
predicated by clinical–pathologic criteria (i.e., age of patient and
results of surgical pathology) as reflected in several guidelines
(1–4). Advancing imaging technology with SPECT/CT facilitates
accurate interpretation of classic planar scintigraphy, validating
the classic teaching that the decision to use or omit radioiodine
therapy should not be based solely on clinical and histopathologic
criteria but should include specific thyroid cancer imaging to eval-
uate for the presence of regional and distant metastases. The con-
tribution of fusion radioiodine SPECT/CT for characterization of
focal central neck and distant activity in patients with thyroid
cancer has been increasingly recognized, as summarized in 2 re-
cent review articles (5,6), bringing into focus the use of preabla-
tion SPECT/CT for completion of staging and risk stratification
before 131I therapy. The current SNMMI Practice Guideline for
Therapy of Thyroid Disease with 131I support the view that routine
preablation scintigraphy can be useful in guiding 131I therapy
and discusses the selection of prescribed 131I activity for treatment
(7). This recently updated guideline reflects the evolution toward
a treatment approach that integrates the elements of clinical and
histopathologic risk stratification with imaging information for arriv-
ing at an individualized therapeutic decision. And this precisely
addresses the excellent points made by Drs. Basu and Abhyankar
in their letter to the editor, which I very much welcomed.
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Not-So-Random Errors: Randomized Controlled
Trials Are Not the Only Evidence of the Value of
PET

TO THE EDITOR: We noted with interest the recent publication
of “Randomized Controlled Trials on PET: A Systematic Review

of Topics, Design, and Quality” (1) in The Journal of Nuclear
Medicine. We are sure that this article will be confrontational to
members of the nuclear medicine community as it again highlights
the wide gulf that exists between our profession’s assessment of
the patient benefits of PET and the conclusions reached by a highly
influential international health technology assessment agency.
This continues a theme addressed by us in a recent review in
The Journal of Nuclear Medicine (2). Unfortunately, we believe
that Scheibler et al. offer a rather simplistic analysis that is based
on a superficial review of original data and lacks appropriate clin-
ical perspective. Further, our critical evaluation suggests several
methodologic, factual, and conceptual limitations that render the
authors’ conclusions untenable.
Even the primary motivation for the review is flawed. The

authors opine that randomized controlled trials (RCTs) are
a critical component of evidence-based medicine (EBM) and are
therefore required to evaluate the benefits of any new technology.
It is, however, quite wrong to state that the principles of EBM
require RCT evidence before valid conclusions can be drawn
about the benefits of new diagnostic tests. A seminal article
defining the values of EBM states that “Evidence-based medicine
is not restricted to randomized trials and meta-analyses. It involves
tracking down the best external evidence with which to answer our
clinical questions. To find out about the accuracy of a diagnostic
test, we need to find proper cross-sectional studies of patients
clinically suspected of harboring the relevant disorder, not a ran-
domized trial” (3).
RCTs are most useful when the mechanism of action of

treatments is not fully understood or when there is uncertainty
about the benefits versus risks. Unlike drug trials, in which 2
different therapies cannot be administered to a single patient to
assess differential response or outcome, it is possible to perform
more than one diagnostic test in an individual patient and ascertain
which is superior. There is already abundant evidence that the
diagnostic accuracy of PET/CT is superior to conventional staging
approaches in many cancers (4), thus decreasing the need for
RCTs and potentially making them unethical (5). Moreover, many
of the RCTs identified by the authors, especially RCTs under way
involving lymphoma, are primarily randomized trials of new risk-
adapted therapeutic approaches rather than studies of PET per se.
These involve a so-called enrichment design, in which the results
of PET are used to enrich the sample before randomization. As
such, almost all assume, on the basis of previously published
studies (6), that PET provides superior prognostic stratification
compared with conventional imaging. Even superficial analysis
of the titles or the summary protocols of most of these trials makes
it patently clear that they are not an evaluation of PET but rather
are testing whether alternative treatment strategies can improve
outcomes in patients stratified by PET. This is no different from
almost any RCT in oncology, which uses imaging for determin-
ing patient eligibility or for stratification and as an integral com-
ponent of response assessment—often a key study endpoint. It
would be as nonsensical to consider such studies as being eval-
uations of conventional imaging as it is to consider many of the
cited studies as being trials of PET.
In a more general context, if the authors used their methodol-

ogy to ascertain the utility of a vast array of investigations or
therapeutics such as chest radiography in patients with shortness of
breath, defibrillation in cardiac arrest, or use of antibiotics in sepsis,
the findings would similarly suggest a lack of clinical utility since
randomized trials are lacking for these medical procedures. As
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such, their study methodology lacks clinical relevance or perspec-
tive, and the result denies the large body of high-quality scientific
studies that demonstrate the high clinical impact of PET/CT.
The authors’ reference to the Grading of Recommendations

Assessment, Development, and Evaluation (GRADE) approach
(7) constitutes further evidence of their misrepresentation of the
principles of EBM. The GRADE working group publication pro-
vides a framework for thinking about diagnostic tests in terms of
their impact on outcomes that are important to patients. The work-
ing group explicitly recognizes the multidimensional nature of
evidence and provides guidelines for using studies of test accuracy
to make inferences about the likely impact on patient-important
outcomes. The guideline is clear that diagnostic accuracy can be
used as a surrogate outcome for benefits and harms to patients and
that observational studies can provide a valid basis for direct as-
sessment of the patient benefits of diagnostic tests.
As demonstrated to be a disconcerting feature of many prior

health technology assessment publications (2), the authors’ appar-
ent misunderstanding of the values and principles of EBM allow
them to accept as representative an analysis of just 0.02% of the
PET literature (12 suitable RCTs of 60,174 articles) and to con-
clude from this limited sample that “it seems to be too early to
draw general conclusions on the clinical benefit of this technol-
ogy.” Even more remarkable is that the results of these 12 studies
were not even analyzed for clinical validity but merely character-
ized by trial design and undefined quality measures. A recent
publication from members of the GRADE working group (8)
points to the potential for bias inherent in the analysis of Scheibler
et al. The GRADE participants state, “Tests can be compared by
evaluating the downstream consequences of testing on patient out-
comes, either directly in a randomised controlled trial or by decision
analysis models that integrate multiple sources of evidence.” These
EBM experts describe an approach that “supports a full interpreta-
tion of empirical results by enabling trialists to distinguish between
true ineffectiveness, poor protocol implementation, and methodo-
logic flaws in the study design.” With reference to the published
RCTof Viney et al. (9) in non–small cell lung cancer, they correctly
identified that “the failure of PET to reduce the rate of thoracoto-
mies in patients with non–small cell lung cancer was shown to lie
with an ill conceived treatment strategy, rather than with efficacy of
the test.” Nevertheless, Scheibler et al. cite the Viney RCTas a “neg-
ative” result for PETwith a “low risk” of bias despite these obvious
quality limitations in the conduct of the RCT and the marked spec-
trum bias that the trial cohort exhibited. This speaks loudly of a lack
of clinical perspective. Similarly, the inclusion—from at least
60,000 papers on PET—of the trial by Plewnia et al. (10) involving
6 patients who were randomized to an intervention or sham pro-
cedure to treat tinnitus guided by 15O-water PET must raise ques-
tions about the validity of the primary data underpinning their
conclusions.
Beyond the misguided rationale and scanty assessment of the

available literature, there are significant internal inconsistencies in
the paper that are of concern. For example, the abstract’s conclu-
sion that a relatively high number of ongoing RCTs of PET in
several oncologic fields are expected to produce robust results over
the next few years is vastly different in meaning from the state-
ment in the body text that “it is difficult to determine whether an
interaction is going to be calculated between the PET result and
the effect of therapy.” When the methodologic quality of these
pending RCTs cannot be known before publication, and Scheibler
et al. grade 50% of the already published RCTs as having a “high”

risk of bias, their abstract is, at best, disingenuous and, at worst,
misleading. The authors also fail to explain how studies completed
in 2006 and 2008, but as yet unpublished, are likely to contribute
knowledge about the patient benefits of PET in future.
The rigor with which they have assessed even the cited trials

must also be questioned. As well as minor factual errors such as
indicating that trial NCT00313560 in the ClinicalTrials.gov regis-
try was conducted in Australia when it was actually done in the
United States, the authors failed to identify NCT00882609, a large
international RCT comparing 18F-sodium fluoride PET/CT with
conventional bone scanning for detecting skeletal metastases.
Of greater concern, a substantial number of unpublished RCTs

listed by Scheibler et al. cannot provide robust information about
the independent contribution of PET to patient outcomes. For
example, in NCT00367341, the outcome of escitalopram versus
cognitive behavioral therapy is being examined. However, the
randomization is not enriched by PET, because both the control
and the treatment arms are undergoing 18F-FDG PET, and the
study additionally has a crossover design. Therefore, the inves-
tigators quite appropriately have not included PET in either the
primary or secondary objectives of the study because the re-
lationship between PET and the patient outcomes being mea-
sured could not be determined from the trial design. Many other
studies listed by Scheibler et al. in Table 5 also use PET in both
the control and the experimental arms. Although these trials
may provide useful evidence of merits of PET as a biomarker
in particular clinical settings, any evidence of the utility of PET
must be considered observational in nature. Although it may be
possible to conclude that the combination of PET as a biomarker
and a particular intervention strategy does not improve patient
outcomes (with due caution as outlined by the GRADE meth-
odologists above), negative trials of this design should not be
used to justify conclusions that PET does not provide patient
benefits.
In our view, it is long past time that clinical researchers and

methodologists heeded the wisdom of Black, who wrote in 1996
that “the false conflict between those who advocate randomized
trials in all situations and those who believe observational data
provide sufficient evidence needs to be replaced with a mutual
recognition of the complementary roles of the two approaches.
Researchers should be united in their quest for scientific rigour
in evaluation, regardless of the method used” (11).
In this context, we believe Scheibler et al. have presented an

analysis that is so lacking in scientific rigor that it can be fairly
judged to have provided a prejudiced appraisal of the evidence
pertaining to the patient benefits of PET and the potential benefits
of pending and future RCTs.
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REPLY: We welcome a scientific debate on the issue of ran-
domized controlled trials (RCTs) in the field of PET. However, we
are somewhat surprised by the tone of the letter by Drs. Hicks,
Ware, and Hofman. It is up to the readers of The Journal of
Nuclear Medicine to decide on the appropriateness of such com-
ments as “their abstract is, at best, disingenuous and, at worst,
misleading,” “the authors’ apparent misunderstanding of the values
and principles of [evidence-based medicine (EBM)],” and “scanty
assessment of the available literature.” Here is our response to the
main issues addressed in the letter.
In our paper we stated that RCTs could add important infor-

mation to diagnostic accuracy studies in the evaluation of PET and
PET/CT. Our aim was to systematically identify RCTs on PET
by measuring patient-relevant outcomes in any medical indication
to outline both the main fields and any gaps in research and to
summarize features of study design and quality. We did not claim
that the 60,162 non-RCT papers on PET we identified do not add
valuable information to the body of evidence on this technology.
We agree with Hicks et al. that there has been some discussion on

which trial design might be best suited to evaluate diagnostic
(imaging) studies. However, there is a clear trend toward randomized
designs, not only in the general methodologic literature (1–6) but
also in nuclear medicine (7,8). We are not aware of any recent
methodologic paper advocating test accuracy studies as the highest
level of evidence in the evaluation of patient-relevant effects of di-
agnostic technologies. As our results indicate, increasing numbers of
researchers are using RCT designs to evaluate diagnostic–therapeu-
tic pathways involving PET. This development shows that RCTs in
this field are being increasingly regarded as feasible, providing valid
information on the benefits and risks of PET.
Hicks et al. state that “RCTs are most useful when the mech-

anism of action of treatments is not fully understood or where

there is uncertainty about the benefits versus risks.” In our opinion
this is exactly the case in many fields in which PET is applied.
They also state that “there is already abundant evidence that the
diagnostic accuracy of PET/CT is superior to conventional staging
approaches in many cancers.” We argue that diagnostic accuracy
is only a surrogate for patient-relevant outcomes (6). Higher di-
agnostic accuracy does not guarantee a benefit for patients. For
example, in colon cancer staging, diagnostic accuracy studies show
better accuracy for PET than for conventional imaging (9). However,
RCTs such as that of Ruers et al. (in which the primary outcome was
changed) (10) or PETCAM (trial NCT00265356 in the Clinical-
Trials.gov registry) found no evidence of an improved diagnostic–
therapeutic pathway with regard to patient-relevant outcomes. The
only published RCT on PET in lymphoma found slightly more
recurrences in the PET-based management arm (11). Therefore,
more RCTs should be conducted to assess specific diagnostic–
therapeutic pathways and to obtain realistic data on the benefits
and harms of these strategies for patients (6).
Hicks et al. also state that negative biomarker trials “should not

be used to justify conclusions that PET does not provide patient
benefits.” We fully agree and point to the seminal paper by Altman
and Bland (“absence of evidence is not evidence of absence”)
(12). Hence, a nil result does not prove that PET has no benefit
for patients; to prove such a benefit, prospectively planned and
well-conducted RCTs with positive results are required.
In contrast to Hicks et al., we see no contradiction between our

interpretation of the study of Viney et al. (13) and that provided by
Ferrante di Ruffano et al. (3). We focused our appraisal on pre-
defined methodologic characteristics that may lead to bias (see the
“Data Extraction” section of our paper), which is a frequently
applied approach in EBM (14). Ferrante di Ruffano et al. point
out that even if an RCT is methodologically sound, despite a higher
diagnostic accuracy other factors such as a “lack of diagnostic
confidence” may prevent changes in management and lead to a
nil effect. Therefore the example in the study by Viney et al. (13)
does not conflict with our assessment of this study. In line with our
point of view, Ferrante di Ruffano et al. state in their summary
points that “improved accuracy is not always a necessary prereq-
uisite for improving patient health, nor does it guarantee other
downstream improvements” and “randomised controlled trials of
tests can measure these processes directly to understand why and
how changes to patient health have occurred.”
One can always argue that RCTs with negative results are biased

or not applicable to a specific clinical setting. However, as long as
not a single RCT with a positive result is available for a specific
clinical question, criticism of existing RCTs does not make available
evidence stronger.
Hicks et al. distinguish between RCTs on “PET per se” and

RCTs on “new risk-adapted therapeutic approaches,” which “in-
volve a so-called enrichment design, in which the results of PET
are used to enrich the sample before randomization.” In their
opinion the latter “are not an evaluation of PET but rather are
testing whether alternative treatment strategies can improve pa-
tient outcomes in patients stratified by PET.” In times of so-called
individualized medicine it no longer seems reasonable to make
this distinction (2). In both types of studies, the diagnostic pro-
cedure as well as the treatment intervention has to be effective to
achieve a patient-relevant benefit.
Hicks et al. mention that RCTs are lacking in many other areas

of medicine. Is it the logical consequence of this fact to regard the
conduct of RCTs in an area where RCTs are lacking as a waste of
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