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Health technology assessment (HTA) has the objective of
providing individual patients, clinicians, and funding bodies
with the highest-quality information on the net patient benefits
and cost effectiveness of medical interventions. Founded on
systematic reviews of the available evidence, HTA aims to
reduce bias and thereby provide a more valid evaluation of the
benefits of new medical interventions than the primary studies
themselves. Competing with the traditional role of medical
experts, HTA agencies have gained considerable influence
over public opinion and policy. The fundamental tenets of
evidence-based medicine mandate that this influence should
be used first and foremost for the benefit of patients. Over
nearly 2 decades, multiple HTA systematic reviews in many
countries have discredited most or all of the evidence
pertaining to the ability of PET to improve patient-important
outcomes. These determinations have delayed, restricted,
and, in many cases, prevented access to this technology,
especially by cancer patients. HTA systematic review findings
are very much at variance with the opinion of clinicians. Our
scrutiny of these reviews, benchmarking them against the
core values of science and evidence-based medicine, has
revealed errors of fact, inappropriate exclusion of pertinent
data, and injudicious appraisal of the clinical relevance of
evidence, potentially introducing bias into these reviews and
compromising the validity of their conclusions about the net
patient benefits of PET. We believe that our findings mandate
that the molecular imaging community actively engage in-
stitutionalized HTA agencies to ensure appropriate represen-
tation of our primary data and adherence to the highest
principles of evidence-based medicine.
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We can think of no more important or immediate issue
facing the nuclear medicine community than resolving the
discordance between our profession’s appraisal of our sci-
entific integrity and judgments being made by institution-
alized health technology assessment (HTA) agencies,
especially with respect to the clinical value of PET. Of
particular relevance to readers of The Journal of Nuclear
Medicine is the routine claim of HTA analysts that there is
little or no evidence to support the broadly held clinical
judgment that PET and PET/CT improve outcomes of im-
portance to patients. In the interest of our patients, we
believe that this lack of consensus, which has endured for
the best part of 2 decades, must be resolved.

The purpose of this article is to provide an evidence-based
approach to assessing the validity of the HTA analysts’ judg-
ments. If most primary studies published in The Journal of
Nuclear Medicine and other peer-reviewed scientific literature
that promote the value of PET and PET/CT truly have little or
no scientific merit, we must urgently remedy our research
methodologies and decision-making processes.

BACKGROUND

A growing body of evidence produced by HTA organ-
izations around the world alludes to insufficient evidence of
the clinical utility of PET and PET/CT, affecting public
perceptions of the ability of PET to improve patient-important
outcomes. Many of these findings have been endorsed by
officials of the International Network of Agencies of Health
Technology Assessment, an umbrella organization for HTA
groups operating in public health care (1). An example of the
judgments that have characterized several of these HTA sys-
tematic reviews was published in October 2007 under the
auspices of the United Kingdom’s National Institute for
Health Research (NIHR) Health Technology Assessment Pro-
gram. A key finding of this review was that “there have been
no clinical studies which demonstrate that FDG PET leads to
an improvement in patient outcomes.”

Health-care consumers and politicians in many countries
have thus been led to believe that patients’ and society’s
interests are being preserved by restraining access to PET
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pending development of sufficient scientific evidence of
improved patient outcomes.

How Does the HTA View Align with the Judgments of
Expert Clinicians About PET?

David Sackett, a leading proponent of evidence-based
medicine (EBM), has stated that “. . .the overriding criterion
for when to use a diagnostic test should be the usefulness of
a given piece of diagnostic information to the clinician and
to the patient. A useful diagnostic test does several things: it
provides an accurate diagnosis, supports the application of
a specific efficacious treatment, and ultimately leads to
a better clinical outcome for the patient.” His apt definition
of what constitutes a useful diagnostic test has been em-
braced around the world by clinicians who have decided
that PET is an invaluable tool for planning treatment of
patients with many common and highly lethal malignan-
cies. Unambiguous evidence of the benefits of PET in the
routine care of individual patients has been supplemented
by a growing body of largely consistent evidence published
in peer-reviewed scientific literature (2,3). Increasingly,
18F-FDG PET is also being used to monitor the efficacy
of expensive and often-toxic therapies (4). This body of
evidence informs clinicians of the direct impact PET can
have, compared with alternative diagnostic approaches that
have long been accepted to be beneficial and that are
funded by health-care systems worldwide.
For example, in a previous supplement of The Journal of

Nuclear Medicine, Shankar and Sullivan (5) of the National
Cancer Institute’s Cancer Imaging Program described PET
as a “transformational technology.” In 2010, the Clinical

Oncologic Society of Australasia commented to the Aus-
tralian Department of Health and Ageing, in response to
a call for submissions on the process of evaluation of new
technologies, that “PET has a critical and irreplaceable role
in the investigation and management of several cancers,. . .
supports informed decision making by patients and has
advantages in terms of cost and patient quality of life by
avoiding morbid interventions in patients for whom such
treatment is not warranted.”

In summary, there is generally strong clinical recognition
of the utility of PET, particularly in oncology, which is at
variance with many HTA systematic review conclusions.

How Has This Discord Developed?

In the past 20 years, there has been a seismic shift in the
way clinical scientific knowledge is generated, legitimized,
and disseminated. Clinicians were once trusted to de-
termine the standards of excellent patient care. More
recently, HTA analysts have become increasingly influen-
tial in this domain. Guided by principles developed within
the framework of EBM, HTA groups use systematic
reviews as an instrument to facilitate evidence-based health
care (Table 1).

HTA systematic review, or secondary analysis of available
evidence, is deemed to constitute a closer approximation to
the truth than the individual primary studies, narrative reviews
of expert clinicians, and editorial comment in peer-reviewed
scientific journals. Viewed as the most valid information
available, HTA systematic reviews have become increasingly
important in guiding public policy, particularly with respect to
funding new technologies, but also provide clinicians and

TABLE 1
Definitions of Terms Used

Term Definition Reference

Evidence-based medicine “The conscientious, explicit and judicious use of current best

evidence in making decisions about the care of individual

patients. The practice of evidence-based medicine means
integrating individual clinical expertise with the best

available external clinical evidence from systematic research.”

36

Evidence-based health “A discipline centred on evidence based decision making about

groups of patients, and populations, which may be manifest
as evidence-based policy-making, purchasing or management.”

38

Health-technology assessment “A multidisciplinary field of policy analysis that studies the

medical, social, ethical and economic implications of the

development, diffusion and use of health technology.”

39

Systematic review “A scientific investigation in itself, with a preplanned Methods

section and an assembly of original studies (predominantly

randomised controlled trials and clinical controlled trials, but

also sometimes, non randomised observational studies) as
their subjects. The results of these multiple primary studies

are synthesized by using strategies that limit bias and

random error. These strategies include a comprehensive search
of all potentially relevant studies and the use of explicit

reproducible criteria in the selection of studies for review.

Primary research designs and study characteristics are

appraised, data are synthesized, and results interpreted.”

40
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patients with information that may be influential in guiding
personal decisions on health-care options.
Although the aim of guiding clinical and funding decisions

with the best available evidence is laudable, it is remarkable,
especially given the outcome focus of EBM doctrine, that this
profound change in the way the benefits of medical inter-
ventions to patients are judged has been adopted on the basis
of logical induction rather than by validation with high-level
evidence. If the process of secondary review does not reduce
but rather increases bias, the potential to do more harm than
good seems obvious, as does the risk that the ethical care of
patients could be jeopardized (6).

What Are the Important Aspects of Our Critical
Appraisal of PET HTA Systematic Reviews?

To assess whether the systematic review process has
produced judgments that are closer to the truth than the
primary studies and other data that are available for appraisal,
we have scrutinized influential HTA systematic reviews
published between 1996 and 2010 (Table 2). In particular,
we sought evidence that the secondary review process has
introduced bias about the merits of existing evidence.
The Standards for Reporting Studies of Diagnostic

Accuracy (STARD) (7), the Quality Assessment of Diag-
nostic Accuracy Studies (8) initiatives, and the Cochrane
Handbook for Systematic Reviews of Diagnostic Test Ac-
curacy, which is, as yet, incomplete (http://srdta.cochrane.
org/), are excellent EBM publications to guide judgments
about the validity of quality filters applied to primary stud-
ies. They also provide a temporal foundation for judging
the quality of HTA systematic review decisions, because
reviews before 2003 relied on assessment constructs devel-
oped for systematic reviews of therapeutic interventions
and were poorly validated in the context of diagnostic tests.
However, these guides do not provide an adequate frame-

work for our appraisal. They relate only to diagnostic accuracy
assessments, whereas the greatest divergence between clinical
experts and HTA systematic review analysts about the value of
PET generally involves judgments about the relationship

between the acknowledged incremental accuracy of PET and
improved patient outcomes. These guides are also process-
based and not outcome-based. Several instruments designed to
guide critical appraisal of systematic reviews of evidence (9)
(SIGN-www.sign.ac.uk/guidelines/fulltext/50/checklist1.html)
have similar limitations.

Our scrutiny of HTA systematic reviews has been conducted
within the framework of an adaptation of Australia’s National
Health and Medical Research Council’s 2009 guidelines for
assessing a body of evidence and formulating guidelines
(www.nhmrc.gov.au__files_nhmrc_file_guidelines_evidence_
statement_form.pdf). Our schema for assessing the various
HTA systematic reviews is shown in Table 3. We have not
taken a balance sheet approach to judging the worth of HTA
systematic reviews by weighing good against bad in some
subjective and arbitrary decision-making process. Rather we
have adopted a cutoff approach because, within our logical
construct, HTA systematic reviews that do not undertake ju-
dicious, explicit, and conscientious evaluations of the existing
evidence have a low probability of providing a closer estimate
of the truth than the primary evidence itself.

Although our interest in the HTA process was stimulated
by our personal experience with PET reviews performed in
Australia, which we have previously documented (10,11),
we believe that issues raised are highly relevant to the global
medical community, including that of the United States. Al-
though broadly based funding for PET has been achieved,
particularly in response to data from the National Oncologic
PET Registry process (12), negative international evidence-
based reviews of PET may, in the future, increase pressure to
reverse these decisions if health-care expenditure continues
to rise and requires budgetary constraint.

Did HTA Systematic Reviews Published Between
1996 and 2010 Make Judicious Appraisals of the
Strength of Evidence Pertaining to PET’s Ability to
Improve Patient-Important Outcomes?

Detailed review of the published HTA systematic reviews
has identified material flaws in each, as summarized in

TABLE 2
HTA Systematic Reviews

Health Technology Assessment Agency
Year of review publication and

country of origin Abbreviation

Veterans Affairs Technology Assessment Program 1996, United States VATAP

Medicare Service Advisory Committee 2001, Australia MSAC 2001
Danish Centre for Evaluation and Health Technology

Assessment

2001, Denmark DACEHTA

Institute for Clinical Evaluative Sciences 2001, Canada ICES

Health Technology Board for Scotland 2002 HTBS
National Institute for Health Research 2007, United Kingdom NIHR

Medical Services Advisory Committee (PET in Recurrent

Colorectal Cancer)

2008, Australia MSAC CRC 2008

Medical Services Advisory Committee (PET for Head and
Neck Cancer)

2009, Australia MSAC H&N 2009

Medical Services Advisory Committee (PET for Lymphoma) 2010, Australia MSAC Lymphoma 2010
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Table 4. Documentary evidence of these errors has been
assembled through a combination of freedom-of-informa-
tion requests, direct contact with members of the review
panels, and independent analysis of the literature that was
both reviewed and discarded in the process of HTA system-
atic review. Many of our findings have been supplied to the
primary authors of these reviews for rebuttal or correction
without success. For the sake of brevity, we provide only
a small fraction of the examples that we have assembled of
failures to meet the requirements of meticulous scientific
review.
Examples of Erroneous Representation of Factual Data.

Errors of fact constitute the most potent source of bias in
scientific reports and must be corrected if identified. We
have found evidence of material factual errors in several
influential HTA systematic reviews scrutinized in this
evaluation and include misrepresentation both of primary
data and of the authors’ conclusions.
Some of the factual errors in Medical Services Advisory

Committee (MSAC) 2001 have been published previously
(10). In its evaluation of the role of 18F-FDG PET in the
staging of lung cancer, the Danish Centre for Evaluation

and Health Technology Assessment (DACEHTA) stated in-
correctly that the study of Pieterman et al. (13) was a ran-
domized controlled trial and that it examined cost efficacy,
and DACEHTA incorrectly asserted that Marom’s study
(14) was unblinded when blinding was clearly described
in the study methodology. DACEHTA incorrectly stated
that the study of Saunders et al. (15) included 17 malignant
patients and 67 benign patients when the study in fact in-
cluded “84 patients with biopsy proven lung cancer and 13
with a high suspicion of lung cancer.” DACEHTA’s errors
are admittedly identified in an unofficial translation from
Danish. However, the same translation formed a primary
source of evidence for the Health Technology Board for
Scotland (HTBS) evaluation of PET, which included an
extensive verbatim presentation of the DACEHTA findings.
DACEHTA’s findings have also been referenced by several
other HTA systematic reviews.

Further, NIHR erroneously categorized the PET study of
Porceddu et al. (16) in restaging patients with SCC of the
head and neck as one of diagnostic accuracy. The clearly
stated aim of this study was to evaluate the incremental
management impact and therapeutic decision-making

TABLE 3
Framework for This Critical Appraisal of Health Technology Assessment Systematic Reviews

Question Subquestion

Were factual data represented faithfully?
Is there evidence of judicious appraisal of the

“strength” of the evidence base?
Has there been injudicious appraisal of the quality and quantity

of available evidence?

Is there evidence of injudicious appraisal of the “consistency”

of the evidence base?

Is there evidence of injudicious appraisal of the clinical

importance of the evidence?

Is there evidence that individual patient outcomes

were paramount?

TABLE 4
Evidence of Flaws Within Reviewed Health Technology Assessment Systematic Reviews

Review

Factual

errors

Injudicious appraisal of

quality and quantity

of evidence

Injudicious appraisal

of evidence

consistency

Injudicious appraisal

of clinical importance

of evidence

Individual

patient outcomes

not paramount

Pre-STARD
VATAP 1* 1* 1 1* 1*
MSAC 2001 1 1 1 1 1*
ICES 1* 1 1
DACEHTA 1* 1 1 1 1*
HTBS 1 1 1* 1 1*

Post-STARD (2003)
NIHR 1* 1 1 1 1*
MSAC CRC 2008 1 1* 1 1
MSAC H&N 2009 1* 1 1 1
MSAC Lymphoma 2010 1* 1 1

*Examples detailed in text.
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potential of PET in a specific clinical context. Because of
this aim, spectrum bias precluded derivation of the usual
diagnostic test metrics such as sensitivity and specificity.
Nevertheless, NIHR reinterpreted the available published
data erroneously, stating that “PET’s sensitivity was five
out of ten (50%).” This misrepresentation of the facts
would create the impression that PET is not an accurate
or useful test, especially as NIHR does not reference Por-
ceddu’s conclusion, as follows: “Patients who have
achieved a complete response at the primary site but have
a residual anatomic abnormality in the neck that is negative
on PET scan approximately 12 weeks after treatment do not
require neck dissection and can be safely observed.”
MSAC Head and Neck Cancer 2009 used NIHR as

a starting point for its own analysis. MSAC replicates the
NIHR errors, adding several inaccuracies of its own. The
study of Porceddu et al. is classified as retrospective when
prospective data collection was clearly documented. Claims
that no data were provided on the accuracy of PET for
detecting distant metastases in this population conflict with
the detailed verification procedure documented in the
original publication. These inaccuracies were material to
MSAC’s classification of this primary study as being of
only fair quality.
Examples of Injudicious Appraisal of the Quality or

Quantity of Available Studies. Before the publication of
STARD guidelines, HTA systematic reviews were poten-
tially constrained by poorly validated quality filters for
assessing the risk of bias in primary studies of PET. Yet
before publication of these criteria, the quality filters
adopted by many PET HTA systematic reviews were not
applied in a judicious, explicit, and conscientious manner.
Nevertheless, these HTA systematic reviews are widely
referenced and were often incorporated into later reviews.
The quality filters developed for the Veterans Affairs

Technology Assessment Program (VATAP) review were
subsequently influential in several later HTA systematic
reviews (e.g., DACEHTA and Institute for Clinical Evalu-
ative Sciences [ICES]). To illustrate failures inherent in the
application of VATAP’s grading system, we cite the 1995
paper of Valk et al. (17) examining the value of PET in
presurgical staging of patients with non–small cell lung
cancer (NSCLC). This study was graded as D (on an A–
D scale for quality), suggesting multiple serious methodo-
logic flaws with a high risk of bias. However, the summary
table records a 1 against each of 3 quality filter items,
signifying compliance. VATAP evaluators claimed the final
diagnosis was not determined independently of the PET
scan result, yet the authors indicate that histology was the
reference standard for all 76 patients in whom the accuracy
of PET and CT for detecting mediastinal nodal metastases
was assessed. This validation was also supplemented by
clinical and imaging follow-up. VATAP claimed that com-
prehensiveness of the nodal sampling was unclear, when in
fact the paper contains very detailed descriptions. VATAP
indicated that failure to enroll an equal number of patients

with and without cancer indicated methodologic weakness.
One can assess the merits of VATAP’s decision by reference
to a contemporary publication (18) that advises, “Almost
any test can distinguish the healthy from the severely af-
fected; this ability tells us nothing about the clinical utility
of a test. The true, pragmatic value of a test is therefore
established only in a study that closely resembles clinical
practice.”

In a compounding factual error, VATAP incorrectly
stated that the study included 76 patients rather than the
true number, 99. The discussion of Valk et al. emphasized
the clinical importance of the finding that PET uniquely
detected distant metastases in 11 patients, yet VATAP
described the data of Valk et al. as anecdotal and excluded
the information from evidence summary tables because of
small patient numbers. It seems probable that multifactorial
misjudgment of Valk’s primary study resulted in this sem-
inal high-quality data, detailing the potential patient bene-
fits of whole-body PET in NSCLC, being unfairly judged as
having little or no scientific value by VATAP authors.

ICES adopted a modification of the VATAP 4-point scale
for grading the quality of primary studies. An “a priori
decision to concentrate on A and B grade articles” was
made, presumably to reduce risk of bias. Otherwise relevant
primary studies of PET in oncology, not judged to be A or B
grade, were not referenced in any way in the report, creat-
ing the impression that these studies did not exist. ICES
(Susan Garfinkel, written communication, 2005) provided
us with the reviewers’ summary score sheets after we ques-
tioned the validity of their decisions in relation to published
primary studies from our institution. Of the multiple peer-
reviewed articles from our group, ICES graded only 12. Of
these, 11 were subsequently excluded, including all 3 pub-
lished in The Journal of Nuclear Medicine (19–21). Despite
the ICES protocol requiring several or multiple flaws to
attract C or D scores, respectively, only a single flaw was
ascribed to 9 of the 11 excluded articles. This fault was
a purported lack of independence between PET and the
reference standard. However, all the excluded studies used
a compound reference standard including pathology, if
available, correlative imaging, and a long period of fol-
low-up. Since none of this information was available at
the time of PET scan reporting, the PET scans were, by
definition, interpreted without knowledge of the reference
standard and therefore could not have been subject to bias.
Another primary study in which lack of independence was
deemed to constitute a high risk of bias (22) was a cohort
study that compared survival in 2 groups of NSCLC
patients, one whose chemoradiation therapy was planned
with and the other without PET. When PET was used to
plan radiation treatment, that process could not have taken
place with knowledge of the reference standard, which was
the duration of the patient’s subsequent survival.

In contrast, an abstract pertaining to a randomized trial of
PET in NSCLC was awarded an A for quality. This
evidence was included in the evidence tables and discussion
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even though the limited detail in the abstract precluded
thorough assessment of methodologic quality. The final
published results of this trial (23) will be discussed in more
detail below.
The development of new standards for review of the

diagnostic imaging literature has not prevented subse-
quently published HTA systematic reviews from including
unreasonable assessments of the strength of the available
evidence base. MSAC CRC 2008 failed to evaluate the
paper of Kalff et al. examining the clinical impact of PET in
restaging colorectal cancer (24) even though the primary
study was cited. The methodology that underpinned this
study subsequently formed the basis for a scientific study
protocol that MSAC endorsed in 2003 as part of its Na-
tional PET Data Collection process, with the paper arising
from that multicenter study being subsequently published in
The Journal of Nuclear Medicine (25). This study was dis-
cussed in great detail within this HTA systematic review,
whereas the earlier paper was ignored.
When questioned about this omission, MSAC claimed

that it had missed this reference because the reference was
not cited in the “high quality” NIHR 2007 review that was
used as a starting point to identify prior publications. How-
ever, Kalff’s primary study was described in NIHR’s dis-
cussion section as a high-quality prospective study of
a consecutive series of patients that was well designed
and well documented. When MSAC was made aware of
the erroneous omission, it indicated that the exclusion of
the primary study was not pertinent to its conclusions.
MSAC CRC 2008 also omitted a cost consequence analy-
sis, commissioned by a grant from the Department of
Health and Aging, which demonstrated that PET could re-
duce health-care costs by approximately $4,000 per patient
by virtue of avoidance of inappropriate surgery. Although
this analysis was an internal document, this omission is
inexplicable given that the study’s chief author was also
an author of MSAC CRC 2008 and that EBM places great
value on finding and reviewing unpublished studies (26).
MSAC CRC 2008 also identified a systematic review of

PET in recurrent colorectal cancer, authored by Dietlein
et al. (27), that included 15 primary studies and hundreds of
patients. The accuracy of PET was one of the parameters
appraised, and pooled values for sensitivity, specificity, and
likelihood ratios for PET and CT (as the clinical compara-
tor) were detailed. PET was found to have superior sensi-
tivity and specificity, with minimal overlap of the 95%
confidence levels and markedly superior positive and neg-
ative likelihood ratios. This high-level evidence was omit-
ted from the “Accuracy” discussion in MSAC’s executive
summary, which details positive predictive values from
only 4 primary studies. Similarly, the executive summary
does not refer to the systematic review finding of Dietlein
et al. that management change occurred in 34% of patients
(95% confidence interval, 31%–38%), mentioning only
a single primary study and an unpublished randomized
controlled trial. MSAC’s justification for this omission of

apparently relevant, high-quality evidence from its conclu-
sions is that Dietlein et al. evaluated comparative accuracy,
whereas MSAC indicated that they were addressing the
question of incremental accuracy. Ironically, this is an ap-
proach that MSAC had specifically criticized in studies
from our institution and was given by ICES reviewers as
a reason for excluding our publications from analysis in
their review.

Improved reporting is evident in MSAC Lymphoma
2010, with the adoption of the guidelines of the Quality
of Reporting of Meta-Analyses conference (28). These
allowed some quantitative understanding of the potential
evidence base. There were also rudimentary qualitative rea-
sons given for evidence exclusion. Incorporation of results
from the MSAC 2001 HTA systematic review led to the
inclusion of 38 publications before 2000. An updated liter-
ature search was then performed, extending from 2000 to
2009. This identified 2,319 potentially relevant studies. Of
these, 2,107 (91%) were excluded for a variety of reasons
without publication retrieval. Of 212 remaining studies se-
lected for detailed analysis, only 16 (0.7% of the original
sample), plus an unpublished report from the Australian
Data Collection Study, were included in the HTA system-
atic review. Five systematic reviews and an HTA (NIHR)
were also mentioned (but not HTBS or ICES). Although the
MSAC 2001 systematic review was graded as a high-qual-
ity systematic review, the findings pertaining to the 38 stud-
ies reviewed were not detailed in the executive summary or
results section. Furthermore, neither this evidence nor other
systematic reviews or HTA appraisals were added to the
evidence summary matrices.

That such a large number of primary studies and other
evidence were excluded in this review raises questions
about the validity of the analysis to clinical practice.
Importantly, this failing was specifically remarked on in
the final report under the heading “Expert Opinion” as fol-
lows: “Many or most of the excluded studies indicate a pos-
itive impact of PET on staging, response assessment or
prognostic evaluation, so that the clinical utility of PET
may have been underestimated.. . .Several studies which
failed to meet the inclusion criteria have shown a dramatic
relationship between early PET response and outcome.”

As an example, the multicenter study of Gallamini et al.
detailed 260 patients with Hodgkin lymphoma, demon-
strating a highly significant relationship between treatment
outcome and 18F-FDG PET scan results after 2 cycles of
chemotherapy (29). Multivariate analysis showed PET sta-
tus to be the only significant predictor of treatment outcome
(P , 0.0001). PET was found to have a 93% positive pre-
dictive value and 92% negative predictive value for 2-y
progression-free survival. However, MSAC excluded this
study on the basis of the comparator used for assessment.
Presumably, this was because the primary study used the
International Prognostic Score and not simply CT as the
comparator for PET. However, the exact reason is not stated
explicitly enough for certainty. Similarly, the 2006 study by
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Zinzani et al. (30) examining the same clinical question,
with concordant findings, was also excluded by MSAC for
the same reason.
Similar errors of omission are apparent across most of

the HTA systematic reviews that we have evaluated. That
such a large body of the published literature is routinely
excluded from evaluation in HTA systematic reviews is
a matter of concern regarding either the experimental
methods accepted by major peer-reviewed journals such
as The Journal of Nuclear Medicine or, alternatively, the
process by which evidence is evaluated within the EBM
process by HTA agencies.
Evidence of Injudicious Appraisal of the Consistency of

the Evidence Base. The primary studies of PET are
remarkable for their consistency in demonstrating superior
diagnostic accuracy in relation to contemporary clinical
comparators (2). These data have been recapitulated and, in
many cases, improved by the introduction of PET/CT (3).
In many of the papers cited, clinicians have also docu-
mented or imputed marked management changes.
This consistency receives little emphasis in the HTA

systematic review appraised. Rather, undue emphasis is
placed on the risk of bias, thereby questioning the validity
of the primary study. For example, with respect to the value
of PET for staging of NSCLC, HTBS notes that 33 papers
were identified, with the commentary that “almost all
reported that PET is more accurate and more sensitive than
CT,” and 2 positive meta-analyses were also cited. These
statements were, however, downplayed by the comment,
common to many other HTA systematic reviews, that
“. . .these results need to be confirmed in larger randomised
trials.”
The HTA systematic reviews also stress apparent incon-

sistencies between studies. For example, although HTBS
noted a published randomized controlled trial (31) report-
ing a statistically significant (P 5 0.003) reduction in
patients undergoing futile thoracotomies in the PET group,
this was discounted under the heading “Limitations of the
Evidence” by reference to an apparently “conflicting” ran-
domized controlled trial available only in abstract form at
that time. Assessment of quality of this trial was not pos-
sible, as not all patients had been fully evaluated. Indeed,
detailed review of the subsequently published primary data
from this trial (23) indicates spectrum bias, with most
patients having very early stage disease. Also, the primary
endpoint was the number of thoracotomies avoided in
patients randomized to PET staging, and yet thoracotomy
was frequently performed even in patients for whom PET
made accurate incremental findings of mediastinal nodal
and distant metastatic disease. If the institution’s standard
of care for NSCLC was thoracotomy irrespective of disease
stage, the ethical and scientific context for performing the
randomized controlled trial could be questioned.
A major benefit claimed for systematic reviews is to

resolve uncertainty when original research, reviews, and
editorials disagree (32), yet PET and PET/CT studies are

remarkably consistent in supporting the clinical utility of
these techniques. Paradoxically, HTA systematic reviews
commonly follow the HTBS example of emphasizing ap-
parent heterogeneity as a justification for calling for more
definitive evidence. However, when evaluated in a clinical
context, variability in results reflects appropriate clinical
selection of a patient population to address a specific clin-
ical question.

Evidence of Injudicious Appraisal of the Clinical Impor-
tance of Evidence. Injudicious appraisal of the strength and
consistency of the evidence base that we have pointed to
must introduce a risk that HTA systematic review judg-
ments about the clinical importance of the evidence will
also be biased. One threshold question that has not been
judiciously addressed when HTA systematic reviews were
formulating their decisions about the merits of PET is as
follows: accepting that estimates of the diagnostic perfor-
mance of PET contain some bias, what is the likelihood that
the consistently higher accuracy of PET and the 30%–40%
documented or imputed change in management related to
more accurate disease classification is really a null finding?

Injudicious assessment of the clinical impact of the
primary study arises because several HTA systematic
reviews, both before STARD (VATAP and ICES) and after
STARD (NIHR), fail to ask a clinically focused question
specifically addressing patient-important outcomes. For
example ICES simply states, “We examined the evidence
for clinical applications of PET among 7 commonly occur-
ring categories of cancer.” NIHR 2007 replicates this fail-
ure in the post-STARD era, stating its research questions as,
“What is the clinical effectiveness of FDG PET for the
management of the following cancers. . .?”. NIHR’s conclu-
sion that, as of 2007, there were no published studies dem-
onstrating that 18F-FDG PET leads to improved patient
outcomes is potentially a biased appraisal of the evidence
that, in part, relates to the impossibility of providing a valid
judgment of the clinical relevance of the evidence across
such a wide spectrum of cancers and clinical management
questions.

We believe that injudicious appraisal of the evidence
pertaining to the clinical importance of PET in the context
of individual patients is intimately related to the differences
between HTA systematic review methodologists and clini-
cians regarding the types of evidence required to make
valid judgments about the patient benefits of diagnostic
tests. In short, HTA analysts have remained highly skeptical
of the clinical view that studies validating diagnostic
accuracy with a low risk of bias can be used to make
sound judgments about potential patient benefit, if re-
duction in false-negative and false-positive results can be
imputed (or shown in trial-based evidence) to have a direct
and material impact on patient-important outcomes. Clini-
cians intuitively understand that false-negative results can
delay appropriate introduction of effective treatments or
result in patients receiving inappropriate treatment based on
inadequate knowledge of the presence or extent of disease,
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whereas false-positive results often lead to unnecessary
anxiety, institution of sometimes morbid and expensive
investigations and therapy, or denial of potentially curative
treatment.
Convergence to the clinical view that randomized con-

trolled trials may be neither ethical nor essential for judging
the patient benefits of diagnostic technologies appears to be
gradually occurring among EBM and HTA methodologists
(33). The Grading of Recommendations Assessment, Devel-
opment and Evaluation Working Group (34) still considers
randomized studies to be the ideal method for comparing
diagnostic approaches but recognizes that observational stud-
ies comparing alternative diagnostic strategies with assess-
ment of direct patient-important outcomes can be the basis
for strong recommendations about the patient benefits of
a more accurate diagnostic test.
Although the continuing evolution of the EBM literature

toward a greater focus on patient-important outcomes is
encouraging, most HTA systematic reviews continue to
negatively judge the evidence supporting PET for want of
evidence from randomized controlled trials. As an example,
MSAC CRC 2008, referring to the potential for improving
patient outcomes related to the demonstrated ability of PET
to produce a significant number of additional true-positive
findings for extrahepatic metastases in comparison to best
conventional evaluations, comments, “In the absence of
randomised controlled clinical trials of alternative treat-
ments in this patient group, it is not known whether the
quality of life benefits from avoiding surgery and instigat-
ing alternative management outweigh any potential benefit
of surgery in providing local disease control.”
Yet, in the context of contemporary standards of clinical

care of hepatic recurrence of colorectal cancer, extrahepatic
metastases (detected clinically or by conventional imaging)
usually preclude attempted curative surgery because there
is no reliable evidence of improved outcomes in this
situation. MSAC acknowledges PET to be safe, and also
quantifies the harm associated with hepatic resection as
a death rate of 1%–2% and a catastrophic morbidity of
approximately 10%. With the information available, it
seems an inescapable conclusion that attempted hepatic re-
section will do the patient more harm than good if per-
formed on patients for whom PET has uniquely defined
extrahepatic metastases, yet MSAC creates unnecessary un-
certainty by emphasizing the lack of data from randomized
controlled trials. As a consequence of this approach, the
evidence supporting PET’s beneficial effect in this context
is said to be supported only by expert opinion.
The NIHR judgment that there are no published studies

demonstrating that 18F-FDG PET improves patient out-
comes rests heavily on discrediting the clinical relevance
of the many nonrandomized controlled trial–based primary
studies and systematic reviews that were evaluated, as well
as discounting completely the randomized controlled trial
of van Tinteren et al. (31) that clearly shows improved
patient outcomes.

Evidence That Factors Unrelated to Patient-Important
Outcomes Risked Introducing Bias into HTA Systematic
Reviews. EBM values mandate that evidence evaluation be
conducted first and foremost from the perspective of
individual patients. However, several HTA systematic
reviews (VATAP, MSAC 2001, HTBS, and NIHR) adopted
appraisal protocols that give societal benefit greater value
than individual-patient benefit. For example, both MSAC
2001 and NIHR used the hierarchy of diagnostic efficacy
established by Fryback and Thornbury (35) to quantify the
level of evidence available. This hierarchy is a 6-point scale
that accords the highest value to demonstration of societal
benefit as defined by cost efficacy, cost benefit, or cost
utility. Studies designed to assess the diagnostic accuracy
and predictive value of PETwere relegated to levels 2 and 3
under that schema. HTA systematic reviews of PET repeat-
edly judged such studies as low-level evidence, even though
they contain knowledge that is crucial to decision making in
the context of individual patient management and therefore
of paramount importance within a true EBM context. We
believe this decision about classifying the value of evidence
has significant potential to prejudice judgments about the
strength consistency and clinical relevance of evidence in
relation to patient-important outcomes.

Contrary to the tenets of EBM that require the needs of
individual patients to be paramount (36), it appears that at
least one of the reviews was structured to produce findings
and recommendations that were beneficial to those with
responsibility for funding PET. Although MSAC was estab-
lished to be an “independent multidisciplinary scientific
committee,” documents obtained under Freedom of Infor-
mation Legislation show that for MSAC 2001 “the objec-
tive was to retain funding at the current level.”

DISCUSSION

One of the many roles of peer-reviewed literature is to
guide clinicians and patients on the merits of medical
interventions. The Journal of Nuclear Medicine has an eth-
ical responsibility to its readers and their patients to provide
the best possible information. The editors and reviewers of
articles submitted for publication are charged with respon-
sibility for ensuring that the highest possible scientific
standards are met. Key assurances are required from the
authors that the work was performed within an appropriate
ethical framework, that they stand by the primary data pre-
sented, and that they agree with the conclusions reached.
They are also asked to identify potential conflicts of inter-
est. The paper is then subjected to scrutiny regarding the
importance and relevance of the research question, the ap-
propriateness of the literature review that provides a back-
ground to the study, the rigor of the methodology (including
recognition and exclusion, where possible, of potential
sources of bias), the acquisition of sufficient and appropri-
ate experimental data to address the problem at hand, the
application of appropriate analysis approaches to the data
acquired, and a balanced discussion of the findings. Most

MORE HARM THAN GOOD? • WARE AND HICKS 71S



importantly, the conclusions reached need to be supported
by the data presented.
Despite the best efforts of authors, editors, and reviewers,

papers with significant scientific flaws unfortunately do get
published. Such errors are, however, subject to further
scrutiny within the scientific community. The broader
readership is given an immediate right of reply to point
out errors of fact, omission, or commission in correspon-
dence with the editor and, through the editorial office, with
the study authors. The authors then have an opportunity to
defend or correct any perceived errors. When significant
faults are identified, errata are published or the paper can be
withdrawn. The second level of audit is the recapitulation
of similar confirmatory studies by other groups. Through
this incremental process, new scientific truths are approx-
imated ever more closely. A key complement to the
publication of primary data is the collation of the broader
published results, supplemented by expert opinion based on
individual experience, to give a synthesis of the available
information.
It is this latter process—wherein personal opinion and

selection of only those papers that support that opinion have
the potential to bias the conclusions presented—that has
been the target of institutionalized EBM. However, if the
laudable desire to present unbiased opinions is not accom-
panied by the same scientific rigor and audit that underpin
the publication of the primary studies, one opinion biased
from a perspective of clinical experience is simply trans-
posed with another opinion biased by other perspectives,
most prominently the desire to restrict health-care expen-
diture for the benefit of “society.”
Our own experience, supported by documentary evi-

dence, with HTA systematic reviews has convinced us that
there is a fundamental asynchrony between the key quality
checks applied within the peer-reviewed literature and

those practiced within many of these reviews (Table 5).
Institutionalized EBM has sought to occupy the scientific
high ground and regularly dismisses the value and validity
of a large component of our collective efforts, considering
the papers published in high-impact journals such as The
Journal of Nuclear Medicine to be of doubtful scientific
merit because of bias. However, we believe that we have
provided credible evidence (and a great deal more such
evidence exists) that the systematic reviews of several in-
ternational HTA groups have introduced significant bias
within their own secondary appraisals of the evidence rel-
evant to the patient benefits of PET in oncology. The find-
ings and recommendations of these reviews therefore
cannot represent a closer approximation to the truth than
do the primary studies, nor do they invalidate the summa-
tions of evidence by members of our peer group that have
been published in our journals. By virtue of the values and
belief systems inherent in EBM, encouraging patients (and
health-care administrators) to adopt recommendations
about PET that are prejudiced is likely to cause more harm
than good.

Our belief is that the advice of clinical experts has been
greatly undervalued in the overall appraisal of the effect of
PET on patient-important outcomes, both from the per-
spective of bottom-up clinical judgment relating to in-
dividual patient’s experience and from the perspective of
the many judgments required within the top-down analyses
of primary evidence in systematic reviews. We believe that
the molecular imaging community has a responsibility to
challenge the misinformation arising from prejudiced
assessments of the evidence base relating to PET and claims
that patients and society have benefitted by restricting ac-
cess to this technology. However, we also acknowledge that
HTA has an important role in the context of constrained
health resources, and we applaud the motivation shown to

TABLE 5
Comparison of Peer-Reviewed Literature and HTA Systematic Review Processes

Process Peer-reviewed literature HTA systematic review

Acknowledgment of authorship, validity

of data and conclusions

Required to be signed by

all authors before review

Evidence that dissent among clinical

experts on panels was often not
captured or acknowledged

Conflict-of-interest statement Required and transparent Literature reviewers often contracted

by governments or third-party
insurers, leading to potential conflict

of interest

Cogent and appropriate articulation

of research question

Pivotal Often poorly defined or not explicitly

stated

Literature review All relevant prior art should be cited and is
assessed by reviewers and readership

Filters placed on what was evaluated

Data acquisition Explicit methodology that allows reproduction

is mandated

Reasoning seldom provided for

including or excluding primary data

Analysis Established statistical methods Varied but largely qualitative

Conclusions Patient-focused Society-focused

Responsiveness to criticism Enshrined in process Resisted
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improve the methodologies used in assessing new technol-
ogies. Stronger engagement between clinician groups and
an iterative process that emulates many of the beneficial
features of the peer-review process are encouraged.
Hopefully, this article will stimulate a robust discussion

among protagonists that will lead to genuine improvements
in the quality of both the primary scientific literature and
the secondary reviews thereof. Cancer patients deserve no
less.
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