or
non-Hodgkin's lymphoma in its March 2000
report. It states that there are several potentially
important uses of PET that were not examined
in its report and stresses that it should not be
assumed that PET has no role to play in the
uses that are not mentioned in its assessment.

Since 1999, the HCFA has recommended cov-
erage of PET for initial and posttreatment
staging when used as a substitute for a gallium
scan.

The BCBSA-TEC identified 14 studies pub-
lished between April 1997 and March 2000 on
the staging of Hodgkin's and non-Hodgkin's
lymphoma during initial staging or posttreat-
ment follow-up [Bangerter et al., 1999; Jeru-
salem et al., 1999; Moog et al., 1999; Zinzani
et al., 1999; Stumpe et al., 1998; Hoh et al.,
1997; Bares et al., 1993; Carr et al., 1998; de
Wit et al., 1997; Rodriguez et al., 1997;
Bangerter et al., 1998, Rodriguez et al., 1995;
Leskinen-Kallio et al., 1991; and Okada et al.,
1994]. Of these studies, three compared PET
with conventional imaging, and two included
data concerning sites with and without disease
for PET and computed tomography. These two
studies showed that PET provides greater diag-
nostic accuracy than computed tomography.
The BCBSA-TEC concludes that when PET is
added to conventional imaging, it provides use-
ful information for selecting effective treatment

appropriate to the correct stage of disease.

The update to February 2001 identified only
one study [Jerusalem et al., 2000], which, al-
though of low quality, suggests that PET is
clinically useful.

The fact that the available data are evolving at
a rapid pace, that is, within a span of a few
months, can lead to different conclusions con-
cerning certain uses. Referring to the results of
two studies identified after February 2001 that
are of sufficient quality for our analysis
[Buchmann et al., 2001; Spaepen et al., 2001]
(see Appendix 9), one might note evidence, in
the form of new data, that would support rec-
ognition of two uses of PET in lymphoma: 1)
when restaging could affect the choice of
treatment; and 2) for evaluating residual dis-
ease after treatment.

Buchmann et al.'s study [2001] compared PET
with computed tomography for staging lym-
phoma. Discrepant results were verified by bi-
opsy, magnetic resonance imaging or a clinical
follow-up of 4 to 24 months. PET detected
lymph node manifestations of lymphoma with
99.2% sensitivity (100% specificity) compared
to computed tomography, which had a sensi-
tivity of 83.2% (specificity of 99.8%).

Spaepen et al. [2001] studied the clinical utility
of PET in identifying lymphomas with lymph
node, extranodal, supradiaphragmatic and in-
fradiaphragmatic manifestations. PET was su-
perior to computed tomography in all cases,
and its sensitivity in detecting extranodal mani-
festations was 100% versus 80.8% for com-
puted tomography (specificity 99.4% for both).
These authors also examined the diagnostic ac-
curacy of PET in posttreatment follow-up and
showed that PET predicted persistent disease in
14/26 cases in which the results were positive.

A study of lesser quality (grade C) [Huelten-
schmidt et al., 2001] confirms that PET is more
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specific for restaging (95% sensitivity and 89%
specificity for PET vs. 95% and 39%, respec-
tively, for conventional imaging) and for de-
tecting recurrence (91% sensitivity and 71%
specificity for PET vs. 91% sensitivity for con-
ventional imaging, with the latter’s specificity
not mentioned).

Although it is outside the limits that we set for
selecting studies (1999 to February 2001), this
update supports the HCFA's and BCBSA-
TEC’s conclusions with new data. The clinical
utility of PET in initial staging and posttreat-
ment follow-up is therefore recognized.

Monitoring response to therapy

] The MHTAC is the only organization
that mentions this use for PET. The
ARQ recognizes PET's potential for this
application, and the CMI recognizes this
use. The HCFA does not cover PET for
monitoring response to therapy

No new studies on monitoring response to
therapy in lymphoma were identified. At pre-
sent, this is a potential use of PET.

4.1.5.4 Conclusions
In Hodgkin's and non-Hodgkin's lymphoma,
the clinical utility of PET

is recognized for:
= initial staging when restaging could affect

the choice of treatment; and
s evaluating residual disease after treatment;

and has potential for:
= evaluating response to therapy.

4.1.6 Breast cancer

4.1.6.1 General data

It is estimated that 19,500 Canadian women
will be diagnosed with breast cancer in 2001,

with 5,000 new cases in Québec. The number
of deaths due to breast cancer in all the prov-
inces in 2001 is estimated at 5,500, with 1,450
of these deaths occurring in Québec [NCIC,
Canadian Cancer Statistics, 2001].

When a clinical examination in conjunction
with mammography and aspiration cytology
(triple approach) does not permit a definitive
diagnosis, invasive procedures need to be con-
sidered. It is important to note that, in patients
with an abnormal mammogram who have un-
dergone surgery, the masses that are operated
on are malignant in only 2 to 4 cases in 10. In
addition, about 10% of breast cancers are not
identified by mammography, even when they
are palpable. This is why the diagnosis should
be made on the basis of the morphological re-
sults obtained by aspiration, needle biopsy or
even open biopsy [Avril et al., 2000a].

4.1.6.2 The role of PET

In breast cancer, the following uses were ex-
amined: detecting the primary tumor, staging
primary and recurrent tumors, and monitoring
response to therapy.

PET cannot be used as a routine test for de-
tecting breast cancer because of its low sensi-
tivity or because its sensitivity is comparable to
that of mammography and scintimammogra-
phy, which are less expensive procedures.
However, it is suggested that PET could be of
significant value in clinical cases that are con-
sidered difficult, especially in women with
large breasts or fibrocystic disease, those who
have had a first biopsy, surgery or radiation
therapy, and those with breast implants. PET is
also useful in evaluating an axillary mass sus-
pected of being breast cancer and can even
avoid axillary dissection. It is superior to car-
tography in detecting osteolytic bone metasta-
ses, although it can miss certain osteoblastic le-
sions. It can also prove useful in detecting re-
current or metastatic tumors and very useful in
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monitoring response to therapy, since it can be
performed earlier than the other methods for
evaluating treatment [Avril et al., 2000a; Lap-
lante, 2000; Létourneau, 2000].

4.1.6.3 Previous positions and update

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed further light on the subject, if
need be. A complete list of the positions is pro-
vided in Appendix 7. The studies selected and
evaluated for the updates using the criteria set
out in Chapter 3 and in Appendix 6 are pre-
sented in Appendix 8.

Detecting the primary tumor

© | Although the AHTAA and BCBSA-
TEC consider that there is no evidence
to support PET for this use, the VA-
TAP recognizes PET's potential for this
application. None of the other organiza-
tions mention this use, but the
AMSMNQ, the CMI and the FMSQ's
PTC have all stressed its importance in
clinical cases that are considered diffi-
cult.

porting the use of PET in breast cancer.

Up to February 2001, no new studies, with suf-
ficiently convincing data, of the use of PET in
breast cancer were identified.

PET has potential clinical utility in detecting

primary breast cancer tumors in cases consid-
ered difficult.

Staging primary and recurrent tumors

¢ Three assessment agencies (AHTAA,
VA-TAP and INAHTA) recognize
PET's potential for this application, es-
pecially for recurrent tumors.

Up to February 2001, no new studies of PET
for the detection of breast cancer metastases

were identified. This is therefore a potential use
of PET.

Monitoring response to therapy

< The MHTAC and VA-TAP recognize
PET's potential for this use.

The MSAC does not mention breast cancer in
its March 2000 report. It states that there are
several other potentially important uses of PET
that were not examined in its report and
stresses that it should not be assumed that PET
has no role to play in the uses that are not
mentioned in its assessment.

The HCFA did not make a PET coverage deci-
sion for breast cancer but instead referred the
matter for consideration to the MCAC Diag-
nostic Imaging Panel.

The BCBSA-TEC states that the medical lit-
erature is incomplete when it comes to sup-

Up to February 2001, no new studies, with suf-
ficiently convincing data, of this use of PET in
breast cancer were identified. This is therefore
a potential use of PET.

4.1.6.4 Conclusions

In breast cancer, PET's clinical utility is not
clearly recognized, but

it has potential for:
= staging primary and recurrent tumors;
s detecting axillary and internal mammary
lymph node metastases;
o detecting the primary tumor in the context
of an equivocal complete evaluation; and
= monitoring response to therapy.
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4.1.7 Prostate cancer

4.1.7.1 General data

It is estimated that there will be 17,800 new
cases and 4,300 deaths in Canada in 2001, with
an estimated 3,800 new cases and 890 deaths in
Québec. (NCIC, Canadian Cancer Statistics,
2001]. It should be noted that autopsy results
have shown that prostate cancer is present in
about 30% of men aged 50 and in about 60 to
70% of men aged 70, but that this type of can-
cer presents clinical manifestations in only one
third of cases [Avril et al., 2000b].

Although different schools of thought have
questioned the different approaches, the diag-
nosis of prostate cancer is based primarily on a
digital rectal examination, transrectal ultra-
sound (TRUS), a prostate-specific antigen
(PSA) assay and a prostate biopsy. A PSA as-
say does not enable one to distinguish between
organ-confined and more advanced disease.
TRUS permits visualization of the internal ar-
chitecture and entire contour of the prostate
and is an important tool in staging the disease
[Avril et al., 2000b].

Computed tomography and magnetic resonance
imaging (MRI) are also used to evaluate the
prostate. However, computed tomography does
not allow one to distinguish between prostate
cancer and benign hyperplasia or normal
prostatic tissue. Studies have shown that MRI
cannot provide adequate information for visu-
alizing the anterior margin of the prostate.
Technological developments in magnetic reso-
nance imaging have improved its capacity to
visualize the prostate, but 35 to 52% of prostate
cancers go undetected by magnetic resonance
imaging [Avril et al., 2000b].

4.1.7.2 The role of PET

In prostate cancer, the following use was ex-
amined: detecting recurrence or residual tu-

mors.

It has been shown that FDG-PET has too low a
detection rate to identify prostate cancer, and
there is no evidence that staging regional and
distant metastases and detecting recurrent can-
cer can be achieved with sufficient accuracy by
PET. Presently, there are no hard data in favour

of PET scanning in patients with prostate can-
cer [Avril et al., 2000b].

The members of the FMSQ's PTC consider that
FDG has a limited ability to detect primary
carcinoma of prostate and to differentiate be-
tween a malignant tumor and benign prostatic
hyperplasia [Laplante, 2000]. However, the use
of PET with other radiotracers, such as [''C]-
acetate, seems promising for the detection of
prostate cancer [Avril et al., 2000b]. Further
studies are necessary.

4.1.7.3 Previous positions and update

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed further light on the subject, if
need be. A complete list of the positions is pro-
vided in Appendix 7. The studies selected and
evaluated for the updates using the criteria set
out in Chapter 3 and in Appendix 6 are pre-
sented in Appendix 8.

Detecting recurrence or residual tumor

] Only the MHTAC mentions PET's po-
tential in prostate cancer.

Only one recent study of the use of PET in
prostate cancer was identified [Seltzer et al.,
1999], and its methodological quality is rather
low (grade C; see Appendix 9). This study in-
volved 45 patients with an elevated PSA after
local curative-intent therapy (prostatectomy,
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radiation therapy and cryosurgery). The results
of the whole-body PET scan were compared
with those of the CT scan of the pelvis and ab-
domen in all the patients and with those of a
monoclonal antibody scan in 22 of them.

The study found similar detection rates for PET
and computed tomography but also showed the
inferiority of the monoclonal antibody scan in
patients with a markedly high PSA. The contri-
bution of these three imaging techniques seems
limited for detecting distant metastases in pa-
tients with a slightly elevated PSA, but this re-
sult might have been due to a low incidence of
metastases in such cases.

The authors conclude that other studies are
needed to determine the benefits of using one
or more imaging modalities when choosing the
appropriate treatment for patients with PSA
relapse.

Since our searches identified only one incon-
clusive study [Seltzer et al., 1999] and since its
methodological quality does not meet the se-
lection criteria, no conclusion can be drawn in
favour of the use of PET in prostate cancer.
This is therefore a potential application.

4.1.7.5 Conclusions

In prostate cancer, FDG-PET has, although
there are presently no data to demonstrate its
efficacy, potential clinical utility in:

s detecting recurrence or residual tumors.
However, its use, as proposed in recent articles

(under evaluation), is sparking keen interest.

4.1.8 Other cancers

Mention is made in the literature of PET's
clinical utility in other specific situations for
the following cancers, which are not discussed

in detail in this report: gynecological cancers
(ovarian, uterine, cervical); certain genitouri-
nary cancers (testicles, metastases from hy-
pernephromas); mesotheliomas; soft-tissue sar-
comas; thyroid cancer; and esophageal and
pancreatic cancer.

4.1.9 Review of the positions published be-
fore or in 2000 (oncology)

Current and potential users of PET in Québec
feel that this technology would provide greater
diagnostic accuracy than the current conven-
tional imaging by x-ray, ultrasound or mag-
netic resonance. They foresee a significant
technological delay, which could result in in-
equities between the care provided to patients
in Québec and that provided in other industri-
alized countries if PET is not deployed in Qué-
bec [AMSMNQ, 2000; ARQ, 2000].

However, research is necessary to reinforce
several aspects of the use of this technology,
namely, finding new uses; lowering equipment
costs; improving PET camera resolution; im-
proving software performance; increasing the
number of radioisotope distribution centres;
conducting new studies of PET's validity; and
broadening the use of modified PET scanners
[MHTAC, 2000].

Although the evidence concerning PET's clini-
cal efficacy and cost-effectiveness in oncology
is insufficient to recommend unrestricted cov-
erage of PET by various health-care programs
(e.g., Medicare, BCBSA, VA-TAP), the evi-
dence regarding its safety and its potential
clinical efficacy and potential cost-
effectiveness do permit the recommendation of
interim coverage in certain clinical situations.
The MSAC states that, although it has been
shown that PET often leads to a change in
management, it is not always clear how this
will impact the clinical outcome. It points out
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the assumed relationship between a test's diag-
nostic accuracy and its results on health out-
comes is not restricted to PET and that there is
seldom any evidence on the effects of diagnos-
tic tests on health. It concludes that “[t]here is
no direct evidence available at this time that
can demonstrate that improvements in diag-
nostic accuracy provided by PET, and any sub-
sequent management changes, lead to im-
provements in health outcomes for patients"
[Ghersi et al., 2000].

Various conditions govern the different terms
of coverage. For example, the coverage of PET
by Medicare (U.S.) for diagnosis and staging in
several areas of oncology is subject to specific
conditions of acceptance: coverage is author-
ized only if the PET scan results obviate the
need for an invasive diagnostic procedure or
permit one to accurately locate a tumor before
performing an invasive diagnostic procedure.
Coverage is not authorized for any other diag-
nostic use or for screening asymptomatic pa-
tients [Tunis et al., 2000].

4.2 NEUROLOGY

In neurology, the following uses were exam-
ined: dementia and Alzheimer's disease, re-
fractory epilepsy and brain tumors (mainly
glioma).

Although neurology was one of the first areas
in which PET was used, its utilization in clini-
cal practice has not increased at the same pace
as in oncology [Couillard, 2000; Ghersi et al.,
2000].

The applications of PET in clinical neurology
are presently quite limited. With a few excep-
tions, the information provided by PET cannot
be used directly to treat neurological or psychi-
atric diseases [Beanlands et al., 1999].

4.2.1 Dementia and Alzheimer's disease

4.2.1.1 General data

Close to 8% of Canadians aged 65 and over
and close to 34% of those aged 85 and over
have Alzheimer's disease or related dementia
[Alzheimer’s Society of Canada, 1999:
www.alzheimer.ca].

Alzheimer's disease is the most common of
several neurodegenerative dementias that have
similar clinical manifestations. This is why
there are three objectives to the diagnostic
evaluation of elderly individuals with cognitive
problems, namely, to determine: 1) if the pa-
tient has dementia; 2) if the clinical picture and
course confirm the presence of Alzheimer's
disease; and 3) if there is another primary cause
of dementia or a coexisting disease (especially
a cerebrovascular disease or Parkinson’s dis-
ease or, less often, Pick's disease or primary
progressive aphasia) that is contributing to the
development of Alzheimer's disease or result-
ing in an atypical manifestation [Bennett,
2000a and 2000b].

The clinical diagnosis of the likelihood of Alz-
heimer's disease is based on many different
sources of information that are considered to-
gether, since there is no single biological
marker of this disease or other types of demen-
tia (e.g., cerebrovascular and frontotemporal
dementias) [Almkvist and Windblad, 1999].
There is no reliable diagnostic test for Alz-
heimer's disease, although certain blood and
cerebrospinal fluid tests and neurological im-
aging procedures are currently being re-
searched [Bennett, 2000a and 2000b].

4.2.1.2 The role of PET

Various diseases can cause dementia, memory
loss and symptoms similar to those of Alz-
heimer's disease, for which there is no treat-
ment. PET can be used to confirm the degen-
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erative process associated with this disease be-
fore the onset of conclusive clinical symptoms
and to make a differential diagnosis between
Alzheimer's disease and diseases that are treat-
able or reversible. Early diagnosis enables pa-
tients and their families to plan the patient's
environment and provide the necessary home
maintenance resources. Psychosocial tech-
niques and pharmacologic treatments for
slowing the progression of the disease are now
available and can improve these patients' qual-
ity of life [Adams et al., 1999; AMSMNQ,
2000].

Despite the lack of therapeutic modalities for
this disease, PET might possibly play a role in
the differential diagnosis of dementia and other
cognitive diseases (e.g., Parkinson's disease).

4.2.1.3 Previous positions and update

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed further light on the subject, if
need be. A complete list of the positions is pro-
vided in Appendix 7. The studies selected and
evaluated for the updates using the criteria set
out in Chapter 3 and in Appendix 6 are pre-
sented in Appendix 8.

Diagnostic

@/® | The HCFA recognizes PET's potential
for this use. The VA-TAP, AHTAA and
INAHTA recognize this potential as
well but point out that, since there is no
treatment for this disease, it is unlikely
for PET to have any diagnostic value in
this application.

The HCFA referred the matter of PET and
Alzheimer's disease to the Medical Coverage
Advisory Committee (MCAC) Diagnostic Im-
aging Panel in 2000. For the time being, the

use of PET for diagnosing this disease is not
covered [Tunis et al., 2000].

In the 1998 update of its 1996 report, the Vet-
erans Affairs Technology Assessment Program
(VA-TAP) concludes that "[t]he value of im-
proved diagnostic information to AD patients
and their families should not be dismissed;
however, this value should be quantified in the
context of accessibility and accuracy of alter-
native imaging technologies and of phenotypi-
cally or genetically defined subsets of AD. In
the absence of effective treatments for AD, an
accurate diagnostic test may be needed primar-
ily in research for epidemiologic studies and
evaluations of potential therapies" [Flynn and
Adams, 1998].

Between the publication of the VA-TAP report
and February 2001, two new studies were
identified. One of them [Reiman et al., 2001]
involved only four patients. The other [Kawano
et al., 2001] examined the relationship between
various IQ tests and the Mini-Mental State Ex-
amination and regional cerebral FDG uptake.
Neither of these studies is applicable, based on
our selection criteria, and since there is no ef-
fective treatment for this disease, the use of
PET to diagnose Alzheimer's disease or related
dementia is not recognized.

4.2.1.5 Conclusions

In Alzheimer's disease, the clinical utility of
PET is not recognized.

4.2.2 Refractory epilepsy

4.2.2.1 General data

About 1% of the general population has epi-
lepsy. It affects about 300,000 Canadians, and
each year 1 Canadian in 2,000 is diagnosed
with it, which translates into approximately
14,000 new cases per year [Epilepsy Canada,
1998: http://www.epilepsy.ca/eng/mainSet.
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html].

Twenty to 30% of epileptics are refractory to
antiepileptic therapy [Leung et al., 1999]. The
most frequent type of refractory epilepsy is the
partial complex seizure, which, in most cases,
originates in the temporal lobe (temporal lobe
epilepsy). For patients whose epilepsy is re-
fractory to the usual treatments, surgery may
lead to complete or partial seizure control. The
choice of surgical treatment depends on the ex-
act location of the epileptogenic focus [Leung
etal., 1999].

It has been suggested that more than 200,000
epileptics in the United States could benefit
from surgical treatment, but the need to per-
form numerous, complex preoperative tests
(e.g., using conventional imaging [ictal and
interictal], various invasive methods and EEG)
greatly limits these interventions [Devous et
al., 1998].

The cognitive and psychosocial sequelae of
constant epileptic seizures in a child should be
considered differently from those occurring in
adults because they can lead to developmental
and growth stagnation. For each individual
child, the potential risk/benefit ratio for surgery
should be carefully weighed. Some studies
have shown that delaying surgery for child-
hood-onset epilepsy until adulthood can lead to
significant psychosocial, behavioural and edu-
cational problems [Wyllie, 1998].

4.2.2.2 The role of PET

The advantage of interictal PET over other di-
agnostic modalities is that it can be performed
between seizures, unlike ictal digital SPECT,
for example, which must be performed several
times. In addition, PET can reveal areas of cor-
tical dysplasia that cannot be visualized with
magnetic resonance imaging, delineate the area
of epileptic dysfunction in conjunction with
EEG and digital SPECT, substitute for preop-

erative functional localization tests, especially
in pediatric patients, and be used for the preop-
erative evaluation [Carmant, 2000]. Further-
more, the combined use of PET and MRI per-
mits the precise localization of epileptogenic
foci and obviates the need for invasive moni-
toring by deep electrodes, a labour-intensive
and expensive procedure whose results are dif-
ficult to interpret [AMSMNQ, 2000].

4.2.2.3 Previous positions and update

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed further light on the subject, if
need be. A complete list of the positions is pro-
vided in Appendix 7. The studies selected and
evaluated for the updates using the criteria set
out in Chapter 3 and in Appendix 6 are pre-
sented in Appendix 8.

Determining the location of epileptogenic foci

@/€@ | The HCFA, MSAC and BCBSA-TEC
recommend coverage of PET for this
use. The AHTAA also recognizes the
utility of PET in such cases, while the
INAHTA concludes that the quality of
the efficacy evidence for interictal PET
in epilepsy is lacking.

The authors of the MSAC report base their
conclusion concerning the clinical utility of
PET for localizing epileptogenic foci in epi-
lepsy on five studies [Swartz et al., 1992, 37
patients; Ferrie et al., 1996, 32 patients; Del-
beke et al., 1996, 38 patients; Chee et al., 1993,
40 patients; and Markand et al., 1997, 67 pa-
tients]. The authors state that the sensitivity
was relatively high but mention certain prob-
lems that should be taken into consideration,
such as reference standards based on a combi-
nation of tests; the fact that the surgical out-
come was used to measure the accuracy of PET
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(only patients with positive PET results under-
went surgery, which results in 100% sensitiv-
ity); and patient selection (most studies se-
lected patients who had undergone surgery).
The authors did not provide any information on
the patients who had undergone a presurgical
workup but who were not operated on, which
would have included patients who may have
had a negative result if they had had a PET
scan, etc. [Ghersi et al., 2000].

The Australian report nonetheless states that
"[it] is reasonable to conclude that a subset of
patients who would be helped by surgery will
benefit as a result of a positive PET scan. It is
unclear how much PET is helping all patients
with refractory epilepsy, because we lack in-
formation regarding false-negative PET re-
sults...and patients testing positive by PET but
not undergoing surgery." The authors never-
theless recommend interim coverage of PET
for evaluating patients with refractory epilepsy
who are being considered for surgery in the
context of a comprehensive epilepsy program,
where localization based on a standard assess-
ment, including EEG, MRI and semiology, is
inconclusive.

The HCFA bases itself on a study that the
Australians used as well [Delbeke et al., 1996].
The study showed that PET had a high positive
predictive value for postsurgical improvement
(94%). The PET and EEG findings were con-
cordant in 86% of the cases. The authors of the
study concludes that, in terms of health out-
comes, the impact of PET's diagnostic accuracy
would be the ability to quantify postsurgical
outcomes more accurately [Tunis et al., 2000].

To underscore this positive impact on morbid-
ity and quality of life, the HCFA also mentions
the study by Engel et al. [1990], who report
that some patients may have avoided an inva-
sive EEG (and other, noninvasive tests), thanks
to localization of the epileptogenic focus by
PET.

Three studies between 1999 and February 2001
were identified [Dupont et al., 2000; Muzik et
al., 2000; and Hwang et al., 2001]. Of these
three studies, only that by Hwang et al. [2001]
compared FDG-PET with conventional imag-
ing.

Hwang et al.’s study [2001], which involved
117 patients (grade B), compared PET with
interictal SPECT, ictal SPECT and MRI. It
showed that PET can localize epileptogenic
foci with 77.7% accuracy versus 59.8% for
MRI and 70.3% for ictal SPECT (concordance
rate between the three modalities: 38%). The
accuracy rate for the localization of neocortical
epileptogenic foci was 86.7% for PET, with
64% and 80.6% for MRI and ictal SPECT, re-
spectively. PET localized extratemporal epi-
leptic foci with 70.7% accuracy, which was
better than MRI and SPECT (56.7% and
63.6%, respectively). The authors found that
PET was the most sensitive of the three meth-
ods in detecting each substrate of epilepsy and
that MRI was as sensitive as PET in detecting
tumors causing certain epilepsies and the least
sensitive in detecting neuronal migration disor-
der.

They also discuss the impact of imaging on the
health of individuals with refractory epilepsy,
reporting good surgical outcomes in 81.4% of
the patients with imaging abnormalities (com-
pared to 59.5% for those without imaging ab-
normalities). The authors conclude that PET
and ictal SPECT are generally more sensitive
than MRI (despite the low concordance rate
between the two tests and variable sensitivity
that depended on the substrate), that the detec-
tion of abnormalities by MRI is associated with
favourable outcomes and that PET and ictal
SPECT can be used in a complementary fash-
ion, especially when the MRI is negative.

Hwang et al.'s [2001] study supports the con-
clusions of the MSAC's and HCFA's reports
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and provides additional data for recognizing
the clinical impact that PET can have on health
outcomes in individuals with refractory epi-
lepsy while at the same time obviating the need
for numerous invasive, diagnostic procedures.

4.2.2.5 Conclusions

In refractory epilepsy, the clinical utility of
PET

is recognized for:

s localizing epileptogenic foci in patients
with refractory epilepsy who are being con-
sidered for surgery and where inconclusive
localizing information is provided by a
standard assessment, including seizure
semiology, EEG and MRI.

4.2.3 Brain tumors (mainly glioma)

4.2.3.1 General data

It is estimated that there will be 2,400 new
cases of brain cancer and 1,550 deaths due to
this disease in Canada in 2001. Québec is the
Canadian province where there are the most
brain tumors, with an estimated age-adjusted
incidence for 2001 of 10 in 100,000 males and
7 in 100,000 females compared to an average
of about 7 in 100,000 males and 4 in 100,000
females in the other provinces [NCIC, Cana-
dian Cancer Statistics, 2001].

Although various types of tumors can occur in
the brain, nearly 50% of these neoplasms de-
rive from glial cells. The other 50% include
other types of tumors, such as metastases and
meningiomas, which are the most common.
Gliomas are the only brain tumors that have
been evaluated in detail by PET [Kuwert and
Delbeke, 2000].

Magnetic resonance imaging and computed
tomography are the two most commonly used

imaging techniques for the detection and dif-
ferential diagnosis of brain lesions, but in some
cases, they are unable to distinguish between
neoplastic and nonneoplastic processes. It can
also be difficult, with these diagnostic methods,
to differentiate between a low-grade glioma
and chronic inflammation or between a high-
grade brain tumor and certain benign proc-
esses, such as toxoplasmosis or a hemorrhagic
infarction [Kuwert and Delbeke, 2000].

The staging of brain tumors is based on tumor
contrast, which can be accomplished by com-
puted tomography or magnetic resonance im-
aging [Kuwert and Delbeke, 2000].

4.2.3.2 The role of PET

In glioma, the following uses were examined:
evaluating the malignant transformation of a
low-grade glioma, preoperative workup, de-
termining the histology of the tumor, choice of
treatment, prognosis, detecting metastases,
posttreatment follow-up (differentiating be-
tween radionecrosis and recurrence).

FDG-PET is not suitable for differentiating a
low-grade glioma from a benign process, since
low-grade gliomas do not take up FDG. FDG-
PET can, however, be used for correctly differ-
entiating a high-grade glioma from nonneo-
plastic processes, since such gliomas exhibit
high FDG uptake. FDG-PET can also differen-
tiate, for example, between a hemorrhagic in-
farction and a malignant astrocytoma [Kuwert
and Delbeke, 2000].

FDG-PET is often used as a complement to
magnetic resonance imaging, and, in certain
cases, the correlation between PET images and
amplified MRI images is crucial for differenti-
ating between FDG uptake by high-grade tu-
mors and its uptake by normal cortex. False-
positive results can occur in patients with grade
I gliomas and certain low-grade oligodendro-
gliomas, which exhibit high FDG uptake
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[Couillard, 2000; Kuwert and Delbeke, 2000].

The level of FDG accumulation in gliomas is
indicative of the degree of malignancy. PET
can therefore be used both for staging brain
tumors and for guiding the biopsy toward the
most undifferentiated region (maximum meta-
bolic activity). PET-guided biopsy increases
diagnostic accuracy to nearly 100% [Kuwert
and Delbeke, 2000].

During follow-up, computed tomography and
magnetic resonance imaging cannot always dif-
ferentiate between radionecrosis and recurrent
tumors. PET is an important tool for follow-up
purposes, since high-grade tumors exhibit
higher FDG uptake than radionecrosis. How-
ever, the clinical utility of PET in detecting re-
currence is not always reliable, for the more
aggressive the radiation therapy, the lower the
diagnostic efficacy. Since low-grade gliomas
do not accumulate FDG, functional imaging
with radiolabelled amino acids is one of the
only modalitiesl] with digital SPECTU that
can detect a recurrent low-grade glioma
[Couillard, 2000; Kuwert and Delbeke, 2000].

At present, functional imaging with PET can-
not substitute for computed tomography or
magnetic resonance imaging but does provide
additional information that cannot be obtained
by morphological imaging alone [Kuwert and
Delbeke, 2000].

4.2.3.3 Previous positions and update

The list below is based on the positions (con-
clusions and decisions) of organizations that
used explicit assessment criteria. In practice, of
the more recent reports, those of the MSAC
and HCFA are cited first. Expert opinions are
included to shed further light on the subject, if
need be. A complete list of the positions is pro-
vided in Appendix 7. The studies selected and
evaluated for the updates using the criteria set
out in Chapter 3 and in Appendix 6 are pre-

sented in Appendix 8.

The MSAC mentions several potential uses of
PET in glioma. However, it limited its assess-
ment to differentiating between radionecrosis
and recurrent glioma, based on a retrospective
audit of clinical records by Deshmukh et al.
[1996, 75 patients], who found that 87% of the
PET scans between September 1990 and June
1992 in cases of glioma were for the purpose of
differentiating between radionecrosis and tu-
mor recurrence [Ghersi et al., 2000].

Evaluating the malignant transformation of a
low-grade glioma

€ | The MSAC, MHTAC and INAHTA
recognize PET's potential for this
application.

Four new studies [De Witte et al., 2001; Eary
et al., 1999; Derlon et al. 2000; and Roelcke et
al., 1999] were identified, but all are methodol-
ogically flawed. De Witte et al. [2001] con-
clude that FDG-PET is not superior to patho-
logic grading for predicting survival. Eary et al.
[1999], Derlon et al. [2000] and Roelcke et al.
[1999] compared FDG-PET with C-11 me-
thionine (MET) PET. Their findings were con-
cordant. Results with FDG-PET were inferior
to those with MET PET, which sharply deline-
ated the tumors in most of the cases. Despite
the poor quality of these studies, these results
indicate that C-11 methionine PET has a po-
tential role in identifying tumors progressing to
malignancy.

Since this update did not uncover any robust
evidence, this use of PET is a potential appli-
cation.

m Preoperative workup

] The MSAC and INAHTA state that PET
has potential for this use.
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No new studies were identified. This use of
PET is a potential application.

Grading tumors

@/® | The MSAC and INAHTA mention this
use and recognize PET's potential for it.
In the MHTAC's opinion, there are no
hard data in favour of PET for this ap-
plication.

strong association between MET-PET and the
prediction of survival in patients with a stan-
dardized uptake value greater than 3.5. Since
these results are not convincing, this remains a
potential application of PET.

Detecting metastases

@ | The MHTAC and INAHTA mention PET's

potential for this application.

No new studies were identified. This use of
PET is a potential application.

Choice of treatment

@ | The MSAC, MHTAC and INAHTA
mention PET's potential in the man-
agement of patients with brain tu-
mors.

A single study (grade C) was identified. Nuuti-
nen et al. [2000] studied the impact of C-11
methionine PET on the planning of the man-
agement of patients with low-grade astrocy-
tomas. Their results suggest that this modality
was helpful in choosing the treatment in only
27% of the patients, whereas PET used in
combination with MRI was helpful in 46% of
the patients. This update does not permit rec-
ognition of this use of PET, which remains a
potential application.

Prognosis

© | Only the MSAC mentions this use and
recognizes PET's potential in this re-
gard.

Up to February 2001, two studies on deter-
mining the prognosis of glioma by PET were
identified. One of them [De Witte et al., 2001],
although of poor quality, did not demonstrate
PET's superiority to the pathologic examination
in grading brain tumors. The other [Nuutinen et
al., 2000], also a grade C study, suggests a

No new studies were identified. This is a po-
tential use of PET.

Posttreatment follow-up: differentiating be-
tween radionecrosis and recurrence

@/€@ | The AHTAA and MSAC support the
use of PET for this use. All the potential
users consider that PET has clinical
utility in this application. The MHTAC
and INAHTA recognize its potential for
this use.

Although the MSAC based its conclusions
concerning the use of PET for evaluating glio-
mas on 16 studies, the authors state that there
are too few data to draw any firm conclusions
as to the superiority of PET to SPECT with re-
gard to differentiating radionecrosis from re-
current tumor. In addition, the studies of the di-
agnostic accuracy of PET vary widely from a
methodological standpoint. None of the studies
examined in the Australian report for the pur-
pose of making a coverage recommendation
concerning the differentiation of radionecrosis
from recurrent glioma in patients who have re-
ceived radiation therapy and who have residual
structural abnormalities on diagnostic imaging
clearly demonstrated PET's superiority. Fur-
thermore, the Australian report cites a study by
Bader et al. [1999, 30 patients], which, al-
though limited by a small patient sample,
seems to suggest that FDG-PET's efficacy in
distinguishing between radionecrosis and re-
currence varies considerably according to the
grade of the glioma.
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Bader et al. [1999] compared the efficacy of
FDG-PET and that of I-123 SPECT in detect-
ing and grading recurrence in patients previ-
ously treated for glioma. Based on the histo-
pathological data, SPECT and PET findings
confirmed recurrence in all the cases of high-
grade (IV) gliomas. However, for grade II and
III gliomas, PET was inferior to SPECT, with
true-positive results in 71% of the cases of
grade III and 50% of the cases of grade II tu-
mors compared to 86% (grade III) and 75%
(grade II) for SPECT. The authors conclude
that grading brain tumors by PET is hindered
by problems confirming the malignant progres-
sion of a grade II glioma to a grade III or IV
glioma. Nonetheless, in all, FDG-PET con-
firmed an upgrading in 75% of the cases.

The MSAC also cites a retrospective audit of
clinical records by Deshmukh et al. [1996],
which showed that PET had a positive impact
on the clinical management of patients. The
authors of this report state that little is known
about the effects of PET on the health of pa-
tients with recurrent glioma, but that it would
be reasonable to expect improvements in their
health in terms of morbidity, mortality and
quality of life. Deshmukh et al. [1996] found
that the FDG-PET findings led to the consid-
eration of a new therapy in 31% of the cases,
including the decision to initiate chemotherapy
in 21% of the cases and surgery in 10% of the
cases, with a biopsy in only 2/89 cases and sur-
gical resection in 7/89 cases. The PET findings
also contributed to a decision to withhold ag-
gressive therapy in 59% of the cases: chemo-
therapy in 15% of the cases, surgery in 7% of
the cases, radiosurgery in only 2/89 cases and
unspecified "aggressive action" in 36% of the
cases. These decisions were made in light of
PET results only in 28% of the cases and of
PET results supported by other information in
72% of the cases. In general, the authors con-
clude that PET played a valuable clinical role
in 86 of the 89 cases.

Despite the methodological weaknesses, which
reduce the convincingness of the available
data, the MSAC recommends that PET be
funded on an interim basis for the differentia-
tion of radionecrosis from tumor recurrence in
patients treated with radiation therapy who
have residual structural abnormalities on diag-
nostic imaging [Ghersi et al., 2000].

Our searches did not reveal any new studies on
differentiating between radionecrosis and re-
currence. The MSAC's conclusion is stated
here: This use is recognized until such time as
new data confirm or invalidate this conclusion.

4.2.3.5 Conclusions

In brain tumors (mainly gliomas), the clinical
utility of PET is

recognized for:

s evaluating residual lesions after treatment
of a recurrent glioma and differentiating
between radionecrosis and recurrence in
patients treated with radiation therapy who
have abnormalities on diagnostic imaging;

and has potential for:

= the initial staging of patients suspected of
having a primary brain tumor, in order to
guide biopsy to the highest area of activity;

= evaluating the progression of a low-grade
glioma to malignancy;

s the preoperative workup;

s grading tumors;

o the choice of treatment;

s determining the prognosis; and

s detecting metastases.

4.2.4 Other clinical uses in neurology and
psychiatry

Other avenues of application in neurology and
psychiatry are mentioned in the literature, but
they are not examined in detail in this study.
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They include Parkinson's disease, neurological
pain, multiple sclerosis, language problems and
schizophrenia.

4.2.5 Review of positions published in or be-
fore 2000 (neurology)

The need for PET in the field of neurology is
presently quite limited because the specific in-
formation that it provides cannot, at this time,
be used for therapeutic purposes, with a few
exceptions. However, knowledge in this field is
evolving, which could lead to a rapid increase
in the demand for PET. This is why the strat-
egy concerning the use of PET in neurology
should be one of close observation, including
the integration of limited applications at exist-
ing PET centres. The CMI recommends that
the need for PET in neurology be monitored
closely and that services be made available at
certain tertiary care centres for validated neu-
rological applications [CMI: Beanlands, 1999].

In light of the available data, the INAHTA rec-
ognizes PET's contribution to our knowledge
of the biochemical and physiological mecha-
nisms of several cerebrovascular and neuro-
psychiatric diseases but does not conclude that
the information provided by PET can or cannot
improve patient management or final health
outcomes. The available evidence is based on
small, methodologically flawed studies.

The clinical indications for PET in neuropsy-
chiatry have been under investigation since the
early 1980s, and after two decades, questions
about its clinical utility persist and are limiting
its diffusion in clinical practice. Furthermore,
PET's diagnostic value in a number of neuro-
logical applications has been called into ques-
tion because there is no treatment for improv-
ing the prognosis of certain diseases, e.g., Alz-
heimer's dementia [INAHTA: Adams et al.,
1999].

4.3 CARDIOLOGY

The research methodology used was explained
above (Chapter 3 and Appendix 6). Briefly, it
consists of a synthesis of the available assess-
ment reports and an update of the recent lit-
erature published on the subject

4.3.1 General data

4.3.1.1 The pathophysiology of myocardial
impairment

Viable myocardium is that which still has the
ability to contract. Viable myocardium can be
normal, stunned (postischemic contractile dys-
function) or hibernating (persistent but poten-
tially reversible deterioration of myocardial
function). Briefly, myocardial stunning is a re-
versible state of regional contractile dysfunc-
tion that occurs after an ischemic episode, even
in the absence of myocardial necrosis. It can be
an acute ischemic episode or repeated ischemic
episodes, symptomatic or nonsymptomatic, in a
patient with one or more coronary stenoses.
Resting myocardial blood flow may be rela-
tively normal. On the other hand, myocardial
hibernation is a state of potentially reversible
chronic ventricular dysfunction associated with
permanent, inadequate blood supply. These
two terms describe different pathophysiological
processes. However, in clinical practice, the
dividing line between the two states is not al-
ways clear.

o Why evaluate myocardial viability?

Several studies have shown that revasculariza-
tion techniques (bypass and angioplasty) im-
prove global and regional ventricular dysfunc-
tion in coronary patients [Rees et al., 1971,
Chatterjee et al., 1973; Brundage et al., 1984;
Braunwald et al., 1986; Rahimtoola, 1989; Van
den Berg et al., 1990; Elefteriades et al., 1993;
and Vanoverschelde et al., 1997], which im-
proves quality of life, reduces the occurrence of
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cardiac events and can prolong life expectancy.
Thus, it is estimated that the left ventricular
ejection fraction (LVEF) can improve signifi-
cantly after revascularization in 25 to 40% of
coronary patients with global left ventricular
dysfunction [Bonow et al., 1996].

In patients with coronary ischemia and more or
less preserved left ventricular function, myo-
cardial revascularization, if indicated, involves
a small surgical risk [Kennedy et al., 1981].
However, in patients with severe left ventricu-
lar dysfunction (LVEF < 35%), revasculariza-
tion provides little or no benefit if the myocar-
dial tissue is not viable. The mortality rate as-
sociated with bypass surgery in such patients is
5 to 37% [Zubiate et al., 1977; Hellman et al.,
1980; Hochberg et al., 1983; Marwick et al.,
1995]. It is for this category of patients that
studying myocardial viability is so important
[Bax et al., 1998], for it is this population that
benefits the most from revascularization in the
presence of viable myocardium [Yusuf et al.,
1994]. Patients with low myocardial viability,
as evaluated preoperatively, have a poorer
prognosis than those who have better viability
[Pagley et al., 1997; Pasquet, 1999]. Patients
with nonviable myocardium do not benefit
from revascularization and must be treated
pharmacologically or undergo transplantation.
However, in patients in whom transplantation
is considered and in whom a sufficient quantity
of viable myocardium has been detected, the
strategy should be modified in favour of myo-
cardial revascularization. By identifying pa-

tients with viable myocardium, the therapeutic
options (medical, revascularization or trans-
plantation) will be optimized and the prognosis
improved accordingly.

In Québec, 6,000 to 7,000 coronary bypasses
and 9,000 to 10,000 angioplasties are per-
formed each year, increasingly in patients with
severe left ventricular dysfunction. These by-
passes and angioplasties cost $100 million a
year. To ensure optimal resource utilization,
patients who are to undergo revascularization
procedures should be properly selected. The
detection of myocardial viability is a deter-
mining factor in the process of identifying
these patients, especially those with severe left
ventricular dysfunction.

4.3.2 The role of PET in cardiology

PET can be used to characterize and quantify
the different functions of cardiac tissue. Its use
in research has provided new information about
cardiac physiology and pathophysiology
[Camici, 2000].

The isotopes most widely used in cardiology
are listed in the table below, together with their
half-lives, the parameters they measure and
their source of production. Because of the very
short half-life of most of the radiotracers used
in cardiology, the use of PET in this field re-
quires a cyclotron on the same site as the scan-
ner.

Table 2: Radiopharmaceutical tracers used most often for PET in cardiology
[Pirich and Schwaiger, 2000]

ISOTOPE | RADIOPHARMACEUTICAL | HALF-LIFE PARAMETER MEASURED SOURCE

Rb-82 Rubidium 76 sec Blood flow Generator
0O-15 Oxygen 2 min Blood flow Cyclotron
N-13 Ammonia 10 min Blood flow Cyclotron
C-11 Acetate 20 min Oxidative metabolism/ Cyclotron




44 POSITRON EMISSION TOMOGRAPHY IN QUEBEC

Clinical uses of PET

perfusion

F-18 Deoxyglucose 109 min

Metabolism Cyclotron

4.3.2.1 Myocardial perfusion studies

Oxygen-15-labelled water and N-13 ammonia
are the most widely used radiopharmaceutical
tracers for quantifying regional myocardial per-
fusion by PET. One can also use rubidium-82
or Cu-62-PTSM (copper-62-pyruvaldehydell
bis(N4-methyl)thiosemicarbazone). Unlike
FDQG, these tracers have a very short half-life
(from a few seconds to a few minutes). As a re-
sult, a cyclotron is required on the premises
where they are used. Presently, coronary angi-
ography is the gold standard for studying myo-
cardial perfusion. Myocardial perfusion can
also be studied with single-photon emission
computed tomography (thallium-201 or tech-
netium-99m-sestamibi). The advantage of PET
over SPECT is that it enables one to quantify
different parameters and accurately correct for
the photon attenuation caused by soft tissues,
which sometimes make the scans difficult to
interpret (obesity, mammary or diaphragmatic
attenuation).

PET can also be used to study coronary vaso-
dilation reserve (study of coronary microvas-
cular function). Quantifying this reserve is use-
ful in evaluating the functional significance of
coronary stenoses.

Perfusion studies have other potential uses, but
they have yet to be validated: follow-up on the
effects of angioplasty or cholesterol-lowering
agents, the postbypass evaluation of blood flow
in transplants, the detection of restenoses, and
posttransplant evaluation.

4.3.2.2 Study of the metabolism of free fatty
acids, glucose and oxygen

Myocardial glucose uptake can be assessed
with PET and the glucose analog 18-
fluorodeoxyglucose (FDG). Glucose plays a
key role in metabolism in ischemic myocar-

dium. In normal myocardium, fatty acids are
the primary energy substrate for the myocytes'
energy metabolism, but in ischemic myocar-
dium, glucose becomes their primary energy
source. Glucose uptake can be measured with
FDG, which is transported across the mem-
brane in the same manner. In ischemic and hy-
poxic myocardium, FDG competes with glu-
cose. It is phosphorylated to FDG-6-phosphate
by an enzyme, hexokinase, and cannot subse-
quently be dephosphorylated or metabolized. It
therefore remains trapped in the myocardium.
FDG uptake is increased or preserved in sev-
eral altered states of the myocardium associ-
ated with contractile dysfunction and/or re-
duced perfusion, which indicates persistence of
metabolic activity and therefore residual vi-
ability with a potential for recovery after revas-
cularization.

Increased or preserved FDG uptake has been
observed during ischemia, postischemic myo-
cardial stunning and myocardial hibernation.

4.3.2.3 Detection of myocardial viability

There are several methods for studying myo-
cardial viability. They include nuclear imaging
techniques, such as late redistribution thallium-
201 imaging after rest injection, resting tech-
netium-99m perfusion imaging, '“F-FDG-
SPECT and '*F-FDG-PET. Dobutamine stress
echocardiography is widely used as well, and it
has also been proposed that nuclear magnetic
resonance imaging could be used.

Viable myocardium can exhibit normal or di-
minished coronary blood flow [Haas et al.,
1997]. If resting metabolism is preserved, glu-
cose utilization may be normal or increased.
The presence of viable myocardium can be
detected by evaluating both coronary blood
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flow and metabolism.

PET scans (perfusion/metabolism) can yield
three possible results:

1. Normal coronary blood flow and normal
FDG uptake.

2. Reduced blood perfusion and preserved or
increased FDG uptake (perfusion/metabolism
mismatch).

3. A proportional reduction in blood flow and
FDG uptake (perfusion/metabolism match).

Areas of the myocardium where there is con-
cordance between reduced blood flow (meas-
ured by means of N-13 ammonia, O-15-
labelled water or rubidium-82) and decreased
glucose utilization (measured by FDG uptake)
are nonviable infarcted areas. However, if there
is decreased myocardial blood flow with pre-
served FDG uptake, the myocardium is consid-
ered viable. Thus, scenario 2 depicts a potential
for reversible myocardial dysfunction (viable
myocardium), while scenario 3 depicts irre-
versible myocardial dysfunction and therefore
implies infarcted areas.

4.3.2.4 Study of autonomic cardiac function

PET technology can be used to conduct unique
studies of the links between the heart and nerv-
ous system [Schwaiger et al., 1990a and 1990b;
Bengel et al., 1999; Stevens et al., 1999,
Tamaki, 1997]. For example, one can study
cardiac innervation with specific neuronal trac-
ers, pre- and postsynaptic circuits, and the
number, density, location and quality of the re-
ceptors in the autonomic nervous system
[Wieland et al., 1990; Goldstein et al., 1990;
Allman et al., 1993; Calkins et al., 1993a and
1993b; Lefroy et al., 1993; Schafers et al.,
1998a and 1998b; Merlet et al., 1993; Choud-
hury et al., 1996; Law et al., 2000]. The nature
of the interactions between the sympathetic and
parasympathetic nervous systems and the rela-

tionship between innervation and the regulation
of coronary blood flow can be studied as well
[Di Carli et al., 1997; Stevens et al., 1998a].
These imaging and neurocardiac characteriza-
tion methods, which are presently unique to
PET, are expanding our knowledge of the
pathophysiology of heart failure [Goldstein et
al., 1990; Merlet et al., 1993]; cardiac trans-
plantation [Di Carli et al., 1997, Stevens et al.,
1998a]; dilated [Merlet et al., 1993] and re-
strictive and hypertrophic [Lefroy et al., 1993;
Schafers et al., 1998a; Choudhury et al., 1996]
cardiomyopathies; myocardial infarction [All-
man et al., 1993]; diabetic cardiomyopathy
[Stevens et al., 1998a and 1998b]; severe car-
diac rhythm disturbances [Calkins et al., 1993a;
Schafers et al., 1998b]; and sudden death
[Calkins et al., 1993b]. The tracers used are
"'C-hydroxyephedrine (‘''C-HED), a norepi-
nephrine analog [Di Carli et al., 1997]);
[''C](S)-CGP 12177, a nonselective beta-
antagonist employed in postsynaptic studies;
[''C]GB67, which is used to study alpha-1 re-

ceptors [Law et al., 2000]; and [''C]m-
hydroxyephedrine, which is used to study pre-
synaptic sympathetic innervation. Presently, at
least 15 or so radiotracers are being used in this
area of research [Tamaki, 1997].

Another, rather new but extremely promising
field is the exploration, using PET, of gene ex-
pression in cardiac physiology and pathophysi-
ology [Gambhir et al., 1999].

4.3.2.5 Follow-up of transplanted patients

In addition to PET being used as a tool for se-
lecting cardiac transplantation candidates, sev-
eral studies have employed PET in the follow-
up of transplanted patients for the purpose of
evaluating regional sympathetic reinnervation
of heart transplants [Bengel et al., 1999; Uber-
fuhr et al., 2000a; Uberfuhr et al., 2000b]. PET
is also used to study posttransplant myocardial
perfusion [Kushwaha et al., 1998] and the pro-
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gression of atheromatous disease in grafts [Al-
len-Auerbach et al., 1999].

4.3.2.6 Monitoring the effect of therapeutic
interventions

PET can be used to monitor coronary vasomo-
tor response to various therapeutic interven-
tions, whether pharmacologic or risk factor
modifications [Czernin et al., 1995]. Studies
have revealed, by means of PET, that risk fac-
tor modifications accompanied by healthier
living results in a decrease in the severity of
stress-induced myocardial perfusion abnor-
malities [Gould et al., 1995]. In addition, the
literature contains several studies of coronary
flow reserve changes during cholesterol-
lowering therapy [Gould et al., 1994; Guethlin
et al., 1999; Yokoyama et al., 1999; Baller et
al., 1999]. PET has also been used to study
myocardial perfusion under the effect of vera-
pamil in patients with hypertrophic myocardio-
pathy [Choudhury et al., 1999] and to quantify
endothelium-dependent coronary vasodilation
during the administration of L-arginine or hor-
mone replacement therapy [Campisi et al.,
1999a; Campisi et al., 1999b].

4.3.2.7 Other uses

Other applications of PET have been proposed
for studying ''C-acetate metabolism in conges-
tive heart failure and cardiac arrhythmias ('*F-
dopamine, ''C-HED).

4.3.3 Previous positions and update

A more detailed summary of the following po-
sitions is provided in Appendix 7.

The MSAC (March 2000) specifically studied
the role of PET in evaluating coronary artery
disease in patients with left ventricular dys-
function who, on digital SPECT, are found to
have nonviable myocardium or where viability
is uncertain. The MSAC concludes that there is

presently not enough evidence to draw any
firm conclusions regarding the clinical efficacy
and cost-effectiveness of PET in this applica-
tion. In most cases, PET is added to other diag-
nostic modalities. Further assessments of this
technology are necessary. The committee rec-
ommends that FDG-PET be funded on an in-
terim basis, on the condition that clinical and/or
economic data from MSAC-approved, pro-
spectively designed studies are provided to a
central body so as to enable more long-term
decisions to be made about the role of FDG-
PET in clinical practice.

For the HCFA, as regards the impact of FDG-
PET findings on patient health, in cases where
the SPECT scan is negative and the PET scan
is positive, there are insufficient literature data
to state that a change in patient management
would result in improved health outcomes. In
cases where the SPECT scan is positive but
questions remain as to the appropriateness of
revascularization, PET could be a promising
test, based on the literature examined. Medi-
care (U.S.) was already covering rubidium-82
PET for evaluating myocardial perfusion at rest
or with pharmacological stress in the context of
managing patients with known or strongly sus-
pected coronary artery disease, when PET was
used in place of SPECT or following a SPECT
scan that was inconclusive. In December 2000,
Medicare also began covering FDG-PET for
evaluating myocardial viability following a
positive SPECT scan, but when there is doubt
as to myocardial viability if revascularization is
considered. Coverage for this test in other ap-
plications was referred for study to an advisory
committee consisting of nuclear imaging ex-
perts.

The INAHTA [1999] concludes that the meta-
bolic information provided by PET may im-
prove patient selection for revascularization
and increase the chances of successful surgery.
PET may offer cost savings by eliminating un-
necessary angiography or revascularization in
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certain patients. As for evaluating myocardial
perfusion, PET appears to have superior per-
formance, but the improvement in performance
in relation to digital thallium SPECT and the
extent of its contribution to managing patients
are not clear. PET is more expensive than other
noninvasive strategies and has not yet replaced
coronary angiography for assessing coronary
artery disease. For patients at intermediate risk
(25 to 50% probability of having either a 50%
or greater left main coronary artery occlusion
or a greater than 70% occlusion of an other
coronary artery), PET is not a cost-effective
alternative to immediate coronary angiography
or other noninvasive tests, such as stress echo-
cardiography or SPECT. There are not enough
data to determine the cost-effectiveness of PET
in diagnosing coronary artery disease. For de-
termining myocardial viability and/or predict-
ing the risk of cardiac events, most assessments
have found that PET has comparable sensitivity
and superior specificity to other modalities,
although the studies were few in number and
often lacked methodological robustness. As re-
gards improving the likelihood of successful
revascularization and cost savings, the data are
insufficient to confirm that PET is favourably
cost-effective. As for monitoring the effective-
ness of treatment in coronary patients who
have hypertension or cardiomyopathy, the evi-
dence is insufficient. This application is still
being researched.

The Alberta Heritage Foundation for Medical
Research [Cowley et al., 1999] reports that
PET and dobutamine stress echocardiography
have the same level of diagnostic efficacy, but
that the evidence is limited. There is some
methodologically weak evidence pointing to
the predictive value of PET as regards the
clinical outcome of patients who undergo this
test. In Alberta, the use of these methods to
evaluate myocardial viability should be ac-
companied by prospective studies with a long-
term patient follow-up.

The reports submitted by the FMSQ,
AMSMNQ and ARQ [September 2000] note
that the recognized and potential uses of PET
are numerous. Accordingly, PET is the best
technique for identifying ischemic but viable
myocardium in patients with compromised left
ventricular function and for evaluating myo-
cardial perfusion, thus permitting better patient
selection for revascularization or a heart trans-
plant. PET is considered to be an imaging mo-
dality with an established role. The Québec
population's accessibility to it should therefore
be ensured, especially in cardiology. Over the
next few years, frequent use will also be made
of PET in cardiology research. The reports also
mention the very short half-life of the ra-
diotracers used in cardiology and call attention
to the need to install cyclotrons at cardiology

centres so as not to compromise the use of PET
in this field.

For the CMI [1999], too, FDG-PET imaging
has proven utility in evaluating myocardial vi-
ability for the purpose of selecting patients
with reduced cardiac function for revasculari-
zation and candidates for a heart transplant.
Similarly, according to this organization,
studying myocardial perfusion with PET has
proven utility in the diagnosis and prognosis of
coronary artery disease; the diagnosis of coro-
nary artery disease in the subset of patients
prone to false-positive results with conven-
tional nuclear imaging; the evaluation of the
progression or regression of the disease in the
context of therapeutic interventions; and the
detection of a decrease in coronary reserve in
patients with ischemic disease not associated
with coronary atherosclerosis. The CMI rec-
ommends that when deciding on the location of
PET centres, one take into account patients
with heart disease as one of the two most im-
portant priorities, the other being oncology.

The tables below summarize the different posi-
tions regarding the uses that were examined.
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Coronary perfusion

Diagnosis, prognosis and management of coro-
nary artery disease

effective but that its use should be ac-
companied by prospective studies.

@/@  Use recognized by the HCFA and
BCBSA and considered a potential ap-
plication by the INAHTA and MSAC,
which include cost-effectiveness in their
analyses (lack of high-level evidence).

Evaluating patients for a heart transplant

NM | Use recognized by potential users but
not mentioned by assessment organiza-
tions.

Evaluating response to therapy

< Recognized use, according to potential
users, and is in the process of being as-
sessed for the INAHTA.

Detecting restenosis

NM | Use recognized by the ARQ. Not men-
tioned by assessment agencies, which
have mainly examined myocardial vi-
ability.

Detecting diminished coronary reserve in patients
with ischemia associated with noncoronary dis-
ease

NM Use recognized by potential users but
not mentioned by the other organiza-
tions.

Myocardial viability

Initial evaluation and selection for revasculari-
zation

@/€@ The HCFA recommends coverage for
this use of PET if the SPECT scan is
positive and there is some question as to
the appropriateness of revascularization.
The MSAC recommends coverage if the
conventional tests for evaluating viabil-
ity are negative and the patient is being
considered for revascularization. For the
INAHTA, PET is an effective evalua-
tion method, but there is insufficient
data to determine its cost-effectiveness.
The AHFMR considers this technology

The diversity of opinions and conclusions in
the different assessment reports stems from a
lack of data for drawing any firm conclusions
and clearly underscores the need for further
clinical research in this area.

Update

We focused our assessment on the benefit of
introducing PET into clinical practice for
evaluating myocardial viability in patients with
heart failure who are being considered for
myocardial revascularization. The second use
for which there is abundant literature is evalu-
ating myocardial perfusion.

PET is more effective (sensitivity and specific-
ity) in diagnosing coronary artery disease than
single-photon emission computed tomography
or stress electrocardiography [Adams et al.,
1999]. Presently, the limitations of this use of
PET are its high cost and low availability.
Thus, although PET can provide additional
quantitative information in relation to coronary
angiography, the latter is the reference test for
this use.

There are insufficient data to draw any firm
conclusions about the cost-effectiveness of
PET as a tool for diagnosing coronary artery
disease. For patients with an intermediate car-
diovascular risk (25 to 50% probability of
having a 50% or greater left main coronary ar-
tery occlusion or a greater than 70% occlusion
of any other coronary artery), Garber's meta-
analysis [1999] shows that PET is not a cost-
effective alternative to immediate coronary an-
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giography or other noninvasive tests, such as
stress echocardiography or SPECT, for study-
ing myocardial perfusion. However, this meta-
analysis has certain limitations. In particular,
only three PET studies where considered, with
no direct comparison between the different di-
agnostic modalities. However, other economic
studies, such as Patterson's [1995], have shown
that PET is the most cost-effective test in pa-
tients with a pretest probability of coronary ar-
tery disease of less than 70%.

The update was done after reviewing the lit-
erature, in order to describe the current knowl-
edge on the basis of published data on the sen-
sitivity and specificity of PET in detecting
myocardial viability.

Most of studies that have evaluated PET have
significant methodological flaws. Furthermore,
there are few highly reliable data on the impact
of using the technology on patient manage-
ment.

Tables 33 and 34 (Appendix 8) show the two
types of available studies. Table 34 presents
studies that have evaluated PET using an in-
termediate assessment criterion, it most often
being the recovery of segmental myocardial
motion after revascularization, and that do not
permit a true assessment of the positive clinical
impact of PET. Numerous factors can explain
the differences in the results of these studies
[Cowley et al., 1999, Part 2]. In some of them,
the calculations are based on all the dysfunc-
tional segments, in others, only the successfully
revascularized segments. In addition, the left
ventricular ejection fraction varies from study
to study (coronary arteries affected to varying
degrees). In other studies, different protocols
were used for PET scanning and for the seg-
mental division of the ventricle.

Table 33 shows studies that used a clinical as-
sessment criterion. Most of them were retro-
spective and of little power and had methodo-

logical biases. However, their results may sug-
gest that PET has a positive impact on clinical
outcomes. Nonetheless, because of the absence
of comparison groups in most of the studies,
one cannot be completely affirmative or, in any
event, draw any conclusions.

Corroborating the results of Dreyfus et al.'s
study [1994] of 46 patients, Akinboboye et al.
[1999] showed, in 33 patients with ischemic
myocardiopathy in whom a heart transplant
was indicated (LVEF < 35%), that PET de-
tected myocardial viability in 50% of the pa-
tients for whom thallium-201 scintigraphy was
negative. Thus, these patients underwent suc-
cessful coronary bypasses with the same clini-
cal outcome at 12 months as all the patients re-
vascularized during the same year at the facil-
ity in question. This therefore made it possible
to reserve heart transplants for the patients who
actually required them, thus optimizing the al-
location of this scarce resource. The study by
Duong et al. [1995] showed, in 112 patients
with ischemic cardiomyopathy (LVEF < 35%)
who were being considered for a heart trans-
plant, that 5-year survival in the patients with
PET-evaluated myocardial viability who were
vascularized was approximately the same as
that in the transplanted patients (80% vs. 71%).

The recent study by Siebelink et al. [2001] in-
volved 103 patients and is the only random-
ized, controlled study. Its objective was to
compare prospectively two strategies, one
PET-guided, the other SPECT-guided, for
managing coronary patients who were being
considered for myocardial revascularization.
All the patients underwent FDG-PET and tech-
netium-99m-sestamibi SPECT and were sub-
sequently randomized to two groups in order to
take the test into account in the management
modality (bypass, angioplasty or pharma-
cologic treatment). After a follow-up of 28 + 1
months, there was no statistically significant
difference in terms of the occurrence of the
main assessment criterion (cardiac event-free
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survival) between the two groups (11 events in
the PET group vs. 13 in the SPECT group).
The authors therefore conclude that either mo-
dality can be used equally for making revascu-
larization decisions in patients suspected of
having viable myocardium. It will be noted that
only one third of the patients in this study had
an LVEF of less than 30%.

A randomized, prospective, multicentre Cana-
dian study, PARR Phase 2 [Beanlands, 2000-
2001], is presently underway. It has a recruit-
ment goal of 412 coronary patients with severe
left ventricular dysfunction (LVEF < 35%).
The study has a double objective. The main
objective is to compare the clinical outcomes
(composite criterion: cardiac deaths, cardiac ar-
rests, infarctions, transplantation, admission to
hospital for unstable angina, or heart failure)
and the cost of PET-guided management with
the outcomes obtained without PET (standard
approach) at one and two years. The secondary
objective is to compare left ventricular function
and quality of life at one and two years of fol-
low-up on the basis of the two management
strategies. The results of this study should pro-
vide a better assessment of the clinical and
economic impact of using PET in patients with
severe left ventricular dysfunction, patients
who benefit the most from revascularization
techniques and in whom determining myocar-
dial viability is essential for optimal manage-
ment.

Presently, there are insufficient data to draw
any conclusions, in light of the clinical assess-
ment criteria, concerning efficacy and cost-
effectiveness. Although it is of a high level of
evidence, Siebelink et al.'s study [2001] is a
low-power study of all manner of coronary pa-
tients. It would seem that it is not these patients
who benefit the most from PET scanning, but
rather more severely affected patients or pa-
tients with equivocal SPECT results. The
PARR 2 study [Beanlands, 2000-2001] could

provide answers to some of these questions and
thus permit informed decision making.

4.3.5 The role of PET among the currently
used nuclear medicine tests

In patients with minimal to moderate left ven-
tricular dysfunction, the positive predictive
value of stress echocardiography, digital
SPECT and PET for identifying hibernating
myocardium is comparable (69 to 83%), with a
negative predictive value of between 81 and
90% [Winjs et al., 1998]. Dobutamine stress
echocardiography is the least expensive and
most widely available test. However, in pa-
tients with severe left ventricular dysfunction,
the false-negative rate is greater than with nu-
clear imaging techniques.

PET is the method with the highest predictive
value in patients with left ventricular dysfunc-
tion, according to Arrighi et al. [1997] and
Fath-Ordoubadi et al. [1998].

The Alberta Heritage Foundation's assessment
report [Cowley et al., 1999] on the different
methods of evaluating myocardial viability in-
dicates sensitivity and specificity ranges for the
different diagnostic modalities discussed in the
literature:

o PET: Sensitivity, 71 to 95%; specific-
ity, 66 to 86%.

= Dobutamine stress echocardiography:

- Low to moderate dose of dobutamine:
Sensitivity, 60 to 97%; specificity, 30 to
94%.

- High dose of dobutamine: Sensitivity,
60 to 87%; specificity, 83 to 90%.

= SPECT: Sensitivity, 72 to 100%; speci-
ficity, 38 to 98%.
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The latest review, by Bax et al. (published in
February 2001) [Bax et al., 2001], which in-
volved a comparison of various noninvasive
modalities for detecting hibernating myocar-
dium (FDG-PET, thallium SPECT, dobutamine
stress echocardiography), showed that FDG-
PET had the highest sensitivity (93%, p <
0.005) and the highest negative predictive
value (86%) in relation to the other techniques
and that echocardiography had the lowest sen-
sitivity (81%). However, stress echocardiogra-
phy had the highest positive predictive value
(77%, p < 0.05) compared to 71% for PET, and
the best specificity (80% vs. 58% for PET).

These results should be interpreted with cau-
tion, since different study methodologies are
found among the studies that were selected, in
terms of both the heterogeneity of the partici-
pants, the assessment criteria, the protocols and
the analytical methods. Furthermore, most of
the studies involved patients with an LVEF >
35%.

One of the technical problems encountered
with SPECT scanning is nonhomogeneous
photon attenuation in the chest. Thus, attenua-
tion artifacts reduce the specificity of image
analysis, especially in obese patients and
women with large breasts. The recent intro-
duction of new multihead SPECT cameras
might resolve these problems in the future.

In addition, new technologies or test method-
ologies are being developed and evaluated
[Bengel et al., 1998]. Hybrid PET/SPECT
cameras permit imaging with PET tracers, such
as FDG, using new generations of scanners
[Beller et al., 2000]. Also, magnetic resonance
imaging has yielded promising preliminary re-
sults in this use [Kim et al., 2000].

4.3.6 Conclusion

From what is stated in the literature (arguments

in favour of clinical benefit based on several
studies with a low level of evidence and a sin-
gle study of good methodological quality but of
low power that did not involve patients who, it
was thought beforehand, would benefit the
most from PET), one cannot draw any firm
conclusions as to the systematic introduction of
PET in day-to-day clinical practice.

Nonetheless, PET permits an unprecedented
evaluation, both quantitative and qualitative, of
cardiac pathophysiological processes. It is a
promising technology that is leading to numer-
ous areas of research that will provide a better
knowledge of cardiac processes, which may
have important clinical applications in patient
management.

The use of PET might make it possible to op-
timize the management and prognosis of more
severely affected coronary patients through
better selection of those in whom a heart trans-
plant is truly indicated (certainty that there is
no viable myocardial tissue) and through the
use of revascularization only in those cases
where myocardial viability has been demon-
strated. Certain publications and our simulation
concerning the clinical use of PET to assess
myocardial viability suggest a favourable cost-
effectiveness ratio.

In the field of cardiology, the clinical utility of
PET is

recognized for the following uses:

s studying myocardial perfusion for the
purpose of diagnosing and managing
coronary artery disease; and

s studying myocardial viability;

and has potential for
= monitoring heart transplant patients (de-
tecting posttransplant arteriopathy and
measuring coronary reserve); and
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= monitoring the effect of treatments and
the response to therapy in coronary artery
disease.

4.4 ECONOMIC CONSIDERATIONS

4.4.1 Australian assessment (MSAC)

The observations of the MSAC (Australia) will
be used here as the latest guidelines for as-
sessing the cost-effectiveness of PET [MSAC:
Ghersi et al., 2000]. A few other references
will be included and commented on.

The MSAC notes that models have mainly
concerned non-small-cell lung cancer and
solitary pulmonary nodules and that there is
little information on the evolution of patients
following PET scanning. Given that there are
no direct measurements of PET’s impact on
quality of life and survival, the economic
evaluations are based on intermediate evalua-
tion measures of patients' clinical evolution.
Only Gambhir et al. [1996] and Scott et al.
[1998] have attempted to evaluate survival
based on the reduction in the mortality associ-
ated with surgical procedures.

Nevertheless, the data tend to suggest that PET
could generate savings [Gambhir et al., 1996;
Valk et al., 1996; von Schulthess et al., 1998]

or at least be cost-effective [Scott et al., 1998],
if the upper limit of cost-effectiveness is set at
$50,000 per life-year saved.

However, the MSAC notes that all the studies
of the diagnosis and management of non-small-
cell lung cancer used a simulation methodology
and were therefore based on assumptions. It
concludes that it would be advisable to vali-
date, with clinical trials, the assumptions in
those models, which are nonetheless plausible.
Such trials are presently underway and will
confirm or invalidate the results of the models.

From a narrower perspective, given the diver-
sity of the data and of the methodologies used
in these studies, it is difficult to make direct
comparisons and to extrapolate the results to
the situation in Québec. Furthermore, none of
these studies explicitly factored in the cost of
implementing PET in its methods of calcula-
tion. Lastly, it is possible that the models used
do not represent a clinical and epidemiological
approach specific to the situation in Québec.

4.4.2 1999-2000 update - Economic aspects

4.4.2.1 Literature review - Lung cancer

The economic studies of PET published after
the MSAC report are summarized in Table 3.

Table 3: Literature review on the cost-effectiveness of PET in lung cancer

Year Author, Citation Use

country

Design Results

2000a

Germany Med 2000; | of patients

Dietlein et al., | Eur J Nucl | Management

27:1441- | with solitary modifications relation to the wait-and-
56. pulmonary * Decision tree watch strategy:
nodules * Four strategies e 3,218 euros*
compared: waitand |* 4,210 euros per
watch, exploratory life-year saved for
surgery, transtho- surgery
racic needle biopsy |* 6,210 euros per

Incremental cost-
effectiveness ratio in

e  Gambhir et al.’s
model [1998] with
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and PET life-year saved for

biopsy

Germany Med 2000; | of patients
27:1591-7. | with non-
small-cell
cancer

2000b Dietlein et al., | Eur J Nucl | Management

Incremental cost-

effectiveness ratio in

relation to the conven-

tional strategy.

* 143 euros per life-
year saved for PET

Decision tree
Five strategies
compared

* 1 euro = 0.7403 Canadian dollars

m  Studies concerning solitary pulmonary nodules

(SPNs)

The objectives of Dietlein et al.'s cost-
effectiveness study [2000a] were to determine
the impact of PET utilization on life expec-
tancy and to estimate the incremental cost-
effectiveness ratio for implementing PET.

A decision tree was constructed to assess the
costs and efficacy, in terms of the number of
life-years saved, of the four competing strate-
gies for managing patients with SPNs: 1) wait
and watch; 2) exploratory surgery; 3) transtho-
racic needle biopsy; and 4) PET. The parame-
ters used in the model came from the literature.
Only the following direct costs, which relate to
the public insurer's perspective, were consid-
ered by the authors: hospitalization, PET, com-
puted tomography, biopsy, surgery, mediasti-
noscopy and palliative treatment. Indirect costs
were not considered. An annual discount rate
of 5% was used, although the time horizon was
not explicitly indicated.

The study population was a hypothetical cohort
of 62-year-old operable men with SPNs of up
to 3 cm, with no calcification, spiculae, metas-
tases or recent history of extrapulmonary tumor
diagnosed by computed tomography or chest x-
rays.

A univariate sensitivity analysis was performed
for the following variables in order to test the

robustness of the conclusions: prevalence of
solitary pulmonary nodules, specificity and
sensitivity of PET and biopsy, surgical mortal-
ity rate, and costs of PET and palliative treat-
ment.

In the baseline scenario, and in comparison
with the wait-and-watch strategy, the incre-
mental cost-effectiveness ratios of PET, biopsy
and surgery are, respectively, 3,218, 6,120 and
4,210 euros per life-year gained. The results
are different if the surgery strategy is substi-
tuted for the wait-and-watch strategy as the
comparator. Thus, PET has a negative incre-
mental ratio of 6,912 euros per life-year gained
compared to 4,210 euros per life-year gained
for the wait-and-watch strategy and 3,343 eu-
ros per life-year gained for the transthoracic
needle biopsy strategy.

According to the authors, the results suggest
that PET is cost-effective both for patients who
are at risk and those not at risk for dying upon
surgery. They conclude that, in applying
American prevalence data, the budget impact
of implementing and disseminating PET in a
public program would be less than one euro per
insured person.

Studies concerning non-small-cell lung cancer

The objectives of Dietlein et al.’s economic
study [2000b] were to identify the groups of
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patients with non-small-cell cancer most likely
to benefit from PET, to determine the potential
savings that would result from introducing PET
and to determine the role of PET in relation to
mediastinoscopy in the arsenal for evaluating
this disease.

A decision tree was constructed to assess the
costs and efficacy, in terms of life-years
gained, of five competing strategies: 1) com-
puted tomography; 2) PET for patients with
normal-size lymph nodes; 3) PET for all pa-
tients; 4) PET for all patients without mediasti-
noscopy if the computed tomography and PET
scans are positive; and 5) PET for all patients
without mediastinoscopy if the PET scan is
positive. The parameters used in the model
came from the literature. Only the following di-
rect costs, which relate to the public insurer's
perspective, were considered: hospitalization,
PET, computed tomography, biopsy, surgery,
mediastinoscopy and palliative treatment. Indi-
rect costs were not considered. An annual dis-
count rate of 5% was used.

The study population was a hypothetical cohort
of 62-year-old operable men in whom the di-
agnosis of a tumor was made by computed to-
mography and bronchoscopy and confirmed
histologically.

A univariate sensitivity analysis was performed
for the following variables in order to test the
robustness of the conclusions: the prevalence
of mediastinal metastases, the specificity and
sensitivity of PET, the sensitivity of mediasti-
noscopy, and the costs of PET and palliative
treatment.

In the baseline scenario, and in comparison to
the computed tomography strategy, the incre-
mental cost-effectiveness ratios for the fol-
lowing strategies, 1) PET for patients with
normal-size lymph nodes; 2) PET for all pa-
tients; 3) PET for all patients without mediasti-
noscopy if the CT and PET scans are positive;

and 4) PET for all patients without mediastino-
scopy if the PET scan is positive, are 143,
11,100, 24 and 19,830 euros, respectively, per
life-year gained. The results are different if the
PET strategy is substituted for the computed
tomography strategy in patients with normal-
size lymph nodes as the comparator. Thus, the
incremental ratios for the following strategies,
1) PET for all patients; 2) PET for all patients
without mediastinoscopy if the CT and PET
scans are positive; and 3) PET for all patients
without mediastinoscopy if the PET findings
are positive, are, respectively, 36,667, 15,325
and 15,716 euros per life-year gained.

The results suggest that the scenario in which
PET is used for all patients with normal-size
lymph nodes would be more cost-effective than
the competing options. The budget impact is
acceptable in this scenario.

4.4.2.2 Studies of other uses in oncology and
neurology

We did not find any studies evaluating the effi-
ciency of PET in other oncological and neuro-
logical applications.

4.4.3 Study specific to Québec: non-small-
cell lung cancer (NSCLC)

It is difficult to extrapolate the results of the
two studies by Dietlein et al. [2000a; 2000b] to
the situation in Québec. These authors at-
tempted to identify the most efficient strategy
for managing solitary pulmonary nodules
(SPNs) and detecting metastases, using clinical
algorithms reflecting the common practices in
their health-care system.

In Québec, it is unlikely that this technology
will be used by clinicians as a diagnostic tool
for solitary pulmonary nodules because access
will remain limited (even if this technology be-
comes available in Québec's health-care sys-
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tem).

Furthermore, given that the prevalence of lung
cancer in patients with SPNs varies from 80 to
90% when they are referred to a tertiary centre,
the use of PET will obviously be limited pri-
marily to determining the degree of metastasis
in order to assess the appropriateness of un-
dertaking surgical treatment.

It was in considering these specific aspects that
an analysis using Québec parameters was per-
formed in order to be able to assess the eco-
nomic impact and potential efficiency of PET
in its implementation context.

4.4.3.1 Materials and method

An analytical model was developed to predict
the cost and effects of using PET to detect me-
diastinal and distant metastases. To be able to
compare the results with those of previous
studies, the reference case technique recom-
mended by the Washington panel was used in
this analysis [Russell et al., 1996].

The costs and life expectancy were determined
for each strategy examined. The explicit prob-
abilities used in this model are presented in Ta-
ble 4. Bayes' theorem was used to extract most
of the probabilities. A health-care system per-
spective was adopted in this study. Only the di-
rect costs were considered.

4.4.3.2 Construction of the decision tree

The prediction model (Figure 4, Appendix 11)
was developed from several assumptions: the
study population consists of a hypothetical co-
hort of 100 65-year-old males with histologi-
cally confirmed non-small-cell lung cancer in
whom the preoperative metastatic evaluation,
based on conventional detection techniques, is
negative for mediastinal and distant metastases.
The model thus excludes any patient with a
positive preoperative evaluation. In addition,
because of the number and types of scanners

available on the market and of the lack of data
on their efficacy, we assumed, for the sake of
simplicity, that a dedicated, full-ring, multide-
tector PET scanner would be the type deployed
in Québec.

The costs associated with the treatment re-
quired for the disease, such as chemotherapy
and radiation therapy, were not included in our
analysis. We assumed that a patient in whom
surgical intervention is going to be avoided
thanks to PET incurs the same chemotherapy
and radiation therapy costs as a patient who is
operated on and who had, prior to surgery,
metastases that were not detected by conven-
tional diagnostic methods. The model thus as-
sesses the costs associated with the diagnostic
tests, the surgery and the reimbursement for the
medical procedures performed by health pro-
fessionals. Consequently, the model mainly ex-
amines the difference in surgical costs between
the two options.

4.4.3.3 Strategies

In the CT option, patients with positive results
for mediastinal metastases undergo mediastino-
scopy for the purpose of determining whether
or not they are candidates for surgery. In those
cases, where the CT findings are negative, the
patient undergoes surgery.

As for the CT + PET option, all the patients are
first evaluated by computed tomography. The
use of PET is limited to detecting distant me-
tastases when the CT scan is positive for medi-
astinal metastases and to detecting mediastinal
metastases when the CT scan is negative. In the
latter case, PET is also used for detecting dis-
tant metastases. To confirm the PET findings,
biopsy and mediastinoscopy are used to detect
the presence of distant metastases and medi-
astinal metastases, respectively.
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4.4.3.4 Literature review: Data acquisition

The prevalence of mediastinal and contralateral
metastases in patients with NSCLC has been
estimated at 31% (range: 28 to 38%) in the lit-
erature [Gross et al., 1988; McLoud et al.,
1992; Dillemans et al., 1994; White et al.,
1994; Primack et al., 1994]. However, this fig-
ure is not the prevalence of NSCLC but rather
that of N2 or N3 lymph node metastases in pa-
tients with a histological diagnosis of NSCLC

who are eligible for surgery. As for the prob-
ability of distant metastases detected by PET
and not detected by conventional methods, it
varies from 5 to 11% [Valk et al., 1995; Bury
et al., 1998; Gupta et al., 1999; Pieterman et
al., 2000]. The baseline values and intervals to
be used in the sensitivity analyses and the other
variables used in this analysis are presented in
Table 4.

Table 4: List of the variables used in the lung cancer model

Variable Baseline  Lower Upper  Reference(s)
value limit limit

Fee* for biopsy (physician) 75 Medical Specialists’ Manual, RAMQ

Fee for computed tomography (physician) 60 Medical Specialists” Manual, RAMQ, code
8262

Fee for mediastinoscopy (physician) 280 Medical Specialists” Manual, RAMQ, code
3036

Fee for PET (physician) 250 Medical Specialists’ Manual, RAMQ, code
8700

Fee for surgery (physician) 672 Medical Specialists” Manual, RAMQ, code
3196

Cost* of hospital stay for mediastinoscopy 5,054 4,977 7,932 APR-DRG 076 (subgroup, code 46.81)

Cost of hospital stay for surgery 8,424 7,544 11,781  APR-DRG 075 (no subgroup, code 46.81)

Cost of hospital stay for biopsy 6,130 APR-DRG 076 (subgroup, code 89.00 and
90.90)

Cost of hospital stay for mediastinoscopy, biopsy and 9,163 7,609 12,147  APR-DRG 075 (with subgroups 46.81, 89.00

Cost of PET scan, including capital cost (hospital) 1,313 Appendix 10

Sensitivity of computed tomography 0.75 0.6 0.9 Pieterman et al., 2000

Specificity of computed tomography 0.66 0.55 0.77 Pieterman et al., 2000

Life expectancy* * with palliative treatment 1 0.1 2 Scott et al., 1998; Gambhir et al., 1996

Life expectancy with surgical treatment 7 1 15 Cummings et al., 1986; Beck et al., 1982

Mortality rate associated with computed tomography 0.000025 1 Hartman et al., 1982

Surgical mortality rate 0.03 0 0.2 Williams et al., 1981; Evans, 1973; Ginsberg et
al., 1983

Sensitivity of PET in detecting distant metastases 0.82 0.64 1 Pieterman et al., 2000

Specificity of PET in detecting distant metastases 0.93 0.88 0.98 Pieterman et al., 2000

Sensitivity of PET in detecting mediastinal metastases 0.91 0.81 1 Pieterman et al., 2000

Specificity of PET in detecting mediastinal metastases 0.86 0.78 0.94 Pieterman et al., 2000

Probability of metastases detected by PET 0.07 0.05 0.11 Valk et al., 1995; Bury et al., 1998; Gupta et al.,
1999, Pieterman et al., 2000

Prevalence of mediastinal metastases 0.31 0.28 0.38 Gross et al., 1998; McLoud et al., 1992; Dille-

mans et al., 1994; White et al., 1994; Primack et
al., 1994

* in Canadian dollars
** in years

Appendix 8 of this report (selected studies) was
consulted for CT and PET sensitivity and
specificity data. As regards the detection of
mediastinal metastases, the sensitivity of PET

1s estimated at between 72 and 96%, with 90 to
100% specificity. As for its sensitivity and
specificity in detecting distant metastases,
Pieterman et al. [2000] estimate them at 82%
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(range: 64 to 100%) and 93% (range: 88 to
98%), respectively. For analytical purposes,
Pieterman et al.'s study was used as the main
source of data for PET and CT sensitivity and
specificity values, since it is the only prospec-
tive study that estimates the performance of
PET and computed tomography in detecting
mediastinal and distant metastases. Lastly, we
assumed that the accuracy of biopsy as a diag-
nostic tool is 100%.

The mortality rate associated with the surgical
resection of lung cancer reported in the litera-
ture varies from 2.4% [Williams, 1981] and
20% [Evans, 1973]. Ginsberg et al. [1983] re-
port an overall mortality rate of 3.7% and a
thoracotomy-specific mortality rate of 2.9%.
We chose 3% (range: 0 to 20 %) as the baseline
value in our analysis.

The risk of mortality associated with computed
tomography is mainly due to the contrast
agents used. A risk of 1 in 40,000 (0.0025%) is
reported in the literature [Hartman et al., 1982].
The risk associated with FDG-PET is assumed
to be negligible, since, to date, no complica-
tions or adverse effects have been reported in
the literature.

Life expectancy was calculated according to
the DEALE method, which was developed by
Beck et al. [1982], where mean life expectancy
= 1/(ASR + DSR). The ASR is the age-, sex-
and race-adjusted annual mortality rate in the
general population. DSR is the disease-related
survival rate. In Québec, the life expectancy of
a 65-year-old man is 15.64 years [Institut de la
statistique du Québec, 2001]. The ASR is thus
0.067 (1/15.64). The DSR for a 2.3-cm lung
tumor is 0.075 [Cummings et al., 1986]. The
combined mortality rate for a typical patient is
0.142. His life expectancy (the reciprocal func-
tion of this sum) is 7 years. This figure was
used in the baseline analysis, with a range of 1
to 15 years for the sensitivity analysis.

The life expectancy for inoperable cancers in
patients with an advanced stage of the disease,
based on radiographic findings, is estimated at
0.47 years [Gambhir et al., 1996; Scott et al.,
1998]. Although there are certainly a few sur-
vival data for patients with mediastinal metas-
tases that are not detected radiographically,
these patients probably exhibit better survival
than those in whom the chest x-ray is une-
quivocal. To take this into account, we as-
sumed a life expectancy of 1 year (range: 0.1 to
2 years) as the baseline value for inoperable
patients. As for the life expectancy of patients
whose distant metastases are not detected by
PET and for patients whose mediastinal me-
tastases are not detected by computed tomo-
graphy, it was estimated at 1 year.

The cost of a PET scan was estimated from the
data presented in Appendix 10 of this report.
We calculated that a PET scan costs $581, ex-
cluding the capital cost. The cost of a PET scan
is $1,313, which includes the capital cost, or
$732 more per scan. This figure was estimated
on the basis of the following assumptions. We
assumed a cost of $3.2 million for a scanner
and of $4.3 million for a cyclotron. As for con-
struction costs, we assumed that they were
$500,000 for the cyclotron and $175,000 for
the scanner. The life span of the scanner and
that of the cyclotron were set at 10 and 25
years, respectively. Lastly, we used a 5% inter-
est rate to take into account the loss of return
on the capital, had it been invested.

The cost of the hospital stay for surgery alone,
mediastinoscopy alone, biopsy alone and for all
four interventions was determined by consult-
ing the Ministere de la Santé et des Services
sociaux's 1998-1999 APR-DRG database. The
cost is $8,424, $5,054, $6,130 and $9,163, re-
spectively. These average figures include the
hospital stay and all the interventions and man-
agement that the hospital is to provide for the
patient during the stay. Only the physicians'
professional fees are excluded. For example,
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the costs associated with a CT scan are in-
cluded in one of the APR-DRGs, excluding the
physicians' fees.

The figures for the physicians' fees are from
the Medical Specialists' Manual (September
1999 edition), published by the Régie de l'as-
surance-maladie du Québec, and are provided
in Table 4 for each intervention. Lastly, the
cost of a biopsy depends on the type. It can
vary considerably. We therefore assumed an
average cost of $75.

4.4.3.5 Analysis

The cost and life expectancy estimates for each
option were obtained by adding the products of
the probabilities and cost and life expectancy
values. The mean cost-effectiveness ratios were
used to evaluate the CT scan strategy in rela-
tion to the CT + PET strategy. The lowest ratio
is that of the most efficient strategy. The in-
cremental cost-effectiveness ratio (cost of the
CT option - cost of the PET option)/(CT life
expectancy - PET life expectancy) was used for
the marginal analysis of PET efficiency.

Given the low accuracy of certain variables, a
univariate sensitivity analysis was performed.

This type of analysis consists in varying the
values of a given variable in a predefined range
while maintaining the values of the other vari-
ables constant, and assumes independence be-
tween the variables.

To take into account the interdependence be-
tween the variables, a Monte Carlo dynamic
sensitivity analysis was performed in order to
obtain a 95% confidence interval for the costs,
efficacy and cost-effectiveness ratio. This type
of simulation executes the model numerous
times (1,000 in our analysis), modifying the
values of all the variables simultaneously, us-
ing a predefined probability distribution. This
approach provides a distribution of samples
and therefore descriptive values (mean, me-
dian, maximum, minimum and probability dis-
tribution) for the result. The variables, their
ranges and their predefined distributions are
shown in Table 48 (Appendix 11).

Given that the time horizon for the analysis
was one year, no discounting of the costs or ef-
fects was necessary.

Table S: Results for each strategy per patient (lung cancer)

Strategy Incremental Efficacy Incremental Mean cost- Incremental cost-
Cost Cost (life-years) efficacy effectiveness effectiveness ratio

ratio

CT $8,455 4,551 $1,858 per life-
year

CT + PET $9,723 $1,268 4,823 0.27 $2,017 per life-  $4,689 per addi-
year tional life-year

gained
4.4.3.6 Results

Table 5 shows the results per patient and the
costs, efficacy, mean cost-effectiveness ratios
and the incremental cost-effectiveness ratio.

In general, the mean cost-effectiveness ratios
suggest that PET is almost as efficient an inter-
vention as computed tomography, the mean
cost-effectiveness ratio for PET being slightly
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higher than that for computed tomography. The
mean cost of the CT strategy is $8,455 per pa-
tient compared to $9,723 for the PET strategy,
for a cost differential of $1,268. The PET strat-
egy extends life expectancy by slightly more
than three months (0.27 years) compared to
survival with the CT strategy.

As for the incremental cost-effectiveness ratio,
1.e., the cost associated with one additional life-
year gained, it is $4,689. Considering the num-
ber of new cases and the prevalence of medi-
astinal metastases, 1,837 new patients a year
could potentially benefit from this technology.
The budget impact, from the perspective of the
incremental cost, i.e., the additional cost to the
health-care system, would be $8,613,693. If we
perform the same analysis but exclude the
capital cost from the cost of PET scanning, the
incremental cost-effectiveness ratio would be
$1,983, with a budget impact of $3,642,771.

Table 49 (Appendix 11) shows the results of
the univariate sensitivity analysis for all the
variables included in the model. It can be seen
from the results that the variation in the base-
line values of the variables does not have an
impact on the decision, the mean cost-
effectiveness ratio for the PET strategy always
being higher than that for the competing op-
tion.

Figure 6 (Appendix 11) is a graph of the Monte
Carlo simulation for the incremental cost-
effectiveness ratio. It can be seen that most of
the simulations are in the right quadrant, the
quadrant where PET improved life expectancy
while at the same time requiring an investment
for each additional health gain. Table 50 (Ap-
pendix 11) shows the mean, median and quar-
tiles for the incremental cost, efficacy and cost-
effectiveness ratio values, as they appear in the
dynamic sensitivity analysis.

Table 51 (Appendix 11) shows the frequencies
of occurrence of incremental cost-effectiveness

ratios, by intervals, of the 1,000 Monte Carlo
simulations. It can be seen that in 95% of the
cases, the incremental ratio is less than $50,000
per life-year gained.

4.4.3.7 Discussion and conclusions

Our study suggests that PET is a cost-effective
intervention in the specific context of its clini-
cal utilization and deployment in Québec.
Thanks to the reference case technique, we
were able to compare our results with those
presented in the literature. We note that they
are similar to the results compiled by the
MSAC, that is, that PET can lead to savings or
require only a very small and very acceptable
investment for each life-year gained, provided
the purchase cost, which is high, has been am-
ortized.

Our univariate and Monte Carlo sensitivity
analyses confirmed the robustness of the re-
sults. Table 49 (Appendix 11) shows that
varying the baseline values does not signifi-
cantly affect the results, the incremental cost-
effectiveness ratio ranging from $3,000 to
$5,000 per life-year gained.

Table 51 (Appendix 11) shows the distribution
of the incremental cost-effectiveness ratios. It
can be seen that, in about 50% of the simula-
tions, the investment required to gain one life-
year is less than $5,000. In 73% of the cases, it
is less than $10,000, which is not, in itself, a
very large investment. If the standard cost-
effectiveness ratio is set at less than $50,000
per life-year gained, 95% of the simulation
cases would be below this figure. Thus, eco-
nomically, PET would not necessarily generate
any savings in the health-care system, but it
might avoid unnecessary surgeries and there-
fore, to a certain extent, shorten the waiting
lists and contribute to the overall efficiency of
the health-care system.

Using the available data, we attempted to as-
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sess the economic impact and efficiency of
PET on clinical outcomes and the health-care
system. Since there is no direct measure of pa-
tient survival, we used an intermediate end-
point, such as the reduction in the mortality due
to surgical procedures. However, using such an
indicator does not enable us to fully assess the
utility of PET. In the short term, it is unlikely
that PET will improve survival in patients with
lung cancer. The efficacy of PET resides in-
stead in its ability to improve the patients’
quality of life by sparing them an unnecessary,
debilitating intervention and providing them
with quicker access to treatment, on the one
hand, and to enable them to express their pref-
erences in terms of the clinical approach to be
used, on the other. Quality-of-life and patient
preference measurements obtained by prospec-
tive studies will permit a more adequate as-
sessment of the efficacy of this technology.

We included the costs required to implement
PET in Québec. For analytical purposes, we
considered a very cautious scenario and as-
sumed that this technology would be used only
to detect local and distant metastases in pa-
tients with NSCLC. Given that this technology
would be used for clinical purposes other than
detecting metastases in patients with NSCLC,
the capital cost should not be done on the basis
of this single application. Thus, the capital cost
to be included in the cost of PET scanning
would probably be less than $732 per use,
which would significantly reduce the incre-
mental cost-effectiveness.

Because the analysis is limited to a single clini-
cal use (the detection of metastases in cases of
non-small-cell lung cancer) and to a very lim-
ited population, other studies are needed to
confirm PET's efficiency or lack thereof in
other applications. Our prediction model esti-
mates the reduction in the number of surgeries
at 12%, with patient survival prolonged by
three months. These figures are similar to the
results of a randomized, prospective study [van

Tinteren et al., 2000] presented at the 2000
ASCO conference.

In conclusion, with the current state of knowl-
edge and from an economic perspective spe-
cific to the situation in Québec, our model
shows that the use of PET to detect local and
distant metastases in NSCLC is potentially an
intervention that would require an acceptable
investment for each life-year gained.

4.4.4 Study of myocardial viability in the
Québec context: An exploratory analy-
sis of the potential impact

In the very near future in Québec, it is likely
that PET will be used in cardiology mainly for
detecting viable myocardium that can respond
favourably to revascularization.

At this time, only a few efficacy studies are
available for estimating the potential impact of
PET as a diagnostic tool in this application.
Furthermore, no economic evaluation of this
clinical application is, to our knowledge, avail-
able. This lack of data makes it difficult to as-
sess the anticipated efficacy of PET in this dis-
ease.

The literature abounds with differing opinions
about the usefulness of models in this specific
problem. Some authors do not see this ap-
proach as having any validity, while others
maintain that early modelling is an important
means of aiding the decision-making process.
They recognize the need to use different ana-
lytical approaches to make up for the lack of
experimental data. They also recognize that
utilizing the results of an early model to deter-
mine research priorities does have its useful-
ness.

This is where our analysis comes in. Our ob-
jective was to model the use of PET to detect
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myocardial viability and to assess its potential
impact. The results of this modelling will en-
able us to make a global assessment of PET's
utility at this stage of its development. To this
end, a Monte Carlo-type mathematical model
was used for the analysis. This approach yields
results in the form of intervals with a prede-
fined level of confidence. The objective of this
analysis is not to provide accurate data, but
rather to estimate, in an exploratory manner,
the anticipated economic impact of PET in this
specific clinical application, i.e., evaluating
myocardial viability.

4.4.4.1 Materials and method

Given the context in which PET will be used in
Québec and the availability of data in the lit-
erature, we adopted, for the purposes of this
analysis, a data extraction approach by sur-
veying expert clinicians. Expert clinicians at
Hopital Laval in Québec City were consulted
for the purpose of developing decision trees,
determining the explicit probabilities for the
variables and determining the population for
which the technology would be used first. A
list of the experts who were consulted is pro-
vided in Appendix 12.

The decision tree that was constructed is shown
in Appendix 11 (Figure 8). For patients with
severe left ventricular dysfunction who have
not previously undergone coronary angiogra-
phy, which is the case for about half of the pa-
tients in tertiary cardiology, when the clinician
needs to make a diagnostic and therapeutic as-
sessment, the use of PET on a first-recourse
basis may be an attractive option.

In current clinical practice, where the use of
PET is not possible, the clinician, in about one
half of the cases, will first perform coronary
angiography. If he or she detects coronary ar-
tery disease, he or she will, in 75% of these pa-
tients, then have to determine their myocardial
viability. The use of conventional modalities,

i.e., SPECT or stress echocardiography (dobu-
tamine) will be inconclusive or "negative" in
50 to 75% of these cases, which will lead the
clinician to make a relatively arbitrary decision
regarding the possibility of revascularization
(or to opt for transplantation or pharmacologic
treatment).

For each strategy examined, the costs and the
proportion of individuals surviving at five
years were estimated. The explicit probabilities
used in the prediction model are based on the
variables presented in Table 6. A health-care
system perspective was adopted in this study.
Only the direct costs were considered. The
costs associated with the use of medical serv-
ices and the reimbursement of professional fees
were estimated for each strategy.

The cost of a PET scan was estimated using the
method described in Section 4.4.3.4. The cost
of a thallium scan was estimated from financial
report AS-471 and expert opinions. It is $350.
This figure includes the cost of the procedure
and that of the radiotracer. The cost of revas-
cularization was obtained by consulting the
1998-1999 APR-DRG database. The costs of
medical treatment and transplantation were
obtained from expert opinions. They are
$20,000 and $60,000, respectively. This latter
figure does not include the cost of obtaining an
organ or of the coordination involved in a heart
transplant, given that the time horizon in our
analysis precedes transplantation. The figures
used for the physicians' fees are from the
Medical Specialists' Manual (September 1999),
publish by the RAMQ. For the purposes of our
analysis, a variation of £ 20% was applied to
each cost component in order to obtain an in-
terval. These costs are shown in Table 6.

For measuring efficacy, we used the patients'
mean probability of survival at five years after
revascularization, medical treatment and/or
transplantation.
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Lastly, the study population consists of a hy-
pothetical cohort of male patients with a left

ventricular ejection fraction of less than 30%.

Table 6: List of the variables used in the myocardial viability model

Description Value Source

Cost* of a PET scan (hospital) 1,050 - 1,575 Appendix 10

Fee* for PET (physician) 225-275 Medical Specialists’
Manual (RAMQ)

Fee for a thallium scan (physician) 94.4 Medical Specialists’
Manual (RAMQ)

Cost of revascularization 8,262 - 10,099 APR-DRG

Cost of a thallium scan (hospital) 315-385 Financial report AS-

471

Cost of medical treatment

Cost of transplantation

S-year postrevascularization survival probability
S-year post-medical treatment survival probability
S-year posttransplantation survival probability
Probability of medical treatment

Probability of an unequivocal thallium scan

Probability of viable myocardium when the thallium scan is

equivocal in the thallium-alone option

Probability of viable myocardium when the thallium scan is 0.5

equivocal in the thallium + PET option

16,000 - 24,000
48,000 - 72,000

Expert opinion
Expert opinion

0.8 Expert opinion
0.5 Expert opinion
0.75 Expert opinion
0.6 - 0.95 Expert opinion
03-04 Expert opinion
0.15-0.3 Expert opinion

Beanlands et al. 1997,
Dreyfus et al. 1994

* in Canadian dollars

4.4.4.2 Analysis

The mean and incremental cost and efficacy
intervals were used to compare the PET option
with the no-PET option. These intervals were
generated by a Monte Carlo analysis. This type
of simulation executes the model numerous
times (1,000 times in our analysis, with a 95%
confidence level), modifying simultaneously
the data and randomly choosing values from a
predefined probability distribution. The vari-

ables and their predefined distribution are
shown in Table 52 (Appendix 11).

4.4.4.3 Results

Table 7 shows the results and the 95% confi-
dence intervals for the costs, the 5-year sur-
vival probability, the incremental cost and the
incremental efficacy.

Table 7: Results of the economic analysis for myocardial viability

Strategy Cost ($) Efficacy Incremental cost Incremental
(&) efficacy

Thallium + clinical 10,547 t0 29,993  0.63 to 0.71

decision

Thallium + PET 10,119 to 24,753 0.69t00.73  -7,182 to 687 0.02 to 0.07
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The thallium + PET strategy seems to be the
most cost-effective option. It appears to be less
expensive, and its efficacy is superior to that of
the thallium-alone strategy. It seems that PET,
based on the basic assumptions, would yield
savings for the health-care system (the incre-
mental cost is negative).

Figure 7 (Appendix 11) is a graph of the in-
cremental cost-effectiveness ratio simulation
results. Each point represents a simulation. It
can be seen that almost 100% of the points are
in the left quadrant, which means that the thal-
lium + PET strategy would yield savings and at
the same time be more effective, with a 95%
confidence level.

As for efficiency, i.e., its cost-effectiveness,
our model, which is based on several assump-
tions (efficacy, target population and costs),
suggests that PET is a very cost-effective inter-
vention.

4.4.4.4 Discussion and conclusions

Our objective was to estimate the efficiency of
PET in detecting myocardial viability. Our
preliminary analysis, based on a Monte Carlo-
type dynamic simulation, suggests that PET is
a very cost-effective intervention in the context
of tertiary cardiology centres when used for a
specific purpose in a population of patients
with an ejection fraction of less than 30%.

However, this finding needs to be qualified.
Since there are no available data in the litera-
ture, our sources of data were mainly expert
opinions. Despite the inherent weakness of this
approach, its use in certain types of economic
studies should not be avoided. Data from ran-
domized clinical studies and formal literature
reviews certainly provide more-valid data, but
when there is a paucity of data from such
sources, one must resort to other methods, es-
pecially in a context of diffusing new tech-

nologies, such as PET in cardiology.

Given that the time horizon for the analysis in
cardiology was several years, the costs and
consequences should have been discounted.
However, for the sake of simplicity, this was
not done. It is unlikely that discounting would
have reversed the result, that is, that PET is
very cost-effective. To compensate for the un-
certainty concerning the accuracy of the data,
we used intervals rather than estimates and a
Monte Carlo-type dynamic simulation. Using
this strategy enabled us not to overestimate or
underestimate the efficacy and cost data. As for
the variables that were kept constant, the sensi-
tivity analysis performed for these variables re-
veals that varying the baseline values does not
affect the results.

Although this is early modelling, if we accept
its limitations, it suggests that PET might be
more efficient, because the analysis is limited
to assumptions and to a very small population,
and that further studies are necessary, espe-
cially in the case of using PET as a diagnostic
tool for coronary artery disease and myocardial
viability. Perfusion studies are performed to
detect the presence of coronary artery disease,
since in the vast majority of noncoronary car-
diomyopathies, there should be little or no al-
teration of the regional myocardial flow or
coronary reserve. Thus, PET could potentially
lead to savings in coronary angiography utili-
zation. In addition, in the case of coronary ar-
tery disease, a combined myocardial perfusion
and myocardial viability PET study might en-
able one to determine if there is any benefit in
revascularizing and, if the absence of viability
is not demonstrated, to avoid performing coro-
nary angiography and any other subsequent di-
agnostic test.

In conclusion, given the current state of knowl-
edge and with an economic perspective specific
to the situation in Québec, we note that the use
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of PET for detecting myocardial viability
seems to be an efficient intervention. However,
it would be important to document evidence of
the incremental efficacy of PET in relation to
the diagnostic tools that are currently available.

4.4.5 Studies concerning other uses in oncol-
ogy and neurology

No study on the other uses of PET was carried
out. The efficiency of PET in these clinical ap-
plications, specifically for Québec, is unknown.

4.5 GRADING CLINICAL USES

Referring to the conclusions stated above in
this section for each of the uses and rearranging
them, not by discipline and by use, but rather
according to the recognition of the clinical use
in each discipline, we obtain the following
grouping:

o Clinical uses said to be recognized if the hard
data are acceptable (in terms of clinical effi-

cacy);

= Potential, if the hard data are acceptable but in-
complete; and

s Not recognized, if the data are insufficient to
reach a verdict, if they demonstrate nonperform-
ance or if hard data were not found during the
literature surveys performed for the purposes of
this report.

It will be noted that this classification reflects
the current hard data rather than a limited
opinion about the use of this technology.

4.5.1 Recognized clinical uses

4.5.1.1 Oncology

Lung cancer
s Characterizing solitary pulmonary nodules.
o Initial staging when a diagnosis of non-small-
cell lung cancer is made, including:
s detecting mediastinal lymph node metasta-
ses; and
= detecting distant metastases.

Colorectal cancer

s The preoperative detection of hepatic and ex-
trahepatic metastases in the context of detect-
ing localized recurrence.

s Determining the location of recurrence in the
presence of clinical symptoms or abnormal
paraclinical findings (conventional imaging,
carcinoembryonic antigen, etc.).

s Differentiating between residual tumor and
postoperative scar when diagnostic imaging
reveals abnormalities.

Melanoma

s Detecting extranodal metastases during the
initial workup or the postoperative follow-up.

= Evaluating a potentially treatable recurrence.

Head and neck cancer

s Identifying an unknown primary tumor in the
presence of cervical lymph node metastases.

s Staging cervical lymph nodes when conven-
tional imaging is negative.

s Detecting recurrence or residual tumors and
differentiating between a tumor and postop-
erative scar.

Lymphoma

= Staging when restaging could influence the
choice of treatment.

s Evaluating residual disease after treatment.

4.5.1.2 Neurology and psychiatry

Refractory epilepsy

s Localizing epileptogenic foci in patients with
refractory epilepsy who are candidates for sur-
gery and in whom the information on the loca-
tion of the foci (usual work-up, including sei-
zure semiology, EEG and magnetic resonance
imaging) is inconclusive.
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Brain tumors (mainly glioma)

s Evaluating residual lesions after treating recur-
rent glioma and differentiating between radi-
onecrosis and recurrence in patients treated
with radiation therapy with abnormalities on
diagnostic imaging.

4.5.1.3 Cardiology

Myocardial perfusion studies
s Diagnosis and management of
coronary artery disease.

Myocardial viability studies

4.5.2 Potential clinical uses

4.5.2.1 Oncology

Lung cancer
= Monitoring response to therapy.
s Detecting recurrence or residual tumors.

Colorectal cancer
= Monitoring response to therapy.

Hodgkin's and non-Hodgkin's lymphoma
s Evaluating response to therapy during treat-
ment.

Breast cancer

s Staging of primary and recurrent tumors.

s Detecting axillary and internal mammary
lymph node metastases.

s Detecting the primary tumor in the context of
an equivocal complete evaluation.

= Monitoring response to therapy.

Mention is made in the literature of avenues of
clinical utility in particular circumstances for
the following cancers, which were not exam-
ined in this report: gynecologic cancers (ovar-
ian, uterine, cervical), certain genitourinary
cancers (testicular, metastases from hyperneph-
romas), mesotheliomas, soft-tissue sarcomas,
esophageal cancer, and pancreatic cancer.

4.5.2.1 Neurology

Brain tumors (mainly glioma)

= Initial staging of patients suspected of having a
primary brain tumor, in order to guide the bi-
opsy to the highest area of activity.

s Evaluating the progression of a low-grade
glioma to malignancy.

s Preoperative workup.

= Histologic grading of tumors.

s The choice of treatment.

s Determining the prognosis.

s Detecting metastases.

4.5.2.2 Cardiology

= Monitoring heart transplant patients (detecting
posttransplant arteriopathy and measuring
coronary reserve).

s Monitoring the effect of treatments and re-
sponse to therapy in coronary artery disease.

4.5.3 Unrecognized clinical uses

4.5.3.1 Oncology

Colorectal cancer
= Diagnosis of the primary lesion.

Melanoma
s Detecting lymph node metastases.

Head and neck cancer
= Monitoring response to therapy.

Prostate cancer

4.5.3.2 Neurology and psychiatry

Alzheimer's disease

s The clinical utility of PET is not recognized,
since there is presently no treatment, but it
could play a role in the differential diagnosis
of dementia and other cognitive diseases, such
as Parkinson's disease.

It will be noted that this classification reflects
the conclusions of recent assessment reports
available in 2000 and available hard data gath-
ered up to February 2001. As was seen, for ex-
ample, with the clinical use of PET in lym-
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phoma, it sometimes only takes a few weeks
for new publications to corroborate the recog-
nition of these uses or to move certain uses
from the "potential" category to the "recog-
nized" category.

It will also be noted that, although this classifi-
cation will change quickly over the next few
months because of clinical data, the efficiency
data on PET still need to be strengthen, as indi-
cated in the studies (discussed above) con-
cerning the economic aspects of this technol-

ogy.
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S. DISCUSSION

5.1. ASSESSMENT OBJECTIVES AND STRATEGY

The objectives of AETMIS’s assessment are:

1. To gather hard data on the clinical use
of PET in different fields, in particular,
oncology, neurology and cardiology;
and

2. To make recommendations concerning
the possible deployment of PET in
Québec.

When these objectives were set out, PET's effi-
cacy in a certain number of clinical applica-
tions was taken for granted. Once constructed,
the list of these applications, together with eco-
nomic estimates, would serve as a basis for
recommendations concerning the deployment
of this technology in Québec.

Ideally, the demonstration of the clinical effi-
cacy of a given diagnostic test should be based
on the following conventional criteria: 1) its
performance in terms of sensitivity, specificity
and the other usual parameters (positive and
negative predictive values, etc.); 2) the unique-
ness of the information obtained in relation to
other tests; 3) the improvement in patient man-
agement in terms of beneficial outcomes; and
4) acceptable cost-effectiveness, given the per-
spective adopted.

In light of the data gathered thus far, the range
of responses seems vast. For current and po-
tential users, the clinical utility of PET has
been demonstrated for a very large number of
applications, and this technology should be de-
ployed immediately in Canada and Québec.

For reimbursement organizations (e.g., the
DHAC-DTB in Australia and the HCFA in the
United States) faced with a technology that is
already deployed in their countries, after sev-

eral years if not decades of research, the con-
clusions concerning the recognition of PET’s
clinical efficacy are still guarded.

An evaluation of the existing data suggests that
the demonstration of the efficacy of PET when
used for clinical purposes is only partly sup-
ported. The DHAC-DTB recognizes several
clinical applications, but they are being cov-
ered on a temporary basis until the existing
data are completed with performance valida-
tions and economic studies. Furthermore, ex-
plicit conditions concerning the qualifications
of clinical staff and the implementation of
quality assurance protocols must be met in or-
der to obtain reimbursement. Additionally,
while the HCFA recognizes several reimburs-
able applications, coverage of these uses is
subject to various conditions.

This difference between the current and poten-
tial users and the coverage policymakers shows
the extent to which the modalities used by the
different players concerned for evaluating
PET's efficacy differ. For current and potential
users, the demonstration of PET's efficacy is, in
general, based on expert opinions based, in
turn, on publications selected according to un-
stated criteria.

For organizations and task forces whose man-
date has been to study coverage requests for
PET scans (e.g., the VA-TAP, MSAC, DHAC-
DTB, BCBSA and HCFA), the criteria for as-
sessing the studies submitted in support of the
requests are explicit, verifiable and supple-
mented with consultations with expert groups.
These still-recent, various attempts by reim-
bursement organizations and assessment agen-
cies to apply an appropriate evaluative process
to PET reflect the difficulties inherent in as-
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sessing diagnostic tests or examinations [Fry-
back et al., 1991]. In this regard, mention will
be made of the difficulties experienced by the
Department of Veterans Affairs in 1996 and in
1998, despite efforts to establish appropriate
assessment criteria [Adams et al., 1997].

AETMIS opted for a methodology equivalent to
that in previous reports, modifying the assess-
ment criteria as follows: in addition to selection
criteria identical to those of the VA-TAP and
MSAC, the methodological assessment criteria
were the same as those used by these two orga-
nizations and were supplemented with the ex-
plicit requirement that a study compare PET
with another technology in order to make it a
higher-grade study (see Table 19 in Appendix
6).

It will be recalled that the strategy chosen by
AETMIS consisted in accepting the conclusions
of reports based on a structured assessment
methodology, then in carrying out an update on
the publications that postdate these reports,
from 1999 to February 2001. In these circum-
stances, the quality of the studies cited in the
previous reports was not reassessed. Occasion-
ally, articles prior to 1999 were consulted or
evaluated if they had not been included in the
previous reports. This approach was identical
for each of the areas of application examined,
i.e., oncology, neurology and cardiology.

While the assessment of the methodological
quality of studies is the same for the different
areas of application, the measurement of the
ultimate effects of PET scanning may differ
according to the type of patients. Two exam-
ples in oncology and one in cardiology will il-
lustrate these differences. Because of the poor
survival prognosis in non-small-cell lung can-
cer, the clinical efficacy of PET may reside in
the avoidance of unnecessary surgical inter-
ventions, which would lead to an increase in
survival by reducing the complications of these

interventions. The judicious use of PET in
lymphoma could translate into increased sur-
vival, although there is still insufficient data in
this regard. In cardiology, a change of clinical
decision can have an immediate and measur-
able impact on patient health. Here, too, hard
data are still not available, although some
studies in progress might provide information
in the near future.

The economic models constructed by AETMIS
were aimed at compensating for this lack of
data.

5.2 ECONOMIC CONSIDERATIONS

The observations of the MSAC (Australia)
were used, to a large extent, as the latest
guidelines for assessing the cost-effectiveness
of PET. Although, according to the MSAC, the
hard data are still not sufficient to draw any
firm conclusions as to the efficacy and cost-
effectiveness of PET, recent data and our mod-
els tend to suggest that PET may be cost-
effective for the two cases in question, i.e., the
staging of non-small-cell lung cancer and de-
tecting myocardial viability. The models even
suggest that, for these applications, PET could
generate savings or at least be cost-effective if
the upper limit of cost-effectiveness accept-
ability is set at $50,000 per life-year saved.

However, all of the studies use a simulation
methodology. They are thus based only on as-
sumptions, not on validated data. In addition,
the MSAC concludes that it would be advisable
to validate, with clinical trials, the assumptions
in these models, which are nonetheless plausi-
ble. Such trials are presently underway and
may enable one to confirm or invalidate the re-
sults of these models.

From a narrower perspective, given the diver-
sity of the data and methodologies in these
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studies, it is difficult to make direct compari-
sons and to extrapolate the results to the situa-
tion in Québec, for the models used may not
represent a clinical, epidemiological and eco-
nomic approach specific to the situation in this
province.

Assuming limited diffusion of PET at the out-
set and in light of the epidemiological and eco-
nomic data specific to the situation in Québec,
two models were constructed, one for non-
small-cell lung cancer (Section 4.4.3), the other
for myocardial viability (Section 4.4.4). The
results of these studies suggest that PET is a
cost-effective intervention for staging non-
small-cell lung cancer. As for detecting myo-
cardial viability, based on the available pre-
liminary data and given the very nature of the
potential impact of PET on patient manage-
ment, PET is potentially very cost-effective.

As regards uses other than those mentioned
above, PET's efficiency remains an unknown in
the Québec context, as in most other health-
care systems.

To illustrate the rapid pace at which economic
data are changing, mention will be made of an
article published after our survey cut-off date.
It concerns a model applied to the use of PET
in colorectal cancer (Park et al., 2001) and in-
dicates that adding PET to computed tomogra-
phy is cost-effective for staging.

5.3 LIMITATIONS OF THE ASSESSMENT

As in a good number of industrialized coun-
tries, although the situation has still not been
generalized on a worldwide scale (see Appen-
dix 3 for the geographic distribution of PET),
Québec's health-care system is witnessing a fait
accompli: a particular research technology has
gradually developed over the past 25 years or
so. During the last decade, manufacturers have

focused on its use for clinical purposes, placing
increasingly sophisticated equipment on the
market. For about the past five years, health-
care systems have been facing strongly
mounting pressure to cover PET scans, yet
there is no real evidence of this technology's
efficiency.

This situation is a close repeat of the assess-
ment of computed tomography. Over 20 years
ago, the first formal assessment of this technol-
ogy encountered the methodological difficul-
ties evaluating diagnostic tests and the absence
of cost-effectiveness data. It will be noted,
however, that this aspect was barely beginning
to be taken into consideration by health-care
system policymakers [Banta and McNeil,
1978].

This situation is also similar to that of the as-
sessment of magnetic resonance imaging
(MRI) some ten years later, where the efficacy
and efficiency evidence was also scarce when
this technology was first used for clinical pur-
poses. The parallel between MRI and PET was
noted by the VA-TAP’s evaluators [Adams,
1997]. They cite the first exhaustive study of
the clinical efficacy of MRI [Cooper et al.,
1988] and the research leading to the observa-
tion that the more explicit the assessment crite-
ria, the less favourable the conclusions regard-
ing the clinical use of MRI [Kent and Larsen,
1988].

To compensate for the lack of hard data and
not delay the development of this new yet
promising technology, it was, at the time, sug-
gested [Chalmers, 1988] that patients be en-
rolled in approved studies as a means for a
third-party payer to subsidize the first studies.
This would reduce the risk of paying for tests
the demonstration of whose efficacy was still
only in the preliminary stage. This suggestion
has been echoed in the case of PET.

It would still be an appropriate suggestion,
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since, with new promising technologies, there
is once again the question as to whether a still-
preliminary demonstration of the clinical effi-
cacy of a given technology, as is the case with
PET, is enough to justify coverage by a public
body without it first requiring efficiency data
on the new technology.

The coverage conditions imposed in Australia
and even in the United States seem, to a large
extent, to be aimed at checking the first-
recourse use of PET and in making up for the
lack of data on a large number of patients by
compiling such data as reimbursements are
made. The idea, it seems, is a bit as if adminis-
trative data could, at the end of the day, be used
in place of data acquired from comparative
studies.

In other words, by imposing restrictions on the
use of PET, these health-care systems seem to
be approving the awarding of grants on a one-
by-one basis, since there are no complete dos-
siers on the clinical efficacy of this new tech-
nology to rely on. Furthermore, Australia's
DHAC-DTB (a ministerial body), which en-
dorsed the recommendations made by the
MSAC (assessment organization) expects data
to be gathered that will document the effi-
ciency of the different uses of PET, in addition
to formal research that is currently underway in
this area. The Australian and American ap-
proaches could help guide the clinical use of
PET until the anticipated additional hard data
become available.

However, the means by which these additional

data are acquired will pose numerous chal-
lenges both to the users, evaluators and poli-
cymakers, for technological improvements are
occurring at such a rapid pace that studies set
up for the purpose of generating the hard data
that are lacking at the present time could be
outdated before they are completed.

A similar comment could just as well be made
about the technologies that "compete" with
PET, such as computed tomography and mag-
netic resonance imaging or other nuclear medi-
cine modalities that continue to advance. In-
deed, it is expected that technological advances
will lead to hybrid technologies combining an
increased capacity of computed tomography
for anatomical localization with an increasingly
refined measurement of the metabolic activity
in the observed lesions. The objectives of this
report did not include this aspect of the evolu-
tion of related technologies.

From a broader perspective, it should also be
mentioned that government agencies do not
perform formal, rigorous clinical and economic
assessments of most of the commonly used di-
agnostic tests. This still-recent assessment
process has become more rigorous over the
past few years, and this change has created, in
potential users, the impression that a "new
standard" for assessing diagnostic tests has
been established for PET.

This advance in the assessment and acceptance
criteria for a new technology illustrates, with
the example of PET, the now-generalized need
to tightly manage limited resources.
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6. SUGGESTIONS FOR DEPLOYING PET IN QUEBEC

6.1 CLINICAL NEEDS

In all the areas of PET utilization, the list of
applications whose efficacy is recognized is
getting longer by the day. As a result, the clini-
cal uses enumerated in Chapter 4 do not con-
stitute a closed list. The enumeration of recog-
nized and potential uses raises the issue of the
number of patients who could benefit from this
technology.

However, for now, the number is very hypo-
thetical, mainly because of the diversity of the
applications. A compilation of the incidence
rates of the diseases for each recognized appli-
cation would help approximate the extent of
the needs. Incidence can, of course, serve as a
starting point, and the general epidemiological
data found in Chapter 4 would enable us to do
this. However, the number of patients who
could benefit would have to be estimated, using
management algorithms appropriate for each
type of disease (complementarity with existing
tests and examinations, clinical decisions, etc.).
Such information from algorithms was not
compiled within the framework of this report.

Furthermore, a number of adjustments would
have to be made to prevalence data, since, in
oncology, for example, any patient in remission
is considered a prevalent case, which would
probably distort the hypothetical PET utiliza-
tion rates upwards, unless corrections are made
to take into account the prognosis, the length of
time before recurrence, survival times, etc.
Thus, the incidence or prevalence data will
have to be weighted on the basis of the recog-
nized roles of PET for the different specialties.

Models of these estimates were not performed
within the framework of this assessment. How-
ever, based on the opinions expressed by the
members of the advisory committee, the num-

ber of patients in Québec who could benefit
from PET would put the annual number of
scans at about 15,000 or more.

The applications of PET with a potential for
clinical use are an immediately fertile ground
for validating the efficacy and efficiency of
these uses, and the validation activities would
be highly relevant to the new-technology as-
sessment mandate that university hospital cen-
tres and university institutes have under An Act
respecting health services and social services
(R.S.Q., c. S-4.2, ss. 88 and 89, amendments of
June 15, 2000), provided they are equipped
with PET.

In brief, however approximately they have
been determined, there seems to be sufficient
clinical need to justify the appropriate deploy-
ment of PET at facilities that serve oncology,
cardiology and neurology patients. For some of
these facilities, it would be advisable to link the
clinical activities with the assessment and re-
search activities in order to promote the acqui-
sition of the data needed for optimal PET utili-
zation in Québec.

6.2 PHYSICAL AND HUMAN RESOURCES
REQUIRED FOR PET

The cost of providing space and purchasing a
sufficient number of cyclotrons and scanners
for Québec can be briefly estimated. Based on
the figures presented above, about 15,000 scans
per year, at the rate of about 1,500 per scanner
per year, calculated on the basis of one 8-hour
shift per day, would monopolize at least about
10 scanners. This approximate calculation does
not, however, take into account the operational
aspects specific to each area of application. For
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example, in oncology, a PET scan may be per-
formed daily on a larger number of patients
than perfusion scans in cardiology with ammo-
nia. We could thus consider adding, for the
purposes of our calculations, a few more scan-
ners to take this situation into account.

While the number of scans per scanner depends
on the type of application, the short half-life (a
few minutes or less) of certain isotopes makes
transporting them over long distances unfeasi-
ble and requires a cyclotron near the patient,
especially for perfusion studies in cardiology.
In these conditions, the number of cyclotrons
could be increased according to the number of
sites chosen, for perfusion can be measured by
means of rubidium-82 as rubidium chloride,
oxygen-15 as water or nitrogen-13 as ammo-
nia. No rubidium generator has been approved
by Health Canada. Oxygen-15 is used mainly
in research.

Thus, the production of "*N for clinical pur-
poses will require a cyclotron near facilities
that perform heart scans. See Chapter 2 and
Appendices 1 and 2 for further details on half-
lives and transport.

Myocardial perfusion can be measured with
SPECT using radioisotopes that have longer
half-lives than that of "N, e.g., thallium-201
and technicium-99m, and myocardial viability
can be evaluated with '"*)FDG. In such cases,
there is no need to have a cyclotron near the fa-
cility.

Since a cyclotron can provide the necessary ra-
dioisotopes for operating about three or four
scanners, it would take about three or four cy-
clotrons to supply 10 or 12 scanners.

Since there are already two cyclotrons in Qué-
bec, namely, in Sherbrooke and Montréal,
adding a third and a fourth or even a fifth cy-
clotron, which would be located at an appropri-

ate distance from the new PET centres, could,
together with the two existing cyclotrons, meet
the need for radioisotopes for all of Québec.

Without repeating the cost figures used in the
models in Section 4.4 or all the ranges for the
costs of the different components (providing
space for scanners and cyclotrons, purchase of
equipment, supplies and service contracts in-
herent in PET operations; see Appendix 10), it
can be said that the overall cost of additional
PET deployment, in addition to the existing
centres in Québec, could vary from several tens
of millions of dollars to more than about $100
million, depending on the sites chosen (leaded
vaults, etc.) and the proposed number of scan-
ners and cyclotrons.

The variables in terms of equipment cannot,
however, be disassociated from the human re-
sources variables, and the issue now is mainly
no longer just the number and location of the
scanners and cyclotrons required to meet the
needs of the Québec population in the short
term, but also how many dedicated scanners
could be operational in the short term, given
the specialized physical and human resources
needed for the clinical use of PET.

It should be borne in mind that the human re-
sources requirements for PET utilization are a
function of the technological features that are
specific to it. Thus, the use of positron-emitting
tracers that have to be produced near or even
on the premises requires personnel capable of
operating cyclotrons, extracting the radioiso-
topes that are generated, incorporating them
into products for human use, ensuring their
quality and transport, performing scans, and
lastly, correctly interpreting the results. In other
words, operating a PET centre equipped with
scanners and a cyclotron requires a team
trained specifically in PET consisting of radio-
physicists, radiochemists, radiopharmacists,
nuclear medicine technicians and nurses, and
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nuclear medicine physicians.

Although we are unable to present accurate
data on the available manpower other than that
at the existing centres, specifically in terms of
specialized human resources, we can say that
there is currently a shortage of such resources
and that this shortage would become apparent
if scanners and cyclotrons were installed at
new, clinically oriented sites in the short term.
The training of specialized personnel becomes
as limiting a factor as providing space and pur-
chasing equipment. Self-training in this high-
tech area does not seem to be a very feasible
solution.

One possible approach for facilitating the de-
ployment of PET in Québec might be to give
the centres that are already equipped with PET
an explicit mandate to train the specialized per-
sonnel needed to operate future PET centres.
This would reduce the current need to obtain
such training outside Québec. The clinical

service output capacity at these centres should
be bolstered in order to carry out this mandate.

It would also be advisable to plan the best sce-
narios for providing other university hospital
centres and university institutes with the facili-
ties and human resources needed to offer clini-
cal PET services. Whatever the scenarios, they
should be part of a deployment strategy based
on meeting the population's needs and centred
on cooperation between the different sectors
and the implementation of quality standards.

In short, because of the operational and ad-
ministrative aspects to be taken into considera-
tion when deploying PET in Québec, and this
beyond simply recognizing its clinical efficacy,
a ministerial master plan should govern this
deployment, taking into account the popula-
tion's clinical needs and the specialized human
and physical resources required by this tech-
nology.
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7. CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

Because of its ability to provide informa-
tion on both the anatomical location of tis-
sues and their functional dynamics, PET
makes an important contribution to medi-
cal imaging.

Recent, structured assessment reports and
AETMIS’s update on works published after
these reports lead to the conclusion that, at
this time, although there are still few hard
comparative study data on PET's clinical
performance, they are sufficient to support
the recognition of various clinical applica-
tions in oncology, cardiology and neurol-

ogy.

The reports underscore the paucity of data
on the cost-effectiveness of this technol-
ogy. However more-recent economic
studies and the models performed by
AETMIS and adapted to the situation in
Québec suggest that PET could prove to be
efficient in managing patients with non-
small-cell lung cancer and in myocardial
viability studies. These findings are still
hypothetical and require further examina-

tion with more-complete, validated data.
As for uses other than the two mentioned
here, PET's efficiency in the Québec con-
text is still not known, as is the case for
most other health-care systems.

= More than one payer already covers certain
clinical applications of PET, which in-
crease in number each year. The condi-
tions governing reimbursement vary both
according to the organization and the ap-
plication. These restrictions reflect these
organizations' eagerness to contain the use
of PET on a first-recourse basis for unrec-
ognized applications and to generate data
that can further document the context of
recognized uses.

The clinical uses examined thus far are, to a
large extent, based on diagnostic performance
or therapeutic guidance criteria, not on the
measurement of effects on patient survival or
quality of life. Despite these limitations, the ef-
ficacy of PET in clinical applications seems
sufficiently documented and promising to in-
crease the Québec population's access to it.



76  POSITRON EMISSION TOMOGRAPHY IN QUEBEC

Conclusions and recommendations

7.2 RECOMMENDATIONS

Deployment

= Since the clinical efficacy of PET is recog-
nized for many oncological, cardiological
and neurological applications, it would be
advisable to promote and support, in Qué-
bec's public health-care system, the deploy-
ment of this technology for clinical pur-
poses.

= PET scans should be performed first for
clinical applications with recognized clinical

efficacy. These applications should be re- o

viewed periodically as new hard data re-
flecting rapid changes in the relevant infor-
mation become available.

Deployment Specifics

= A master plan for deploying PET should be
prepared by the Ministére de la Santé et des
Services sociaux.

= The plan should include quantifying the
population's PET scan needs, both with re-
gard to optimizing the other existing tech-
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nologies and to the requirements for PET for
which human and physical resources might
sometimes prove to be a limiting factor. The
plan should therefore be prepared both in
collaboration with the existing PET centres,
whose expertise can be used to good ad-
vantage, and with the different key players
in tertiary intervention settings.

The plan should take into account the fact
that PET cannot be deployed for clinical
purposes without conducting research into
promising applications that are presently
recognized as potential uses but whose efti-
cacy and cost-effectiveness have not yet
been demonstrated.

Since the plan should include an evaluation
of the efficiency of PET while it is being
deployed for clinical purposes, the plan
should be carried out in close collaboration
with university hospital centres and univer-
sity institutes.
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APPENDIX 1: TECHNICAL DATA ON PET

A1l.1 EQUIPMENT FOR PRODUCING POSITRON-
EMITTING RADIOISOTOPES

The main principles of interest in positron-
emission tomography can be divided into two
categories according to the method of produc-
tion: isotopes produced by a cyclotron and
those produced by a generator.

Isotopes produced by a cyclotron

Oxygen-15  (°0)
Fluorine-18  ('*F)
Nitrogen-13  (°N)
Carbon-11  (''C)

All four of the main isotopes produced by a
medical cyclotron are used for clinical applica-
tions of PET or for its routine research applica-
tions. Of these, fluorine-18 (for labelling FDG)
suffices for all the current clinical uses in on-
cology. The advantage of fluorine is that it can
be delivered to locations far from the produc-
tion site. In oncology, the other isotopes are
used for research. In cardiology, however, ni-
trogen-13, oxygen-15 and carbon-11 have di-
rect usefulness in clinical (and clinical re-
search) applications.

A cyclotron is a particle accelerator that accel-
erates ions (in general, the new cyclotrons used
in medicine accelerate a proton that has two
electrons (an H, i.e., a negatively charged hy-
drogen atom) to transform an isotope (nonra-
dioactive) into a radioactive isotope. For ex-
ample, to produce '°F, one generally bombards
about 1 to 2 mL of H,'®O (which costs about
$250/mL) with a beam of protons for the reac-
tion '*O(p,n)'*F. The proton strikes the nucleus
of the oxygen-18 atom, and a neutron is ex-
pelled. The new atom, whose nucleus contains
excess protons, becomes radioactive. The pro-
tons come from the beam of hydrogen atoms,

since their electrons are removed before
reaching the target.

Cyclotrons come in different sizes:
<5 MeV

Dedicated to the production of oxy-
gen-15 only (research).

10-13 MeV  Can produce the four common iso-
topes with good yields.

This is the type of cyclotron installed
most often in hospitals.

17-19 MeV  The output is generally higher (can
serve several hospitals).

The option of a deuteron beam on
these models reduces the cost of pro-
ducing O if research studies in neu-
rology and psychiatry are a priority.

In general, these cyclotrons are more
versatile for producing isotopes used
less frequently in research, such as
iodine-124, copper-64 and bromium-
76.

=230MeV  These cyclotrons are used for the
commercial production of isotopes
for conventional nuclear medicine
(T1-201, I-123, In-111, etc.), but they
can also produce the four isotopes
commonly used in PET. These in-
struments are necessary only in
situations where they are justified
economically by the commercial
need for conventional isotopes in nu-

clear medicine.

The purchase price of a cyclotron usually de-
pends on its accelerating power (10-19 MeV),
the number of targets (each target produces one
isotope), the number of irradiation ports (1 or
2), the option of deuteron acceleration, the
shielding (partial, complete or none) and the
option of varying the beam energy. It also de-
pends on the facilities required for labelling
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compounds for medical use (such as FDG)
with isotopes (such as fluorine-18). The proc-
ess of selecting a cyclotron is a complex one
that requires an accurate needs assessment and
special expertise in this field.

Isotopes produced by a generator

Gallium-68
Rubidium-82
Copper-62

A generator is not an instrument or a machine.
It is a concept based on the disintegration of
certain long-half-life radioactive isotopes into
radioactive isotopes with shorter half-lives. A
classic example is the ’Mo/”"™Tc generator,
which is used in all nuclear medicine depart-
ments. Molybdenum-99, which has a half-life
of three days, disintegrates into Tc-99m, which
has a half-life of six hours. Since the chemical
properties of Tc-99m are different from those
of Mo0-99, they can be separated. Thus, by de-
livering, each week, a “Mo/”™Tc generator
system, one can provide, Tc-99m to depart-
ments of nuclear medicine on a daily basis. The
8Ge/*®Ga generator is used in PET in sealed
sources or cylinders for certain quality con-
trols. ®*Ge does not emit positrons, but its deg-
radation product, 8Ga, does. With the half-life
of ®®Ga approaching nine months, one can pur-
chase, once a year, a ®*Ga production source
that can last one year. Thus, the lifespan of a
generator depends on the half-life of the parent
atom. Isotopes produced by generators are usu-
ally heavier atoms that are not easily incorpo-
rated into compounds of biological interest and
are therefore of limited interest.

Rubidium-82 can be used in place of nitrogen-
13 for cardiac perfusion studies. Rb-82's short
half-life permits shorter studies than nitrogen-
13, but the images are of considerably lesser
quality. However, the diagnostic reliability is
the same. The cost of a commercial generator

is about $40,000, and it needs to be replaced
every month. Some centres build their own

generators. In such cases, the cost can drop to
about $8,000 a month.

Gallium-68 and copper-62 presently have no
validated clinical uses, but, in the long term,
new diagnostic agents may be developed from
these isotopes.

Thus, a generator cannot, under any circum-
stances, replace a medical cyclotron for pro-
ducing isotopes of interest in PET. Currently,
the only clinical use of a generator is the utili-
zation of Rb-82 for perfusion and viability
studies in PET, as an addition to FDG, for fa-
cilities that do cardiology and that do not have
access to short-half-life isotopes.

Positron emission tomography differs by its
imaging principle, which is based on the detec-
tion of two gamma rays emitted simultane-
ously. Tomography in conventional nuclear
medicine (single-photon emission computed
tomography [SPECT]) is based on a different
principle: a single gamma ray is emitted, and a
lead collimator (the counterpart of an optical
lens in a camera) serves to identify the ray's
origin. While PET images the photons emitted
by positron emitters (ISF, 15O, 13N, 11C),
SPECT images the photons emitted by gamma
emitters (*™"Tc, 11, 2°'TL, ""'In, “’Ga). The
radioactive atoms used in SPECT are heavier
and generally do not permit a direct measure-
ment of biochemical processes in the human
body. One cannot label deoxyglucose with io-
dine, for example, and preserve its biological
properties.

SPECT scanners cannot image positron emit-
ters without unacceptable compromises in im-
age quality (Section Al.1.1). Some SPECT
scanners are equipped with hybrid circuits that
enable them to detect the two photons emitted
simultaneously (Section A1.1.2).
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There are several types of instruments designed
for positron emission tomography. These in-
struments (PET scanners or PET cameras) are
to be distinguished from cyclotrons, which
produce radioisotopes. A PET scanner consists
of detectors (made of scintillating crystals)
coupled to photomultiplier tubes and of an
electronic signal amplification and processing
device. The scintillating crystal is a key deter-
mining factor of a PET scanner's performance,
but other aspects, such as the geometric con-
figuration and the underlying electronics, also
determine an instrument’s clinical perform-
ance. The detection principle in PET is based
on the emission of one positron per radioactive
atom. The positron travels a very short distance
(1/10 of one millimeter) before annihilating,
emitting two gamma rays in opposite direc-
tions. Since two rays are emitted at 180°, de-
tecting this radiation does not normally require
the addition of collimators (lead lenses), as in
conventional nuclear medicine. The detection
sensitivity (percentage of radiation emitted by
the patient that is picked up by the PET scan-
ner) is thus higher than in conventional nuclear
medicine. The spatial resolution (the instru-
ment’s ability to visualize small lesions) is also
very good (typically 4.5 to 5.5 mm).

Technical parameters apart from sensitivity and
spatial resolution are important as well, such as
the peak noise-equivalent count rate, which in-
dicates the instrument’s ability to process a
large amount of information at the same time.
The crystals used in dedicated or hybrid PET
scanners generally consist of BGO or Nal(TI).
As of this year, new scanners are equipped
with detectors containing better-performing
crystals (LSO and GSO), but their availability
is still limited.

There are three main categories of instruments
that can be used for detection in PET:

A1l.1.1 Shielded conventional nuclear medi-
cine camera equipped with a high-
energy collimator (511 keV)

Since a heavy lead collimator masks more than
95% of the radiation emitted by the patient, this
approach has been rejected for imaging in on-
cology, since tumors smaller than 3 cm cannot
be detected. In cardiology, some publications
report success with this approach for evaluating
myocardial viability.

A1.1.2 Collimator-less hybrid nuclear medi-
cine camera for detecting coincidence
photons

These systems use nuclear medicine gamma
cameras, to which shielding, a thicker crystal
and special electronics for detecting the pho-
tons emitted in coincidence upon the positron's
annihilation have been added. This option in-
creases the cost of a new gamma camera by
about $250,000. Some recent cameras can
sometimes be retrofitted with this option. This
requires certain compromises in the quality of
conventional nuclear-medicine studies. Most of
the existing equipment in Québec cannot be
upgraded for this technology. This approach
was developed for centres with a very small
potential number of patients requiring PET
scans. In theory, the spatial resolution is ex-
cellent but in practice is poor: these scanners'
peak noise-equivalent count rate is so low that
the injected dose has to be decreased or extra
lead filters have to be added to prevent the oth-
ers from becoming saturated. The scans take a
long time, and lesions smaller than 2 cm are
often not detected. Since many of these scan-
ners cannot adequately correct for the absorp-
tion and scattering of the rays by the patient's
tissues, the studies are nonquantitative. Cardiac
studies are possible only on scanners equipped
with coincidence attenuation correction (pres-
ently, the minority). These scanners may be
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useful for certain applications (evaluating a re-
sidual mass or pulmonary nodules = 2 cm)
when the anticipated volume of activity cannot
justify the purchase of a dedicated PET scan-
ner. The literature still provides too little sup-
port to justify the wide-scale use of these scan-
ners. This is why the Health Care Financing
Administration (which administers Medicare in
the United States) has not approved coverage
of new uses for scans performed with these in-
struments.

A1.1.3 Dedicated PET instruments

These scanners are fully dedicated to PET im-
aging. They are generally suitable for clinical
use, but their features vary. The more expen-
sive ones are more versatile for research appli-
cations, while the less expensive ones are gen-
erally somewhat more limited to routine clini-
cal use. There are several types of dedicated in-
struments:

Al.1.3.1 Partial-ring scanners

These instruments are equipped with partial
detector rings, which reduces the construction
costs, but a full ring can be simulated by rotat-
ing banks of detectors. The detection sensitiv-
ity is lower than that of the other scanners that
are currently available but is the same as that of
the scanners that have been used in most of the
clinical trials published to date.

Al.1.3.2 Nal(Tl) full-ring scanners

These scanners use full rings but large, curved
or rectangular crystals. They have a high de-
tection sensitivity, good spatial resolution and a
peak noise-equivalent count rate suitable for
oncology but are of more limited use for re-
search applications in cardiology and neurol-
ogy, which require a very good count rate per-
formance. These scanners' performance in on-
cology imaging is generally equivalent to that

of multidetector scanners, but they are less ver-
satile. They are less expensive.

Al.1.3.3 Full-ring multidetector scanners

Instead of using large crystals, these scanners
use matrices of small, individual crystals. In
general, they have a better peak noise-
equivalent count rate, which is not essential in
clinical oncology imaging, but which may be
necessary in several research and cardiology
applications. These instruments’ performance
varies according to the size of the crystals and
the processing electronics. Their cost generally
depends on the number of crystals.

Al.1.3.4 PET scanner coupled to an axial CT
scanner

Several prototypes have been announced or are
available. They are PET scanners coupled to a
CT scanner. Computed tomography is used for
anatomical localization and to make certain
image corrections. These systems are expen-
sive, costing $500,000 to $1 million more than
a dedicated multidetector PET scanner. The
ability to directly merge images is an attractive
one for certain applications, such as planning
radiation therapy for oncology patients, but
evaluative research still needs to be conducted
to determine the incremental benefit of inte-
grated computed tomography in relation to a
PET study performed separately.

Al.1.3.5 Scanner with GSO and LSO crystals

Two scanners are now commercially available
(or will be in the next few months). Within the
next few years, it is expected that most PET
scanners will be using these better-performing
crystals. These scanners should reduce PET
scan length by one half and therefore consid-
erably improve patient flow, without scan
quality being affected. Their cost will probably
be close to that of a top-of-the-line, dedicated,
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multiple-crystal scanner. Their performance
characteristics have not yet been published.

A1.2 SAFETY

The recent Australian report [Medicare Serv-
ices Advisory Committee (MSAC): Ghersi et
al., 2000] summarizes the available informa-
tion. PET is a noninvasive diagnostic proce-
dure whose safety is generally recognized.
Safety-related issues mainly concern the radio-
pharmaceuticals rather than the procedure as a
whole.

A retrospective study [Silberstein et al., 1998]
was conducted at 22 PET centres in the United
States in order to determine the prevalence of
adverse reactions to positron emitters, mainly
F_fluorodeoxyglucose (FDG), but also ''C-
CO,, ""C-methionine, 13N-NH3 and 15O-HZO.
The centres provided retrospective data that
had been gathered from when they had opened
up to 1994 and monthly prospective data gath-
ered between 1994 and 1997. The data concern
33,295 retrospective doses and 47,876 pro-
spective doses, for a total of 81,801 doses of
positron-emitting radiopharmaceuticals. No
adverse reactions to these some 80,000 doses
were reported or observed, with a 95% confi-
dence interval of 3.7 per 100,000 doses.

According to this large prospective study, the
safety of the radiopharmaceuticals used in
positron emission tomography is well docu-
mented and seems very high. The United States
Pharmacopeia - Drug Information [USP DI,
1998] also states that there are no known ad-
verse reactions associated with the use of FDG.
Since the radiotracers are usually used in mi-
crogram amounts, the incidence of adverse re-
actions to these very small quantities of la-
belled substances is very small.

The available information on the distribution of

PET centres in Europe and North America and
on the number of PET scans per year per
population is provided in Appendix 3.

There are no absolute contraindications to a
PET scan. Claustrophobia is seldom a problem
(< 0.5%). In very severe cases, one must forgo
the examination. This problem is more pro-
nounced with PET/CT systems, where the pa-
tient is placed in a long tunnel, as in MRI. Very
obese patients (> 158.5 kg) cannot be scanned.

A1.3 PRE-PET SCAN PATIENT PREPARATION

Typically, a PET scan consists of transmission
images and emission images. Transmission im-
ages are used to correct emission image data
for the attenuation effects of soft tissues and to
align different emission images (from the same
or a different session). The images can be in-
terpreted visually or semiquantitatively. Two
semiquantitative parameters commonly used
are the standardized uptake ratio (SUR) and the
lesion-to-background ratio [ICSI, 2001].

A1.3.1 Oncology studies

Patients need to be in the fasting state during
the six hours preceding the scan. However,
they are encouraged to drink water in order to
maintain good hydration, and they may take
their usual medications. Fasting is necessary in
order to keep the plasma glucose and insulin
levels as low as possible. A high glucose level
competes with FDG and thus reduces tumor
uptake. A high insulin level promotes uptake of
the tracer by the muscles and heart at the ex-
pense of tumor uptake.

Precautions should be taken for diabetic pa-
tients. It is advisable to reduce their blood glu-
cose level with intravenous insulin before in-
jecting FDG. Since the insulin level should be
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low when FDG is injected, it should always be
injected at least one hour after the last dose of
intravenous insulin.

Some very tense patients require the admini-
stration of a benzodiazepine before FDG is
administered, in order to prevent strong muscle
uptake, which occurs near the neck, axillae and
greater supraclavicular fossae. At many cen-
tres, patients scanned for neck cancer system-
atically take benzodiazepines to prevent these
artifacts.

A1.3.2 Brain studies

The initial preparation is the same as for oncol-
ogy studies, i.e., fasting and glycemic control.

A1.3.3 Cardiac studies

Rest perfusion
No special preparation is required.

Stress perfusion
Patients must be in the fasting state.

Mpyocardial viability
Unlike in oncology studies, FDG cardiac up-
take is desirable.

Patients need to eat a light meal in the morning
of the PET scan. Upon their arrival, nondia-
betic patients receive sweetened juice (oral
glucose load) containing 25 to 75 grams of glu-
cose. One hour later, FDG is administered, to-
gether with a small dose of insulin, if need be.

Diabetic patients should be stabilized by means
of a long procedure consisting in administering
a supraphysiologic concentration of insulin by
infusion and in stabilizing the blood glucose
level with a second infusion with a dextrose
solution. This procedure, referred to as "eugly-

cemic-hyperinsulinemic clamp", takes 90 to
120 minutes.

A1.4 ROUTINE CLINICAL PROCEDURES USED
DURING PET SCANNING

A1.4.1 Oncology studies

The radiotracer used in oncology studies is
"FDG. It is administered to the patient via an
intravenous catheter introduced into a vein in
the arm. Direct intravenous injection should be
avoided, since it could result in an artifactual
accumulation of the substance in the axillary
lymph nodes. The injection is done outside the
PET scanning room. An hour later, the patient
is placed in the scanner, lying face up, prefera-
bly with the arms folded above the head or, if
the patient is uncomfortable doing this, along-
side the body. Obtaining images generally
takes between 45 and 60 minutes, depending
on the patient's size and the extent of the ex-
amination.

Since FDG is excreted by the kidneys and ac-
cumulates in the bladder, it is occasionally nec-
essary to obtain additional images of the pelvis,
after administering a diuretic. This dilutes and
eliminates urinary activity and permits a better
evaluation of the perivesical region, which
would otherwise be masked by a significant
accumulation of FDG in the bladder. This re-
quires an extra imaging session, which takes
about 90 minutes. Ovarian, cervical, colon,
rectal and bladder cancers and lymphoma may
frequently necessitate this procedure.

A1.4.2 Brain studies

The radiotracer used in brain studies is '*FDG.
Images are taken 45 minutes after it is injected.
The scanning takes between 15 and 30 minutes.
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A1.4.3 Cardiac studies

Perfusion (rest and stress)

PNH3, ¥Rb or H,"’O can be used as the ra-
diotracer.

An intravenous catheter is introduced into a
vein in the arm, and the patient is positioned,
prior to injection, in the scanner. Positioning
the patient is a delicate operation and can take
10 to 15 minutes. Dynamic acquisition begins
at the same time as the injection and lasts for a
total of 20 to 30 minutes.

The procedure for stress perfusion is the same
as that for rest perfusion, but the agent is in-

jected after the administration of a myocardial
stress agent, such as dobutamine, adenosine or
dipyridamole.

Al.4.4 Glucose metabolism studies

BEDG is used as the radiotracer.

The radiotracer is injected 45 minutes before
image acquisition, when the patient is outside
the scanning room. The patient is positioned in
the same manner as for a perfusion study. Im-
age acquisition takes 20 to 30 minutes. A myo-
cardial viability study always consists of two
parts: a rest perfusion study and a glucose me-
tabolism study. Both are usually performed on
the same day.
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APPENDIX 2: RADIATION PROTECTION IN THE POSITRON EMISSION
TOMOGRAPHY (PET) LABORATORY

A2.1 INTRODUCTION

The problem of radiation protection is very dif- Four radioisotopes are used at the laboratory of
ferent in a PET laboratory than in a conven- CHUS's Clinical Research Centre (CRC). The
tional nuclear medicine department, mainly be- isotopes in question are listed in the following
cause of the very short half-lives of the radioi- table, together with their half-lives.

sotopes used in such a laboratory.

Table 8: Cyclotrons products

PrRODUCT HALF-LIFE
¢ 20 minutes
[C-11]CO,, [C-11]CO, [C-11]CH;1

[N-13]Jammonia 10 minutes
5o 2 minutes

[O-15]H,0, [0-15]CO,, [O-15]CO, [O-15]0,
Bp 110 minutes
[F-18]F,, [F-18]F", [F-18]-L-DOPA, [F-18]FDG

These isotopes are created by specific chemical The prqduction yield varies from 70 to 90%,
reactions that take place during the collision of depending on the parameters used and the pu-
electrons with targets consisting of various sta- rity of the target that undergoes bombardment.

ble substances, as indicated in Tables 9 and 10.

Table 9: Nuclear reactions for producing radioisotopes

RADIOISOTOPE NUCLEAR REACTION TARGET

Carbone-11 “Nip,a]''C "N - Nitrogen
Nitrogen-13 *O[p,a]”N H,'°O/Ethanol solution
Oxygen-15 “N[p,n]°0 N - Enriched nitrogen
Fluorine-18 ["*F]F, 18O[p,n]lgF 180, - Enriched gas

Fluorine-18 ["*F]F 18O[p,n]lgF H,'®0 - Enriched water
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Table 10: Radioisotope production parameters

TARGET REACTION CURRENT BOMBARDMENT RESULTING
TIME ACTIVITY
“N “N[p,a]''C 40 pA 40 min 1,500 mCi
0 *Ofp,a]"N 20 pA 20 min 800 mCi
PN “N[p,n]”0O 30 A 6 min 1,000 mCi
0 ®0[p,n]"*F 40 pA 40 - 60 min 1,000 mCi

A2.2 REQUIRED LICENSES

For a PET centre to be able to operate properly,
it needs several licenses from the Canadian
Nuclear Safety Commission (CNSC). To begin
with, a license to use a cyclotron is required, if
the centre has one. It is a class II nonmedical
particle accelerator operating license, which
authorizes the holder to produce, use, dispose
of and distribute radioisotopes.

The use of these radioisotopes also requires a
utilization license, which authorizes the holder
to possess, use, dispose of, store, distribute and
import radioisotopes whose total activity ex-
ceeds 10 GBq. A list of the radioisotopes used
must appear on the license.

Distributing radioisotopes to other centres re-
quires support from all those involved at the
distribution centre and the user centres. The
transport distance between the distribution
centre and a user centre should be factored into
the radioisotope production process. The ra-
dioisotope's physical half-life is used to calcu-
late the activity to be generated. It is generally
agreed that the transport time between the two
centres should not exceed two half-lives. For
example, '°F and '*FDG, in liquid form, can be
transported between two cities more than 100
km apart. On the other hand, the isotopes e,
N and O cannot be transported from one
city to another because their half-lives are too
short. One would have to produce a very large

quantity of isotope in order to obtain the very
small amount needed. This is especially the
case with the latter two isotopes, which cannot
be transported from one floor to another within
a given building.

A2.3 THE PERSONNEL REQUIRED
1. Cyclotron laboratory personnel.

% The person who operates the cyclo-
tron that produces the radioisotope
(3F).

& A radiochemist for collecting the

product of the cyclotron ('*F) and for
synthesizing the radiotracer (FDG).

% A radiopharmacist for purifying the
synthesized radiotracer (FDG) and for
its quality control.

2. A nuclear medicine specialist, who contacts
the user centre and determines the total
amount to be shipped.

3. A radiation protection supervisor, who
oversees the procedures for producing and
packing the product to be shipped.

4. A carrier accredited by Health Canada and
the CNSC. The carrier must have a license
in due form for transporting radioisotopes.
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5. A nuclear medicine specialist at the user
site, who supervises the receipt of the pack-
age and conducts leak tests.

A2.4 PACKAGING FOR THE RADIOISOTOPE

The radioisotope must be transported in a type
A package, which can be a cardboard or
wooden box or a metal drum. The package
must have been manufactured in accordance
with engineering standards. The general fea-
tures of the package are as follows:

% The minimum edge length is 100 mm.
% The package must be sealable.

% The outside surfaces must be smooth and
free of protrusions, unless they are for
transporting the package.

% The package must the able to withstand a

wide range of temperatures (70°C to
-40°C).

% It must be resistant to breakage and crack-
ing if the temperature is outside the safety
range.

U It must be able to retain the radioactive

contents if the ambient pressure drops to
below 25 kPa.

% The package must contain enough absorb-
ent material to contain more than twice the
volume of radioactive liquid being trans-
ported (< 50 mL) in the event of a leak in
the package’s inner container.

% The outer package must have more than
twice the volume of the radioactive liquid
being transported (> 50 mL) in the event of
a leak in the package’s inner container.

A self-adhesive radioactive label indicating the
isotope being transported, its activity and its
transport category must be placed on the pack-

age. There are three types of self-adhesive la-
bels:

% Radioactive I: The radiation level does not
exceed 5 uSv/hr anywhere on the external
surface of the package.

% Radioactive II: The radiation level does not
exceed 500 uSv/h anywhere on the external

surface of the package. Transport index
<l

% Radioactive III: The radiation level does
not exceed 2,000 uSv/h anywhere on the
external surface of the package. Transport
index < 10.

Figure 1: Categories of radioactivity

v s

& R
Y

Categorie | - BLANCHE

RADIOACTIVE Il

Catégorie Il - JAUNE

RADIOACTIVE Ili

= o e

Catégorie 11l - JAUNE



92 POSITRON EMISSION TOMOGRAPHY IN QUEBEC

Appendix 2: Radiation protection in the positron emission tomography (PET) laboratory

A2.5 RADIOISOTOPE DISTRIBUTION
DOCUMENTS

The radioisotope distribution centre must have
a certain number of important documents. They
include the following:

% The procedure for packing the radioiso-
topes produced.

L A license to possess, import, use, store and
dispose of the radioisotope received ('°F as
"E- or ""FDG) or radioisotopes whose
atomic number is between 1 and 89. The li-
cense is issued by the CNSC.

% A license to transport high-activity radioi-

sotopes, which is issued to the carrier by
the CNSC.

% The carrier's emergency procedures in the
event of an accident.

A2.6 PROCEDURE FOR PREPARING RA-
DIOACTIVE PACKAGES

The packing procedure comprises five impor-
tant steps. They may be supplemented by addi-
tional verification procedures, at the facility's
discretion. The five steps are as follows:

Step 1: Check the package for contamination

i Measure the radiation level with a
gamma counter.

L Perform a dry-smear test on the
internal and external surfaces of the
inner package and on the external
surface of the outer package.

> No contamination is allowed on the
inner package.

» Allowable fixed contamination on
the outer package: < 0.5 uSv/h at
0.5 m (higher fixed contamination
means reduced activity).

» Allowable nonfixed contamination
on the outer package: < 0.5 Bg/cm
on a surface of 100 cm_ (test per-
formed with dry cotton).

Step 2: Check that it is a type A package.

% Check that the package is not dam-
aged.

L Check that any openings are sealed.

L Make unusable any component of
the package that is not intended for
its transport.

Step 3: Check that the inner vial is not con-
taminated.

N Perform a smear test on the outer
surface of the vial. No contamina-
tion is allowed.

Step 4: Pack the vial in the inner package.

L Place enough absorbent material in
the inner package to contain twice
the volume of the liquid radioiso-
tope being shipped.

Seal the inner package.

Perform a leak test on the surface
of the inner package.

& &

Seal the inner package.
% Seal the outer package.
Step 5: Determine the index radiation level.

% Using a contamination counter,
measure the radiation level at 1 m
from the outer surface of the pack-
age. Record the value in mR/hr.

Complete the hazardous materials bill of lad-
ing. A copy accompanies the package and is
given to the requesting site. Another copy is
kept by the carrier. The distrubution site keeps
the original copy.
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Figure 2: Hazardous materials bill of lading (specimen)
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A2.7 THE CARRIER

The carrier must be a company recognized by
the CNSC as having all the necessary qualifi-
cations for carrying out this type of transport.
In Canada, two such companies that regularly
do this type of transport: DUPONT and NY-
COMED AMERSHAM. Companies like
PUROLATOR and FEDERAL EXPRESS do
general transport. It is not advisable to use such
companies, since the management of emer-
gency situations is not as well documented as
for specialized companies and since the level
of responsibility is not the same. Transporting
radioactive materials requires special handling
of the packages and specialized knowledge of
radioisotopes.

A2.8 EMERGENCY PROCEDURE

A2.8.1 General emergency procedure

The first step of an emergency procedure in the
event of an accident is to call 911. First-line
support is provided by the local fire depart-
ment. It will determine the extent of the dam-
age and set up a security perimeter. Decon-
tamination of the site begins quickly. A de-
contamination bath is set up to decontaminate
anyone who may have been contaminated by
the substance. The local police department is
subsequently contacted, then Urgence-Santé,
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which provides ambulance service and contacts
the emergency rooms at the local hospitals. It
also contacts the regional health board, which
takes charge of the overall emergency opera-
tions.

A2.8.2 Procedure carried out by a special-
ized carrier

First-line support is provided by the company
specializing in on-the-road incidents, which is
hired by the carrier. As soon as an accident oc-
curs, the driver, if able to call the company,
does so by dialing a special number at his or
her disposal. The accident is managed by the
specialized company. It provides the equipment
and trucks required for decontamination. It also
contacts the local police departments and hos-
pitals. This emergency procedure must neces-
sarily be approved by the CNSC through the
issuance of a radioactive materials transport li-
cense. If the driver is injured to the point where
he or she is unable to contact the company, the
general emergency procedure is begun as soon
as the call to 911 is made.

A2.9 LEVELS OF RESPONSIBILITY

The production site is responsible for the ra-
dioactive material until it arrives at its destina-
tion. Upon its arrival, the receiver contacts the
distribution site in order to release the latter
from this responsibility.

The carrier is responsible for providing the
type A package, taking the radioactive material
to its destination and taking charge of the
emergency procedures in the event of an acci-
dent.

The receiving site is responsible for receiving
the package and the procedure for opening it,
as adopted by the CNSC. The essential steps of
this procedure are as follows:

% Check the package for any damage.

&

Measure the radiation level at the surface of
the package. If it exceeds 2 mSV/hr, it
should be assumed that there is a leak.

% Measure the radiation level at 1 m from the
surface of the package in order to check the
transport index.

% Perform a dry-smear test on the surface of
the package, then on the internal surface in
order to determine if there are any leaks.

% Report any of the following abnormalities
to the CNSC and the distribution site:

» Discovery of a leak in the package.

» Radiation level exceeding 10
mSV/hr on the surface of the pack-
age.

» Radiation level exceeding 200
MSV/hr at 1 m from the surface of
the package.

» Nonfixed contamination exceeding
3.7 Bg/cm_.

The distribution centre must act promptly to
determine the cause of the incident and correct
the situation before the next shipment. The re-
sults of the inquiry and any corrective proce-

dure must be sent to the CNSC as soon as pos-
sible.
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APPENDIX 3: GEOGRAPHIC DISTRIBUTION OF PET CENTRES

Table 11: Geographic distribution of PET centres
(1999 to 2001, depending on the source*)

NUMBER OF NUMBER OF NUMBER OF PET SCANS
CONTINENT, NUMBER SCANNERS: SCANNERS WITH SCANNERS PER 1 REIMBURSED PER
COUNTRY, OF PET DEDICATED CYCLOTRON MILLION 100,000 POPULATION
REGION OR PROVINCE CENTRES (VS. TOTAL) (CYCLOTRON POPULATION BY PUBLIC SYSTEMS
ALONE) (JULY 98 - JUNE 99)
AFRICA
Saudi Arabia 1
NORTH AMERICA
U.S. 75 (120 coincidence) 0.4 17.8
Canada (6): 8 0.2
Québec 0.3 (Québec) 3.3
Montréal 1 1
Sherbrooke 1 1**
Ontario 0.3
Hamilton 1 1
Ottawa 1 1
Toronto 1 1
British Columbia 0.3
Vancouver 1 1
Alberta (2001)
ASIA
Japan 20 37 0.3
China 1 12 0.01
Korea 1
Israel 1
Taiwan 1
EUROPE
Germany 22 35(73) 16 (2) 0.9
UK 6 7(11) 5 0.2
Belgium 7 50) 5 0.9
Russia 1 2(9) 2 0.1
Italy 7 8(9) 7(1) 0.2
France 4(7) 4 0.1
Austria 2 2 1
Czech Republic 1 1 1
Denmark 2 2 2 14.2
Finland 4 2 2 3.6
Hungary 1 1 1
Holland 1 3 2 0.3
Norway 1
Spain 2 3 2 (Basque Country) 6.5
(Madrid) 0.4
Sweden 4 2 2
Switzerland 3 3 17.2
OCEANIA
Australia 4 9.7
New-Zealand 0.2

* Sources: Tashiro et al., 2001; Ghersi et al., 2000; Adams et al., 1999; and Beanlands et al., 1999.
** One additional scanner was installed at this centre in February 2002.
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Table 12: Clinical use of PET at CHUS

For the period from May 15, 2000 to May 11, 2001: 1,253 scans
Lung cancer: 33.4%
Lymphoma: 21%
Breast cancer: 6.6%
Brain studies: 6.4%
ENT cancer: 5.4%
Cancer of the colon and rectum: 4.9%
Gynecologic cancers: 4.9%
Cardiac studies*: 2.5%
Melanoma: 2.3%
Testicular cancer: 1.8%
Other cancers: 10.8%

* A sizeable proportion (about 50%) of cardiac viability studies
are performed in accordance with a research protocol (PARR-2
study [Beanlands, 2000-2001]) and are not included under the
heading of clinical use.

Table 13: Number of clinical scans and waiting times at CHUS

For the period from May 15, 2000 to May 11, 2001: 1,253 scans

Mean waiting time*: 46 days
Median waiting time*: 32 days

*Achieved by very effective priority management

Waiting list as at June 1, 2001: 330 patients

Table 14: Source of patients at CHUS

Hospitalized at CHUS: 172 (13.7%)
Hospitalized elsewhere: 57 (4.5%)
Outpatients (Eastern Townships): 705 (56%)

Referred from outside the E.T.: 303 (26%)
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Figure 3: Growth in the demand for PET at CHUS (Sherbrooke)
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APPENDIX 4: LOCATION OF IMAGING EQUIPMENT (OTHER
THAN PET EQUIPMENT)

Table 15: Equipment other than PET equipment by region (Québec)*

NUCLEAR
CT SCANNERS S(:Axvl::fzs s MEDICINE
REGION SCANNERS
01- Lower St. Lawrence 3 ! 4
02- Saguenay - Lac Saint-Jean 5 1 4
03- Québec 7 2 18
04- Mauricie and Central Québec 5 1 12
05- Eastern Townships 2 1 10
06- Montréal-Centre 28 11 62
07- ottawa Valley 2 1 5
08- Abitibi-Témiscamingue 3 1 2
(09- North Shore 2 3
11- Gaspé Peninsula and the Magdalen Islands 3 1
12- Chaudiére-Appalaches 4 1 7
13- Laval 1 4
14- Lanaudiére 2 1 2
15- Laurentians 2 3
16- Monteregia 8 1 10
ToTAL 77 22 147

*
kok

A detailed breakdown is provided on the following page.
The MRI scanner will be a mobile one and will serve
Region 08. In addition, in the short term, there are plans
for 7 other scanners, which will bring the total number
to 29.
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[Source: MSSS, December 2000; + revisions 03/01]

Table 16: Imaging equipment in Québec

Location ofequipement

CT sanners
FACILTY Region
CENTRE HOSPITALIER DE MATANE 01 1
CENTRE HOSPITALIER REGIONAL DE RIMOUSKI 01 1
CENTRE HOSPITALIER REGIONAL DU GRAND-PORTAGE 01 1
CENTRE HOSPITALIER DE DOLBEAU 02 1
CENTRE HOSPITALIER DE JONQUIERE 02 1
COMPLEXE HOSPITALIER DE LA SAGAMIE 02 1
PAVILLON DE L'HOTEL-DIEU D'ALMA 02 1
HOTHE_-DIEU DE ROBERVAL 02 1
CHAUQ - HOPITAL ENFANT-JESUS 03 2
HOPITAL LAVAL 03 1
CHUQ - CHUL 03 1
CHUQ -HOTEL-DIEU DE QUEBEC 03 1
CHUQ - HOPITAL SAINT-FRANCOIS D'ASSISE 03 1
CHAUQ - HOPITAL SAINT-SACREMENT 03 1
CENTRE HOSPITALIER REGIONAL DE LA MAURICIE 04 1
CHETR - HOPITAL SAINTEMARIE 04 1
CHETR - HOPITAL ST-JOSEPH 04 1
HOPITAL STE-CROIX 04 1
HOTEL-DIEU D'ARTHABASKA 04 1
CHUS - BOWEN BRANCH 05 1
CHUS - FLBJRIMONT BRANCH 05 1
CHUM -HOPITAL NOTRE-DAME 06 2
CENTRE HOSPITALIER DE LACHINE 06 1
C.H. ANG. - VERDUN BRANCH 06 1
CHUM -HOPITAL HOTEL-DIEU 06 2
MUHS - MONTREAL CHILDREN'S HOSPITAL 06 1
MUHS - MONTREAL GENERAL HOSPITAL 06 3
MUHS - ROYAL VICTORIA HOSPITAL 06 2
MUHS - MONTREAL NEUROLOGICAL HOSPITAL 06 1
ST. MARY'S HOSPITAL 06 1
CENTRE HOSPITALIER FLBURY 06 1
HOPITAL MAISONNEUVE-ROSEMONT 06 2
CHUM -HOPITAL STLUC 06 2
HOPITAL DU SACRE-COEUR DE MONTREAL 06 2
LAKESHORE GENERAL HOSPITAL 06 1
HOPITAL JEAN-TALON 06 1
HOPITAL SAINTE-JUSTINE 06 1
HOPITAL SANTA CABRINI 06 1
MONTREAL HEART INSTITUTE 06 1
SIR MORTIMER B. DAVIS JEWISH GENERAL HOSPITAL 06 2
C.H.DES VALLEES DE L'OUTAOUAIS (CHRO) 07 1
C.H.DES VALLEES DE L'OUTAOUAIS (GATINEAU) 07 1
MOBILE MRI UNIT** 08
CENTRE HOSPITALIER ROUYN-NORANDA 08 1
CENTRE HOSPITALIER DE VAL-D'OR 08 1
CENTRE HOSPITALIER HOTEL-DIEU DAMOS 08 1

MRI scanners*

N =

Nudear
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scanners
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Table 16: Imaging equlpment in Quebec (Cont’d)

CENTRE HOSPITALIER REGIONAL DE SEPT-ILES

PAVILLON LEROYER 09 1
CENTRE HOSPITALIER DE CHANDLER 11

CENTRE HOSPITALIER BAIE-DES-CHALEURS 11 1
CENTRE HOSPITALIER DE GASPE 11 1
CENTRE HOSPITALIER DE L'ARCHIPEL 11 1
CENTRE HOSPITALIER BEAUCE-ETCHEMIN 12 1
HOTEL-DIEU DE LEVIS 12 1
HOTEL-DIEU DE MONTMAGNY 12 1
CENTRE HOSPITALIER DE LA REGION DE L'AMIANTE 12 1
CITEDE LA SANTEDE LAVAL 13 1
CENTRE HOSPITALIER LE GARDEUR 14 1
CENTRE HOSPITALIER REGIONAL DE LANAUDIERE 14 1
CENTRE HOSPITALIER SAINT-EUSTACHE 15 1
HOTEL-DIEU DE ST-JEROME 15 1
C.H.REGIONAL DU SUROIT ASALABERRY-DE-VALLEYFIELD 16 1
CENTRE HOSPITALIER ANNA-LABERGE 16 1
CENTRE HOSPITALIER DE GRANBY 16 1
CENTRE HOSPITALIER PIERRE-BOUCHER 16 1
HOPITAL CHARLES-LEMOYNE 16 1
HOTEL-DIEU DE SOREL 16 1
HOPITAL DU HAUT-RICHELIEU 16 1
RESEAU SANTERICHELIEU - YAMASKA 16 1

Tofal

22

N

N
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APPENDIX 5: DESCRIPTION OF ASSESSMENT REPORTS

AS.1 COUNCIL OF MEDICAL IMAGING

The Council of Medical Imaging, an Ontario
organization, conducted a literature review on
positron technology [CMI: Beanlands et al.,
1999]. The CMI's report was prepared for the
general public and describes, in plain language,
positron technology and its validated and po-
tential applications; gives the arguments in fa-
vour of its deployment in clinical practice in
Ontario; and explains the proposal for a busi-
ness plan based on clinical utility and cost-
effectiveness evidence for providing Ontarions
with PET services. The report analyzes what
PET's impact would be on the health of the
population in question, with regard to improv-
ing the standard of care and cost-effectiveness,
for applications in oncology, cardiology and
neurology. The CMI states that its main objec-
tive would be to initiate dialogue between the
interested parties on the best way for Ontario to
benefit from technological advances in bio-
medical sciences.

AS5.2 MINNESOTA HEALTH TECHNOLOGY
ADVISORY COMMITTEE

In March 1999, the Minnesota Health Technol-
ogy Advisory Committee (MHTAC) published
a report on positron emission technology that
concerns oncological applications only. The
report's objectives were to evaluate, by means
of a literature review, the efficacy of PET in
diagnosing and monitoring cancer patients; to
compare PET with other options; to assess the
impact of PET on patient management and the
ultimate effects on patient health; to determine
the cost-effectiveness of PET in the treatment
of cancer and to evaluate the effect of using
hybrid PET technologies on cancer. The
MHTAC's observations concerned brain tu-
mors; cancers of the head and neck, thyroid,
urinary tract and kidneys, lung, breast, esopha-

gus, pancreas, ovaries, prostate and testicles;
colorectal, neuroendocrine and gastrointestinal
cancer; and melanoma and lymphoma.

AS5.3 MANAGEMENT DECISION AND RE-
SEARCH CENTER, DEPARTMENT OF
VETERANS AFFAIRS -TECHNOLOGY
ASSESSMENT PROGRAM (VA-TAP)

In 1996, then in 1998, the VA-TAP evaluated
the experience of the Veterans Health Admini-
stration (VHA) with PET centres and con-
ducted a systematic review of the PET litera-
ture [Flynn and Adams, 1996; Adams and
Flynn, 1998]. The first assessment reported: 1)
the results of systematic reviews of the clinical
applications of FDG-PET for certain types of
cancer (head and neck cancer, the staging of
lung cancer, the evaluation of solitary pulmo-
nary nodules, breast cancer, colorectal cancer),
and for Alzheimer's disease, two important dis-
eases in veterans; and 2) results of surveys and
audits of VHA PET centres concerning the use
of PET, the centres' operations, and research
activities. The VA-TAP concluded that the
VHA should maximize its involvement rather
than set up other PET centres (implementation
of a multicentre VHA PET registry, support for
prospective research etc.). In 1998, the VA-
TAP reevaluated the VHA's PET centres using
data from the PET registries and conducted a
systematic review of the PET literature pub-
lished between September 1996 and December
1998 for the above-mentioned cancers and
Alzheimer's disease.

AS5.4 INTERNATIONAL NETWORK OF
AGENCIES FOR HEALTH TECHNOLOGY
ASSESSMENT

Given the increasing interest in PET world-
wide, the INAHTA produced, in 1999, a report
on the use of PET [Adams et al., 1999] and its
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coverage in various countries and a synthesis
of the assessments of PET conducted by INA-
HTA members and three private American or-
ganizations. The report examines all PET sys-
tems (full-ring conventional scanners, new
partial-ring scanners and digital SPECT scan-
ners modified for positron emission imaging).
In order to document the use of PET and its
coverage, the OSTEBA conducted a survey
among 12 INAHTA members (excluding those
in the United States) and 8 participants in the
HTA Europe project that are not members of
the INAHTA, in order to obtain their annual
estimates of PET research and clinical applica-
tions at private and public facilities and to ob-
tain information on the reimbursement of PET
in 1997. In 1999, the OSTEBA conducted an-
other survey among 31 INAHTA members on
the availability of public coverage of clinical
uses of PET between July 1, 1998 and June 31,
1999. A different approach had to be used for
the United States because of the heterogeneity
of American health-care systems.

Each INAHTA member was surveyed to obtain
complete evaluations of the clinical use of
PET. Three private American organizations
also took part in the project: the Blue Cross
Blue Shield Association Technology Evalua-
tion Center, the Emergency Care and Research
Institute (ECRI) and HAYES Inc.

AS.5 BLUE CROSS BLUE SHIELD ASSO-
CIATION TECHNOLOGY EVALUATION
CENTER

The Blue Cross Blue Shield Association Tech-
nology Evaluation Center has published as-
sessments of FDG-PET for certain applica-
tions, including colorectal cancer, lymphoma,
melanoma, pancreatic cancer, lung cancer,
head and neck cancer, epilepsy and coronary
artery disease. Their reports evaluate the avail-
able evidence in order to determine if the use
of FDG-PET in managing patients with these

types of cancer can improve health outcomes.
To this end, the authors examine the subject
according to the following criteria:

1) The technology must have been approved
by government regulatory agencies (e.g.,
the FDA).

2) The scientific evidence must permit con-
clusions concerning the technology's ef-
fects on health outcomes.

3) The technology must improve the final
health outcome.

4) The technology must be as beneficial as
the recognized alternatives.

5) The improvement must be easy to repro-
duce outside the study.

AS5.6 MEDICARE SERVICES ADVISORY
COMMITTEE (AUSTRALIA)

In 2000, the MSAC published a reviewl]
aimed at determining the conditions in which
coverage of PET in Australia's public health-
care system should be supported[] of the avail-
able evidence on the safety, efficacy and cost-
effectiveness of PET. To this end, a committee
consisting of experts in the fields of nuclear
medicine, surgical oncology and cardiology
was formed to evaluate the evidence in the lit-
erature and to provide expert opinions. The
study inclusion criteria published by the VA-
TAP were used, together with criteria for pa-
tient selection and for blinded comparisons,
among others.

AS.7 HEALTH CARE FINANCING AD-
MINISTRATION (UNITED STATES)

In July 2000, the HCFA received, from Drs.
Michael Phelps and Sam Gambhir, a request
for acceptance of global coverage of FDG-
PET. A list of 22 diseases was included with
the request, and, because of the large amount of
evidence submitted by the PET community, the
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HCFA asked the Agency for Health Research
and Quality (AHRQ) for assistance. The
AHRQ had the PET submission checked by the
Evidence-based Practice Centre (EPC), which
concluded that the PET coverage request had
not been submitted in accordance with the
standards for systematic reviews, but that it
was a large compilation of papers on the sub-
ject. Questions were raised as to the studies
that should not have been included with the re-
quest and as to various errors identified in the
data taken from the studies for the purpose of
preparing the summary tables. The HCFA de-
termined that separate systematic reviews of
the literature on FDG-PET were necessary in
order to issue an appropriate coverage policy.

The HCFA therefore added to this coverage re-
quest PET assessments published in 2000 by
the Blue Cross Blue Shield Association, the
Commonwealth Review of Positron Emission
Tomography and other analyses concerning
lung and esophageal cancer from the request-
ers' submission. The following diseases were
identified for the use of FDG-PET, based on
these assessments and the analysis of the pa-
pers: lung cancer, colorectal cancer, lym-
phoma, esophageal cancer, melanoma, head
and neck cancer, coronary artery disease and

epilepsy.

A5.8 COMITE D’EVALUATION ET DE
DIFFUSION DES INNOVATIONS
TECHNOLOGIQUES (CEDIT)

In February 1999, CEDIT published a progress
report on its positron emission tomography
project [CEDIT: Baffert et al., 1999], with
guidelines for strategic medical decision-
making in the context of Assistance-publique -
Hopitaux de Paris (AP-HP). The guidelines do
not constitute a validated assessment outside
this context. In October 1997, CEDIT recom-
mended to the AP-HP the creation of a PET

centre for managing cancer patients. In 1998, a
series of steps were undertaken to set up a PET
centre. Patients management protocols will be
implemented for the following uses: lung can-
cer, gastrointestinal cancers, lymphoma and
ENT cancers. CEDIT is planning medico-
economic studies in the areas where the litera-
ture was insufficient and a clinical research
program for uses such as bile duct cancer,
melanoma and pediatric cancers. A scientific
committee was formed and charged with
evaluating the patient management protocols
and the scientific protocols and with imple-
menting them. CEDIT also plans to set up an
organizing committee to supervise the centre's
operating conditions. After an evaluation pe-
riod, their observations will be used to work
out the details for opening centres at other hos-
pitals [CEDIT, 1999].

AS5.9 NATIONAL HEALTH SERVICES -
RESEARCH & DEVELOPMENT (UNITED
KiNnGDOM)

As part of the NHS R&D's technology assess-
ment program, Robert and Milne's recommen-
dations [1999] concerning the research priori-
ties in the assessment of positron emission to-
mography were published. The specific objec-
tives of the 3-month project were to review the
knowledge regarding the clinical applications
of PET (oncology, cardiology and neuropsy-
chiatry) by consulting the literature on the topic
and to identify, by means of a 3-step Delphi
study, the key issues for evaluative research on
PET in the United Kingdom. The results of a
systematic review published by the VA-TAP in
the United States in 1966 were used as a start-
ing point for the literature review and were up-
dated by means of searches in the MEDLINE
and Cochrane databases. The results of this
analysis provide an up-to-date overview of the
potential clinical applications of PET in the
NHS.
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AS5.10 ANDALUSIA HEALTH TECHNOLOGY
ASSESSMENT AGENCY (AHTAA)

In February 2000, the AHTAA published a re-
port intended as a synthesis of studies of the ef-
ficacy and effectiveness of positron emission
tomography. The report is based on systematic
reviews and assessment reports. The authors
did a search in the INAHTA's databases, the
Cochrane Library and the NHS-CRD economic
evaluation databases, with emphasis on the re-
cent publication of a joint INAHTA project
[1999], the result of a collaborative effort be-
tween various agencies in the network that fo-
cused on a synthesis of previous works. One of
these, a recent (1998) systematic review by the
Department of Veterans Affairs - Technology
Assessment Program, was considered to be of
good methodological quality. It was decided to
conduct a search in the primary sources only
for the uses that had not been covered by the
previous reviews and those for which it was
thought necessary to have better information,
such as the use of PET in melanoma and lym-
phoma.

The report is centred on decision making in
Andalusia's health-care system with regard to
this technology, which is in its initial phase and
which will require a more thorough examina-
tion in the future.
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APPENDIX 6: SEARCH, SELECTION AND EVALUATION OF STUDIES

A6.1 SEARCH

Language was not an exclusion factor, al-
though only articles with an abstract in English
or French were selected automatically. Articles
in Spanish or German without an abstract in
English or French were selected for future con-
sideration, if warranted.

Retrospective literature search

PubMed (1999-2000), Cochrane and Inter-
net

Descriptors: tomography, emission-computed
fluorodeoxyglucose F18 tomography, emission-
computed, single-photon: Expressions: PET,
SPECT (tomography and emission computed).

The descriptors in PubMed were generated
from many different references, which were
grouped together for certain types of studies
(review, meta-analysis, etc.). The expressions
initially used were matched with expressions
concerning cost and efficacy (cost OR costs OR
compar* OR efficien* OR "comparative
study"[MeSH Terms] OR "cost benefit analy-
sis"[MeSH Terms] OR "efficiency"[MeSH
Terms] OR "costs and cost analysis"[MeSH
Terms]).

In addition to the MEDLINE searches, a few
searches were done in Embase and Cancerlit.
Also, more selective identification was
achieved, thanks to the assistance of the advi-
sory committee's members, who informed us or
obtained relevant publications. The references
identified were grouped together in databases
created with ProCite Version 5 for Windows.

Profiles (December 2000 - February 2001)

1. Current Contents (Clinical Medicine): PET
or FLUORODEOXYGLUCOSE or (TO-
MOGRAPHY and EMISSION) or SPECT or
F-18.

2. PubMed (Index Medicus): ("tomography,
emission computed"[MeSH Terms] OR "to-
mography, emission computed, single pho-
ton"[MeSH Terms] OR (Tomography AND
emission computed) ) OR "positron emission
tomography"[Title Word] OR "pet"[Title
Word]OR "spect"[Title Word] OR
"fdg"[Title Word][ALL].

3. Cochrane: Descriptors equivalent or
identical to those mentioned above were
used to query the databases available on
CD-ROM or on the Internet.
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A6.2 SELECTION

Table 17: Study selection criteria (inclusion and exclusion)

TYPE SIZE OF
OF PUBLI- STUDY STUDIES STUDIES EXCLUDED STUDY DESIGN AND COMMENTS
CATION POPULATION INCLUDED METHODOLOGY
CRITERIA Language* > 10 human | Studies using | Duplicate studies or studies | Patient selection criteria
subjects (no | the  radio- | replaced by other, more re- | clearly stated.
animal studies) | pharmaceuti- cent studies (at the same
with the disease | cal hierarchical level and | All consecutive patients
of interest 2-["*F]fluoro- whose objectives were the | eligible, based on the in-
2-D-glucose same) by the same institu- | clusion criteria, were in-
(FDG) tion. cluded.
Studies not presenting Ind-ependent, blinded com-
. . parisons conducted with a
enough information to as-
- reference standard.
sess the comparability of
the cases and .control PET scan results had no in-
groups, or the details of the ..
: . fluence on the decision to
imaging protocol, to de-
2. . perform or not perform the
termine if the analysis of reference standard
the PET data was done ’
visually or guantltatlvely, The methods for perform-
or to determine the type of | . . .
o . ing the test are described in
quantitative analysis per- . .
enough detail for replica-
formed. .
tion.
. Language was not an exclusion factor, although only articles with an abstract in English or French were automatically selected. Articles in Spanish

and German without an abstract in English or French were selected for future consideration, if warranted.

A6.3 EVALUATION OF DIAGNOSTIC TESTS

The problem of evaluating diagnostic tests, es-
pecially in medical imaging, raises a number of
issues that should be addressed at the outset.

The assessment of a new diagnostic tool should
be sufficiently detailed to determine the extent
to which and at what cost it permits a more ac-
curate diagnosis or more accurate staging of
the disease, improves patient management and
clinical outcomes, and provides information or
results comparable to those of a reference stan-
dard while at the time reducing costs and in-
conveniences (see Fryback and Thombury's
model, 1991, which is cited by many evaluat-
ors).

Formal protocols for evaluating medical im-
aging modalities are generally limited to com-

paring the new modalities’ potential accuracy
(sensitivity and specificity) with that of con-
ventional signal detection-type modalities
[Swets and Pickett, 1982]. A discrimination
process is begun in standardized conditions,
once the diagnosis is made, in order to measure
the accuracy with which the various readers
detect the presence or absence of the disease
from the images generated by the modalities
being compared. The rigorous[] but often arti-
ficiall] selection of cases of the “disease" and
of "absence of the disease" is made independ-
ently of the imaging modalities being studied.

These protocols, like the "culture" of the scien-
tific basis for the assessment and comparison
of the performance of real-time imaging tests,
are neither very well developed nor standard-
ized. As a result, the research syntheses are
based on individual studies of varying quality
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and with vague inclusion criteria, the results
apply only to a single imaging modality, and
the selection techniques make comparisons dif-
ficult. Although precautions have been ex-
pressed by a number of authors [Begg, 1983;
1986; 1987; 1988a; 1988b; 1989; Feinstein,
1989; and McMaster University Group:
http://hiru.mcmaster.ca/default.htm], the qual-
ity of assessment reports on diagnostic tests is
markedly lower than that of assessment reports
on therapeutic modalities. Furthermore, Sackett
[1991], in his book on clinical epidemiology,
and the McMaster University Group, in several
articles on the critical analysis of published pa-
pers, had attempted to make reader-evaluators
aware of this, but the first checklists for authors
of assessments of diagnostic tests have barely
just been developed [STARD, 2001].

The first prospective comparisons of diagnostic
performance based on clinical readings of di-
agnostic images, which were conducted in the
late 1980s, indicated beforehand the procedures
to be used to arrive at a valid result [Neal,
1995, 1996; Gatsonis, 1995; Baum et al.,
1995]. Initially, the prospective clinical studies
were conducted by ad hoc groups in university
radiology departments. It was not until 1998
that the U.S. National Cancer Institute funded
the first network of such departments for pro-

spectively evaluating new imaging technolo-
gies in an expeditious and rigorous manner
[Hillman et al., 1999: American College of Ra-
diology Imaging Network (ACRIN) http:
www.acrin.org/].

The complete assessment of given diagnostic
test’s performance requires at least one or, ide-
ally, several pairs of sensitivity and specificity
measures. In the past, few studies reported
complete ROC (receiver operating characteris-
tic) curves or simultaneous comparisons. Such
weaknesses mean that the accuracy figures re-
ported in a study are a function not only of the
imaging technique in question, but also of test
"positivity" criteria (subjective), of the case
mix and of selective checks. Meta-analyses
[[rwig et al., 1995; Walter et al., 1999] of sev-
eral studies did not fully take the effect of these
three additional, nonstandardized factors into
account. Thus, the comparison of diagnostic
test performance is much more prone to distor-
tions than that of simultaneous randomized,
comparative trials of different treatments.

For these reasons, no assessment including a
formal meta-analysis of individual studies has
so far been attempted, except to indicate the
observed sensitivity and specificity rates. This
report follows suit.
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Table 18: Methodological quality of diagnostic accuracy and diagnostic thinking efficacy
studies

A | Studies with broad generalizability to a variety of patients and no significant flaws in research methods.

- 2 35 patients with the disease of interest and = 35 patients without the disease (since this number yields 95% Cls whose
lower limit excludes 0.90 if Se =1).

- Patients drawn from a clinically relevant sample (not filtered to include only severe disease) whose clinical symptoms
are completely described.

- Diagnoses defined by appropriate reference standard.

- PET (positron emission tomography) studies technically of high quality and evaluated independently of the reference di-
agnosis.

B | Studies with a narrower spectrum of generalizability and with only a few methodological flaws that are well de-
scribed (and whose impact on the conclusions can be assessed).

- 235 cases with and without the disease of interest.
- More limited spectrum of patients, typically reflecting referral bias of university centres (more severe illness).
- Free of other methodological flaws that promote interaction between test results and disease determination.

- Prospective studies still required.

C | Studies with several methodological flaws.

- Studies with small sample size.
- Incomplete reporting.

- Retrospective studies of diagnostic accuracy.

D | Studies with multiple methodological flaws.

- No adequate reference standard for diagnosis.
- Test results and determination of final diagnosis not independent.
- Source of patient cohort could not be determined or was obviously influenced by the test results (workup bias).

- Opinions without substantiating data.

Source: Flynn and Adams, 1996.
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Table 19: Assessing the quality of individual studies:
Classifications of study designs and levels of evidence
(when high-quality meta-analysis/overviews are not available)

Randomized trials with a low false-positive (alpha) and a low false-negative (beta) error rate (high power)

- Positive trial with statistically significant treatment effect (low alpha error rate).

- Negative trial that was large enough to exclude the possibility of a clinically important benefit (low beta error rate/high
power, i.e. had a narrow confidence interval around the treatment effect, the lower end of which was greater than the
minimum clinically important benefit).

- Meta-analysis can be used to generate a pooled estimate of treatment efficacy across all high-quality, relevant studies
and can reveal any inconsistencies in results.

Randomized trials with a high false-positive (alpha) and/or high false negative (beta) error rate (low power)

- Trials with interesting positive trend that is not statistically significant (high alpha error rate).

- Negative trials but possibility of a clinically important benefit (high beta error rate/low power, i.e., very wide confidence
intervals around the treatment effect).

- Small positive trials with wide confidence intervals around the treatment effect, making it difficult to accurately assess
the magnitude of the effect.

- When Level II studies are pooled (through quantitative meta-analysis), the aggregate effects may provide level I evi-
dence.

Nonrandomized, concurrent cohort comparisons between contemporaneous patients who did and did not
(through refusal, noncompliance, contraindication, local practice, oversight, etc.) receive treatment.

- Results subject to biases.

- Level III data can be subjected to meta-analysis, but the result would not shift these data to another level and is not usu-
ally recommended.

Nonrandomized, historical, cohort comparisons between currently followed patients who received treatment
(as a result of local policy) and former patients (from the same institution or from the literature) who did not
(since, at another time or in another institution, different treatment policies prevailed).

- Results subject to biases, including those that result from inappropriate comparisons over time and
space.

Case series without control subjects.
- May contain useful information about clinical course and prognosis but can only hint at efficacy.

Source: Flynn and Adams, 1996.
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APPENDIX 7: POSITIONS OF CURRENT AND POTENTIAL USERS, AS-
SESSMENT AGENCIES AND REIMBURSEMENT ORGANIZATIONS AC-
CORDING TO THE CLINICAL USE OF PET

The assessment procedure chosen by AETMIS
led to a rearrangement of the data. The reports
submitted between June and September 2000 to
the FMSQ's Positron Technology Committee
(PTC) served as the starting point. The report
by Ontario's Council of Medical Imaging
(1999) was included with these reports to con-
stitute the group called "current and potential
users". For Québec, the active participation of
the team from CHUS, which already has a
complete PET unit (cyclotron and scanner), in
the drafting of the report by the Association des
médecins spécialistes en médecine nucléaire du
Québec (AMSMNQ) explains the term "cur-
rent" in the name of this first group.

The second group consists of the main organi-
zations (public and private) that make PET
coverage policies. In its latest report (Decem-
ber 2000), the HCFA responds to a re-
questl] submitted by the ICCPET (renamed the
Academy of Molecular Imaging on November
29, 2000)UJ for global coverage of PET in on-
cology, but does not provide a detailed account
of the request. The HCFA's recommendations,
published on December 15, 2000, will none-

theless have a determining influence in the
United States. The Australian committee
[MSAC: Ghersi et al., 2000] explains the basis
of its conclusions, and its report will serve as
the main comparator. In addition, and as the
only example of a private insurance company,
the position of the Blue Cross and Blue Shield
Association was included in this group.

A third group consists of conclusions and rec-
ommendations taken from reports published by
assessment agencies. Reports from other agen-
cies are described in Appendix 5. Their conclu-
sions or recommendations are not stated here
systematically, unless they are noteworthy.

Upon examining the decision-making proc-
esses leading to the coverage of PET scans, one
can situate the positions of reimbursement or-
ganizations halfway between the structured re-
ports of assessment agencies and the expecta-
tions expressed by current or potential users.
The coverage of PET scans could, in fact, serve
as an indicator of the acceptance of this tech-
nology by various health-care systems.
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A7.1 ONCOLOGY

A7.1.1 Lung cancer

Table 20: Positions — Lung Cancer

CURRENT AND POTENTIAL USERS POLICYMAKERS — COVERAGE ASSESSMENT AGENCIES
T
FMSQ HCFA (US) MSAC BLUE
(PTC) ARQ AMSMNQ CMI 2000 (AUSTR.) CROSS MHTAC AHTAA VA-TAP  INAHTA
2000 2000 2000 1999 2000 BLUE 2000 1998 1999
SHIELD
2000
INITIAL
EVALUATION OF ) F ) F F F ) F F ) F
THE PULMONARY
NODULE
INITIAL STAGING NM NM NM NM ] -] ] ] NM ] ]
OF NSCLC (staging
and prog-
nosis)
DETECTING
METASTASES:
MEDIASTINAL ] ] ] ] ] ] NM ] ] ] NM
STAGING (normal (+ con-
CT scan) current
CT)
DETECTING o NM o NM NM o NM o NM o NM
DISTANT ME- (except (before tho-
TASTASES for brain racotomy)
metasta-
ses)
MONITORING o o NM o o o NM NM NM o NM
RESPONSE TO (radio- (che- (chemo- (+ prog-
THERAPY therapy, ~ mothe therapy) nosis of
chemo- rapy thera-
therapy,  and ra- peutic re-
surgery)  dio- sponse)
ther-
apy)
DETECTING L] L] L] L] L] L] ] ] NM L] NM
RECURRENCE OR (when con- (restag-
RESIDUAL ventional ing)
TUMORS imaging re-
sults are
equivocal)

@ Clinical use recognized; €@ Clinical use not recognized; & Potential use (further research necessary); NM: Not mentioned.

Current and potential users

The members of the FMSQ's PTC and of the
Council of Medical Imaging (Ontario) consider
that PET offers several clinical advantages over

conventional diagnostic tests. Accordingly,

PET is useful in the clinical situations encoun-
tered most often when managing a patient with
a pulmonary nodule or proven lung cancer: 1)
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the initial investigation of the pulmonary nod-
ule; 2) the evaluation of the mediastinum when
a diagnosis of neoplasia is made; 3) the
evaluation of the usual metastatic sites (staging
of distant metastases) when a diagnosis of neo-
plasia is made; and 4) the reevaluation of the
chest when recurrent disease is suspected [La-
casse, 2000; CMI: Beanlands et al., 1999].

According to the AMSMNQ, the systematic
use of PET during preoperative evaluations
would lead to the identification of patients with
inoperable lung cancer and would result in a
substantial reduction in hospital costs by
avoiding surgery that would prove traumatic or
unnecessary to the patient. The use of PET in
evaluating pulmonary nodules (instead of
transthoracic biopsies and surgical excision)
would also reduce costs. PET performs better
than conventional investigational tools (e.g.,
CT-guided transthoracic biopsy) and does not
cause any complications that require hospitali-
zation [AMSMNQ, 2000].

For the ARQ, the role of PET is now well-
established in lung cancer. It can help distin-
guish between a benign nodule and a malignant
one, completes the staging and contributes to
better patient selection for surgery. It also per-
mits a better follow-up after chemotherapy and
radiation therapy [ARQ, 2000].

The clinical uses of PET mentioned by the
CMI are the same as the preceding ones. It
adds that studies specifically concerning the
costs associated with PET in lung cancer
should be carried out. Even though there are no
such studies, it is estimated that PET can gen-
erate several million dollars in savings a year in
lung cancer for Ontario [CMI: Beanlands et al.,
1999].

Assessment agencies

The INAHTA and the VA-TAP recognize
PET's potential in the evaluation of non-small-
cell lung cancer. However, their conclusions

differ with regard to the staging of this type of
cancer. The INAHTA recognizes PET's poten-
tial for this application, but the VA-TAP con-
cludes that the evidence does not support this
use. Both organizations call attention to the
important need to conduct further research by
way of rigorous studies comparing PET with
gamma coincidence cameras, partial-ring PET
scanners and conventional PET with alternative
strategies [Flynn and Adams, 1996; Adams and
Flynn, 1998].

The MHTAC recognizes that numerous studies
have shown that FDG-PET has superior effi-
cacy to other imaging techniques, especially
computed tomography, in differentiating ma-
lignant pulmonary lesions from benign pulmo-
nary lesions. It concludes that FDG-PET is use-
ful for diagnosing lung cancer (primary or me-
tastatic disease) and for detecting recurrence
after treatment.

Coverage policymakers

PET has been covered by Medicare since 1998
for the diagnosis of pulmonary tumors, the
evaluation of solitary pulmonary nodules and
the staging of non-small-cell lung cancer. In
December 2000, the HCFA concluded that
there was enough evidence to support PET for
the detection of residual or recurrent tumors
(restaging). However, certain conditions must
first be met. For the evaluation of a pulmonary
nodule, a CT scan must have shown the pres-
ence of a primary tumor; the concurrent results
of conventional imaging must be included in
the request for reimbursement; and, when PET
is combined with computed tomography and
performed serially, it is not reimbursed within
the 90 days following negative PET findings.
As for the initial staging of NSCLC, a pathol-
ogy report indicating the presence of a primary
tumor must be submitted, and the PET results
for the entire body must be coordinated with
the results of a concurrent CT scan and of a
follow-up by lymph node biopsy (the lymph
node biopsy is not reimbursed if the CT and
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PET scan findings are negative. It is reim-
bursed only in the context of a positive CT
scan and a positive PET scan, a negative CT
scan and a positive PET scan or a positive CT
scan and a negative PET scan).

The Blue Cross Blue and Shield Association
Technology Evaluation Center (BCBSA-TEC)
determined, in its qualitative review, that FDG-
PET meets its methodological criteria for its
two main uses in lung cancer (the staging of
non-small-cell lung cancer and diagnosing a
solitary pulmonary nodule), provided that the
PET findings can result in a change in how the
patient is managed [Adams et al., 1999].

The MSAC (Australia) considers that PET is
more accurate than the other, conventional im-
aging techniques in detecting lung cancer me-
tastases before surgery and recognizes its in-
creased efficacy when combined with conven-
tional imaging. Despite the evidence of supe-
rior efficacy to that of conventional imaging,
the MSAC notes that it is difficult to quantify
this improvement because of the variable qual-
ity of the studies reviewed, for although it is
clear that PET can provide useful prognostic
information that can lead to a reevaluation of
treatment in patients with non-small-cell lung
cancer, there are no data for assessing the im-
pact of this reevaluation on the final outcome
[MSAC: Ghersi et al. 2000].
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A7.1.2 Colorectal cancer

Table 21: Positions — Colorectal Cancer

CURRENT AND POTENTIAL USERS POLICYMAKERS — COVERAGE ASSESSMENT AGENCIES
[
FMSQ HCFA (US) MSAC BLUE
(PTC) ARQ  AMSMNQ CMI 2000 (AUSTR.)  CROSS MHTAC  AHTAA VA-TAP INAHTA
2000 2000 2000 1999 2000 BLUE 2000 1998 1999
SHIELD
2000
DIAGNOSIS NM NM NM NM NM NM NM @ NM NM NM
DETECTION OF THE ] NM NM ] NM NM NM NM NM NM
PRIMARY TUMOR
DETECTING ME-
TASTASES IN THE o NM NM o P o o P NM o NM
CONTEXT oF
RECURRENCE:
Py NM NM  NM Py Py Py NM o i NM
HEPATIC
o NM NM NM 3 3 3 NM NM ¢ NM
EXTRAHEPATIC
ASSESSING OPER- -] NM -] NM NM -] -] -] -] -] NM
ABILITY (by de- (during
tecting staging +
metasta- postop.
ses) follow-up)
EVALUATING REGIONAL @ NM NM NM NM NM NM NM NM NM NM
LYMPH NODES
EVALUATING RESPONSE NM NM NM NM NM NM NM ] ] NM NM
TO THERAPY
DETECTING RE- ] ] ] ] ] ] NM @ ] - o
CURRENCE +CT (syst. (+ CT scan, (as an addi-
scan, if screen- if neces- tion to con-
necessary) ing, sup- sary) ventional
plmented imaging)
by CT
and/or
MRI)
DIFFERENTIATING A NM NM ] NM ] ] ] NM ] NM NM
POSTOPERATIVE SCAR
FROM OPERABLE
RECURRENCE
DETERMINING THE ] NM ] NM ] NM NM NM ] NM NM
LOCATION OF RE- (when re- (an ele-
CURRENT TUMORS IN sults of vated CEA
THE CONTEXT OF A medical should not
RISING CEA LEVEL imaging be the only
are nega- factor for
tive) evaluating
recurrence)

@ Clinical use recognized; €@ Clinical use not recognized; & Potential use (further research necessary); NM: Not mentioned.

Current and potential users
Both for the members of the FMSQ's PTC and
the authors of the CMI's position paper, the
role of PET in detecting the primary tumor in

colon cancer is not defined, with colonoscopy
remaining the procedure of choice for evaluat-
ing the colon and performing biopsies of suspi-
cious lesions. For the preoperative evaluation
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of regional lymph nodes, the sensitivity of PET
(as well as that of computed tomography) is too
low. It is for the detection of hepatic metastases
that PET is most useful in colon cancer, as it
enables one to resect these metastases
or to avoid major surgery in the presence of
generalized disease. As for detecting hepatic or
extrahepatic recurrence and differentiating scar
tissue from local recurrence, PET has been
shown to be more sensitive than computed to-
mography. However, it should be noted that
PET can yield false-positive results during the
six months following radiation therapy, be-
cause of the inflammatory reaction [CMI:
Beanlands et al., 1999; Laplante, 2000; L¢-
tourneau, 2000]. In the ARQ’s opinion, PET is
the best technique for detecting recurrences of
colon cancer. It thus supports the use of PET
for systematically screening for recurrent dis-
ease, with the addition of computed tomogra-
phy or magnetic resonance imaging in order to
better define the extent of the recurrence and
guide the choice of treatment. This would re-
duce the costs associated with patient follow-
up [ARQ, 2000]. The AMSMNQ states that
PET is generally not indicated for systemati-
cally monitoring cancer, but that in the context
of an elevated CEA and of clinical suspicion of
recurrent colorectal cancer, PET proves quite
useful for determining the location of the recur-
rence, for assessing its extent and for differen-
tiating a recurrent tumor from postoperative
scar or for assessing the tumor’s resectability.
The CMI (Ontario) adds that there are not
enough data to determine the cost-effectiveness
of PET for colon cancer in Ontario.

Coverage policymakers

Since 1999, Medicare (U.S.) has been covering
PET for determining the location of suspected
recurrences of colorectal tumors in the context
of an elevated CEA, in the following condi-
tions: the request for reimbursement must
document the previously treated colorectal
cancer and the results of a concurrent CT scan
(or other diagnostic technique). In 2002, the

HCFA reevaluated its position and extended
the indication by lifting the restriction of an
elevated CEA and now provides coverage for
diagnosis and staging. It recommended cover-
age of PET when used to differentiate postop-
erative scars from recurrent colorectal tumors
and for detecting hepatic and extrahepatic me-
tastases during the initial staging of colorectal
cancer before any decision has been made as to
how the patient will be managed [Tunis et al.,
2000].

The MSAC recognizes that PET's sensitivity is
superior to that of computed tomography in
detecting local recurrence and hepatic metasta-
ses but also states that it is difficult to differen-
tiate between recurrence and postirradiation in-
flammation. It notes that little is known about
how outcomes are affected by changing man-
agement in patients who have abnormalities
that are detectable only on PET. It concludes
that the increased sensitivity of PET in detect-
ing extrahepatic metastases has a major poten-
tial impact on the decision to perform or not to
perform surgery, but that the effects of this de-
cision on survival or quality of life have still
not been assessed.

The Blue Cross and Blue Shield Association
(BCBSA) considers that the results are compa-
rable from one study to another and that the fi-
nal outcome is definitely improved through the
use of PET in detecting metastases and assess-
ing tumor resectability during initial staging or
postoperative follow-up. As for differentiating
between postoperative scar and recurrent tu-

mor, the association does not support the use of
PET.

Assessment agencies

Like most other organizations, the VA-TAP
recognizes PET's potential in colorectal cancer
but notes that the evidence is insufficient to
support its use in managing patients with this
type of cancer [Flynn and Adams, 1996; Ad-
ams and Flynn, 1998].
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The MHTAC believes that if other studies can
confirm the current findings, FDG-PET could
prove to be a valuable tool for diagnosing, pre-
operative staging, monitoring response to ther-

apy and monitoring for recurrent disease. The
potential role of PET when combined with
conventional imaging to confirm the presence
of recurrence after treatment is recognized in
the INAHTA's report.

A7.1.3 Melanoma
Table 22: Positions - Melanoma

CURRENT AND POTENTIAL USERS POLICYMAKERS — COVERAGE ASSESSMENT AGENCIES

FMSQ HCFA (US) MSAC BCBSA
(PTC) ARQ  AMSMNQ CMI 2000 (AUSTR.) 2000 MHTAC AHTAA VA-TAP INAHTA
2000 2000 2000 1999 2000 2000 1998 1999
DIAGNOSIS NM NM NM NM d NM NM NM NM hod
INITIAL STAGING NM L] NM o ] NM L] NM NM o
DETECTING ME- ] NM ] NM ] ] ] NM ] NM NM
TASTASES
WHEN A DIAGNOSIS OF NM NM -] NM NM NM NM NM o NM NM
AN ADVANCED LESION IS
MADE (CLARK III AND
1)
EXTRANODAL ME- NM NM NM NM NM NM i NM NM NM NM
TASTASES
DURING POST- -} NM NM NM NM NM (-] NM NM NM NM
TREATMENT FOLLOW-UP
LYMPH NODE ME- & NM o o
TASTASES NM e e NM bt NM NM
POSTOPERATIVE NM NM NM NM NM @ NM NM NM NM NM
EVALUATION
EVALUATING RE- NM NM ] NM ] NM ] NM ] NM NM
CURRENCE (as an
alterna-
tive to a
gallium
scan

@ Clinical use recognized; €@ Clinical use not recognized; & Potential use (further research necessary); NM: Not mentioned.

Current and potential users

Computed tomography and magnetic resonance
imaging are not sensitive or specific in deter-
mining the location of melanoma metastases.
FDG-PET is highly sensitive. The evaluation
of the sentinel lymph node by PET is, however,
debated, with preference given to sentinel
lymph node biopsy as a more sensitive and
more specific method [Létourneau, 2000; Lap-
lante, 2000]. The Council of Medical Imaging

(Ontario) also mentions this debate, explaining
that sentinel lymph node biopsy may initially
seem less expensive than PET. However, an
American analysis showed that sentinel lymph
node scintigraphy actually increases the costs
associated with staging melanoma, given the
high cost of operating rooms and because it re-
quires several services, including nuclear
medicine, surgery, and pathology personnel
[CMI: Beanlands et al. 1999].
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For melanoma, the AMSMNQ supports PET
only for evaluating metastases when a diagno-
sis of an advanced lesion is made and for
evaluating recurrent disease. The ARQ does
not explicitly express its opinion regarding the
use PET in melanoma. However, it does briefly
mention its potential for becoming the test of
choice for staging this disease.

Assessment agencies

Despite the keen interest in using PET in mela-
noma in several American health-care systems,
the INAHTA and MHTAC both note that the
literature reviews do not enable them to clearly
establish PET's role in the management of
melanoma. The VA-TAP does not mention
melanoma in its analysis.

Coverage policymakers

Since 1999, the HCFA has recommended cov-
erage of PET for evaluating recurrent mela-
noma, prior to resection, in the following con-
ditions: 1) a diagnosis of melanoma; 2) inclu-
sion of findings of concurrent conventional im-
aging in the claim; 3) a PET scan must be used
as an alternative to a gallium scan; 4) limitation
on use: coverage for PET scans is allowed no
sooner than 50 days after the last PET scan or a
gallium scan; and 5) full-body PET scans are
covered only once during a 12-month period,

A7.1.4 Head and neck cancer

unless there is a documented medical need to
determine the location of a recurrent tumor
during this period. In its December 2000 re-
port, the HCFA recommended that Medicare
add coverage of PET for the evaluation of me-
tastatic lesions during staging. It does not sup-
port coverage of PET for the evaluation of
lymph nodes [Tunis et al., 2000].

The MSAC (Australia) concludes that PET is
more accurate than conventional imaging in
detecting metastatic lesions, but that it is
clearly less effective than sentinel lymph node
biopsy for diagnosing micrometastatic disease.
PET's role in managing patients with early
metastatic disease is not clear. Long-term, ran-
domized, comparative studies would need to be
conducted before any conclusions regarding
this matter can be drawn.

The BCBSA concludes that the results are con-
cordant from one study to another. It states
that, in the evaluation of patients with mela-
noma, outcomes would undoubtedly be im-
proved with the use of PET to detect extranodal
metastases during initial staging or the post-
treatment follow-up. However, it does not sup-
port the use of PET for detecting lymph node
metastases in patients who are candidates for a
sentinel lymph node biopsy.
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Table 23: Positions - Head and Neck Cancer
CURRENT AND POTENTIAL USERS POLICYMAKERS — COVERAGE ASSESSMENT AGENCIES
FMSQ HCFA (US) MSAC BCBSA
(PTC) ARQ  AMSMNQ CMI 2000 (AUSTR.) 2000 MHTAC  AHTAA VA-TAP INAHTA
2000 2000 2000 1999 2000 2000 1998 1999
IDENTIFYING AN @ NM NM NM @ NM @ NM @ @ NM
UNKNOWING PRIMARY | (Cervical (Cervical
TUMOR WITH ME- metasta- metasta-
TASTASES sis) sis: when
the pri-
mary tu-
mor can-
not be
identified
with con-
ventional
imaging)
EVALUATING THE ] NM NM NM NM NM NM ] ] ] NM
PRIMARY TUMOR (PET
superior
to MRI
but
equiva-
lent to
CT)
PREOPERATIVE NM NM NM ] NM NM NM NM ] NM NM
STAGING
EVALUATING ] NM NM NM ] NM ] NM ] NM NM
REGIONAL LYMPH (initial
NODES staging of
cervical
lymph
nodes in
the con-
text of
metasta-
ses)
EVALUATING RESPONSE @ NM NM NM NM NM NM NM @ @ NM
TO THERAPY
DETECTING POST- @ @ NM @ @ NM @ @ @ @ NM
TREATMENT RE- (cases
CURRENCE OR RE- with
SIDUAL TUMORS negative
findings
on
CT/MRI)
DISTINGUISHING
BETWEEN POSTOP- NM  NM NM o NM NM NM NM o NM NM
ERATIVE SCAR AND
PERSISTENT TUMOR

@ Clinical use recognized; €@ Clinical use not recognized; & Potential use (further research necessary); NM: Not mentioned.

Current and potential users

The members of the FMSQ's PTC believe that
PET does not offer any advantage over con-
ventional imaging with regard to evaluating the

primary tumor in head and neck cancer. How-
ever, it would seem to be of benefit in patients
with a metastatic cervical tumor of unknown
origin, but further studies are necessary to draw
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such a conclusion. The use of PET to evaluate
regional lymph nodes and response to treat-
ment remains to be clarified. However, PET is
useful for identifying posttreatment recur-
rences, with better sensitivity and specificity
than computed tomography and magnetic reso-
nance imaging [Laplante, 2000; Létourneau,
2000]

The CMI (Ontario) does not mention metastatic
tumors of unknown origin but considers that
PET is a useful tool for the preoperative stag-
ing of head and neck cancer and for detecting
posttreatment recurrence. PET is ideal for dif-
ferentiating between postoperative scars and
residual tumors. The CMI also mentions a
small number of studies which have shown that
PET is superior to MRI in detecting recurrent
ENT tumors.

The ARQ indicates that studies are underway
for the purpose of determining the role of PET
in ENT tumors and that it could potentially be-
come the test of choice for detecting recur-
rences of such neoplasms.

Assessment agencies

The MHTAC recognizes that PET’s efficacy is
superior to that of magnetic resonance imaging.
However, for head and neck cancer, computed
tomography is equivalent to PET.

Despite its assessment of PET's potential for
determining the location of the primary tumor,
evaluating response to therapy or differentiat-
ing between postirradiation inflammation and

posttreatment recurrence, the VA-TAP main-
tains that the evidence is insufficient to support
the use of PET in patients with head and neck
cancer. Blinded, prospective, comparative
studies are necessary to assess the impact that
PET would have in such patients [Flynn and
Adams, 1996; Adams and Flynn, 1998].

Coverage policymakers

The HCFA maintains that the evidence is suffi-
cient for the coverage of PET costs in cases of
cervical metastases if conventional imaging has
failed to detect the primary tumor. In cases
where PET detects a tumor confirmed by bi-
opsy to be the primary tumor, management of
the patient would be modified, which would re-
sult in a decrease in the morbidity associated
with unnecessary surgical treatment or radia-
tion therapy. However, the HCFA states that,
despite the evidence of beneficial effects asso-
ciated with modifying the management of these
patients, the impact of this modification on the
final outcome has not yet been determined.
Furthermore, the HCFA considers that PET
should be reimbursed for the initial staging of
cervical lymph nodes when there are metasta-
ses and for the detection of recurrent or resid-
ual tumors. Coverage therefore applies to the
diagnosis and staging of head and neck cancer
(except for tumors of the central nervous sys-
tem and thyroid) [Tunis et al., 2000].

The MSAC (Australia) makes no mention of
head and neck cancer.
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A7.1.5 Lymphoma

Table 24: Positions - Lymphoma

POLICYMAKERS — COVERAGE

CURRENT AND POTENTIAL USERS

ASSESSMENT AGENCIES

MSAC BLUE CROSS

FMSQ (PTC)  ARQ AMSMNQ CMI HCFA (US)  (AUSTR.) BLUE MHTAC  AHTAA  VA-TAP INAHTA
2000 2000 2000 1999 2000 2000 SHIELD 2000 1998 1999
2000

STAGING hod hod NM hd hod NM hod hod hod NM NM
RESPONSE TO
THERAPY NM o NM o NM NM NM o NM NM NM
POSTTREATMENT
FOLLOW-UP hd NM NM NM NM NM hd NM NM NM NM

€ Clinical use recognized; € Clinical use not recognized; €@ Potential use (further research necessary); NM: Not mentioned.

Current and potential users

In lymphoma, PET has comparable sensitivity
to that of computed tomography but has supe-
rior specificity. Furthermore, computed tomo-
graphy yields a high number of false-positive
results. The advantages of PET are a one-day
procedure with high resolution, better dosime-
try, less intestinal activity and the fact that one
can perform a quantitative analysis. In addition,
FDG-PET can be used to evaluate posttreat-
ment residual lesions with great accuracy
[Laplante, 2000].

The CMI (Ontario) states that staging lym-
phoma usually involves multiple procedures,
including bone marrow aspiration and a biopsy,
a CT scan of the abdomen, pelvis and chest,
gallium imaging and possibly a bone scan, all
of which involve costs in excess of $3,000.
These numerous procedures can be replaced
with a single PET scan. Furthermore, PET of-
ten reveals a more advanced stage of disease
and results in more aggressive management.
PET is as useful for evaluating response to
therapy as it is for staging. The CMI mentions
an American study [Young, 1997] in which,
with the use of PET before treatment and again
after two rounds of chemotherapy for evaluat-
ing the intermediate response to therapy, the
mortality rate due to lymphoma decreased by
one half compared to the mean national rate.

The CMI also cites a European group which
maintains that the therapeutic response can be
evaluated by PET after only seven days of
treatment. The CMI supports the use of FDG-
PET as the main tool for staging all types of
lymphoma and for evaluating response to ther-

apy.

The ARQ cites the same studies as the CMI,
and its position is similar, although less ex-
plicit. The AMSMNQ also supports the use of
PET for initial staging and for differentiating
between a residual lymphoma and a fibrotic
mass.

Assessment agencies

The MHTAC states that studies comparing '*F-
FDG-PET with alternative techniques obtain
superior results with PET compared to com-
puted tomography, digital **™Tc-MIBI SPECT,
and '''In-somatostatin scintigraphy for detect-
ing treated and untreated lymphoma, but that
the evidence is limited to a few small trials. For
this reason, the MHTAC cannot draw any con-
clusions at this time with regard to the efficacy
of PET in evaluating malignant lymphoma.

The VA-TAP does not mention lymphoma in
its analysis, and the INAHTA only notes that
no review based on the data gathered from
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1977 to 1988 was able to determine the role of
PET in this application.

Coverage policymakers

In 1999, the HCFA recommended coverage of
PET for diagnosing and staging lymphoma
(Hodgkin's and non-Hodgkin's), with the fol-
lowing stipulations: a diagnosis of lymphoma
must have been made; the findings of concur-
rent conventional imaging must be included
with the claim; the PET scan must be used as
an alternative to a gallium scan; there is a
limitation on use, i.e., reimbursement for PET

A’7.1.6 Breast cancer

scans is allowed no sooner than 50 days after
the last PET scan or gallium scan; and full-
body PET scans are covered only once during a
12-month period, unless there is a documented
medical need to determine the location of a re-
current tumor during this period. This position
was supported by the BCBSA, which states
that there is enough evidence to support the use
of PET in this application [Tunis et al., 2000].

The MSAC (Australia) does not mention lym-
phoma.

Table 25: Positions — Breast Cancer

CURRENT AND POTENTIAL USERS

POLICYMAKERS — COVERAGE

ASSESSMENT AGENCIES

T
BLUE CROSS

FMSQ ARQ AMSMNQ  CMI HCFA MSAC BLUE MHTAC AHTAA  VA-TAP INAHTA
(PTC) 2000 2000 1999 (Us) (AUSTR.) SHIELD 2000 1998 1999
2000 2000 2000 2000
DETECTING THE -] NM -] -] NM NM NM NM -] -] NM
PRIMARY TUMOR (as an
(SPECIFIC PATIENTS) addi-
tion to
mam-
mogra-
phy)
STAGING -] -] -] -] -] NM ] -] -] ) M
(recur-
rent tu-
mors)
DETECTING LYMPH NODE -] -] -] NM NM NM NM -] -] -] NM
METASTASES or (+internal  (as a sub-
o mammary  stitute for
chains) axillary
dissection)
DETECTING DISTANT ] NM NM NM NM NM NM NM ] NM NM
METASTASES
RESPONSE TO THERAPY o ] NM o NM NM L] o] NM L] NM
DETECTING RE- NM ] NM NM NM NM NM ] ] NM
CURRENCE

@ Clinical use recognized; € Clinical use not recognized; €@ Potential use (further research necessary); NM: Not mentioned.

Current and potential users

The members of the FMSQ's PTC consider that
PET's role in detecting the primary breast tu-
mor is often limited to specific patients, such as
those with dense breasts or fibrocystic disease,
those who have undergone a first biopsy, sur-

gery or radiation therapy, and those with breast
implants, or when the mammography findings
are equivocal. FDG-PET is inferior to search-
ing for sentinel lymph nodes and to biopsy in
detecting metastatic axillary lymph nodes be-
cause it does not detect micrometastases, but it
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is useful for evaluating an axillary mass sus-
pected of being breast cancer and can even ob-
viate the need for axillary dissection. It is supe-
rior to mapping in detecting osteolytic bone
metastases, although it may miss certain os-
teoblastic lesions. PET could also prove useful
in evaluating response to therapy [Laplante,
2000; Létourneau, 2000].

The CMI's thinking is along the same lines. It
notes that PET plays little or no role in the di-
agnosis of breast cancer, with the possible ex-
ception of patients with breast implants and
patients at high risk, such as those whose
breasts are too dense for mammography. It
states that PET plays a key role in initial stag-
ing and evaluating response to therapy.

The ARQ does not mention the detection of the
primary tumor in specific patients. It does,
however, mention the important role that PET
plays in initial staging, evaluating response to
therapy and detecting axillary lymph node me-
tastases. It attaches special importance to the
detection of metastases in the internal mam-
mary chains, since early detection and the
treatment of these metastases improves sur-
vival in these patients.

The AMSMNQ supports the following uses of
PET in breast cancer: detecting recurrence,
evaluating mammary masses, and evaluating
lymph node metastases as a substitute for axil-
lary dissection.

Assessment agencies

The MHTAC concludes that the preliminary
data seem to favour the use of FDG-PET for
differentiating benign tumors from malignant
tumors during the initial staging of breast can-
cer and for evaluating axillary lymph node in-

A’7.1.7 Prostate cancer

volvement. It notes, however, that there are too
few data on the utility of PET in evaluating the
response to breast cancer treatment, but that,
despite the paucity of available data, FDG-PET
or ''C-MET PET could be useful in this appli-
cation by showing a response to therapy earlier
than conventional imaging. However, the sam-
ples were small. Further research is necessary
to confirm the efficacy of PET in imaging
breast cancer.

The VA-TAP mentions a number of potential
uses of PET for imaging breast cancer: the
nonsurgical evaluation of breast disease; stag-
ing recurrent disease; quantifying the tumor
glycolytic rate as a prognostic factor; monitor-
ing response to therapy; selecting patients for
axillary dissection and preoperative therapy;
screening in certain subgroups of women (e.g.,
those with breast implants, prior radiation ther-
apy, multiple breast masses and negative bi-
opsy results, or severely fibrocystic breasts).
Despite PET's high potential in breast cancer,
prospective, blinded, comparative studies are
necessary to better define its role in this appli-
cation in relation to other imaging modalities
[Flynn and Adams, 1996; Adams and Flynn,
1998].

The INAHTA states that no review has accu-
rately determined the role of PET in patients
with breast cancer [Adams et al., 1999].

Coverage policymakers

For this application, the HCFA referred the
coverage decision to the MCAC Diagnostic
Imaging Panel and will generate internally a
new request for a national coverage decision.

The MSAC (Australia) does not mention breast
cancer.

Table 26: Positions — Prostate Cancer
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CURRENT AND POTENTIAL USERS POLICYMAKERS — COVERAGE ASSESSMENT AGENCIES

FMSQ MSAC BLUE
(PTC) ARQ  AMSMNQ CMI HCFA (US)  (AUSTR.) CROSS MHTAC  AHTAA VA-TAP  INAHTA
2000 2000 2000 1999 2000 2000 BLUE SHIELD 2000 1998 1999
2000
ol NM NM NM NM NM ol ol NM NM NM

€ Clinical use recognized; € Clinical use not recognized; €& Potential use (further research necessary); NM: Not mentioned.

Current and potential users

The members of the FMSQ's PTC believe that
FDG has a limited ability to detect primary
carcinoma of the prostate and to differentiate
between a malignant tumor and benign
prostatic hyperplasia. They recognize the utility
of FDG-PET in investigating recurrent carci-
noma of the prostate. Other studies are neces-
sary [Laplante, 2000].

The ARQ, AMSMNQ and CMI do not mention
prostate cancer.

Assessment agencies

The MHTAC states that, although '*F-FDG has
been used in certain cases of prostate cancer,
radiotracers other than '*F-FDG may be more
effective. The data are presently insufficient to
draw any conclusions concerning the role of
PET in prostate cancer. The INAHTA and VA-
TAP do not mention this type of cancer.

Coverage policymakers
PET is not covered for prostate cancer in the
United States or Australia.
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A7.2 NEUROLOGY

A7.2.1 Dementia and Alzheimer's disease

Table 27: Positions — Dementia and Alzheimer’s Disease

CURRENT AND POTENTIAL USERS

POLICYMAKERS — COVERAGE

ASSESSMENT AGENCIES

FMSQ HCFA (US) MSAC BLUE CROSS

(PTC) ARQ  AMSMNQ CMI 2000 (AUSTR.) BLUE SHIELD VA-TAP AHTAA  INAHTA

2000 2000 2000 1999 2000 2000 1998 1999
ALZHEIMER’S DISEASE ] NM ] ] ] NM ] o/e /e /e
DEMENTIA hod NM had had had NM hod NM NM NM

€ Clinical use recognized; ® Clinical use not recognized; €@ Potential use (further research necessary); NM: Not mentioned.

Current and potential users

The AMSMNQ states that FDG-PET can be
used to evaluate patients with dementia or
memory loss (Alzheimer's disease, Parkinson's
disease, etc.), although there are few treatments
for these diseases. PET can be used to confirm
the degenerative process even before the onset
of conclusive clinical symptoms. Early diagno-
sis enables patients and their families to plan
the patient's environment and to provide the
necessary home maintenance resources.

The members of the FMSQ's PTC committee
note that, because of the differences between
the impairments in Alzheimer's disease and
vascular dementia, PET can be used to target
areas of metabolic dysfunction, confirm the di-
agnosis, rule out a differential diagnosis of de-
pression and evaluate therapy [Carmant, 2000].

The CMI (Ontario) states that there are no
noninvasive diagnostic tests to confirm a diag-
nosis of Alzheimer’s disease before an autopsy.
The FDG-PET has been proposed as a diag-
nostic tool, but the CMI concludes that its util-
ity has not been clearly determined. It also
points out that, once effective treatments have
been developed for this disease and for other
diseases associated with dementia and memory
loss, there will ensue a significant increase in

the number of requests for brain PET scans.

The ARQ does not mention the use of PET in
dementia or memory loss.

Assessment agencies

The INAHTA states that the main role of PET
in Alzheimer's disease would be the differential
diagnosis vis-a-vis other diseases that are treat-
able or reversible. Furthermore, although there
1s still no treatment for Alzheimer's disease,
psychosocial techniques and pharmacologic
treatments for slowing the progression of the
disease are now available and can improve
these patients' quality of life. The assessments
compiled by the INAHTA confirm that the ac-
curacy of PET in the differential diagnosis of
Alzheimer's disease is comparable or superior
to that with other imaging techniques (e.g., CT,
MRI, digital SPECT and EEG) but that its
quality is nonetheless low. The value attached
to a diagnosis of Alzheimer's disease in terms
of patient management or the improvement in
clinical outcomes has not been studied. This is
why PET's potential in the diagnosis of this
disease should be considered in light of the
facts that there is no treatment for the disease
and that other amply documented diagnostic
techniques are similar to PET from the stand-
point of efficacy [Adams et al., 1999].
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According to the AHTAA, although PET may
prove useful in contributing to the diagnosis of
Alzheimer's disease, the current lack of clear
therapeutic options for improving the prognosis
and the lack of suitable scientific evidence
concerning the value of PET prevent its use in
clinical practice. A highly accurate diagnostic
test should be demonstrated first in the context
of epidemiological research and in the evalua-
tion of potential therapies. Furthermore, the use
of PET should be clearly situated in relation to
all other available diagnostic tests (clinical,
epidemiological and genetic) for this disease.

The VA-TAP states that the existing evidence
argues against the clinical use of PET for diag-

A7.2.2 Refractory epilepsy

nosing Alzheimer's disease until more effective
treatments and risk modification interventions
are validated and until reliable predictive val-
ues are obtained from an ongoing European
multicentre PET study [Flynn and Adams,
1996; Adams and Flynn, 1998].

Coverage policymakers

For this application, the HCFA referred the
coverage decision to the MCAC Diagnostic
Imaging Panel and will generate internally a
new request for a national coverage decision.

The MSAC does not mention Alzheimer's dis-
ease.

Table 28: Positions — Refractory Epilepsy

CURRENT AND POTENTIAL USERS

POLICYMAKERS — COVERAGE ASSESSMENT AGENCIES

FMSQ MSAC
(PTC) ARQ  AMSMNQ CMI (AUSTR.) BCBSA VA-TAP AHTAA INAHTA
2000 2000 2000 1999 2000 1998 1999
DETERMINING THE
LOCATION OF EPI- o 3 o 3 3 3 NM 3 a0

LEPTOGENIC FOCI

@ Clinical use recognized; € Clinical use not recognized; €@ Potential use (further research necessary); NM: Not mentioned.

Current and potential users

The members of the FMSQ's PTC consider that
the use of interictal PET for localizing epilep-
togenic foci is now confirmed and widely
practiced at specialized centres [Couillard,
2000]. Its advantage over other diagnostic mo-
dalities is that it can be performed between sei-
zures, unlike digital ictal SPECT, for example,
which must be performed several times. Fur-
thermore, PET can reveal areas of cortical dys-
plasia that cannot be visualized with magnetic
resonance imaging, delineate the area of epi-
leptic dysfunction in conjunction with an EEG
and digital SPECT, substitute for preoperative
functional localization tests, especially in pedi-
atric patients, and be used for the preoperative
evaluation. According to the PTC, PET can

also obviate the need for costly investigations

with implanted or deep electrodes [Carmant,
2000].

The AMSMNQ supports the use of PET in the
evaluation of epilepsy during the interictal
phase for isolating an epileptogenic focus with
a view to surgery in patients who are poorly
controlled with medications [AMSMNQ,
2000]. It notes that the combined use of PET
and MRI permits accurate localization of epi-
leptogenic foci and can obviate the need for in-
vasive monitoring with deep electrodes, a la-
bour-intensive and expensive procedure whose
results are difficult to interpret [AMSMNQ,
2000].
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The ARQ and the CMI (Ontario) briefly men-
tion PET’s utility in investigating certain epi-
leptic patients whose epileptogenic foci cannot
be localized with computed tomography or
magnetic resonance imaging. Apart from PET,
the placement of electrodes, a procedure that
requires brain surgery, is the only means of lo-
calizing epileptogenic foci. However, this use
is limited to ultraspecialized centres for the
treatment of epilepsy [ARQ, 2000; CMI:
Beanlands et al., 1999].

Assessment agencies

The INAHTA concludes that the quality of the
evidence on which the efficacy of interictal
PET has been determined for epilepsy is insuf-
ficient. The assessments reviewed by the INA-
HTA suggest that the diagnostic accuracy of
interictal FDG-PET is comparable or superior
to that of other methods of localizing epilepto-
genic foci, but the INAHTA maintains that the
available evidence is still insufficient to rec-
ommend substituting PET for other, invasive
diagnostic modalities and nonexistent for rec-
ommending its use in patients with nontempo-
ral lobe epilepsy. It recognizes that PET could
be beneficial in a minority of patients whose
epilepsy is difficult to control, but its impact on
the management of epileptic patients, the final

outcome of the disease and the costs is still not
known [Adams et al., 1999].

The VA-TAP does not mention epilepsy.

Coverage policymakers

The MSAC (Australia) recognizes the use of
PET in the preoperative evaluation of individu-
als with medically refractory epilepsy in the
context of a comprehensive epilepsy program,
where the information obtained from a standard
assessment, including seizure semiology, EEG
and MRI, is inconclusive. However, it notes the
lack of information on false-negative results
with PET (specifically, in patients with nega-
tive PET findings who are eligible for surgery
and patients with false-positive findings who
are actually inoperable).

The HCFA recommends coverage of PET for
the preoperative evaluation of patients with
medically refractory epilepsy.

The BCBSA-TEC observes that FDG-PET im-
aging for the purpose of localizing epilepto-
genic foci and assessing their resectability in
patients with refractory epilepsy meets its ac-
ceptance criteria [Adams et al., 1999].
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A7.2.3 Brain tumors (glioma)

Table 29: Positions — Neuro-oncology (brain tumors, mainly glioma)

CURRENT AND POTENTIAL USERS

POLICYMAKERS — COVERAGE

ASSESSMENT AGENCIES

FMSQ HCFA MSAC
(PTC) ARQ AMSMNQ CMI (USs) (AUSTR.) BCBSA MHTAC AHTAA VA-TAP INAHTA
2000 2000 2000 1999 2000 2000 2000 1998 1999
PREOPERATIVE -] NM NM NM NM -] -] NM NM -]
EVALUATION
DEFINING TUMOR NM NM NM NM NM NM -] -] NM NM -]
HISTOLOGY
GRADING TUMORS NM NM NM NM NM L] L] NM NM NM NM
PATIENT MAN- -] NM NM NM NM -] -] -] NM NM -]
AGEMENT
PROGNOSIS NM NM NM NM NM L] ] NM NM NM NM
DETECTING CNS* AND NM NM NM NM NM NM -] -] NM NM -]
NON-CNS METASTASES
FOLLOW-UP -] -] -] -] NM -] -] -] -] NM -]
(DIFFERENTIATING (in (in
BETWEEN POST- combi- combi-
OPERATIVE SCAR AND nation nation
POSTTREATMENT with with
RECURRENCE) MRI) MRI)
EVALUATING THE NM NM -] NM NM -] -] -] NM NM -]
MALIGNANT (asa
TRANSFORMATION OF substitute
A LOW-GRADE for sur-
GLIOMA gery)

@ Clinical use recognized; € Clinical use not recognized; €@ Potential use (further research necessary); NM: Not mentioned.

¢ Central nervous system.

Current and potential users

The members of the FMSQ's PTC support the
use of PET prior to surgery for central nervous
system (CNS) tumors, specifically, differenti-
ating between radionecrosis and tumor recur-
rence in cases of glial tumors; determining the
location of functional areas in the cortex prior
to surgery; and a systematic investigation in
cases of a brain lesion of undetermined nature
[Couillard, 2000].

The ARQ and the CMI (Ontario) maintain that
FDG-PET in combination with magnetic reso-
nance imaging is the examination of choice,
when following patients with a brain tumor, for
differentiating scar from posttreatment recur-
rence. The CMI considers that PET should be
used in conjunction with computed tomogra-

phy and magnetic resonance imaging in such
cases.

The AMSMNQ states that PET is effective in
differentiating between a residual or recurrent
brain tumor and radionecrosis and for evaluat-
ing the malignant transformation of a low-
grade glioma.

Assessment agencies

The MHTAC states that '"*F-FDG-PET has po-
tential for brain tumor imaging but that its
clinical application has not yet been estab-
lished, since this technique is unable to define
brain tumor histology. In addition, further re-
search would be necessary in order to assess
the role of PET in detecting CNS and non-CNS
brain metastasis, differentiating malignant from




POSITRON EMISSION TOMOGRAPHY IN QUEBEC

141

Appendix 7: Positions according to the clinical use of PET

nonmalignant lesions, detecting recurrent dis-
ease in patients who have undergone intensive
radiation therapy, and evaluating brain tumors
in pediatric patients. Due to the paucity of data
on radiotracers other then '‘F-FDG, further
study is required to validate the use of PET
with other radiotracers to evaluate brain tu-
mors.

The INAHTA points out the contradictions
between the different assessments regarding
this application. The BCBSA concluded that
the evidence was insufficient to determine the
effect of PET on outcomes in uses concerning
brain tumors; the CAHTA [1993] concluded
that PET's diagnostic performance in differen-
tiating radionecrosis from recurrence or a per-
sistent tumor is better than that of conventional
imaging techniques; and the AHTAA noted
that, despite its apparent superiority to mag-
netic resonance imaging in this application,
PET is inferior to digital SPECT. Given these
contradictions, the INAHTA concludes that the
clinical impact of PET has not been docu-
mented and that the overall quality of the avail-

able evidence is low. Further research is neces-
sary [Adams et al., 1999].

The VA-TAP does not mention brain tumors.
Coverage policymakers
The HCFA does not mention brain tumors.

The MSAC (Australia) maintains that the evi-
dence is insufficient to conclude that PET is
superior to digital SPECT in differentiating
between radionecrosis and recurrent glioma. It
states that the information on PET's potential to
alter the management of patients with glioma is
valuable, but that there are practically no data
on the impact of this modification on their
morbidity, mortality or quality of life, although
it is reasonable to expect improvements in
these parameters. Long-term outcome trials
should provide this information. As for tumor
grading, evaluating the malignant transforma-
tion of glioma and the preoperative evaluation,
the MSAC recommends that exhaustive, sys-
tematic reviews be undertaken.
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A7.3 CARDIOLOGY

Table 30: Positions - Cardiology

CURRENT AND POTENTIAL USERS POLICYMAKERS — ASSESSMENT
COVERAGE AGENCY

FMSQ HCFA (US) MSAC

(PTC) ARQ AMSMNQ OCMI 2000 (AUSTR.) INAHTA

2000 2000 2000 1999 2000 1999
MYOCARDIAL VIABILITY -] -] -] -] -] -] -]
INITIAL EVALUATION OF PATIENT AND (together with (in place of
SELECTION FOR BYPASS aresting per- SPECT or

fusion study) after a
SPECT scan
that is unre-
vealing)
ASSESSING PATIENTS FOR HEART TRANSPLANT o] NM NM NM NM NM NM
POSTOPERATIVE EVALUATION NM L] NM NM NM NM NM
CORONARY PERFUSION -] -] -] ] ] -] -]
(cost-
DIAGNOSIS AND PROGNOSIS OF CORONARY effective-
ARTERY DISEASE ness not de-
termined)
MONITORING RESPONSE TO THERAPY o] od NM o] NM NM NM
DETECTING DIMINISHED CORONARY RESERVE -] NM -] -] NM NM NM
IN PATIENTS WITH ISCHEMIA THAT IS NOT (in the con-
ASSOCIATED WITH CORONARY ARTERY text of
DISEASE equivocal re-
sults with
myocardial
perfusion
scintigraphy)

€ Clinical use recognized; € Clinical use not recognized; €@ Potential use (further research necessary); NM: Not mentioned.

Users in Québec, cardiology (expert opinions):
Dr. Peter Bogaty, 2000.

The tabled report, as it appears from the scien-
tific literature that was examined, concludes
that PET has proven to be useful in evaluating
myocardial viability; selecting, for revasculari-
zation, patients with compromised left ven-
tricular function; and selecting patients for a
heart transplant [Bogaty, 2000 in Comité sur la
technologie du positron, 2000].

The value of PET for studying myocardial per-
fusion has been demonstrated in the following
uses: the diagnosis and prognosis of coronary
artery disease, the diagnosis of coronary artery
disease in subsets of patients who are prone to
false-positive results with conventional nuclear

medicine techniques (obese patients, women
with atypical symptomatology, etc.), evaluating
the progression or regression of coronary artery
disease under treatment (e.g., with lipid-
lowering agents), and detecting diminished
coronary reserve in patients with an ischemic
substrate that is not associated with coronary
artery disease (hypertrophic cardiomyopathy,
cardiac syndrome X, etc.), since no other diag-
nostic modality is currently able to provide in-
formation with as much accuracy.

Thus, there are many recognized and potential
uses of PET. In addition, PET will, in the next
few years, be used frequently in cardiology re-
search. The report calls attention to the very
short half-lives of the radiotracers used in car-
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diology and to the need to install cyclotrons at
cardiology centres so as not to compromise the
use of PET in this area.

Users in Québec, radiology (expert opinions):
AMSMNQ and ARQ, September 2000.

PET should be the best technique for detecting
ischemic but viable myocardium and evaluat-
ing myocardial perfusion, thus permitting bet-
ter patient selection for revascularization. PET
is considered an imaging modality with an es-
tablished role. Steps should therefore be taken
to ensure its accessibility by the Québec popu-
lation, especially in cardiology [AMSMNQ,
2000; Bourgouin, 2000].

User outside Québec (expert opinion): the CMI
(Ontario), 1999.

FDG-PET imaging has proven utility in evalu-
ating myocardial viability for:

o selecting patients with reduced cardiac
function for revascularization; and
= selecting candidates for a heart transplant.

Myocardial perfusion studies with PET have
proven utility in the following applications:

= the diagnosis and prognosis of coronary ar-
tery disease.

= the diagnosis of coronary artery disease in
the subset of patients prone to false-positive
results with conventional nuclear imaging.

= evaluating the progression or regression of
disease following pharmacologic treatment.

= detecting a decrease in coronary reserve in
patients with ischemic disease that is not
due to coronary atherosclerosis.

Based on the incidence of coronary artery dis-
ease and left ventricular dysfunction in Ontario
and on the data for the recognized applications
of PET, this test would probably be performed
in 10,000 patients per year in Ontario, with
each undergoing one or more scans. The CMI
recommends that when deciding on the loca-

tion of PET centres, patients with heart disease
be considered one of the two most important
priorities, the other being cancer patients
[Beanlands et al., 1999].

Assessment agency: INAHTA, 1999

This was a collaborative effort concerning the
current PET use and PET coverage policies in
member countries of the INAHTA, and it in-
cluded a synthesis of the technology assess-
ments of PET by INAHTA members and three
private American organizations (Blue Cross
and Blue Shield Association Technology
Evaluation Center, Emergency Care and Re-
search Institute, and HAYES, Inc.). The syn-
thesis involved 31 assessments from 13 organi-
zations [INAHTA: Adams et al., 1999]. Most
of these assessments were systematic, qualita-
tive reviews.

The INAHTA's conclusions concerning cardi-
ology are as follows:

PET provides better-quality images than con-
ventional imaging. The metabolic information
yielded by PET can improve patient selection
for revascularization and increase the likeli-
hood of successful surgery. The use of PET
could reduce costs by avoiding unnecessary
angiography or revascularization in certain pa-
tients.

= For myocardial perfusion studies, PET per-
forms better, but how much so in relation to
digital thallium SPECT is not clear. The
extent of its contribution to patient man-
agement is not clear either. PET is more ex-
pensive than other noninvasive techniques
and has still not replaced coronary angi-
ography for evaluating coronary artery dis-
ease. For patients at intermediate risk (25 to
50% probability of having a 50% or greater
stenosis in the left main artery or a greater
than 70% stenosis in another artery), PET is
not a cost-effective alternative to directly
performing coronary angiography or other
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noninvasive tests, such as stress ultrasound
or SPECT. There are not enough retrospec-
tive data to determine the cost-effectiveness
of PET in diagnosing coronary artery dis-
ease.

= For assessing myocardial viability and/or
predicting the risk of cardiac events, most
assessments have shown that PET has com-
parable sensitivity and superior specificity
to other techniques, although there have
been few studies and although the method-
ology used often lack robustness. As for im-
proving the probability of better postrevas-
cularization outcomes and the realizable
economic gains, there are insufficient data
to confirm that PET has a favourable cost-
effectiveness ratio.

= As for monitoring the effectiveness of
treatment in coronary patients with hyper-
tension or cardiomyopathy, the evidence is
insufficient. This application is still being
researched.

Assessment agency: Alberta Heritage Founda-
tion for Medical Research (AHFMR), 1999.
The AHFMR is a member assessment agency
of the INAHTA that provides information to
policymakers in the field of health at the local,
regional, national and international levels.

The conclusions of the AHFMR's report
[Cowley et al., 1999] are as follows:

o The review of the available literature shows
that the role of the different methods for as-
sessing myocardial viability in daily clinical
practice is not clear.

= PET and dobutamine stress echocardiogra-
phy provide the same level of diagnostic ef-
ficacy, but the evidence is limited.

o There is a small amount of methodologi-
cally weak evidence that PET has some pre-
dictive value concerning the clinical out-
come of patients who undergo this test.

PET is a promising imaging technique, but the
evidence of its clinical benefits is still insuffi-
cient. The comparison with other techniques
for assessing viability is limited. In Alberta, the
use of these methods for assessing myocardial
viability should be used in prospective studies
with a long-term follow-up.

Coverage policymaker: MSAC, March 2000
[Ghersi et al., 2000].

The MSAC specifically examined the role of
PET in evaluating coronary artery disease in
patients with left ventricular dysfunction who
have had a previous digital SPECT scan
showing uncertain myocardial viability or that
the myocardium is not viable.

The report [MSAC: Ghersi et al., 2000] pre-
sents the criteria for selecting articles from the
literature, which led to the review of 103 refer-
ences. Additionally, 126 abstracts and 33 arti-
cles were examined.
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It seems that the sensitivity and specificity of
PET are superior to those of single-positron
emission computed tomography. Although
PET provides better diagnostic accuracy, this
improvement is difficult to quantify because of
flaws in the study designs.

The MSAC concludes that presently, there is
not enough evidence to draw any firm conclu-
sions about the clinical efficacy and cost-
effectiveness of PET in this application. In
most cases, PET is added to other diagnostic
modalities. Further assessments of this tech-
nology are needed. The committee recom-
mends that FDG-PET be covered on an interim
basis for the evaluation of patients with
ischemic heart disease with left ventricular dys-
function who are being considered for revas-
cularization and in whom evaluations of myo-
cardial viability using conventional techniques
have yielded negative results. However, the
committee stipulates that clinical and/or eco-
nomic data from MSAC-approved prospec-
tively designed studies must be provided to a
central body so as to permit more long-term
decisions to be made about the role of FDG-
PET in clinical practice.

Coverage policymaker: HCFA, 2000 [Tunis et
al., 2000]

The analysis of the problem in cardiology is
based on the work presented in the Australian
report entitled "Commonwealth Review of
Positron Emission Tomography", drafted by
Ghersi et al. [1999], who reviewed 33 articles

on the efficacy of PET as a diagnostic test.
None of the articles met the predefined criteria
for methodological quality. As regards the im-
pact of FDG-PET findings on patient health, in
cases where the SPECT scan is negative and
the PET scan is positive, there are insufficient
literature data to state that a change in patient
management would result in improved health
outcomes. In cases where the SPECT scan is
positive but questions remain as to the appro-
priateness of revascularization, PET could be a
promising test, based on the literature exam-
ined.

Medicare covers rubidium-82 PET for evalu-
ating myocardial perfusion at rest or with
pharmacological stress in the context of man-
aging patients with known or strongly sus-
pected coronary artery disease, when PET is
used as a replacement for SPECT or when the
SPECT findings are equivocal.

Medicare (U.S.) does not cover PET scans for
screening for coronary artery disease, regard-
less of the number or importance of the pa-
tient’s risk factors.

In December 2000, Medicare also began cov-
ering FDG-PET for evaluating myocardial vi-
ability following a positive SPECT scan, but
when there is doubt as to myocardial viability
if revascularization is being considered.

Coverage for this test in other applications was
referred for study to an advisory committee
consisting of nuclear imaging experts.
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APPENDIX 8: SELECTED STUDIES ON PET
A8.1 LUNG CANCER
Table 31: Selected studies on PET (oncology)

Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
Erasmus Lung English 25 patients No Visual Primary All Not men- | Thoracente- | Scanner In detect-
etal., cancer (18 men and analysis of NSCLC eligi- tioned. sis or pleu- with an ing pleura
2000 AJR 7 women; axial and and pleu- | ble pa- ral biopsy. axial metasta-
age: 37 to coronal ral effu- tients PET Blinded to field ses: PET
86 years). plane im- sion. in- scans as- PET results. | view of 95% (CI:
ages. Retro- cluded | sessed by 15.2 cm. 77-100%)
spective . experi- Imaging (21/22).
design: enced of chest
1993- observ- and up- Accuracy
1999. ers, CT per ab- of 92%
scans by domen (CL: 74-
thoracic per- 99)
radiolo- formed 1 (23/25)
gists. hr after
the
admin. of
10 mCi
of FDG.
Images
recon-
structed
and data
corrected
for scat-
ter and
random
events.
Gupta Lung English 118 cases, No Visual Patients All Yes. Mediastino- | Whole- Staging o:
etal., cancer but 54 un- analysis in with eligi- PET scopy or body mediasti-
2000 CHEST derwent axial, cor- proven or | blepa- | scans broncho- FFD- nal lymph
surgical test onal and suspected | tients read by scopy fol- PET. nodes:
and were sagittal NSCLC includ- | nuclear lowed by Axial PET
included in views. who were | ed, but | physi- thora- view of <l cm:
the analysis Quantitative | candi- only cians, CT | cotomy. 14.6 cm 82%
(73 men; analysis dates for 54 of scans by in 3-4 (15/17)
age: 35-84). (SUV: stan- | surgery. the radiolo- bed posi- 1-3 cm:
dardized Con- 118 pa- | gists. tions. 100%
uptake secutive tients Scanning (32/32)
value). An cases. were in- per- >3 cm:
FDG uptake cluded formed 100%
of 4-5 was in the 60 min (4/4)
classified as analy- after the
malignant, sis. admin. of Overall
1-3 as be- 10 mCi
nign. of FDG. PET:
Patients 96%
fasted for (51/53)
at least
4 hrs. Accuracy
Data re- 94%
con- (158/168)
structed CT: 68%
and par- (36/53)
tial vol- Accuracy
ume cor- 66%.
rected.
Vanuy- Lung English 105 patients | Yes. Visual Patients All pa- | Yes. Mediastino- | CTI/Siem Lymph
tsel cancer (age and sex | Over- analysis in with op- tients PET scopy and ens scan- node
etal., Radiation | distribution lap- transaxial, erable in- scans thora- ner with staging:
2000 Therapy not given). ping sagittal and NSCLC cluded | read by cotomy. an axial PET
and On- of coronal (detailed , but two nu- field 72%
cology cases planes. descrip- notall | clear view of (64/89)
with Quantitative | tion). were in-| physi- 10.1 cm. CT
two (GTV) Prospec- cians, CT Fasting 47%




Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
previ- analysis. tive de- in- scans by for at (42/89)
ously sign. cluded | achest least 6 PET +C1
pub- in the radiolo- hrs. 78%
lished analy- | gist. Scanning (69/89)
stud- sis. in two Accuracy
ies. bed posi- PET: 95%
tions, (943/988)
with at- CT: 89%
tenuation (887/988)
correc- (p<0.001
tion
(max.
555 MBq
of FDG)
60-70
min. after
admin. of
FDG.
Higashi Lung English 35 patients No Visual Pulmo- All Not men- | Thora- PET No data
etal., cancer (age: 46-84, analysis and | nary ade- | eligi- tioned. cotomy camera
2000 Nucl including 14 semi- nocarci- ble pa- | PET PET with
Med men). quantitative | noma tients scans an axial
Commun (SUV) (Jan 1995 | were in-| were read field
analysis of to Nov cluded | by two of view of
FDG up- 1998). in the the 10 cm.
take. Retro- study authors. Average
spective and FDG
design. analy- dose:
sis. 157
MBgq.
Scanning
per-
formed
40 min.
after
admin. of
FDG in 2
bed posi-
tions.
Images
recon-
structed
using
measured
attenua-
tion.
Marom et | Lung English 100 No Visual Patients 39 pa- | Yes. Needle bi- Fasting Lymph
al., cancer patients, analysis and | with tients PET as- opsy, medi- for at nodes
1999 Radiol- age: 25-83 quantitative | newly di- | ex- sessed by | astinoscopy, | least4 (N3):
ogy (with 58 (SUV) agnosed cluded | nuclear thoraco- hrs be- PET: 92%
men). analysis of cancer or | for medicine | scopic bi- fore the (22/24)
FDG up- suspected | vari- physi- opsy. Test admin. of
take. from ra- ous rea- | cians, CT | not influ- 5.365 CT: 25%
diologi- sons, by expe- enced by kBq/kg (6/24)
cal study such rienced PET results. | of FDG. (P=10.005
(Nov as chest ra- Scanning
1995 to poor- diolo- per-
July quality | gists. formed
1997). PET 30 min. Pulmonar
Retro- scans. after in- metasta-
spective jection. 2 ses:
design, bed posi- PET: 94%
consecu- tions, (17/18)
tive pa- with at-
tients. tenuation Accuracy
correc- 98%
tion. Im- (98/100)

ages re-




Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
con- CT: 78%
structed. (14/18)
SUV cal-
culated Accuracy
by di- 91%
viding (91/100)
the mean
activity
in the le-
sion by
the dose
of FDG
adminis-
tered per
kg of
body
weight
after at-
tenua-
tion.
Bénard et | Lung English 28 patients Yes. Visual Patients All 28 | Notmen- | Histology PENN- No data
al., cancer followed, Same analysis and | with pa- tioned. PET given.
1999b J Nucl but analysis | patient | quantitative | provenor | tients 240H
Med concerned popu- (SUV) suspected | in- scanner.
only 17 of lation analysis of mesothe- | cluded Fasting
them (14 asina | FDG uptake | lioma , but for at
men; age: previ- in the tu- (Sep the least 4
48-78). ous mor. 1995 to quan- hrs.
study. May titative 4218
1997). analy- MBq/kg
Refer- sis in- of FDG,
ence volved with
given for | only scanning
details 17 of per-
and de- them. formed
scription 60-90
of popu- min. after
lation. injection.
Attenua-
tion cor-
rection
and im-
age re-
construc-
tion.
Vansteen | Lung English 68 No? Visual Patients Notall | Yes. Invasive PET Locally
kiste et | cancer patients, (cases analysis of with eligi- PET as- mediastinal camera advanced
al., J Clin age: 40-83. in this transaxial, proven or | blepa- | sessed by | staging. with an disease
1998 Oncol Sex distri- study sagittal and suspected | tients 2 nuclear axial (N2/N3):
bution not over- coronal im- NSCLC were medicine field PET +C1
given. lapped | ages and operable en- physi- view of 93%
with quantitative after rolled cians, CT 10.1 cm. (26/28)
those (SUV) staging in the by 2 10 mCi Accuracy
in an- analysis of with study chest ra- of FDG 94%
other FDG up- conven- be- diolo- admin. (64/68)
study). | take. tional cause gists. after CT: 75%
imaging, of fasting (21/28)
including | sched- for at Accuracy
CT (Sep ule con- least 6 68%
1995 to flicts hrs. (46/68)
Jan and Scanning
1997). lack of 60 min. Individua’
Prospec- con- after metastatic
tive de- sent. admin. of lymph
sign. FDG. node sta-
Recon- tions:
struction PET +C1
and at- 89%




Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
tenuation (42/47)
of im- Accuracy
ages. 98%
(678/690)
CT: 47%
(22/47)
Accuracy
92%
(638/690)
Pieter- Lung English 102 patients | No Visual Patients All PET and Histopa- Scanner Mediastin
man cancer (including analysis of with po- eligi- CT as- thology — with an al
etal., N Engl J 88 men); hot spot. tentially ble pa- | sessedin | nodal ex- axial metastase
2000 Med age: 25-77. operable tients ablinded | amination field : Based o1
NSCLC were in-| fashion with cervi- view of 32 patient
who were | cluded | by 2 ob- cal medi- 10.8 cm. PET: 91%
being Servers. astinoscopy, | Fasting (CL: 81-
evaluated parasternal for at 100)
with mediasti- least 6 Accuracy
conven- notomy and | hrs be- 87% (CL:
tional exploratory fore the 80-94)
imaging thora- admin. of
(Sep cotomy. 370 MBq CT: 75%
1996 to of FDG. (CI:60-90
Dec Scanning Accuracy
1998). began 90 69%
Prospec- min after (CIL: 60-
tive de- injection. 78)
sign, Images PET +C1
consecu- corrected 94% (CI:
tive pa- for at- 86-100)
tients. tenuation Accuracy
and recon- 88%
structed. (CIL: 82-
94)
Distant
metastase
: Based o1
17 patient
PET: 82%
(CI: 64-
100)
Overall
PET: 95%
(CI: 88-
100)
Barkheet | Lung English 10 cases. No Visual Patients All No men- Histopa- Scanner No data
etal., cancer Age and sex analysis with can- | eligi- tion of thological with an
2000 Clin Nucl | distribution cer ble pa- | those nodal sam- axial
Med not given. (March tients who pling. field
1996 to were in-| evaluated view of
July cluded | theim- 16.2 cm.
1997). in the ages or 7 to 10
Retro- study whether mCi of
spective and or not FDG
review. analy- | they were admin.
sis. blinded. after 12-
hr fast.
Whole-
body
scanning
45-60
min after
injection.

Images




Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
recon-
structed
using
Hann
filter.
Not all
images
corrected
for at-
tenua-
tion.
Roberts Lung English 100 pa- No Visual Patients All PET im- Histopa- Scanner Mediasti-
etal., cancer tients; age analysis in with eligi- agesread | thology — with an nal me-
2000 Ann Tho- | and sex dis- axial, cor- early ble pa- | by nu- mediastino- axial tastases:
rac Surg tribution not onal and NSCLC tients clear scopy, me- field
given. sagittal referred were in-| physi- diasti- view of PET
planes. for PET cluded | ciansbut | notomy or 16.2 cm. 87.5%
Semiquan- scan and in the no men- thoracotomy | Fasting (21/24)
titative who had study tion of for at
(SUV) patho- and blinding. least 4
analysis of logical analy- hrs be- Accuracy
FDG up- confir- sis. fore the 90%
take. mation admin. of (90/100)
(Jan 1995 0.143
to April mCi/kg
1999). of FDG.
Retro- 6 bed po-
spective sitions.
review. Whole-
body
scanning
30-45
min after
injection.
Images
recon-
structed
with/with
out at-
tenuation
correc-
tion.
Hara et Lung English 29 No Semiquan- Patients All Yes. PET | Histopa- Scanner Detection
al., 2000 cancer patients; titative with bi- eligi- images thological with 6- of medi-
J Nucl age: 40-83 (SUV) opsy- ble pa- | read by 2 | nodal sam- mm spa- astinal
Med (including analysis of proven tients blinded pling. tial resolu- lymph
19 men). FDG uptake | NSCLC were in-| radiolo- tion. 12- node me-
in the tu- and me- cluded | gists. hr over- tastases:
mor. diastinal night
lymph fasting PET-FDGC
node and in- 75%
metasta- jection of (68/90)
ses re- 370 MBq Accuracy
garded as of FDG. 96%
NO, N1 Scanning (251/261)
or N2 by from CT
CT. Ret- neck to 19%
rospec- liver 40 (17/90)
tive de- min after Accuracy
sign. injection. 94%
6 bed po- (245/261)
sitions. c-
Attenua- choline
tion cor- PET
rection 100%
by com- (90/90)
bining Accuracy

97%




Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
transmis- (253/261)
sion and
emission
dataina
com-
puter.
Weber Lung English 27 patients; No Visual Patients All Yes. Histopa- Full-ring Detection
etal., cancer mean age: analysis and | with lung | eligi- PET thology (bi- scanner of lymph
1999 EurJ 62+9 (26 semiquan- cancer or | ble pa- | scans opsy or tho- | with an node me-
Nucl men). titative interme- tients read by racotomy). axial tastases:
Med (SUV) diate were in-| 2 experi- field PET (ac)
analysis of pulmo- cluded | enced view of 100%
FDG uptake | nary observ- 16.2 cm. (11/11)
in the pri- nodules. ers, CT Admin.
mary tumor Retro- by 2 ra- of 185- PET (nac)
and in- spective diolo- 270 MBq 91%
volved design. gists. of FDG (10/11)
lymph after
nodes. Im- 4 hrs of CT
ages inter- fasting. 91%
preted on PET im- (10/11)
computer ages re-
screen using con- CGC
linear gray structed 73%
scale. with (ac) (8/11)
and
without
(nac) at-
tenuation
correc-
tion us-
ing pe-
nalized
least-
square
algo-
rithm.
Vesselle Lung English 39 patients. No Quantitative | Patients All No men- Surgical Whole- No data
etal., cancer Age and sex analysis of with op- eligi- tion. staging body given.
2000 Clinical distribution tumor FDG erable ble pa- (broncho- FDG. 12-
Cancer not given. uptake, NSCLC tients scopy and hr fast.
Research quantitated who un- were in- mediastino- | Admin.
with the derwent cluded scopy with of 7-11
maximum resection | inthe or without mCi of
pixel stan- or surgi- study thora- FDG.
dardized cal bi- and cotomy). Scanning
uptake value | opsy analy- Immuno- in the
(SUV). (Feb sis. chemistry thoracic
1998 to for Ki-67 plane 45
June (prolifera- min after
1999). tion index injection.
Prospec- marker). Images
tive de- Specimens collected
sign. were re- in 2 di-
viewed for men-
cellular dif- sions.
ferentiation Data re-
(poor, mod- | con-
erate, good) structed
and tumor and cor-
type. rected
using
standard
filtered
back-
projec-
tion.
Berlan- Lung English 50 patients: No Visual Patients All Yes. PET | Mediastino- | Scanner Nodal




Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
gieri et cancer 37 men; analysis suspected | eligi- assessed scopy or with an staging:
al., 1999 Cardio- age: 41-78. grade on a of having | ble pa- | by anu- thora- axial
thoracic S-point NSCLC tients clear cotomy. field PET
Surgery scale. who re- were in-| medicine view of 80%
mained cluded | physi- 10 cm. (16/20)
surgical cian, CT Admin.
candi- by a of
dates af- blinded 400 MBq CT
ter con- radiolo- of FDG. 65%
ventional gist. Thorax (13/20)
imaging and up-
and per ab-
staging. domen
Con- emission
secutive scan ac-
cases. quired
after 45
minutes.
Attenua-
tion cor-
rection
made.
Recon-
struction
with
Hanning
filter.
Saunders | Lung English/ 97 patients: No Visual Patients All Yes. PET | Mediastino- | ECAT Mediasti-
etal., cancer 64 men; analysis in with sus- | eligi- assessed scopy or 951/31R nal stag-
1999 Ann Tho- | age: 36-77. the tran- pected or | ble pa- | by 2 nu- thora- scanner. ing:
rac Surg saxial, cor- proven tients clear cotomy. 6-hr fast. (N2 and
onal and lung can- | were in-| medicine Admin. N3):
sagittal cer re- cluded | physi- of 350
slices, and ferred for | in the cians. MBq of
quantitative | possible study, FDG. PET
(SUV) surgery but Images 70.6%
analysis of (Nov only of the (12/17)*
tissue up- 1992 to 84 of chest ac-
take. July the 97 quired CT
1995, and | pa- after 81 20%
followed tients min. At- (3/15)*
until were in- tenuation
July. cluded cor-
1996). in the rected,
analy- and im-
sis. ages re-
con-
structed.
Magnani Lung English 28 patients: No Visual Patients All PET and Broncho- Whole- Mediasti-
etal., cancer 26 men; analysis of with eligi- CT as- scopy or body nal lymph
1999 J Cardio- | age: 50-75. FDG uptake | proven ble pa- | sessed by | needle bi- scanner node
vasc compared NSCLC tients inde- opsy as well | with an staging:
Surgery with blood waiting were in-| pendent as mediasti- | axial
pool activ- for sur- cluded | observ- noscopy or view of PET
ity. gery. ers. thora- 15.4 cm. 67 %
Retro- cotomy. 10-min (6/9)
spective emission CT
design. scan 50 66%
min after (6/9)
inj. of PET +C1
370 MBq 78%
of FDG. (7/9)
Tran-

saxial




Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
images
recon-
structed
with
Hann
filter and
corrected
for at-
tenua-
tion.
Dhital Lung English 97 cases, Yes Visual Patients Ofthe | 2blinded | Histological | ECAT No data
etal., cancer but only 77 analysis with sus- | initial nuclear diagnosis by | 951/31R
2000 EurJ were in- pected or | 97 pa- | medicine | broncho- scanner.
Cardio- cluded in proven tients, physi- scopy, Fasting
thoracic the analysis lung can- | only cians. transtho- for 6 hrs.
Surg (53 men; cer clini- 77 racic needle | Admin.
age: 36-77). cally were in- biopsy or of 350
consid- cluded thora- MBq of
ered op- in the cotomy. FDG.
erable analy- Thoracic
(Nov sis. emission
1992 to began 81
July min later.
1995). Attenua-
Retro- tion cor-
spective rected,
design. and im-
ages re-
con-
structed.
A8.2 COLORECTAL CANCER
Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivity
source sample study? | analysis out disease
Valk, et Colo- English 115 con- No Visual All pa- 21 pts CT and PET was Yes. With dis- PET
al. (1999) | rectal secutive pa- analysis in tients ex- PET in- performed ECAT ease: Liver:
cancer | Arch tients for di- axial, cor- with con- | cluded | terpreted after the CT | EXACT Liver: 57 95%
Surg agnosis or onal and firmed or | due to blindly (between 0- 921 Pelvis: 31 Pelvis:
staging of sagittal suspected | lack of | and read 56 days). scanner. Abdomen: 97%
recurrent planes. recurrent | acrite- | together Patients 28 Abdomen
colorectal colorectal | rion by 1 or2 fasted for | Retroperi- 79%
cancer. cancer stan- investi- at least 4 toneum: 12 | Retrop-
(Oct dard. 6 | gators. hrs prior Lungs: 17 eritoneum
1992 to fol- to injec- Other: 12 100%
May lowed tion of Total: 157 Lungs:
1996). for FDG, 94%
less 5.29 Without Other:
than 1 MBg/kg disease: 100%
year, 6 (0.14 Liver: 58 Total:
lost to mCi/kg). Pelvis: 84 93%
fol- 4 minutes | Abdomen:
low- per bed 87 CT
up, 5 position. Retroperi- Liver:
died, 4 Scanning | toneum: 84%
treated began 30 103 Pelvis:
with- minutes Lungs: 98 68%
out after in- Other: 104 | Abdomen
further jection. Total: 534 46%
vali- Retrop-
dation. eritoneum
58%
Lungs:
94%
Other:
33%

Total:




Study

Site

Language
and
source

Size of
patient
sample

Dupli-
cate
study?

Type of
PET
analysis

Inclusion
criteria

Inclu-
sion

Blinded
reading?

Reference
test

PET
methods

Patients
with/with-
out disease

Sensitivit:

69%

Imdabhl et
al. (2000)

Colore
ctal
cancer

English

Langenbe
ck’s Arch
Surg

71 patients
(77 investi-
gations)
with sus-
pected re-
currence,
metastases
or elevated
CEA.

By 2 inde-
pendent in-
vestigators.
Lesions
classified as
malignant
by focally
increased
uptake ex-
ceeding the
normal lim-
its in the re-
spective ar-
eas or a
standardized
uptake value
(SUV) > 4.

Unclear

clear

Interpre-
tations
were
blinded
to the
clinical
data and
the re-
sults of
the con-
ventional
imaging.
Scans
read by 2
inde-
pendent
investi-
gators.

Comparison
with CT,
ultrasono-
graphy,
MRI and
chest x-ray.

> 6 wks
after the
last che-
mother-
apy or
more
than 3
months
after the
comple-
tion of
radiation
therapy.
Patients
fasted for
12 hrs.
Bladder
catheter
was in-
serted
unless
patient
did not
give con-
sent.

Sie-
mens/CT
TECAT
EXACT
921/31
scanner.
Scanning
done 90
minutes
after in-
jection of
350 £ 50
MBq in
cubital
vein.

Liver me-
tastases in
28 patients
(43 le-
sions).
Pulmonary
metastases
in 17/77
investiga-
tions.

Detection
of local
recur-
rence:
PET: 92%
CT: 88%
MRI: 83%
Detection
of hepatic
metasta-
ses:

PET:
100%
CT: 87%
MRI:
100%

Zhuang
etal.
(2000)

Liver
me-
tasta-
ses
from
colo-
rectal
cancer

English

Nuclear

Medicine
Commu-
nications

80 patients

No

Not explic-
itly stated.
Assumed
visual.

Con-
secutive
patients
recruited
retrospec-
tively.

96 con-
secu-
tive
FDG-
PET
pa-
tients
with
con-
firmed
colo-
rectal
can-
cer. 16
ex-
cluded
(lack
of con-
current
ana-
tomi-
cal
imag-
ing,
nega-

Not
stated.

Results of
PET and CT
were com-
pared with
those of
surgical
pathology
and clinical
follow-up.

Scanning
with C-
PET
camera
within 8
weeks of
conven-
tional
imaging.
Fasting
for at
least 4
hrs prior
to injec-
tion of
2516
MBq/kg
of FDG.
Image
acquisitio
n began
40 min
postinject
ion. At-
tenuation
correc-
tion us-

28 with
hepatic
metastases,
52 without
hepatic
metastases.

Detection
of hepatic
metasta-

ses: 100%

CT:71.49




Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
tive ing a cae-
find- sium-137
ings, point
less source.
than 6 Images
month recon-
s of structed
fol- using the
low- ordered
up, subsets
death (expecta-
or lost tion
to fol- maximi-
low- zation).
up).
Staib et Recurr | English 100 patients | No Recon- Prospec- Pa- Blinded CT, liver Siemens With dis- Detection
al. (2000) | ent with his- structed im- | tively re- | tients to the ultrasound, ECAT ease: of malig-
colore | American | tologically ages were cruited with specific and carci- EXACT Liver me- nancy:
ctal Journal confirmed assessed from uncon- | results of | noembry- HR+ tastases: 33 | PET: 98%
cancer | of Sur- colon or visually 1994 to trolled | conven- onic antigen | scanner Lung me- 87CT
gery rectal can- without 1998. dia- tional (CEA). and Sie- tastases: 17 | scans:
cer. quantifica- betes imaging mens Rectal re- 91%
tion of FDG or but with ECAT currence: 98 CEA
uptake. acute knowl- 8/12 20 assays:
inflam- | edge of scanner 1 | Colon re- 76%
mation | clinical hr after currence: 3 | Detection
were diagnosis the in- of liver
ex- and indi- jection of | Without metasta-
cluded | cations. 408 + disease: ses:
10.5 Liver me- PET:
(mean + tastases: 67 | 100%
SE) MBq | Lung me- 68 ultra-
of '®F- tastases: 83 | sounds:
FDG.No | Rectal re- 87%
attenua- currence: Local re-
tion cor- 35 currence:
rection. Colon re- PET: 96%
currence:
42
Will- Recur- | English 28 patients No 2 nuclear Followed | Inclu- Blinded Immu- Siemens/ | With dis- PET:
komm et rent with sus- medicine for 6 tol9 | sion to the re- | noscintigra- | CTI ease: Local re-
al. (2000) | colo- Journal pected re- specialists months. and sults of phy (CEA- ECAT Local re- currence:
rectal of Nu- currence (15 unaware of exclu- | conven- scan). EXACT currence: 9 | 100%
cancer | clear men, 13 the results sion tional scanner. Hepatic
Medicine | women). of the con- criteria | imaging. 12-hr metastases: | CEA:
ventional not (over- 9 Local r¢
imaging clearly night) currence:
studies. PET stated. fast. Ap- 89%
findings prox.
classified as 250-370
“malig- MBq of
nancy- FDG in-
typical” jected
when anti- and
body uptake flushed
was mark- with 20
edly higher mL of
than liver saline.
uptake. Patients
asked to
drink 1 L
of water
and
voided
prior to
examina-

tion.




Language | Size of Dupli- | Type of Inclusion | Inclu- Blinded Reference PET Patients
Study Site and patient cate PET criteria sion reading? test methods with/with- Sensitivit:
source sample study? | analysis out disease
Scans
obtained
45-60
min after
injection.
A8.3 MELANOMA
Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
Paquetet | Me- English 24 patients No Visual in- No Unclear Unclear CT, 150-300 Not given. Diagnosti
al. (2000) | tastatic (28 assess- terpretation MRI mBq in- accuracy
mela- Derma- ments) in coronal and ul- jected ac- of 80%.
noma tology sagittal and tra- cording
transversal sound. to body
planes. Corre- weight,
lation and scan
with his- | per-
tologi- formed
cal con- | 60-90
firma- minutes
tion after in-
(n=11) jection.
and UGM
clinical Penn
follow- PET 240
up H scan-
(n=17). ner.
Eigtved Me- English 38 patients, No Visual in- Yes Consecu- Yes PET re- | GE Ad- Histologi- PET: All
etal.,. tastatic stage 11 terpretation tive pa- sults vance cal diagno- | sites: 97%
(2000) mela- Eur. J. (n=27) or III by 3 blinded tients (Dec com- PET sis ob- Intraab-
noma Nucl. (n=11). observers, 1993 to pared scanner. tained in dominal
Med. who re- Oct 1995) with the | Fasting 29/38 pa- sites:
corded the after re- results for at tients (25 100%
sites of in- section of a of clini- | least 6 malignant Pulmo-
creased up- melanoma. cal ex- hrs prior tumors). nary/intra
take. amina- to injec- 25 patients | thoracic
tionand | tion with ma- sites:
of other | (mean: lignant le- 100%
imaging | 357 sions and Conven-
meth- MBq). involve- tional
ods (CT | Scanning | ment of methods:
of chest | began regional All sites:




Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
or ab- 35-40 lymph 62%
domen minutes nodes, Intraab-
if me- later. 11 with dominal
tastases | After malig- sites:
were PET, a nancy in 100%
sus- biopsy or | other
pected excision lymph
in those | of'the tis- | nodes,
re- sues was 6 with
gions). done, if pulmo-
An ultra- | possible. nary/intra-
sound thoracic le-
was per- sions, and
formed 4 with in-
if the tra-
clinical abdominal
exam lesions.
yielded
suspi-
cious
findings
in the
regions
of in-
terest.
Crippaet | Me- English 38 patients No Visual Yes Current Compari- | PET GE 4096 With dis- Lymph
al. (2000) | tastatic with previ- analysis by clinical di- | son with scan WB ease: 35 node ba-
mela- J. Nucl. ous history 2 blinded agnosis histology | done 1- | scanners. | lymph sins: 95%
noma Med. of cutane- nuclear (through results. 3 days Injection | node ba-
ous mela- physicians. physical before of amean | sins. Number o
noma and a Images with exam, ul- surgery | dose of metastase
current at least one trasound or 496 MBq | Without found
clinical di- site of FDG CT) of of FDG. disease: 19 | (comparec
agnosis of uptake were nodal me- Scanning | negative to histol-
nodal me- considered tastases. done 1-3 for lymph ogy)
tastases. positive for days node ba- <5 mm:
melanoma. prior to sins. 23%
Retrospec- surgery. 6-10 mm:
tive analysis Patients 83 %
to evaluate fasted for 11-15
each lymph at least 5 mm:
node basin hrs. 100%
and deter- Mean 16-20
mine the glucose mm:
number of level be- 100%
sites of fore PET 21-25
FDG up- was 84 mm:
take. mg/dL. 100%
>25 mm:
100%
Total:
66%
Acland et | Me- English 54 patients On- Visual as- Retro- No Compari- | N/A ECAT With dis- Overall:
al. (2000) | tastatic referred by going sessment by | spective son with 951R ease: 87%
mela- J. Am. physicians study. experienced | from histology whole- 17 patients | Stage I
noma Acad. with various nuclear PET scan or clini- body with stage disease:
Derma- criteria for medicine database. cal pro- scanner I 50%
tol. PET (not physicians All pa- gression in ex- 3 patients Stage 1T
consistent). (coronal, tients of the tended 2- | with stage disease:
sagittal and with disease. dimen- 1I 33%
transaxial histologi- Further sional 14 patients | Stage III
planes). cal diag- study to mode. 6- with stage disease:
nosis of do direct hr fast. 111 93%
mela- compari- Blood
noma son with glucose Without
who had sentinel levels disease:




Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
under- node bi- meas- 27 nega-
gone opsy. ured. tive for
PET. Scanning | stage L.
began 50 | 6 negative
minutes for stage
after the 1.
intrave- 2 negative
nous in- for stage
jection of | IIL
350 MBq
of FDG.
Krug et Me- English 94 patients No Evaluated Yes. All FDG-PET Confir- Maxi- ECAT N/A Could not
al. (2000) | tastatic examined by a radi- mela- for malig- mation mum EXACT be calcu-
mela- Acta Ra- | retrospec- ologist, a noma nant mela- | with time of | scanner lated be-
noma diologica | tively, nuclear patients noma. One | histology | 2 weeks | (Sie- cause the
medicine referred exclusion or other be- mens/CT numbers
specialist between due to hy- imaging tween I). 300- were too
and a der- June perglyce- results. PET 400 MBq small.
matologist. 1995 and | mia. and was in-
March other jected as
1999. exami- per each
nations. | protocol.
Maxi-
mum al-
lowable
time
between
PET and
other ex-
amina-
tions be-
ing com-
pared
was 2
weeks.
Wagner Mela- English 70 patients No By the same | Patients Exclusion Blinded Preop- Pre- Results for | Sentinel
et al. noma (89 lymph nuclear > 18 criteria: investi- erative operative | 89 basins. node bi-
(1999) J Clin node ba- medicine years of ocular or gator in- lym- whole- opsy for
Oncol sins). specialist. age) with | mucosal terpreted | phatic body detecting
invasive melanoma; | recon- map- PET. occult re-
cutane- clinical structed ping, Siemens gional
ous mela- | evidence images SNB ECAT lymph
noma. of regional | and as- proce- 951/31R node me-
lymph signed dures PET tastases:
node me- each and scanner. 94.4%
tastases, or | lymph surgical | Two im- PET:
distant node ba- speci- aging 16.7%
metastases; | sin atrisk | mens. protocols
palpable for being (patients
lymphade- | definitely 1-24: 10
nopathy; positive, mCi of
infection probably FDG in-
or inflam- positive, jected 30
mation in uncer- min prior
the re- tain, to scan;
gional probably patients
lymph negative, 25-74: 60
node ba- or defi- min after
sins; prior nitely injec-
excision > negative. tion).
4 cm;
lymph
node dis-
sections,
skin grafts,
tissue
transfers,
or flaps

that can




Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
alter the
lymphatic
drainage
pattern
from the
primary
tumor site
to the re-
gional
node ba-
sins; preg-
nancy or
breast-
feeding;
prior ma-
lignancy;
and allergy
to isosul-
fan blue
dye or to
FDG.
Jadvaret | Melan | English 38 patients No Visual (ax- All pa- Not stated. | CT per- CT re- ECAT N/A Not statec
al. (2000) | oma studied ret- ial, coronal tients formed sults EXACT
Clin. Nu- | rospec- and sagittal with pri- within 9 avail- scanner
clear tively. planes)ona | mary weeks able for | (CTI,
Med computer by | cutane- after 21 pa- Knox-
a single, ex- | ous mela- PET with | tients. ville,
perienced noma (2 no inter- TN). Im-
observer 1 mm in vening aging
aware of depth) thera- was done
clinical evaluated peutic 40-60
history and between interven- min after
radiology June tion. the intra-
results. 1995 and venous
Aug injection
1997. of 10-15
mCi
(370-555
MBq) of
FDG. 6
bed posi-
tions.
Tyler et Mela- English 95 patients No FDG-PET Patients Consecu- PET CT, bi- Fasted 165 areas PET:
al. (2000) | noma (106 PET activity was | with tive pa- studies opsy of | for4 hrs. | withmela- | 87.3%
Cancer scans). assessed in- | clinically | tients atthe | were in- area of GE Ad- noma.
dependently | evident Duke Uni- terpreted in- vance 69 nega-
by 2 experi- | stage III versity inde- creased | medical tive areas.
enced ob- lymph Medical pendently | uptake scanner.
servers as node Centre of CT on PET. | FDG
positive and/or in- | Melanoma | without dose
(activity > transit Clinic. any range of
background) | mela- knowl- 10-20
or negative noma. edge of mCi.
(activity < clinical
back- or pa-
ground). Fi- thology
nal determi- results.
nation by
consensus.
Dietlein Mela- English 68 patients No PET, ultra- 91 PET Not stated. | Not CT No stan- N/A FDG de-
etal. noma with ad- sound and scans stated. dard tected
(1999) Nuclear vanced radiological | done in protocol fewer
Medicine | melanoma. data inter- 68 pa- was es- pulmonar’
Commu- preted by tients tablished and he-
nications different in- | between for the patic me-
vestigators. June extent of tastases
1995 and the im- and fewer
Oct aging or cerebral




Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
1997. 15 the tim- foci but
had 2 ing after more
PET the in- lymph
scans, jection. node and
and 4 had All came bone me-
3. from dif- tastases
ferent in- than con-
stitutions, ventional
and all radiology
institu- or CT.
tions
used
ECAT
EXACT
scanners
(Sie-
mens/CT
I). 300-
400 MBq
of FDG
was in-
jected in
each
protocol.
A8.4 HEAD AND NECK CANCER
Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
Di Head English 50 patients No Imaging Nonran- Exclusion Not Ultra- PET per- | WITH PET:
Martino and with pri- procedures domized, | criteria: stated. sound, formed CANCER Detection
et al. neck Arch Oto- | mary or re- were per- com- diabetes CT, with an PET, CT, of primarn
(2000) cancer | laryngol current head formed 1-20 | parative mellitus histo- ECAT panendo- tumor:
Head and neck days prior to | study and a his- pathol- EXACT scopy: 95%
Neck cancer. surgery. from Oct | tory of ogy of 922/47 Primary: Recurrent
Surg 1, 1997 acute or biopsy scanner 37 carcino-
to Nov chronic in- speci- after a Recurrent: mas:
30, 1998. flamma- mens. minimum | 8 100%
tory dis- 12-hr
ease. fast. 212 Ultra- CT:
+59 sound: Detection
MBq of Primary: of primarn
FDG was | 23 tumor:
adminis- Recurrent: 68%
tered in- 6 Recurrent
tra- carcino-
venously. | WITH- mas: 62%
Scanning | OUT
began CANCER: | Panendo-
45-60 PET, CT, scopy:
min later. | panendo- Detection
scopy: of primarn

Primary: tumor:

13 95%

Recurrent: Recurrent

5 carcino-
mas:

Ultra- 100%

sound:

Primary: 4 Ultra-

Recurrent: sound:

2 Detection
of primarn
tumor:
74%

Recurrent




Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
carcino-
mas: 67%
Lowe et Recur- | English 44 patients No Assumed to | Patients Unclear CT done Physi- ECAT 16/30 pa- PET:
al. (2000) | rent with stage be visual. were part at 2 and cal 951/31 tients had 100%
head J. Clin. III and IV of 10 exam PET recurrence PE: 44%
and Oncol. head and neoadju- months. (PE) scanner after the Correla-
neck neck cancer. vant or- Pathol- and cor- | (Siemens | first year. tive im-
cancer gan- ogy re- relative | ). PET 5 were aging:
preserva- sults ob- imaging | doneat2 | detected by | 38%
tion tained for | (CT). and 10 PET only,
study that some. months 4 by PET
included after and con-
chemo- therapy. ventional
therapy, All pa- imaging
radio- tients only, 5 by
therapy fasted be- | PE and
and sur- fore PET PET, and 2
gical sal- studies. by PE,
vage. Glucose PET and
levels conven-
meas- tional im-
ured. aging.
Lonneux Recur- | English 44 patients No Quantita- Prospec- All pa- CT + None ECAT 22/38 with | PET: 95%
(2000) rent tive, using tive in- tients re- MRI EXACT disease. CT +
head The La- SUV (= ac- clusion cruited done HR (Sie- MRI: 73%
and ryngo- tivity in the of pa- prospec- within 2 mens/CT
neck scope 9 maximal tients tively. weeks. I). Pa-
cancer pixels in with tients
uCi/mL) + clinical fasted for
(injected manifes- 6 hours
dose + lean tations of before
body mass). | recur- injection
rence of 185-
(pain, 370
palpable MBq.
mass, Scanning
bleeding, began 45
dysphoni min later.
a).
Jungehul- | Un- English 27 patients No Visual. PET | 27 pa- All pa- PET N/A Siemens/ | N/A Could not
sing et al. | known with no images were | tients tients di- findings CTI be calcu-
(2000) pri- Oto- primary tu- recon- with no agnosed were cor- ECAT lated due
mary laryngol mor found structed primary with ma- roborated EXACT to small
tumor Head and | after con- with filtered | identi- lignant by fine- whole- samples.
with Neck ventional back- fied, May | disease at needle body
head Surgery diagnostic projection 1994 to an ENT aspiration positron
and procedures and dis- July clinic were | cytology, scanner.
neck (from origi- played in 1998. eligible biopsy or Standard
lymph nal 723). coronal, (n=723). surgery. dose of
node sagittal and 370 MBq
mani- transaxial (10 mCi)
festa- projections was in-
tion with the jected
commercial after a
software blood
MPITool. specimen
obtained
for blood
glucose
determi-
nation.
Patients
fasted for
at least 6
hrs.
Scanning
began

60-90




Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
min after
injection.
2 bed po-
sitions.
Bohusla- | Un- English 53 patients No Visual in- Patients 53 patients | No. Clini- Complete | With dis- PET:
vizki et known spection. with with me- Other re- | cal, patient ease: 20 37.8% tru
al. (2000) | pri- Journal metas- tastases sults surgical | history (10 lung, 8 | positives,
mary of Nu- tatic cer- from un- were and and head and 22.2%
clear vical ade- | known used to histo- physical neck, 1 false posi-
Medicine nopathy primary interpret patho- exam breast, 1 tives
or ex- tumor from | the PET logic (includ- ileocolonic
tracervi- Jan 1997 to | results. findings | ingchest | area).
cal me- Jan 1999. were X-ray)
tastases used. In | were per-
were in- patients | formed
cluded with sus- | prior to
between pected PET, pa-
Jan 1997 lung tients
and Jan tumors, fasted for
1999 af- chest at least 6
ter an CT and hrs, and
extensive subse- scanning
but in- quent began 60
conclu- biopsies | min after
sive di- were the in-
agnostic per- jection of
workup. formed 370 MBq
to evalu- | of FDG,
ate the using an
PET ECAT
find- EXACT
ings. 47 scan-
ner.
Perie et Un- English 4/60 pa- No N/A Marchto | N/A N/A N/A N/A N/A N/A
al. (2000) | known tients with October
pri- Ann Otol | untreated 1998
mary Rhinol head and
Laryngol | neck
squamous
cell carci-
noma in-
cluded in a
prospective
study of
FDG.

Lassenet | Un- English 20 patients No Visual in- Referred Patients At the De- GE Ad- PET sug- Data not
al. (1999) | known terpretation to Co- aged 18 to time of pended vance gested given.
pri- European of PET by penhagen | 75 with bi- | the visual | on his- PET primary

mary Journal nuclear Univer- opsy - interpre- tology. scanner. site in 13
of Cancer medicine sity Hos- | proven tation, Patients patients
specialists pital in metastatic correla- fasted for | and was
with PET April disease and | tive in- at least 6 confirmed
experience. 1996 to unknown formation hours. 40 | histologi-
Semiquan- Sep primary on his- min after | cally (or
titative 1997. tumor fol- tology injection by the
analysis of lowing and loca- of 350- clinical
FDG uptake physical tion of 400 MBq | course of
was not per- exam, X- metas- of FDG the dis-
formed. ray and/or tatic le- in a cu- ease) in 9.
CT and sions was bital
routine available. vein. The
laboratory patient
tests. emptied
bladder,
then was
placed on

the PET




Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
scanner
bed. All
the PET
scans
were per-
formed
within 4
weeks
after ini-
tial diag-
nostic
proce-
dures.
Farber et | Recur- | English 28 patients No Qualitative Unclear Unclear Yes CTand | PENN- 14 with PET: 86%
al. (1999) | rent who re- analysis of MRI PET disease. CT and
head Laryngo- | ceived ra- corrected 240H 14 without | MRI: 71%
and scope diation ther- and non- PET disease.
neck apy for corrected scanner.
cancer squamous images, by FDG in-
cell carci- 2 readers. jected
noma of the into a pe-
head and ripheral
neck. vein at a
dose of
0.114
uCi/kg
Patient
then
placed in
a lying
position
and in-
structed
not to
talk for
15 min
before
and 30-
45 min
after the
injection.
Scanned
~60 min
after up-
take.
Tiepoltet | Thy- English 31 patients No The PET Not Patients 2 physi- Coinci- | ECAT 118 lesions | Coinci-
al. (2000) | roid images were | stated. with thy- cians dence EXACT identified dence im-
cancer | Annals of recon- roid cancer | were gamma | HR+ (Sie- | in 31 pa- aging
Nuclear structed by who had blinded camera mens/CT | tients. compared
Medicine filtered undergone tothere- | (PET I, Knox- with PET:
back- a thyroi- sults of was ville, 69%
projection. dectomy the coin- actually | Tenn.) Concur-
Uncorrected and at least | cidence the ref- with rence was
images were 2 radioio- gamma erence BGO 96% in le:
used for dine treat- camera test). detectors. sions > 1.
comparing ments with | when Coinci- | PET and cm and
the results a positive reading dence coinci- 62% in
obtained BT whole- the PET imaging | dence those be-
with a dedi- body scan scans. isa imaging tween 1
cated PET (n=22) cost- were per- and 1.5
scanner and and/or high effec- formed cm. Le-
on a coinci- thy- tive al- on the sions < 1
dence cam- roglobulin terna- same cm could
era and read levels tive. day. Pa- not be
separately (n=27). tients identified
by 2 blinded fasted for with the
readers. at least 4 coinci-

dence




Language | Size of Dupli- | Type of Inclusion | Inclusion Blinded Refer- PET Patients
Study Site and patient cate PET criteria reading? ence methods with/with- Sensitivit:
source sample study? | analysis test out disease
hrs and camera.
had nor- Identical
mal staging
blood obtained
glucose in 84%.
levels.
A8.5 LYMPHOMA
Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- Sensitivit:
source sample analysis out disease
Jerusale Hodg- English 54 pa- No Qualita- Unclear. Patients No None. CT | PENN- N/A Positive
m et al. kin’s and tients in- tive Patients with was only | PET 240- predictive
(1999) non-Hodg- | Blood cluded analysis recruited clinically per- H scan- value of
kin’s Lym- (19 HD, without prospec- progres- formed ner PET vs.
phoma 35 NHL) correc- tively sive dis- after ab- (UGM, CT (100%
tion from ease after normal Philadel- (6/60 vs.
(transver- | June chemo- PET phia, 42%
sal, cor- 1994 to therapy findings. PA). 6-8 (10/24)).
onal and Feb were ex- mCi of
sagittal 1998. cluded. FDG was
planes). adminis-
tered in-
tra-
venously,
and
scanning
began
60-90
min later.
Patients
fasted for
at least 6
hrs prior
to scan-
ning.
Buch- Lym- English 52 pa- No Regions Con- Untreated | PET Refer- Patients 25 addi- PET:
mann et phoma tients (27 of FDG secutive diseases, scans in- ence tests | fasted for | tional le- Nodal:
al. Cancer HD, 25 uptake patients with terpreted per- at least sions de- 99.2%
(2001) NHL) classified | witha histologi- | by 2 ex- formed 4 12 hrs. tected by Extra-
by site, histologi- | cally perienced | weeks Mean PET. nodal:
intensity, | cally con- | proven nuclear before or | doses of Nodal: 100%
size and firmed diagnosis | medicine | after PET | 390 MBq | 124 true Supra-
shape. diagnosis | of HD or | physi- and CT. of "F- positives diaphrag-
Any site of un- NHL, cians, CT | Discrep- FDG- identified matic:
exhibit- treated Oct 1996 | scans by | ancies PET and by PET, 0 99.1%
ing in- malig- to July 2 inde- between 20 mg of | false posi- Sub-
creased nant HD. 1998. pendent PET and fu- tives, 1 diaphrag-
uptake Diabetics | radiolo- CT veri- rosemide | false nega- | matic:
was con- excluded. | gists, all fied by injected tive and 100%
sidered a ina biopsy, intrave- 655 true CT:
suspected blinded MRI or nously. negatives. Nodal:
lym- fashion. clinical Scanning | 103 true 83.2%
phoma. follow-up | began positives Extra-
within 60-90 by CT, 22 nodal:
the fol- min later. | false nega- | 80.8%
lowing 4 tives, 7 Supra-
to 24 false posi- diaphrag-
months. tives and matic:
648 true 80.3%
negatives. Sub-
Extra- diaphrag-
nodal: matic:
PET: 24 91.2%
true posi-
tives, 349




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- Sensitivit:
source sample analysis out disease
true nega-
tives, 0
false nega-
tives, and 3
false posi-
tives;
CT: 20
true posi-
tives, 348
true nega-
tives, 4
false posi-
tives, and 4
false nega-
tives.
Hueltens Lym- English 81 pa- No Any site 81 pa- Retro- Visual Conven- ECAT 63 PET Restaging
chmidtet | phoma tients exhibit- tients spective analysis tional EXACT studies for group
al. Cancer ing FDG with HD recruit- of PET imaging 47 scan- restaging PET: 95
(2001) uptake in | under- ment images (mainly ner (Sie- in 51 pa- (95% CI:
the re- went 106 | (Aug by 3 ex- CT and mens/CT | tients. PET | 89-100)
gion of PET 1996 to perienced | some- I, Knox- scans Conventic
interest studies. April nuclear times ville, positive in nal
was con- 25 initial 2000). medicine | MRI), TN). Pa- 21/63 imaging:
sidered stagings, physi- biopsy tients cases and 95 (95%
repre- 63 evalua- cians and/or a fasted for | negative in | CI: 89-
sentative tions of who had very de- 12 hrs. 42/63 100)
of lym- the re- knowl- tailed Normal cases. Recurrenc
phoma sponse to edge of clinical blood e group:
manifes- therapy the pa- follow- glucose PET: 91
tation. and 18 tients’ up. levels con- (95%
suspected clinical firmed in CI.78-
recur- history. all pa- 100)
rences. tients Conventic
prior to nal
scanning. imaging:
Mean 91 (95%
FDG CL:78-
dose: 370 100)
MBgq.
Jerusa- Lym- English 28 pa- No PET im- Con- Not men- | None. Whole- 5/28 pa- All 5 pa-
lemetal. | phoma tients ages in- secutive tioned. Pre- and body tients with tients witl
(2000) Haema- terpreted patients post- scan with | increased and 7/21
tologica by a phy- | with treatment | a PENN uptake. without
sician in histologi- evalua- PET 240- | PET nega- | residual
the Divi- cally con- tion. H camera | tivein abnormal
sion of firmed 45-90 23/28 pa- uptake
Nuclear NHL and minutes tients. relapsed
Medicine | who were after the or repro-
and re- sched- intrave- gressed.
viewed uled for nous in-
by an in- chemo- jection of
vestiga- therapy 200-300
tor. Any were in- MBq of
region cluded SE-FDG.
exhibit- from Patients
ing May fasted for
higher- 1994 to at least 6
than-back- | March hrs prior
ground 1997. to scan-
uptake ning.
and/or
excretion
was con-
sidered
positive

for the




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- Sensitivit:
source sample analysis out disease
presence
of tumor.
Spaepen Lym- English 93 pa- No Negative 93 con- June Clinical Conven- CTI/ 26 positive
et al. phoma tients defined secutive 1995 to interpre- tional di- | Siemens scans (per-
(2001) Jounral as no patients Sep tation by agnostic ECAT sistent ab-
of Clini- evidence with 1993. 2 investi- | methods 931 normal
cal On- of dis- histologi- | Con- gators before scanner. uptake) in
cology ease, cally con- | secutive blinded and after Patients 14/26 pa-
positive firmed patients. to the therapy fasted for | tients.
as a site NHL. clinical (CT, at least 6 Only PET
of uptake | Retro- data or MRIand | hrs, and detected
or any spective CT find- biopsy). blood persistent
diffuse analysis. ings. glucose disease.
region of level 67 with
increased measured | negative
activity. prior to scans
scanning. | (complete
Dose of remission).
370-555 Only 11
MBq out of 63
adminis- relapsed.
tered in-
tra-
venously.
Tatsumi Lym- English 30 pa- No Regions Prospec- Untreated | All the CT scans | Whole- 206 dis- Hybrid
et al. phoma tients of FDG tive re- or recur- patients obtained body ease sites. PET:
(2001) Journal uptake cruit- rent NHL | were within scan per- | Hybridand | 77.2%
of Nu- classified | ment. con- random- the 2 formed dedicated PET:
clear according firmed by | ized,and | weeks with scanners 86.9%
Medicine to site, biopsy. the re- following | Head- detected CT and
intensity, sults FDG- tome 159 sites Ga:
size, were read | PET. V/SET and 179 79.6%.
shape by 2 2400W sites, re-
and lat- blinded camera. spectively.
eral nuclear Fasting CT and
asymme- medicine for at Ga: 164.
try. Any physi- least 4
site ex- cians. hrs.
hibiting Scanning
higher- began 1
than-back- hr after
ground the in-
FDG jection of
uptake 370 MBq
and that of FDG.
was not PET
located in study
a physio- with
logical dual-head
region of gamma
uptake camera
was con- (hybrid)
sidered equipped
positive for coin-
for the cidence
presence emission
of lym- per-
phoma. formed
on same
day.
A8.6 BREAST CANCER
Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- Sensitivit,
source sample analysis out disease




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- Sensitivit:
source sample analysis out disease
Cook and | Breast— English <10 N/A N/A N/A N/A N/A N/A N/A N/A N/A
Fogel- skeletal
man metasta- Seminars
(1999) ses in Nu-
clear
Medicine
Crippaet | Breast English 66 pa- No Increased | Not Not Not men- | PET re- PET 31 with PET in thi
al. (1997) | cancer tients uptake stated. stated. tioned. sults studies axillary detection
metasta- Tumori who un- was con- were per- metastases, | of axillary
ses derwent sidered compared | formed 52 without | metasta-
axillary abnormal with the 1-7 days axillary ses:
node dis- and in- pathol- prior to metastases. | 84%
section terpreted ogy surgery Palpable
and 16 as patho- findings using a nodes vs.
who did logic. at sur- GE 4096 non-
not. gery. WB Plus palpable
scanner. nodes:
Scanning 92%
began (11/12) vs
45-60 79%
min after (15/19)
injection
of FDG.
Cowen Breast French 908 pa- No No Patients Patients N/A Pathol- N/A N/A N/A
(1998) cancer tients were di- selected ogy.
metasta- Can- who re- vided retrospec-
ses cer/Radio | ceived into two tively,
therapie surgery groups, 1980 to
and ra- based on 1995.
diother- the tumor
apy but resection
no che- margins.
mother-
apy.
Noh et al. | Breast English 8 patients | No Stan- All ex- Patients PET im- Physical ECAT N/A N/A
(1999) cancer with dardized amined at | who un- ages exam, EXACT
EurJ breast uptake a local derwent were as- mam- 37 scan-
Surg implants value hospital PET sessed mogra- ner. 370
(of 59 (SUV). and sent from and docu- | phy and MBq of
who un- Relative to Seoul June mented tumor FDG was
derwent uptake National 1995 to before histol- injected
PET) (6 values Univer- Nov the surgi- | ogy. intrave-
patients expressed | sity Hos- 1997. cal and nously in
had par- as a per- pital histopa- each pa-
affin im- centage thology tient 60
plants, of the results min prior
the other baseline were to scan-
2 silicone PET available. ning.
im- scan.
plants).
Crippaet | Breast English 68 fe- No Images Con- All con- PET in- Pathol- 400 MBq | 27 with PET in
al. (1998) | cancer males were secutive secutive terpreta- ogy re- of FDG axillary detecting
Journal patients consid- patients patients tions ports was in- metastases, | axillary
of Nu- (age: 29 ered sched- included. | blinded were the jected 45 without | metasta-
clear to 84). positive uled for to the basis for into a axillary ses: 85%
Medicine in the surgery histopa- the final vein metastases. | Clinical
presence and axil- thology classifi- contralat- | With Nj: axillary
of in- lary findings cation of | eral to 10 stage of
creased lymph at sur- the nod- the tumor | Without the Ny pa-
localized | node dis- gery. ules. side, pa- No: 26 tients:
FDG section. tients With Nj,.: 8 | 70%
uptake in fasted for | Without Nia
relation at least 5 Ni: 13 patients:
to the sur- hrs and With Nyy,.: 85.5%
rounding all had 9 Nibo
tissue. normal Without patients:
Semiqua glucose Nipo: 6 100%

levels.




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- Sensitivit:
source sample analysis out disease
ntitative PET per-
analysis formed
of FDG 1-7 days
uptake prior to
was per- surgery
formed with
by gener- GE4096
ating pa- WB Plus
rametric scanner.
images of
stan-
dardized
uptake
values
(SUVs)
in which
the con-
centra-
tion of
radioac-
tivity was
divided
by the
ratio of
total ad-
minis-
tered ac-
tivity to
body
weight.
Raylman | Breast English No sub- N/A N/A N/A N/A N/A N/A N/A N/A N/A
et al. cancer jects
(2000) Med. (simu-
Phys. lated
breast
tissue).
A8.7 PROSTATE CANCER
Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- Sensitiv-
source sample analysis out disease ity
Seltzer, Prostate English 45 pa- No Visual Aug Patients CT CT. In- Patients N/A Data not
et al. cancer tients analysis. 1996 to with an readings terpreted fasted given.
(1999) Journal with an PET and Jan 1998 elevated were by geni- prior to
of Urol- elevated mono- PSA. blinded tourinary | scanning.
ogy PSA clonal to the re- | radiolo- 12-15
were antibody sults of gist. mCi of
studied scan PET and FDG
following were in- mono- given to
prostatect terpreted, clonal image
omy, ra- on differ- antibody glucose
diation ent days, scan. metabo-
therapy by con- PET and lism. A
or cryo- sensus of mono- Siemens
surgery. 2 nuclear clonal HR 961
medicine antibody or 962
physi- scan scanner
cians, were was used.
who were blinded
therefore to CT but
not not to-
blinded tally to
to one each
another other.
but who

were




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- Sensitiv-
source sample analysis out disease ity
blinded
to the CT
findings.
A8.8 MISCELLANEOUS USES (NOT EXAMINED IN THIS REPORT)
Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
Lips et Thyroid English Case re- No N/A N/A N/A N/A N/A N/A N/A N/A
al. (2000) | cancer ports of 4
metasta- Nether- patients.
ses lands
Journal
of Medi-
cine
Barkheet | Benign English Case re- N/A N/A N/A N/A N/A N/A N/A N/A N/A
et al. esophag- ports of 3
(1999) eal dis- Clinical patients.
ease Nuclear
Medicine
Flamen Esophage | English 74 pa- No Blinded All re- Exclu- Yes All pa- CTI/Siem | With dis- Detection
et al. al tients visual ferred for | sion cri- tients had | ens ease: 34 of stage IV
(2000) carcinom | Journal with eso- analysis evalua- teria: an ultra- 931/08/1 patients, disease in
a of Clini- phageal of the tran-| tion of previous sound of | 2 stage IV 74 patients
cal On- or gastro- saxial, the oper- treatment the neck, scanner. disease. PET: 74%
cology esophag- coronal ability of | for eso- a barium Image Ultrasounc
eal carci- and sag- an eso- phageal x-ray of transmis- | Without 41%
noma. ittal phageal cancer, the sion be- disease: CT: 42%
planes. tumor. diabetes, esopha- fore the 40 patients | CT + ultra
High- pulmo- gus, a injection sound: 47°
resolu- nary in- broncho- | of 6.5
tion dis- flamma- scopy, a MBq/kg All com-
play tory dis- spiral CT | of FDG; pared to th
monitor. ease or scan of max. of diagnostic
inoper- the chest 555 standard:
ability and ab- MBgq. histology «
for medi- domen Scanning lymph
cal rea- and trans- | began 60 nodes with
sons. esophag- | min after malignant
eal endo- | injection. tumors
scopic 5 bed po- PET: 39%
ultra- sitions. Ultrasounc
sound 63%
(EUS). CT: 22%
CT + ultra
sound: 54°
Meltzer Esophag- | English 47 pa- No Visual New di- Patients Yes. 20 CT data Patients Primary PET find-
et al. eal can- tients re- analysis agnosis evaluated | PET evaluated | fasted for | tumor. ings:
(2000) cer Clinical ferred for by 2 nu- of eso- between studies in | by expe- at least 4 With: 47 Primary
Nuclear initial clear phageal July 1995 | other pa- | rienced hrs. In- Without: tumor
Medicine | staging medicine | cancer, and tients radiolo- jection of | 20 + equivo-
of eso- special- Univer- March with none- | gists 7 mCi of cal find-
phageal ists. Di- sity of 1998. 67 sophag- blinded FDG. Nodal ings: 87%
cancer vergent Pitts- eligible, eal tho- to all the | Scanning | staging: - equivoca
prior to evalua- burgh. 10 ex- racic clinical began With: findings:
mini- tions. cluded cancer data, ex- 45-60 +:35 79%
mally in- because selected cept the min later. | -: 36 Nodal
vasive of ad- diagnosis | ECAT Without: staging




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
surgical vanced for inclu- | of eso- ART +:12 + equivo-
staging. disease, sion in phageal scanner. - 11 cal find-
and 10 the cancer. ings: 43%
other ex- | analysis Distant - equivoca
cluded of the metasta- findings:
for tech- PET ses: 39%
nical rea- | findings. With: 10 Distant
sons. Reading Without: metastases
blinded 36 + equivo-
to clini- cal find-
cal data. ings: 70%
- equivoca
findings:
30%
Choi et Esopha- English 48 pa- No Visual All con- 61 con- Yes. The CT (HiS- | Advance 100 lymph | PET: 57%
al. (2000) | gus tients analysis. secutive secutive PET peed Ad- | PET node (for deter-
(squamou | Journal with a di- patients patients findings vantage scanner groups mining if
s cell of Nu- agnosis eligible. with a di- | were in- scanner). | (GE with me- there is
carci- clear of his- agnosis terpreted, | Images Medical tastases. metastasis
noma) Medicine | tologi- of his- by con- inter- Systems). | 282 to individ-
cally tologi- sensus, preted Scanning | groups ual lymph
proven cally by 2 nu- before began 45 | negative. node
primary proven clear surgery min after groups)
esophag- primary medicine | by ara- the in- Region (+) | CT: 18%
eal carci- esophag- | physician | diologist | jection of | chest: 62 Difference
noma (45 eal carci- | blinded blinded 370 MBq | abdomen: between
men and noma to the to the of FDG. 30 PET and
3 (Feb CT, en- PET, en- Images neck: 8 CT:
women). 1997 to doscopic doscopic recon- p<0.001
Dec ultra- ultra- structed Region (-)
1998). 13 | sound sound without chest: 181 Anatomice
patients and his- (EUS) attenua- abdomen: region of
excluded | tology and his- tion cor- 85 metastases
because results. tology rection. neck: 16 (PET):
they did results. Thoracic
not un- EUS per- lymph nod
dergo an formed in groups:
esophage all but 3 66.1%
ctomy. of the Abdomina
patients lymph nod
(could groups:
not toler- 46.7%
ate the Cervical
proce- lymph nod
dure) and groups:
inter- 37.5%
preted by
a gastro-
enterolo-
gist
blinded
to the
PET, CT
and his-
tology
results.
EUS in-
complete
in 12/45
patients.
Stumpe Soft tis- English 39 pa- No Visual Yes Patients 36 pa- No GE Ad- With dis- Patients
et al. sue and tients analysis referred tients had vance ease: with soft
(2000) bone in- EurJ with sus- by 2 for evalua-| CT or PET 24 in soft tissue dis-
fections Nucl pected blinded tion of MRI scanner. tissues. ease: 96%
Med infections nuclear within 3 Patients 16 in Bone in-




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
(cause of medicine suspected | days after fasted for | bone. fections:
infection: physi- infection. | PET, or at least 4 40 pooled 100%
patients cians. compari- hrs and with dis- Pooled: 99
were ei- son made received ease.
ther not with an intra-
taking histology venous Without
their an- findings. injection disease:
tibiotics of 300- 3 in soft
or not re- 400 MBq | tissues.
sponding of FDG 9 in bone.
to ther- that had 12 pooled
apy). been without
produced | disease
in-house
30-40
min ear-
lier using
al17.8-
MeV cy-
clotron.
Schulte Skeletal English 202 pa- No Qualita- Ongoing Patients Blinded Inci- ECAT With ma- PET: 93%
et al. tumors tients tive and prospec- with radio-| to clini- sional, 931-08- lignant (Using a
(2000) Journal with pri- semi- tive study | graphic cal data. exci- 12 disease: T/B cut-of
of Nu- mary quantita- that be- evidence sional or scanner 115 level of
clear bone tu- tive gan in of an ac- needle (Siemens | With be- 3.0).
Medicine | mors. analysis 1993. tive be- biopsy /CTI). nign dis-
of the ar- nign le- per- Patients ease: 87
eas of sion, ag- formed fasted for
elevated gressive within 8 at least 8
FDG benign days after | hrs, and
uptake. lesion or PET. blood
T/Bs malig- glucose
(tumor- nant pri- measured
to-back- mary and re-
ground bone neo- corded
ratios) plasm. before
obtained injection
by 2 phy- of FDG.
sicians Dose de-
blinded pended
to each on body
other and mass:
to the 120-300
clinical MBgq.
data and
averaged
for sta-
tistical
analysis.
Barkheet | Tuber- English Case re- N/A N/A N/A N/A N/A N/A N/A N/A N/A
et al. culosis ports of
(1998) Clinical two pa-
Nuclear tients.
Medicine
Barkheet | Breastin- | English Case re- N/A N/A N/A N/A N/A N/A N/A N/A N/A
et al. fection ports of
(2000) and in- Clinical two pa-
flamma- Nuclear tients.
tion Medicine




Table 32: Selection of studies on PET (neurology)

A8.9 ALZHEIMER’S DISEASE

Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
Reiman Alz- English 4 het- No N/A Volun- N/A N/A N/A ECAT N/A N/A
et al. heimer’s erozy- teers re- 951/31
(2001) disease Proc Natl | gotes and cruited scanner.
Acad Sci | 4 noncar- by news- Intrave-
USA rier con- paper ad- nous in-
trols vertise- jection of
matched ments. 10 mCi
for sex, Had a of 18-
age and family FDG.
educa- history of
tion. 2 Alz-
years heimer’s
later, 10 disease
heterozy- with at
gotes and least one
15 non- 1*-degree
carrier relative
controls. affected.
Kawano Alzheime | English 26 pa- No PET used | Probabil- | N/A N/A N/A N/A N/A N/A
et al. r’s tients to meas- ity or
(2001) disease Dementia | with ure the possibil-
and Geri- | slowly regional ity of Alz-
atric pro- cerebral heimer’s
Cognitive | gressing metabolic | disease.
Disorders | memory rate of Patients
prob- glucose admitted
lems. (rCMRgl | to hospi-
). tal for
approx.
one
week.
A8.10 REFRACTORY EPILEPSY
Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
Dupont Epilepsy English 30 pa- No Calcula- 30 con- Not men- | None: ECAT 2 years
et al. tients tion of secutive tioned. surgery 953/31B after sur-
(2000) Arch the patients scanner gery:
Neurol asymme- | with (CTI/ 14 sei-
try index. | temporal Siemens) | zure-free,
lobe epi- .31 10 mostly
lepsy transver- improved
who had sal sec- and 6 with
under- tions of persistent
gone sur- the brain seizures.
gery and 30 min
who had after the
different intrave-
postop- nous in-
erative jection of
health FDG ata
out- mean
comes. dose of
29.6 x

10",




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
Muzik et | Epilepsy English 10 pa- No Semiau- Mostly Not Not men- | FMZ- Patients Data not Detection
al. (2000) tients tomated pediatric stated. tioned. PET, in- fasted for | given. of epileptc
Neurol- software patients tracranial | 4 hrs be- genic foci:
ogy for de- with re- EEG. fore the FMZ at
fining fractory scanning. 10%
abnormal | ex- PET per- threshold:
suprat- tratempo- formed 81 £9%
entorial ral epi- during 12%
cortical lepsy. the in- threshold
areas in terictal 57 +£10%
PET im- state. 15%
ages. CTI/Siem threshold
ens 37 £ 12%.
ECAT/H FDG at
R 10%
scanmer. threshold
Scanning 53 + 13%
began 30 (p=0.06)
min after 12%
the in- threshold:
jection of 32 +12%
FDG (p=0.03)
(0.143 15%
mCi/kg). threshold:
16% + 6%
(p=0.08).
Detection
of cortical
areas of
seizure
spread
10%
threshold
FMZ: 314
9%; FDG:
34+ 9%
(p=0.51)
15%
threshold
FMZ: 194
8%, FDG
10 £ 6%
(p=0.28)
Regions o
interictal
spiking
10%
threshold
80 + 7% fc
FMZ, 57 4
13% for
FDG
(p=0.15)
Tatlidil et | Epilepsy English 35 pa- No Mean in- | 35 pa- Referred Not men- | MRI, GE/Scan Histopa- PET of
al. (2000) tients, dex of tients by 3 tioned. electroen- | ditronix thologic blood flow
Actaneu- | 100 con- metabolic | who had centres. cephalo- scanner. abnor- 80%
rol. Belg. | trols (75 symme- had an graphic Bolus of malities
*0- try cal- anterior video 2,405- observed Patients
water, 25 culated. temporal monitor- 2,960 in 30 pa- with nor-
FDGQG). Abnor- lobec- ing with MBq of tients. 15 mal MRI:
mal PET tomy for recording | "O-water | patients FDG-PET
findings complex of sei- adminis- had hip- 78%
divided partial zures, tered for pocampal PET of
into 3 seizures. and neu- each re- sclerosis. blood flow
groups: rological cording After a 64%
mild, examina- | after temporal Visual
moderate blood lobec- analysis of




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
and se- tion. flow im- tomy, 20 MRI: 60%
vere. aging. patients (detection
204 MBq | were sei- of lesions)
of FDG zure-free,
injected. 13 showed
significant
improve-
ment and
2 did not
show sig-
nificant
improve-
ment.
Ryvlinet | Epilepsy English 100 pa- No Qualita- 100 con- Prospec- Yes. PET | MRI, FMZ- Temporal FMZ-PET
al. (1998) tients and tive secutive tive in- interpre- FMZ- and lobe epi- 73%
Brain 12 con- analysis patients clusion tations PET, FDG- lepsy MRI: 66%
trols. reviewed | with re- of 100 blinded video PET per- | (n=52):
by 2 in- fractory consecu- to the ECG formed Nonlateral
depend- epilepsy. tive pa- other monitor- on the mesio-
ent PET tients re- data. ing. same day | temporal
experts. ferred to in 90 pa- sclerosis
the centre tients MRI
for medi- with a (n=30)
cally re- time-of- Detection
fractory flight de- | by MRI
partial vice 30/30
epilepsy. (TTVO03, FDG-PET
LETI, 29/30
CENG). FMZ-PET
FDG- 30/30
PET per-
formed
90 min
after the
last in-
jection of
FMZ.
Methods
described
else-
where.
Hwang et | Epilepsy English 117 pa- No Visual Con- Review Blinded SPECT, ECAT 117 pa- Overall rat
al. (2001) tients and secutive of 358 reinter- MRI, EXACT tients in of correct
AJNR (103 un- qualita- patients medical pretation. | pathol- scanner. all (patho- | localizatio
Am]J derwent tive in- who un- records, ogy. Scanning | logic di- of epileptc
Neurol PET, 93 terpreta- derwent including per- agnosis: genic foci:
interictal tion. surgery those of formed 50 tempo- | MRI:
SPECT for in- 117 pa- 60 min ral, 33 59.8%
and 91 tractable tients after the frontal, 15 PET:
ictal neocorti- | with neo- injection occipital, 77.7%
SPECT. cal epi- cortical of 370 13 parie- Ictal
lepsy. epilepsy. MBq of tal, 2 hemi- | SPECT:
18-FDG spheric, 4 70.3%
during multifo- For patien
the in- cal); 77 with an
terictal neuronal adequate
period. migration postopera-
disorder tive follow
(patho- up:
logic di- MRI:
agnosis: 65.5%
28 tempo- | PET:
ral, 25 77.2%
frontal, 10 | Ictal
occipital, SPECT:
73.8%

Rate of co




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
10 parie- rect local-
tal, 2 hemi- | ization of
spheric, 2 temporal
multifo- neocortica
cal), 15 epilepsy:
tumors MRI:
(patho- 64.0%,
logic di- PET:
agnosis: 86.7%
13 tempo- | Ictal
ral, 1 oc- SPECT:
cipital, 1 0.6%)
multifo- Extratem-
cal) and poral:
25 others MRI:
(9 tempo- 56.7%,
ral, 8 PET:
frontal, 4 70.7%
occipital, Ictal
3 parietal, SPECT
1 multifo- | 63.6%
cal).
A8.11 BRAIN TUMORS (MAINLY GLIOMA)
Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
Bader et Sus- English 30 pa- No Visual Patients 9 patients | 2 inde- SPECT, ECAT 29 recur- SPECT
al. (1999) | pected tients analysis with sus- | with an pendent stereo- ART rences and | 100% for
recur- who were in axial, pected initial di- | observers | tactic bi- camera 1 nontu- grade IV,
rences of part of a coronal recur- agnosis blinded opsy. (Sie- mor lesion | 86% for
glioma EurJ larger and sag- rence and | of grade to the mens/CTI | (postop- grade III,
Nucl group of ittal sched- 1T astro- clinical , USA). erative 75% for
Med patients planes uled for cytoma, and 12-hour scar). grade II.
referred with a further 10 with histopa- overnight
consecu- reversed treat- grade IV thology fast. PET
tively gray ment. glioma, data, Admin. 100% for
because scale and | Initial 3 with classified of 200 grade IV,
of sus- a quanti- treatment | grade II the PET MBgq of 71% for
pected tative ended at oligoas- and FDG. grade III,
recur- analysis least 6 trocy- SPECT Tran- 50% for
rence or of the months toma, 6 images as saxial grade II.
for PET re- before with positive images
grading sults se- the PET grade IT or nega- recon-
after ini- lected for | study. oligoden- | tive. structed
tial treat- analysis droglio- with fil-
ment. of the re- ma and 2 tered
gions of with back-
interest, grade 11T projection
based on oligoden- and cor-
a stan- droglio- rected for
dardized ma. attenua-
gray tion (see
scale. ref. for

details).




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
DeWitte High- English 91 pa- No Qualita- Patients 91 pa- 2 inde- None Sie- 8 patients: | No data
et al. grade tients (30 tive with tients pendent mens/CTI | grade I given.
(2001) astrocyto with analysis high- studied, observers 933/08-
ma J Neu- grade 11T using the | grade but inter- 12 scan- 42
rooncol multi- following | glioma analysis preted ner with patients:
form grading proven con- the PET 6.75-mm grade IT
glioblas- scale: 1, histologi- | cerned scans sections.
tomas, 61 uptake cally for only 26 visually. Attenua- 41
with lower progno- patients tion cor- patients:
grade IV than in sis. because rection. grade 11T
glioblas- the con- of deaths 1V injec-
tomas). tralateral (n=50) or tion of
white follow-up 260 MBq
matter; 2, not done of FDG,
uptake (n=15). with
interme- scanning
diate beginning
between 40 min
the con- later.
tralateral
white
matter
and cor-
tex; and
3, uptake
greater
than or
equal to
that in
the con-
tralateral
cortex.
Derlon et | Oligoden- | English 47 pa- No Histology | Not CT,MRI | LETI No data
al. (2000) | droglio- tients slices re- given. and ''C- TTVO03 given.
mas with viewed MET scanner
EurJ histologi- by the PET. with high
Nucl cally con- same transaxial
Med firmed patholo- resolu-
oligoden- gist: tion, 7
droglio- regions planes,
mas (27 of inter- attenua-
low- est, vis- tion cor-
grade; 20 ual rection
high- analysis. based on
grade). transmis-
Mean sion with
tumor/ %Ge. Af-
healthy ter June
tissue ra- 1996:
tio for ECAT
""C-MET HR+
and scanner
FDG; (Sie-
min. and mens/CTI
max. ra- ).
tio for
each
slice;
standard
deviation
for the
ratio val-
ues and
the total

volume




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
of the inte-
grated
regions
of inter-
est for
the dif-
ferent
slices.
Eary et Malig- English 13 pa- No Patients Primary Not men- | 2-[C- Imaging 4: multi- No data
al. (1999) | nant tients under- or recur- tioned 11]thy- by ''C- form given.
brain tu- Cancer went rent brain midine dThd glioblas-
mors Res closely tumors. (dThd), followed toma
spaced Patients PET, by "*F- 7:
8- referred MRI. FDG anaplastic
FDG/''C- | for PET PET. astrocy-
dThd + scanning Blood toma
MRI. by the sample. 1: periph-
Image re- | Univer- 10 to 20 eral
sults sity of mCi 2- neuro-
compared | Wash- [C- ectoder-
by stan- ington 11]dThd mal tumor
dardized Medical injected 1: cystic
visual Centre. IV for 60 | adenoid
analysis. seconds carcinoma
Grading with Har-
by 2 ex- vard infu-
perienced sion
observ- pump.
ers. GE-
Qualita- Advance
tive scanner.
analysis. Image re-
construc-
0= up- tion by
take less 3-Dre-
than or projection
equal to algo-
that of rithms.
normal With
tissues transver-
sal and
1 = mini- axial fil-
mally ters
abnormal (more
uptake details in
article).
Imaging
2 =up- by FDG-
take PET after
definitely 'C. 10
abnormal mCi of
FDG ad-
Compari- minis-
son of re- tered IV
sults: with Har-
vard
dThd vs. pump for
FDG 2 min.
Blood
dThd vs. sample
IRM (glucose).
FDG vs.
MRI
Nuutinen | Astrocyto | English 14 pa- No Stan- Newly Yes MRI/CT 425 MBq | Datanot Data not




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
et al. mas tients: dardized diag- Blinded of ""C-me- | given. given.
(2000) Int J Ra- 13 with uptake nosed or reading thionine.
diat On- low- value and | recurrent by 2 on- Patients
col Biol grade as- tu- low- colo- fasted for
Phys trocy- mor/con- | grade gists/radi S hrs.
tomas, 1 tralateral tumors. ologists ECAT
with brain guided 931/08
multi- SUV ra- by the scanner
form tios. MRI re- (Siemens/
glioblas- Visual sults or CTI). 15
toma. and with 6.7-mm
quantita- knowl- slices.
tive edge of Images
analyses. the MRI recon-
All im- + CT re- structed
ages sults as according
showing well as to MRI.
areas of the clini- Attenua-
increased cal data tion cor-
MET on the rection
uptake in patients. with
the tumor %Ge.
region Scanning
were began 20
consid- min after
ered injection.
positive
on visual
analysis.
Sato et Gliomas English 13 pa- "'C-me-
al. (1999) tients thionine
Abstract PET.
Neurox-
surg Rev
Stokkel Recurrent | English 16 pa- Quanti- Sus- SPECT SPECT et | 12 with SPECT:
et al. brain tu- tients tative pected PET per- recur- 92%
(1999) mor Abstract analysis recurrent formed rence. PET: 62%
with brain tu- on the (p=0.023)
Nucl thallium mor. same day.
Med index and Coinci-




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
Commun FDG in- dence
dex. detection
Also, camera.
visual
assess-
ment.
Thompso | Recurrent | English 15 pa- 14 with PET: 43%
netal. tumors tients disease, 1
(1999) Abstract without
Stereotac
t Funct
Neurosur
g
Roelcke Low- English 30 pa- Visual Patients Not men- | FDG CTI In patients
et al. grade as- tients analysis who did tioned compared | scanner who had
(1999) trocy- J Neurol of the re- or did not with (933/04- received
tomas Neuro- gions of receive MET. 16) MET: radiation
surg Psy- inter- radiation 35 min therapy
chiatry est/quanti therapy after in- (n=13):
tative subse- jection. MET T/C:
analysis quent to FDG: 48 1.31(0.42
of radio- first tu- min after
activity mor re- injection. FDG T/C:
concen- section. 0.90 (0.16
tration The two
ratios in tests were In patients
tumors per- who did n¢
(T) over formed 3 receive ra-
contralat- to 4 hrs diation
eral brain apart. therapy (n:
©) 17):
(T/C). MET T/C:
1.33(0.40
FDG T/C:
0.82(0.10
Malignant
progressio
(yes, n=7):
MET 1.70

(0.64);




Language | Size of Duplicate | Type of Inclusion | Inclusion | Blinded Refer- PET Patients
Study Site and patient study? PET criteria reading? ence test methods with/with- | Sensitivity
source sample analysis out dis-
ease
FDG 0.98
(0.23)
(no; n=13)
MET 1.21
(0.21);
FDG 0.82

(0.08)




A8.12 MYOCARDIAL VIABILITY

Table 33: Selection of studies using a clinical criterion as an assessment
criterion and studies on changes in management due to PET scan re-
sults (cardiology)

Number of
Methodologi- | patients
Study cal quality Age LVEF Assessment Groups Results
(grade) Mean dura- criterion
tion of follow-
up
Eitzman et al., 1992 C 82 34+ 13% Composite Comparison of patient Significantly more deaths in the group with viabl
Retrospective 59 £ 10 years (deaths, cardiac | outcomes with respect treated medically.
12 months arrests, to treatment (medical
MIs, late treatment, revasculari-
revascularizatio | zation) and PET results.
n)
Yoshida et al., 1993 C 35 43.6% Death Comparison of patient | No significant difference in mortality between th
Retrospective 54 years outcomes with respect Mortality lower in the patients with viable myoce
3 years to treatment (medical
treatment, revasculari-
zation) and PET results.
Tamaki et al., 1993 C 84 50 £ 12% Composite Comparison of medi- FDG uptake is a predictor of events.
Retrospective 58 £ 9 years (group without | (deaths, MIs, cally treated patients
23 +12.7mos | events) angina, late re- with and without vi-
42 + 14% vascularization). | ability.
(group with
events)
Lee etal., 1994 C 129 38 +16% Composite (CV | Comparison of patient The patients with viable tissue who were treated
Retrospective 62 = 11 years events + outcomes with respect ischemic events (48%) than the patients with vial
17 £ 9 months deaths). to treatment (medical revascularized (8%, p<0.001).
treatment, revasculari- | Cox analysis: Viability and no revascularization
zation) and PET results. | only age and EF, not viability, are predictors of d
Di Carli et al., 1994 C 93 28 £ 6% Mortality Comparison of patient The patients with viable myocardium who undenr
Retrospective 65 + 10 years outcomes with respect higher 1-year survival rate than those treated mec
13.6 months to treatment (medical
treatment, revasculari-
zation) and PET results.
Di Carli et al., 1995 C 36 28 £ 6% Improvement in | All the patients were There was greater functional improvement in the
Prospective 66 *+ 8 years heart failure revascularized. cardium as detected by PET.
25 + 14 mos symptoms.
Haas et al., 1997 B 69 <0.35% Survival at 12 Comparison of patient 12-month survival rate: 97% with PET vs. 79% v
Retrospective PET group: 60 months after re- | outcomes with respect In-hospital mortality: PET, 0; other group, 11.4%
+ 10 years vascularization. | to performing or not
Non-PET performing PET.
group: 63 £9 35 PET patients
years 34 non-PET patients
12 months
Number of
Methodologi- | patients
Study cal quality Age LVEF Assessment Groups Results
(grade) Mean dura- criterion
tion of follow-
up
Beanlands et al., 1997 | B 80 81 pts <50% | Change in man- Change in management strategy in 57% of the ca
41 <30% agement. the LVEF was < 30%.
Vom Dahl et al., 1997 | B 161 45+ 12% Composite Comparison of patient | Among the patients who were revascularized, on
Prospective 57 £9 years + changes in outcomes with respect on PET had a significant decrease in the number
29 + 6 months symptoms. to treatment (medical Improvement in symptoms in the patients with vi
treatment, revasculari- vascularized in relation to those who were treatec
zation) and PET results.
Pagano et al., 1998 C 35 23.6% Change in All the patients were Correlation between the number of viable segme:




Retrospective

45 to 72 years
6 months

LVEF, exercise
capacity, and
quality of life.

revascularized.

LVEF. No correlation with exercise capacity or ¢

Di Carli et al., 1998
Retrospective

93

69 years
Median fol-
low-up of 4
years

Median: 25%

Survival at 4
years.

Comparison of patient
outcomes with respect
to treatment (medical
treatment, revasculari-
zation) and PET results.

In patients with viability on PET.
4-year survival rate with medical treatment: 30%

Schelbert et al., 1998 112 evaluated | <35% Survival at 5 Comparison of patient S-year survival rate:
Retrospective for cardiac years. outcomes with respect 80% in the group with viable myocardium that w
transplantation to treatment (medical 71.4% in the group without viable myocardium tl
treatment, revasculari- | 42% in the group without viable myocardium tha
zation, transplantation)
and PET results.
Landoni C et al., 1999 241 29.8+6.7% Survival at 30 Comparison of out- 30-day mortality rate:
(153 evaluated days. comes in the revascu- 0.9% in the PET group.

Retrospective by PET) larized patients with re- | 19.8% in the group that was not assessed by PET
spect to PET scan re- Only predictor of perioperative outcome: presenc
sults. tion fraction.

Marwick et al., 1999 63 28+ 7% Survival, func- | All the patients were Myocardial viability is a predictor of the improve

Prospective 66 + 9% tional capacity, | revascularized. of quality of life.

17 months quality of life.
Siebelink et al., 2001 103 Cardiovascular | Comparison of the No difference between the two groups.

Prospective

28 + 1 months

event-free sur-
vival.

groups managed in light
of the of PET results vs.
SPECT results.




Table 34: Selection of studies of the use of PET, using an intermediate cri-
terion as an assessment criterion (cardiology: functional reversibility of

segmental wall motion)

Study Patients (n) LVEF Sensitivity (%) Specificity (%) PPV (%)
Tillisch et al., 1986 17 32+ 14% 95 80 85
Tamaki et al., 1989 22 NR 78 78 78
Tamaki et al., 1991 11 NR 100 37 80
Carrel etal., 1992 23 34 + 14% 94 50 84
Lucignani et al., 1992 14 38+ 5% 93 86 95
Gropler et al., 1992 16 NR 79 83 79
Manwick et a., 1992 16 NR 71 76 68
Vanoverschelde et al., 1993 12 55+7% 100 - 100
Gropler et al., 1993 34 NR 83 50 52
Maes et al., 1994 20 48 £ 9% 82 67 75
Knuuti et al., 1994 48 53+ 11% 85 84 70
Vom Dahl et al., 1994 37 34+ 10% 66 77 53
Grandin et al., 1995 25 49+ 11% 88 50 79
Tamaki et al., 1995 43 41 88 82 76
Gerber et al., 1996 39 33+£10% 75 67
Bax et al., 1996 17 36+ 11% PET: 89 PET: 77 PET:62
Thallium-201: 93 Thallium-201: 43 Thallium-201: 40
Echo stress 85 Echo stress: 63 Echo stress: 49
Vom Dahl et al., 1996 52 47 £ 10% 95 73 68
Baer et al., 1996 42 40 £ 13% PET: 96 PET: 69 PET: 72
Echo stress: 92 Echo stress: 88
Maes et al., 1997 30 46.5% - - PET: 91
MIBI SPECT: 82
Wolpers et al., 1997 30 42+ 11% - - 78
Pagano et al., 1998 30 25+ 7% PET: 99 PET: 33 PET: 66
Echo stress: 61 Echo stress: 63 Echo stress: 68
Fath-Ordoubadi et al., 1998 47 <30% 63 to 81, depending o
the FDG uptake cut-o
level.
Zhang et al., 1999 60 44 £ 15% 76 86 88
Rossetti et al., 1999 17 52.5+£7% PET 87 PET 26,3 PET: 45,7

MIBI SPECT: 46.5
THALLIUM SPECT:
474




Study Patients (n) LVEF Sensitivity (%) Specificity (%) PPV (%)

Kitsiou et al., 1999 26 31+ 8% 65 to 76, depending o
the FDG uptake cut-o
level.

Pasquet et al., 2000 66 28 5% PET: 56 PET 64

Global LV function Echo stress: 94 Echo stress: 59
Wiggers et al., 2000 46 35+7% PET: 81 PET: 56
Echo stress: 51% Echo stress: 98
McFalls et al., 2000 20 <27% 67

Global LV function
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APPENDIX 9: METHODOLOGICAL QUALITY OF STUDIES

Table 35: Methodological Quality of Studies — Lung Cancer

STUDY STUDY FEATURES COMMENTS
Erasmus et al., 2000 Small sample (25 cases: 18 men; age: 37 to 86). Grade C
Retrospective design (unit of analysis: the patient). - Small sample, no mention of blinded
All eligible patients included in analysis. reading.

Diagnosis defined by appropriate reference standard.
PET procedure adequately described; no mention of
blinded reading.

PET not compared with conventional imaging.

- No comparison of sensitivity and specific-
ity rates with those of conventional imag-
ing methods.

- Retrospective design.

Gupta et al., 2000

Large sample (118 cases: 73 men; age: 35 to 84
years).

Consecutive cases (unit of analysis: the nodal sta-
tion).

All eligible patients included in the study, but only
54 cases included in the analysis.

Diagnosis defined by appropriate reference standard.
PET procedure adequately described; blinded reading
of images.

PET compared with CT.

Grade B
- Certain cases excluded from the analysis
(only 54 of the 118 cases were included).
- Resection based on staging by PET + CT.

Vanuytsel et al., 2000

Large sample (105 cases; sex and age distribution not
given).

Retrospective design (unit of analysis: the nodal sta-
tion).

All eligible patients included.

Diagnosis defined by appropriate reference standard.
PET procedure adequately described; images evalu-
ated independently.

PET compared with CT and PET + CT.

Grade B

- Overlapping of cases with those from two
previously published studies.

Dewan et al., 1997

Adequate sample (52 cases; age > 30 years; sex dis-
tribution not given).

Retrospective design with consecutive cases (unit of
analysis: the nodal station).

All eligible cases included in the study and analysis.
Diagnosis defined by appropriate reference standard.
PET procedure adequately described; images evalu-
ated independently.

PET not compared with conventional imaging.

Grade C
- Referred cases from the same institutions
as the cases in a previous study by Dewan
et al. (1995).
- No comparison between PET and conven-
tional imaging.
- Retrospective design.

Marom et al., 1999

Large sample (100 cas: 58 men; age: 25 to 83).
Prospective design; consecutive cases (unit of analy-
sis: the patient).

39 of the 139 the initial consecutive patients excluded
from the study, but the 100 remaining cases included
in the study and analysis.

Diagnosis defined by appropriate reference standard.
PET procedure adequately described; images evalu-
ated independently.

PET compared with CT.

Grade A
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STUDY

STUDY FEATURES

COMMENTS

Patz et al., 1995

Adequate sample (42 cases: 26 men; age: 25 to 85).
Prospective design (unit of analysis: the nodal sta-
tion).

Not all the eligible patients were included in the
study, but all who were included in the study were
also included in the analysis.

Diagnosis defined by appropriate reference standard.
PET procedure adequately described; images evalu-
ated independently.

PET compared with CT.

Grade B

- Adequate sample, but small.
- Not all the eligible patients were included
in the study.

Vansteenkiste et al., 1998

Adequate sample (68 cases; age: 40 to 83; sex distri-
bution not given).

Prospective design (unit of analysis: the nodal sta-
tion).

Not all the eligible patients were included in the
study, but all who were included in the study were
also included in the analysis.

Diagnosis defined by appropriate reference standard.
PET procedure adequately described; images evalu-
ated independently.

Comparison between PET + CT and CT alone.

Grade B

- Not all eligible patients were included in
the study.

- Comparison between CT and PET + CT
but not with PET alone.

- Overlapping of cases in this study with
those in 1997 study by the same authors.

Vansteenkiste et al., 1997

Adequate sample (50 cases: age: 40 to 83 sex distri-
bution not given).

Prospective design (unit of analysis: the patient).
Not all the eligible patients were included in the
study.

Diagnosis defined by appropriate reference standard.
PET procedure adequately described; images evalu-
ated independently.

PET compared with CT alone and with PET + CT.

Grade B

- Not all eligible patients were included in
the study.

- Overlapping of cases with those in a sub-
sequent study by the same authors
(1998).

Pieterman et al., 2000

Large sample (102 cases: 88 men; age: 25 to 77).
Prospective design, consecutive cases (unit of analy-
sis: the patient).

All eligible cases included in the study and analysis.
Diagnosis defined by appropriate reference standard.
PET procedure adequately described; images evalu-
ated independently.

PET compared with CT alone and with PET + CT.

Grade: A

Roberts et al., 2000

Large sample (100 cases; age and sex distribution not
given).

Retrospective design (unit of analysis: the patient).
All eligible cases included in the study and analysis.
Diagnosis defined by appropriate reference standard.
PET procedure adequately described; no mention of
blinded reading.

PET not compared with conventional imaging.

Grade C:

- Retrospective design.

- No mention of blinded reading.

- PET not compared with conventional im-
aging.

- The cases were patients referred to the
study — possibility of selection bias.
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STUDY STUDY FEATURES COMMENTS
Hara et al., 2000 - Small sample (29 cases: 19 men; age: 40 to 83). Grade C
- Retrospective design (unit of analysis: the nodal sta-
tion). - Small sample.
- All eligible cases included in the study and analysis. - Retrospective design.

- Diagnosis defined by appropriate reference standard.

- PET procedure adequately described; images evalu-
ated independently.

- FDG-PET compared with CT and C-choline PET.

Weber et al., 1999 - Small sample (27 cases: 26 men; mean age: 62 + 9). Grade C
- Retrospective design (unit of analysis: the patient).
- All eligible cases included in the study and analysis. - Small sample.
- Diagnosis defined by appropriate reference standard. - Cases with disease only.
- PET procedure adequately described; images evalu- - Retrospective design.

ated independently.
- PET compared with CT and coincidence imaging
(coincidence gamma camera).

Berlangieri et al., 1999 - Adequate sample (50 cases: 37 men; age: 41 to 78). Grade B
- Consecutive cases (unit of analysis: the nodal sta-
tion). - Size of patient sample.

- All eligible cases included in the study and analysis.

- Diagnosis defined by appropriate reference standard.

- PET procedure adequately described; images evalu-
ated independently.

- PET compared with CT.
Saunders et al., 1999 - Large sample (97 cases: 64 men; age: 36 to 77). Grade B
- Consecutive cases (unit of analysis: the nodal sta-
tion). - Not all the cases were included in the
- Diagnosis defined by appropriate reference standard. analysis.
- All eligible cases included in the study, but only 84 - Cases referred to the study (possibility of
were included in the analysis. selection bias).

- PET procedure adequately described; images evalu-
ated independently.

- PET compared with CT.
Magnani et al., 1999 - Small sample (28 cases: 26 men; age: 50 to 75). Grade C
- Retrospective design (unit of analysis: the patient).
- Diagnosis defined by appropriate reference standard. - Small sample.
- All eligible cases included in the study and analysis. - Retrospective design.

- PET procedure adequately described; images evalu-
ated independently.
- PET compared with CT alone and with PET + CT.
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Table 36: Methodological Quality of Studies — Colorectal Cancer

STUDY

SITE

LANGUAGE
AND SOURCE

INCLUDE
OR
EXCLUDE

COMMENTS

METHODOLOGICAL
QUALITY

Valk et al., 1999

Cancer colorectal

English

Arch Surg

Include

Inclusion/exclusion
criteria clearly stated.
PET and CT images
read at the same time
by 1 or 2 investigators
with access to the clini-
cal data.

Ambiguous.

A

Imdahl et al.,
2000

Metastases from co-
lorectal cancer

English

Langenbeck’s
Arch Surg

Include

Inclusion/exclusion
criteria not clearly
stated (consecutive pa-
tients?).

Circular reference stan-
dard.

Zhuang et al.,
2000

Hepatic metastases
from colorectal can-
cer

English

Nucl Med
Comm

Include

Direct comparison:
PET/surgical pathol-
ogy/clinical follow-up
— blinded reading of re-
sults???? Performed
within 8 weeks of con-
ventional imaging.

80 consecutive patients
(retrospective).

Staib et al., 2000

Recurrent colorectal
cancer

English

Am J Surg

Include

Prospective recruit-
ment.
Inclusion/exclusion
criteria clearly stated.
PET scans evaluated
independently, with
readers blinded to re-
sults of conventional
imaging but with
knowledge of diagnosis
and indication.
Reference standard
somewhat circular.

Willkomm et al.,
2000

Recurrent colorectal
cancer

English

J Nucl Med

Include

Blinded reading of
scans with conventional
imaging.

Recurrent disease de-
tected in only 9 patients
(small sample).
Prospective recruit-
ment.

Table 37:

Methodological Quality of

Studies - Melanoma

STUDY

SITE

LANGUAGE
AND SOURCE

INCLUDE
OR
EXCLUDE

COMMENTS

METHODOLOGICAL
QUALITY

Paquet et al.,
2000

Metastatic melanoma

English

Include

Small sample (24 pa-
tients).
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STUDY

SITE

LANGUAGE
AND SOURCE

INCLUDE
OR
EXCLUDE

COMMENTS

METHODOLOGICAL
QUALITY

Dermatology

Comparison between
PET and conventional
imaging.

Blinded reading? No
mention.
Inclusion/exclusion
criteria not clearly
stated.

PET not compared with
conventional imaging.

Eigtved et al.,
2000

Metastatic melanoma

English

Eur J Nucl Med

Include

Consecutive patients.
PET scans visually in-
terpreted. PET com-
pared with conven-
tional imaging and
clinical examination.

Acland et al.,
2000

Metastatic melanoma

English

J Am Acad
Dermatol

Include

PET compared with
histology.

Patients referred for
PET for various rea-
sons.

Patients identified ret-
rospectively in a PET
database.

PET not compared with
conventional imaging.

Krug et al., 2000

Metastatic melanoma

English

Acta Radiologica

Include

Consecutive patients
studied retrospectively.
No sensitiv-
ity/specificity data.

Wagner et al.,
1999

Melanoma

English

J Clin Oncol

Include

Prospective study.
Methodology ade-
quately described.
Inclusion/exclusion
criteria not clearly
stated.

PET scans interpreted
in a blinded fashion by
a single investigator.
74 patients.

Jadvar et al.,
2000

Melanoma

English

Clin Nucl Med

Include

Retrospective chart re-
view.

Small sample (38 pa-
tients).

Reading done by a sin-
gle observer who was
aware of the clinical
changes and previous
radiographic results.
No sensitiv-
ity/specificity data.

Dietlein et al.,
1999

Melanoma

English

Nucl Med
Comm

Include

68 patients (small
number in the analysis).
No protocol for time or
extent of the examina-
tion.
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STUDY

SITE

LANGUAGE
AND SOURCE

INCLUDE
OR
EXCLUDE

COMMENTS

METHODOLOGICAL
QUALITY

PET scans were read by
physicians different
from those who read
the x-rays and ultra-
sounds.
Inclusion/exclusion
criteria not clearly
stated.

No independent refer-
ence standard.

Crippa et al.,
2000

Metastatic melanoma

English

J Nucl Med

Include

Inclusion/exclusion
criteria not clearly
stated.

38 patients followed
prospectively.

PET scans read in a
blinded fashion and re-
read retrospectively.
No comparison, but
sensitivity/specificity
with respect to size.

Table 38: Metho

dological Quality of Studie

s — Head and Neck

Cancer

STUDY

SITE

LANGUAGE
AND
SOURCE

INCLUDE
OR
EXCLUDE

COMMENTS

METHODOLOGICAL
QUALITY

Di Martino et
al., 2000

Head and neck can-
cer

English

Arch Otolaryn-
gol Head Neck
Can

Include

50 patients recruited
prospectively.
Inclusion/exclusion
criteria clearly stated.
Blinded reading? No
mention.

Method of interpreting
PET scans not ex-
plained.

Lowe et al.,
2000

Recurrent head and
neck cancer

English

J Clin Oncol

Include

Overlapping of patients
with those of another
study (44).

30 patients in this
study.
Inclusion/exclusion
criteria not clearly
stated.

Blinded reading? No
mention.

Method of interpreting
PET scans not ex-
plained.

PET compared with
correlative imaging.

Lonneux, 2000

Recurrent head and
neck cancer

English

Laryngoscope

Include

44 patients recruited
prospectively.

Inclusion/exclusion
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STUDY SITE LANGUAGE | INCLUDE COMMENTS METHODOLOGICAL
AND OR QUALITY
SOURCE EXCLUDE
criteria.
Blinded reading.
PET compared with
morphological imaging.
Jungehulsing et Unknown primary English Include 27 patients with un- C
al., 2000 with manifestation in known primary.
the head and neck Otolaryngol Inclusion/exclusion
lymph nodes Head & Neck criteria not clearly
Surg stated.
No mention of blinded
reading.
Bohuslavizki et Unknown primary English Include Knowledge of clinical, D
al., 2000 surgical and histopa-
J Nucl Med thologic findings and
correlative imaging
were used to assess the
PET scan.
53 patients evaluated
retrospectively.
Perie et al., 2000 | Unknown primary English Exclude N/A N/A
Ann Otol Rhi-
nol Laryngol
Lassen et al., Unknown primary English Include 20 patients. D
1999 Knowledge of correla-
Eur J Cancer tive imaging findings,
histological findings
and localization infor-
mation on metastases
available at the time of
PET scan interpreta-
tion.
Farber et al., Recurrent head and English Include Retrospective, 28 pa- C
1999 neck cancer tients.
Laryngoscope Two readers visually
analyzed the PET im-
ages.
No mention of blinded
reading.
Table 39: Methodological Quality of Studies — Lymphoma
STUDY SITE LANGUAGE | INCLUDE COMMENTS METHODOLOGICAL
AND OR QUALITY
SOURCE EXCLUDE
Jerusalem et al., | Hodgkin’s and non- English Include Prospective recruit- C
1999 Hodgkin’s lym- ment.
phoma Blood CT performed upon
abnormal PET findings.
PET scans examined by
a single investigator.
Buchmann et al., | Lymphoma English Include 52 patients B

2001

Reference test per-
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STUDY SITE LANGUAGE | INCLUDE COMMENTS METHODOLOGICAL
AND OR QUALITY
SOURCE EXCLUDE
Cancer formed within 2 weeks
following PET.
Discrepant results were
verified by biopsy.
Blinded reading.
Hueltenschmidt Lymphoma English 81 patients.
etal., 2001 Include Inclusion/exclusion C
Cancer criteria not given.
Conventional methods
used irregularly.
Jerusalem et al., | Lymphoma English Include Only 28 patllentsA D
2000 No comparison.
Haematologica
Spaepen et al., Lymphoma English 93 patients.
2001 Include Pre- and posttreatment B
Journal of evaluation.
Clinical Oncol- Blinded reading.
ogy
Tatsumi et al., Lymphoma English Small sample (30 pa-
2001 Include tients). C
Journal of Nu- CT performed within 2
clear Medicine weeks following PET.

Blinded reading.
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Table 40: Methodological Quality of Studies — Breast Cancer

STUDY SITE LANGUAGE | INCLUDE COMMENTS METHODOLOGICAL
AND OR QUALITY
SOURCE EXCLUDE
Cook and Breast - metastases English Exclude N/A N/A
Fogelman 1999
Sem Nucl Med
Crippa et al., Breast - metastases English Include Only 16 cases without C
1997 the disease.
Tumori 31 axillary lymph
nodes + /52 axillary
nodes -.
Inclusion/exclusion
criteria not given.
Patient characteristics
not given.
Cowen, 1998 Breast - metastases French Exclude N/A N/A
Can-
cer/Radiotherap
ie
Noh et al., 1999 Breast cancer English Exclude N/A N/A
Eur J Surg
Crippa et al., Breast cancer English Include Consecutive patients B
1998 with palpable nodules;
J Nucl Med 27 nodes +/ 45 nodes -.
PET images interpreted
in a blinded fashion.
PET compared with
pathology report.
Raylman et al., Breast cancer English Exclude N/A N/A
2000
Med Phys

Table 41: Methodological Quality of Studies — Prostate Cancer

STUDY DETECTION LANGUAGE | INCLUDE COMMENTS METHODOLOGICAL
OF: AND OR QUALITY
SOURCE EXCLUDE
Seltzer et al., Prostate cancer English Include PET images examined C
1999 by 2 investigators who
J Urol were not blinded to

each other but who
were blinded to the
findings of the mono-
clonal antibody scans.
Reference standard
somewhat circular.
Prospective recruit-
ment.




200 POSITRON EMISSION TOMOGRAPHY IN QUEBEC

Appendix 9: Methodological quality of studies

Table 42: Methodological Quality of Studies — Other Applications
(not examined in this report)

STUDY

SITE

LANGUAGE
AND
SOURCE

INCLUDE
OR
EXCLUDE

COMMENTS

METHODOLOGICAL
QUALITY

Flamen et al.,
2000

Esophageal cancer

English
J Clin Oncol

Include

74 patients reviewed
prospectively.
Inclusion/exclusion
criteria clearly stated.
The images were inter-
preted blinded to pa-
tient data.

Meltzer et al.,
2000

Esophageal cancer

English
Clin Nucl Med

Include

47 patients.

PET images reviewed
by 2 nuclear medicine
clinicians. CT scans
read by one radiologist
in a blinded fashion.
Exclusion criteria.

Choi et al., 2000

Esophageal cancer

English
J Nucl Med

Include

61 consecutive patients
studied prospectively.
100 N+, 282 N-.

PET and CT scans read
by clinicians in a
blinded fashion, by
consensus.

Inclusion criteria
clearly stated.

Tiepolt et al.,
2000

Thyroid cancer

English
Ann Nucl Med

Include

31 patients.

Reading of coincidence
gamma camera scans
blinded to PET scans.
PET not compared with
conventional imaging.

Lips et al., 2000

Thyroid cancer me-
tastases

English
Netherl J Med

Exclude

N/A (case reports of 4
patients).

N/A

Schulte et al.,
2000

Skeletal tumors

English
J Nucl Med

Include

202 patients.
Inclusion/exclusion
criteria given.

Protocol clearly de-
scribed.

PET images read by
two independent clini-
cians blinded to clinical
data. Diagnosis deter-
mined by surgical
specimen.

PET not compared with
conventional imaging.

Barkheet et al.,
2000

Breast infection and
inflammation

English
Clin Nucl Med

Exclude

N/A

N/A

Barkheet et al.,
1999

Benign esophageal
disease

English
Clin Nucl Med

Exclude

N/A

N/A

Stumpe et al.,
2000

Soft-tissue and bone
infections

English
Eur J Nucl Med

Include

Patients with clinical
symptoms of infection.
Small sample (39 pa-
tients); 40+ and 12- le-
sions.
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Table 43: Methodological Quality of Studies — Neurolog

STUDY SITE LANGUAGE | INCLUDE COMMENTS METHODOLOGICAL
AND OR QUALITY
SOURCE EXCLUDE
Reiman et al., Alzheimer’s disease English Exclude N/A N/A
2001
Proc. Natl.
Acad. Sci. USA
Kawano et al. , Alzheimer’s disease English Exclude N/A N/A
2001
Dementia and
Geriatrix Cog-
nitive Disorders
Dupont et al., Epilepsy English Include 30 consecutive patients. | C
2000 Comparison with
Arch Neurol postsurgical outcome.
Muzik et al., Epilepsy English Include Very small sample C
2000 (n=10).
Neurology No mention of blinded
reading.
FDG-PET compared
with FMZ-PET and
with intracranial EEG.
Ryvlin et al., Epilepsy English Include 100 consecutive pa- B
1998 tients, 12 controls.
Brain Blinded interpretation.
FDG-PET, FMZ-PET
and MRL
FDG-PET and FMZ-
PET were performed
on the same day.
Hwang et al., Epilepsy English Include 117 patients. B
2001 Blinded interpretation
AJNR AmJ SPECT, MR, pathol-
Neurol ogy.
Both tests were per-
formed on the same
day.
Bader et al., Recurrent glioma English Include Confirmation of recur- B
1999 Eur J Nucl Med rence.
30 patients.
Interpretation of PET
and SPECT blinded to
clinical or histopa-
thologic findings.
Comparison with
SPECT.
DeWitte et al., Glioma (high-grade English Include Tumor grading. C
2001 astrocytoma) 91 patients.
J Neurooncol No comparison with
conventional imaging.
Blinded reading.
No sensitivity data.
Derlon et al., Glioma (oligoden- English Include FDG compared with C
2000 drogliomas) MET.
Eur J Nucl Med 47 patients.
Comparison with MRI

+ CT.
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STUDY SITE LANGUAGE | INCLUDE COMMENTS METHODOLOGICAL
AND OR QUALITY
SOURCE EXCLUDE
Blinded reading.
Eary et al., 1999 | Malignant brain tu- English Include FDG compared with C
mors MET.
Cancer Res 13 patients.
No mention of blinded
reading.
No sensitivity data.
Nuutinen et al., Glioma English Include? "'C-MET PET only. C
2000 (astrocytoma) 14 patients.
Int J Radiat Comparison with con-
Oncol Biol ventional imaging.
Phys Blinded reading.
Sato etal., 1999 | Glioma English (AB- Include? "C-MET PET only. c?
STRACT) 13 patients.
Neuro Surg
Rev
Stokkel et al., Recurrent brain tu- English (AB- Include 16 patients C?
1999 mors STRACT) Comparison with
SPECT.
Nucl Med No mention of blinded
Comm reading in abstract.
Roelcke et al., Glioma (low-grade English Include 30 patients. C
1999 astrocytoma) FDG compared with
J Neurol Neuro MET.
Surg Psychiatry No mention of blinded
reading.

No sensitivity data
(tumor-to-contralateral
brain uptake ratios).
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APPENDIX 10: PET COST COMPONENTS

Table 44: Purchase prices (cyclotron + PET)

(taxes not included)
[Source: AMSMNQ, 2000]

Cyclotron:

Positron emission tomograph:
Radiochemistry/radiopharmacy facilities:
Equipment and nonrecurrent expenses:
Construction costs:

Total:

$2.5 to $3.8 million
$1.8 to $3.2 million
$300,000
$200,000
Depend on the site.
$4.8 to $7.5 million
+ construction costs and taxes

Table 45: Purchase prices (PET without cyclotron)

(taxes not included)
[Source: AMSMNQ, 2000]

Positron emission tomograph:
Equipment and nonrecurrent expenses:
Construction costs:

Total:

$1.8 to $3.2 million
$100,000
$200,000 to $400,000

$1.9 to 3.3 million
+ construction costs and taxes

Remodelling (or construction) costs: vary
considerably according to the site.

Example:

For a cyclotron, about $250,000 for self-
shielded models and about $1 million if a vault
needs to be built. Depending on the site, the
costs can therefore vary substantially.

For a scanner, about $100,000 if the space is
already available. More, depending on the re-
modelling needs not associated with the scan-
ner. Related equipment (monitors, scanners,
shielding): about $250,000. Anticipate different
impacts, depending on the type of equipment.
Example 1: Models with BGO crystals need to
be cooled with water. The costs will be similar
to those of a CT scanner (cold water circuit
with water from the hospital. They can easily
be higher if the circuit does not already exist.

Example 2: ADAC" scanners are installed in an
air-conditioned room that requires special
cooling.

Y ADAC Laboratories is part of Phillips Medical Sys-
tems, a worldwide supplier of diagnostic imaging
equipment.
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Table 46: Operating costs (cyclotron + PET)

(This figure is calculated for the output of a single site, at the rate of 1,500 scans a year. The output of
other sites requires additional equipment and personnel expenses.)

[Source: AMSMNQ, 2000; modified by Dr. F. Bénard, May 2001]

Salaries and employee benefits
Technologists (2):

Secretary’s office/reception:
Cyclotron operator:

Chemistry technician:
Radiochemist:
Radiopharmacist (14 hrs/wk):
Nursing support (1 day/month):
Total salaries:

Equipment and supplies
Supplies:

Laboratory reagents:

Film:

Recording paper:

Laundry:

Parts, maintenance:
Biomedical waste equipment:
Office supplies:

Total equipment and supplies:

Maintenance contracts/costs
Cyclotron:

PET:

Total maintenance contracts:

Grand total:

$101,840
$32,382
$50,000
$50,000
$80,000
$25,775
$2,665
$342,662

$35,000
$100,000
$3,000
$1,000
$1,000
$25,000
$2,400
$2,400
$169,800

(service contract) $150,000
(service contract) $210,000
$360,000

$872,462
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Table 47: Operating costs (PET without cyclotron)

[Source: AMSMNQ, 2000, modified by Dr. F. Bénard, May 2001]

(This figure is for about 1,000 scans a year.)

Salaries and employee benefits
Technologists (2):
Secretary’s office/reception:

Nursing support (1 day/period):

Total salaries:

Equipment and supplies
Radiopharmaceuticals:
Supplies:

Film:

Recording paper:

Laundry:

Parts, maintenance:
Biomedical waste equipment:
Office supplies:

Total equipment and supplies:

Maintenance contracts/costs
PET:
Total maintenance contracts:

Grand total:

$101,840
$32,382
$2,665
$136,887

$350,000
$35,000
$3,000
$1,000
$1,000
$25,000
$1,200
$2,400
$418,600

$180,000

$735,487
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Figure 4: Decision tree (lung cancer)
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Table 48: Variables, intervals and predefined distributions for the Monte Carlo analysis (lung

cancer)
Lower Upper
Variable Baseline value limit limit Distribution
Cost* of hospital stay for mediastinoscopy 5,054 4,549 5,559 Normal, 20% variance
Cost of surgery 8,424 7,582 9,266 Normal, 20% variance
Cost of hospital stay for biopsy 6,130 5517 6,743 Normal, 20% variance
Cost of hospital stay for mediastinoscopy, biopsy and
surgery 9,163 8,247 10,079 Normal, 20% variance
Sensitivity of CT 0.75 0.6 0.9 Triangular
Specificity of CT 0.66 0.55 0.77 Triangular
Life expectancy** of patients who receive palliative
treatment 1 0.1 2 Uniform
Life expectancy of patients who are treated surgically 7 1 15 Uniform
Surgical mortality rate 0.03 0.02 0.2 Uniform
Sensitivity of PET in detecting distant metastases 0.82 0.64 1 Triangular
Specificity of PET in detecting distant metastases 0.93 0.88 0.98 Triangular
Sensitivity of PET in detecting mediastinal metast. 0.91 0.81 1 Triangular
Specificity of PET in detecting mediastinal metast. 0.86 0.78 0.94 Triangular
Probability of metastases detected by PET 0.07 0.05 0.11 Uniform
Prevalence 0.31 0.28 0.38

Uniform

* In Canadian dollars
** In years
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Table 49: Univariate sensitivity analysis (lung cancer)

Incremental cost-effectiveness ratio

Baseline scenario
Surgical mortalty rate

Prevalence

Cost of say for surgery alone

Cost of say for surgery and medastinoscopy

Surgical mortalty rate

Life expectancy of patients who receive pallidive treatment

Life expectancy of patientswho are treated surgically

Spedficity of PETin deteding mediastinal metastases

Sensitivity of PETin deteding distant metastases

Spedficity of PETin deteding distant metastases

Probabiity of distant metastases detected by PET

0.02
0.04
0.06
0.08

0.1

0.15
0.2375
0.325
0.4125
0.5

7544
8603.25
96625
1072175
11781

7609
87435
9878
110125
12147

0.05

0.15
0.2

0.1
0.575
1.0
1.525

0.64
0.73
0.82
0.91

0.73
0.7975
0.865
0.9325

0.05
0.065
0.08
0.095
0.11

4,689

4765
4821
4878
4937
4997

4925
4788
4842
5031
5358

5376
4742
4109
3475
2841

4489
4635
4781
4927
5073

4599
4751
4915
5089
5277

4118
4401
4725
5101
5542

724242
5267
2643
1764
1324

7080
7099
7118
7137
7156

3145
3113
3082
3051
3019

3226
3177
3128
3080
3032

2660
2962
3359
3901
4689
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Figure 5: Monte Carlo analysis: 1,000 simulations (lung cancer)
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Each point on the graph represents the result of a simulation. The horizontal axis represents the incre-

mental cost, the vertical axis the incremental efficacy.

Table 50: Monte Carlo analysis (lung cancer): mean, median and quartiles

Incremental cost-effectiveness

Incremental cost  Incremental efficacy ratio
Mean 1,253 0.26 17,666
Median 1,260 0.22 5,342
Quartile 25 1,052 0.12 3,006
50 1,260 0.22 5,342
75 1,442 0.39 10,618
100 2 598 0.99 4,058,550
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Table 51: Distribution of incremental cost-effectiveness ratios for the 1,000 Monte Carlo simula-
tions (lung cancer)

Interval (incre-
mental cost- Percentage
effectiveness ratio)

0to 4999
5,000 to 9,999
10,000 to 14,999
15,000 to 19,999
20,000 to 24,999
25,000 to 29,999
30,000 to 34,999
35,000 to 39,999
40,000 to 44,999
45,000 to 49,999
> 50,000

Total 100

N B
(o))

DN — = = NN W K O
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Incremental efficacy

Table 52: List of variables and predefined distributions (myocardial viability)

Description

Distribution

Cost of a PET scan

Cost of revascularization

Cost of a thallium scan

Cost of medical treatment

Cost of transplantation

5-year probability of survival following revascularization
S-year probability of survival following medical treatment
S-year probability of survival following transplantation
Probability of medical treatment

Probability of unequivocal thallium scan

Probability of detecting viable myocardium in the context of an
equivocal thallium scan in the thallium-alone option
Probability of detecting viable myocardium in the context of an
equivocal thallium scan in the thallium + PET option

20% variance, normal
20% variance, normal
20% variance, normal
20% variance, normal
20% variance, normal
ine valu
Baseline value
ine valu
Baseline value
Baseline value
Uniform
Uniform
Uniform

Baseline value

Figure 7: Monte Carlo analysis: 1,000 simulations, detection of myocardial viability
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APPENDIX 12: LIST OF EXPERTS CONSULTED FOR THE PURPOSE OF
CREATING THE DECISION TREES

Clinical experts at Hopital Laval in Québec
City were consulted for the purpose of creating
the decision trees, determining the explicit
probabilities for the variables and determining
the population for which PET technology
would be used first.

Experts consulted
Specialists in heart failure
= Dr. Marie-Héléne Leblanc

s Dr. Onil Gleeton
s Dr. Denis Coulombe

= Dr. Erik Augustin
Specialist in nuclear medicine

s Dr. Jean Guimont

Specialists in PET

o Dr. Heinrick Schelbert (UCLA at Los
Angeles)

o Dr. Paolo Camici (Hammersmith Hos-
pital, London, UK)
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Positron Emission Tomography (PET)

What is Positron Emission Tomography (PET)?

Positron Emission Tomography (PET) is a three-dimensional medical imaging
technology used in nuclear medicine. A radioactive substance is administered to
the patient, who is then placed within the viewing field of a scanner that images
the distribution of the substance in the organism. PET differs from other medical
imaging technologies in that it allows metabolic activity in the tissues and blood
flow to be observed.

How does PET work?

PET tracks the distribution of a specific molecule, called a tracer, in the body. To
carry out a PET scan, the tracer is labeled with a positron-emitting radioisotope.
Positively charged positrons are the anti-particles of the negatively-charged
electrons.

A minute amount of tracer is injected into the patient’s bloodstream, causing no
pain or adverse reactions. The isotopes contained in the tracer release the
positrons. As each positron leaves the isotope nucleus, it comes into contact with
an electron, causing the annihilation of both particles and the emission of two
photons, or light particles, that travel in opposite directions. These photons are
simultaneously detected by the PET scanner cameras and the data is fed into a
computer, to be converted into a 3-D image of the tissues where the tracer is
present.
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The tracer is selected according to the specific function of the organism to be
observed. For example, to identify cancer cells, a glucose molecule, in which one
of the oxygen atoms has been replaced by a Fluorine-18 atom, may be used.
This tracer makes it possible to identify areas in the organism where glucose
uptake is higher than normal, notably in the case of cancer cells, which have a
higher metabolism than normal cells.

Fluorine-18, incorporated into fluorodeoxyglucose (or FDG), is the most
commonly used isotope in PET scans. Other isotopes used are Oxygen-15,
Nitrogen-13 and Carbon-11.

What type of equipment is required to carry out a PET scan?

A cyclotron

In a PET scan, the patient is injected with a tracer marked with a positron-
emitting radioisotope. These radioisotopes are produced by a particle
accelerator called a cyclotron. Since cyclotron technology is based on
nuclear energy, it must be shielded against radiation.

Most of the isotopes used in PET scans have a very short half-life — from
two minutes for Oxygen-15 to 110 minutes for Fluorine-18. PET facilities
must therefore be located sufficiently close to a cyclotron to allow the
products to be transported in a short time.

A radiochemical laboratory

Once radioisotopes have been generated by the cyclotron, they are
combined to the tracer in a radiochemical laboratory.

A PET scanner

After the tracer has been injected, the patient is placed under a PET
scanner made up of ring-shaped detectors. This scanner detects the
photons (or rays) emitted by the tracer.

A PET scanning facility also requires radiation safety equipment and the
necessary computer equipment to process the data and produce 3-D images.
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Highly qualified personnel are required to operate a PET scanning facility: a
technician, nursing staff, radiopharmacist and nuclear medicine specialist. For
cyclotron-equipped facilities, cyclotron operators and radiation chemists are also
needed.

What are the main clinical applications of PET technology?

PET has proven to be useful in a variety of medical fields, helping to detect
certain types of cancer, cardiac disease and neurological disease. The list of
recognized clinical applications of PET continues to grow as the research
advances.

Where are Québec’s PET scanning facilities located?

Québec has two PET centres, both equipped with a cyclotron. They are located
at the Montréal Neurological Institute and at the Centre hospitalier universitaire
de Sherbrooke.

How does Québec compare with other countries/provinces in terms of its
PET scanning facilities?

Country or province Number of scanners per million inhabitants
United States 0.4
Canada
British Columbia 0.3
Ontario 0.3
Québec 0.3
Europe
Germany 0.9
Belgium* 0.9
France* 0.1
United Kingdom 0.2
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Australia* 0.2

*Additional acquisitions under way
Various sources, 1999-2001

How much does PET cost?

Acquisition costs

Cyclotron $2.5M to $4.6M
Dedicated PET scanner $2M to $3M

Setup costs

Cyclotron $0.25M to $1M
PET scanner $0.1M to 0.25M

Other costs

Training TBD
Operation Variable
Medical fees $250 per scan

Source: Agence d'évaluation des technologies et des modes d'intervention en santé
(AETMIS)/Agency for Health Services and Technology Assessment
7el.. (514) 873-2563
Fax: (5614) 873-1369
E-mail: aetmis@aetmis.gouv.qc .ca
Web site. www.aetmis.gouv.qgc.ca
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