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For diagnostic methods such as PET/CT, not only diagnostic
accuracy but also clinical benefit must be demonstrated.
However, there is a lack of consensus about how to approach
this task. Here we consider 6 clinical scenarios to review some
basic approaches to demonstrating the clinical benefit of PET/
CT in cancer patients: replacement of an invasive procedure,
improved accuracy of initial diagnosis, improved accuracy
of staging for curative versus palliative treatment, improved
accuracy of staging for radiation versus chemotherapy, re-
sponse evaluation, and acceleration of clinical decisions. We
also develop some guidelines for the evaluation of clinical
benefit. First, it should be clarified whether there is a direct
benefit of the use of PET/CT or an indirect benefit because of
improved diagnostic accuracy. If there is an indirect benefit,
then decision modeling should be used initially to assess the
benefit expected from the use of PET/CT. Only if decision
modeling does not allow definitive conclusions should random-
ized controlled trials be planned.
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For diagnostic procedures, not only accuracy but also
clinical benefit must be demonstrated, as expressed by
Schuenemann et al. (1): “If a test fails to improve pa-
tient-important outcomes, there is no reason to use it, what-
ever its accuracy.” This idea is not new and has always been
mentioned as one of several steps in establishing diagnostic
procedures (2,3). However, there is currently more empha-
sis on clinical benefit, particularly when decisions involve
matters of reimbursement, requiring a balance between
patient-related outcomes and societal burden (4–7).

There is considerable uncertainty about how to demon-
strate such clinical benefit or, in more general terms, how to
assess the comparative effectiveness of diagnostic proce-
dures. Tunis et al. (8) characterized the situation in the
following way:

The decade-long struggle of public and private payers . . . to make
evidence-based policy decisions on the use of molecular imaging
(primarily FDG PET) in oncology exemplifies the problems resulting
from the absence of a well-denied and broadly accepted evidentiary
framework for conducting comparative effectiveness research. . . . All
of this work is taking place in the absence of any common un-
derstanding among researchers, decision-makers, and other stake-
holders about which evidence can be developed and applied on the
clinical utility of FDG PET for management of oncology patients.
Some continue to advocate for RCTs, and others for more sophisticated
registries. . . . If measuring health outcomes is necessary, can one re-
liably derive such information from Medicare or other claims data?
Further, even with outcomes information, in the absence of large
randomized studies, can the causal impact of this diagnostic technol-
ogy on outcomes be elucidated?

The lack of agreement about basic principles for
generating evidence has led to national differences with
respect to reimbursement decisions. For example, in Den-
mark any clinician can, in principle, request PET/CT for
any cancer patient. In contrast, reimbursement is restricted
to only a few indications in Germany. Consequently, in
Denmark the number of PET or PET/CT scans per 100,000
inhabitants has risen from 60 in 2004 to 350 in 2009 (9),
whereas in Germany the number is still about 80 (10).
Some countries have reacted to the evidence gap in specific
ways. In 2005, the province of Ontario, Canada, designed
a detailed research program to fill the evidence gap about
PET (11). In the United States, Medicare coverage for cer-
tain types of cancer was expanded under the Centers for
Medicare & Medicaid Services’ new “Coverage with Evi-
dence Development” policy; this policy links access to PET
for virtually all Medicare beneficiaries to the collection of
clinically valuable data in the National Oncologic PET
Registry (12). In the United Kingdom, a major standard
health technology assessment was undertaken but covered
only a few types of cancer (13).

Here we discuss several basic study designs for demon-
strating the clinical benefit of PET/CT as a replacement for
other diagnostic procedures (14). In this discussion it is
important to distinguish between direct clinical benefit
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and indirect clinical benefit. As direct benefit, we consider
the avoidance of alternative invasive diagnostic proce-
dures or other patient discomfort. Indirect benefit results
from better management decisions based on PET/CT find-
ings. We present the basic study designs, discuss the chal-
lenges and limitations of these study designs by considering
6 selected clinical scenarios, and present the main implica-
tions of our considerations. We did not consider a comparison
of clinical benefit with the costs of PET/CT (15) as part of
a cost-effectiveness analysis.

BASIC STUDY TYPES

We considered studies evaluating PET/CT as a replace-
ment for an established diagnostic procedure in a specific
clinical context. The following study types were differen-
tiated.

Accuracy Studies

In an accuracy study, PET/CT is compared with a current
standard procedure by use of a third procedure or infor-
mation from the follow-up as the gold standard. Typically,
accuracy is determined on the basis of the estimated
sensitivities and specificities of the 2 procedures. When
PET/CT is considered as an option in cancer patients,
accuracy studies are typically performed as population-
based studies (in contrast to case-control studies, which are
popular in other fields (16)). Thus, all patients approaching
the health care system in a specific situation are included in
a consecutive manner. Because of the noninvasive nature
of PET/CT, accuracy studies are typically performed in
a paired design (17,18); that is, PET/CT is performed in
addition to the current standard procedure for each patient.
The only requirement is that the readers of PET/CT scans
are unaware of the results of the current standard procedure
and vice versa. The findings can be communicated to the
treating clinician. Thus, patients can immediately benefit
from additional information even if a gold standard is not
yet available. The paired design makes accuracy studies
powerful. For example, this design typically requires no
more than 200–300 patients to demonstrate an increase in
sensitivity from 80% to 90% (18). Moreover, in the same
study one can also study the accuracy of combining both
procedures or using one as a gatekeeper for the other. All of
these properties make this design highly attractive.

Ungated Randomized Controlled Trials (RCTs)
Comparing Management Strategies

In ungated RCTs, all patients are randomized to 2
management strategies, one of which uses the standard
diagnostic procedure(s) and the other of which uses PET/
CT for management decisions. With this study design, the
(long-term) consequences for patient-related outcomes,
such as overall survival and quality of life, can be compared
(19,20). If a gold standard is available, then RCTs can also
be used to estimate diagnostic accuracy. However, because
of the lack of paired observations, RCTs have much less
statistical power than accuracy studies with a paired design.

Gated RCTs

In gated RCTs, all patients undergo PET/CT and the
standard diagnostic procedure. Randomization is restricted to
patients for whom the results of the 2 diagnostic procedures
result in different management decisions (21). Patients then
either undergo the treatment suggested by the results of the
standard diagnostic procedure or the treatment suggested by
the results of PET/CT. The impact for patients with respect
to the choice of treatment is identical to that in ungated
RCTs. The only difference is that all patients undergo both
diagnostic procedures. However, gated RCTs have much
higher power than ungated RCTs because all cases with no
difference in management decisions are excluded. Such cases
only add noise to the outcome data in ungated RCTs (19).

Decision Modeling

In decision modeling, no new clinical study is performed.
Instead, data from different sources are combined to
estimate the clinical benefit when a standard diagnostic
procedure is replaced with PET/CT in a specific clinical
scenario (22,23). Because there is no change in manage-
ment when both diagnostic procedures reach the same con-
clusion, the clinical benefit is derived only from patients
with conflicting findings. Given a binary decision with 2
states, A and B, there are 4 possibilities for correct and in-
correct changes in management when PET/CT is used (Ta-
ble 1). For each possibility, the expected clinical benefit
b for a single patient because of the change in management
can be specified—for example, an increase in survival prob-
ability in the case of a correct change or a decrease in
survival probability in the case of an incorrect change. In-
formation about the relative frequency p of the 4 possible
changes in management can be obtained from a paired-
design accuracy study. Then the overall benefit expected
can be computed as the weighted sum of the 4 values
for clinical benefit. For example, frequencies of correct
changes of p1 5 0.10 and p2 5 0.16 and frequencies of
incorrect changes of p3 5 0.02 and p4 5 0.04 may be
observed in an accuracy study. Given the assumption that
a change to the correct diagnosis increases the individual
survival probability by 20% whereas a change to an incor-

TABLE 1
Basic Ingredients for Determining Clinical

Benefit by Modeling

Validity of
change Change

Relative
frequency

Expected
benefit

Correct A / B p1 b1

Correct B / A p2 b2

Incorrect A / B p3 b3

Incorrect B / A p4 b4

Data show all 4 possible changes in decision between A and B,

their relative frequencies in clinical population of interest, and their

expected benefit.

78S THE JOURNAL OF NUCLEAR MEDICINE • Vol. 52 • No. 12 (Suppl) • December 2011



rect diagnosis decreases the individual survival probability
by 20%, the overall benefit is an increase in the survival
probability by 0.10 · 20%1 0.16 · 20%1 0.02 · (220%)1
0.04 · (220%) 5 0.20 · 20%, or 4%.
The challenge of this approach is to obtain realistic

quantification of the benefit expected in each of the 4
groups. Regarding the benefit in survival, an initial choice
for b1 is the difference in survival rates between patients
receiving the management strategy implied by deciding for
B or A, respectively, in patients with true state B. Ideally,
these rates are derived from a published clinical trial com-
paring these 2 strategies in these patients such that there is
no doubt about the comparability. Otherwise, the difference
can be derived from other sources, such as assuming that
strategy A is completely useless in patients in state B and
using the survival rate observed with strategy B. However,
this initial choice often must be modified because patients
moving from state A to state B may not be representative of
all patients in state B but may constitute a specific sub-
group. This subgroup may have a different prognosis,
which may lead—in the case of staging—to the so-called
“Will Rogers phenomenon” of increasing or decreasing
stage-specific survival by applying a new staging technique
(24). Often, however, a qualified guess about the direction
of the effect can be made, allowing a lower bound for the
benefit, an upper bound for the benefit, or both to still be
determined. This approach is often sufficient, because if
lower bounds are known for b1 and b2 and upper bounds
are known for the absolute values of the negative benefits b3
and b4, then a lower bound for the overall benefit can be
obtained.
The computations in such decision modeling are identi-

cal to those needed for determining sample sizes in ungated
RCTs of management strategies because the overall benefit
is the “treatment effect” of the 2 management strategies
being compared. If, in the planning of such a study, PET/
CT is expected to change the decision in the correct di-
rection for 30% of the patients and in the incorrect direction
for 3% of the patients, the correct change increases the 1-y
survival probability by 20%, and the incorrect change
decreases the 1-y survival probability by 20%, then an av-
erage increase in the survival probability for all patients of
6% 2 0.6%, or 5.4%, can be expected. In addition, if it is
known that with the current standard management proce-
dure, 50% of the patients survive for 1 y, then 3,664 patients
are needed in an ungated RCT (with a 1-y follow-up for all
patients) to demonstrate the increase from 50% to 55.4%
with a power of 90%. In contrast, in a gated RCT, 10 of 11
randomized patients can be expected to show an increase by
20% and 1 of 11 randomized patients can be expected to
show a decrease by 20%, resulting in an average increase of
16.4%. If a survival probability of 50% for this subpopula-
tion with the standard management procedure is assumed,
then 402 randomized patients are needed to demonstrate
a change in survival probability from 50% to 66.4% and,
overall, about 1,200 patients need to be recruited.

Management Decision Studies

The National Oncologic PET registry (12) can be
regarded as a collection of management decision studies.
PET/CT is applied in addition to the current standard pro-
cedure in a well-defined patient population. The results of
both procedures are recorded, but no information on the
gold standard is collected. Therefore, the frequency of
changes can be assessed, but distinguishing between correct
changes and incorrect changes is not possible. Only with
the assumption that changes in patient management are
almost always correct, that is, that p3 and p4 are close to
0, can conclusions be made about the benefit by specifying
b1 and b2. Such can be the case when PET/CT shows a sen-
sitivity and a specificity close to 1 in a single-arm trial or
when PET/CT is compared with the current standard pro-
cedure in a case-control study.

Clinical Registries

Clinical registries record all routine clinical management
decisions and major outcomes for a well-defined patient
population, often from one or several hospitals, but
preferably covering a well-defined geographic area. Even
when a registry includes data from patients undergoing the
standard diagnostic procedure and patients undergoing
PET/CT, a direct comparison of outcomes is often mis-
leading because the choice between the 2 procedures was
not randomized and might be related to prognostic patient
or hospital characteristics. However, if registries cover the
time period before and after the introduction of PET/CT as
a new standard clinical routine, then their data can be used
to determine whether the clinical benefits predicted from
decision modeling or RCTs could really be obtained. If the
introduction of PET/CT causes changes in the population
included in a registry, then appropriate adjustments must be
made to obtain a fair evaluation.

SELECTED CLINICAL SCENARIOS

Scenario A: Replacement of Invasive Procedure

If the current standard is an invasive procedure, then
PET/CT might serve as a noninvasive alternative. A typical
example is the staging of prostate cancer (25). The current
practice is an (extended) pelvic lymph node dissection (26),
which is associated with complications in more than 5% of
all patients (27). Another typical example is mediastinos-
copy in patients with non–small cell lung cancer. The ob-
vious clinical benefit is to avoid the risks and discomfort of
surgery. There is no need to confirm this benefit in a specific
study. However, that this benefit is not neutralized by less
accurate diagnostic decisions needs to be confirmed. Thus,
the staging accuracy of PET/CT should be as good as the
staging accuracy of the current standard.

This issue can be addressed with an accuracy study and
testing for noninferiority (28). However, if the standard
procedure also is the gold standard (as in the case of pros-
tate cancer), then the diagnostic accuracy of PET/CT can
only be worse than that of the standard procedure. Because
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PET/CT may have additional advantages, some loss of
diagnostic accuracy may be acceptable. Gerke et al. (29)
demonstrated this notion for prostate cancer staging. Be-
cause PET/CT is a whole-body technique, it can detect
metastases outside dissected lymph nodes. If at least some
of these findings are true-positive results, then PET/CT can
still outperform the current standard.
There is no place for RCTs in this scenario because there

is no need to consider long-term effects on patient-related
outcomes. However, a potential concern is that the expected
avoidance of invasive procedures actually does not occur in
routine clinical situations: Clinicians may distrust the re-
sults of PET/CT and apply an invasive procedure addition-
ally. This concern can be addressed with data from clinical
registries investigating the decrease in the number of in-
vasive procedures used after the introduction of PET/CT.

Scenario B: Improved Accuracy of Initial Diagnosis

The use of PET/CT instead of CT for the evaluation of
solitary pulmonary nodules is an example of a scenario for
replacing one noninvasive procedure with another. In this
scenario, there is no direct clinical benefit of using PET/CT.
However, PET/CT likely identifies lung cancer more
accurately and thus improves management, which can be
simplified as a binary decision to treat (T) or not to treat
(NT) in the moment (but to monitor the nodule with serial
imaging studies). A clinical benefit in survival is expected
with PET/CT because more lung cancer cases are detected
and treated, resulting in a greater chance of patients’ survival.
In addition, patients for whom management is correctly
changed from T to NT benefit from avoiding unnecessary
surgery or, at least, avoiding the experience of a period of liv-
ing with a false-positive diagnosis; that is, they experience
a better quality of life. Table 2 summarizes the expectations.
For quantification of the survival benefit of a correct

change from NT to T, stage-specific survival rates for
treated patients can be combined with the stage distribution
observed with a change from NT to T. However, the
possibility that in untreated patients the disease will
disclose itself later but still will be amenable to treatment
must also be taken into account. Their survival rates will

depend on the time until the delayed diagnosis and the
disease stage at the time of the delayed diagnosis.
Corresponding information may be obtained from observa-
tional studies. An analysis in the opposite direction is
needed for quantification of the negative benefit of an
incorrect change from T to NT. A slight difference may
occur if patients trust PET/CT more than the current
standard and hence are less likely to notice new symptoms
in the case of an incorrect NT decision.

If a definitive conclusion regarding the benefit of PET/
CT cannot be made by decision modeling, then RCTs may
have to be performed. However, gated RCTs are hardly
feasible in this situation because it is difficult to justify
doing nothing in the case of a positive result in 1 of the 2
diagnostic procedures.

Scenario C: Improved Accuracy of Staging for
Curative Treatment Versus Palliative Treatment

If PET/CT is intended to replace another noninvasive
procedure for tumor staging, then a clinical benefit can be
expected from more adequate, stage-specific treatment,
which may improve patient-related outcomes such as sur-
vival or quality of life.

Staging is frequently used to decide whether a patient
should undergo curative or palliative treatment. At the
qualitative level, the following clinical impact (Table 3) can
be expected. If a patient is correctly moved from curative
treatment to palliative treatment, then a substantial benefit
in survival cannot be expected because palliative treatment
will not cure the patient. (Actually, a small negative benefit
may occur because the possibility of curative treatment
being helpful in a small fraction of patients receiving pal-
liative treatment cannot be excluded.) A benefit is the
avoidance of unnecessary surgery or radiotherapy, resulting
in an improvement in quality of life. If a patient is correctly
moved from palliative treatment to curative treatment, then
a substantial improvement in survival can be expected be-
cause more effective treatment is being applied. Con-
versely, a negative effect on survival can be expected if
a patient is incorrectly moved from curative treatment to
palliative treatment, and a negative effect on quality of life

TABLE 2
Benefit Expected When PET/CT Is Used Instead of Another

Noninvasive Modality for Diagnosis of Malignancy

Validity of

change Change

Impact on

survival

Impact on quality

of life

Correct NT / T 1 ;
Correct T / NT ; 1
Incorrect NT / T ; 2
Incorrect T / NT 2 ;

Data show effects of changes in management decisions to treat
(T) or not to treat (NT): 1 5 improvement; ; 5 no change

expected; 2 5 decrement.

TABLE 3
Benefit Expected from Restaging Patients to Decide

Between Curative Treatment (C) and Palliative Treatment (P)

Validity of

change Change

Impact on

survival

Impact on

quality of life

Correct C / P ; (2?) 1
Correct P / C 1 ;
Incorrect C / P 2 ;
Incorrect P / C ; (1?) 2

Data show effects of restaging: ; 5 no change expected; 2 5
decrement; 1 5 improvement.
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can be expected if a patient is incorrectly moved from
palliative treatment to curative treatment, increasing the
burden placed on an already weakened patient.
The quantification of clinical benefit with respect to the

number of unnecessary treatments avoided in 100 patients
is rather simple: Just subtract the percentage of incorrect
changes from palliative treatment to curative treatment
from the percentage of correct changes from curative
treatment to palliative treatment based on the results of an
accuracy study. It is considerably more complex to quantify
the survival benefit. As a first approximation, the survival rate
obtained with curative treatment may be used for the increase
or decrease in survival probability in a patient correctly
moved from palliative treatment to curative treatment or vice
versa. Such survival rates may be obtained from published
results of clinical trials or from clinical registries. However,
the survival rate obtained with palliative treatment may need
to be subtracted if it is not negligible. Moreover, this
approach may be too simplistic because patients for whom
PET/CT correctly indicates a change of therapy from
palliative treatment to curative treatment are assumed to
constitute a random sample of all patients receiving curative
treatment. However, the current standard may misclassify
specific patients with a poorer or better prognosis than all
patients eligible for curative treatment. Incorrect changes
from curative treatment to palliative treatment typically are
due to misclassification of an inflammatory process as
a metastasis by PET/CT. It can be argued that, in this
scenario, the reason for such a mistake is not related to the
expected outcome of a patient and, hence, that patients whose
therapy is incorrectly changed from curative treatment to
palliative treatment constitute a random sample.
For most types of cancer, the main advantage of PET/CT

is a higher sensitivity for detecting metastases; thus, most
management changes are correct changes from curative
treatment to palliative treatment, which do not have a
marked positive effect on survival. Therefore, a clinical
benefit in terms of survival cannot be expected, and a benefit
in terms of quality of life because of the avoidance of
unnecessary treatment must be the focus.

Scenario D: Improved Accuracy of Staging for
Radiation Versus Chemotherapy

In another scenario related to staging, the crucial de-
cision is between 2 curative treatments: radiation therapy
for local disease and chemotherapy for nonlocal disease.
When chemotherapy is less effective than radiation in
patients with local disease but more effective in patients
with nonlocal disease, there are expectations for a gain in
patient-related outcomes, such as survival and quality of
life, with any correct change and a loss with any incorrect
change (Table 4).
For quantification of the expected benefit in terms of

survival, information about survival rates obtained with
both therapies for both groups of patients is needed. For
patients with nonlocal disease, the survival rates obtained

with chemotherapy imply only an upper bound. Although
radiation therapy is probably useless in these patients, they
have a chance to survive because of the (delayed) start
of still effective chemotherapy. Therefore, data about the
typical delay of chemotherapy after (unsuccessful) radia-
tion are needed. For patients with local disease, direct
comparisons of radiation and chemotherapy may have been
performed in clinical trials, providing comparable estimates
of survival rates. However, whether patients with a specific,
correct change are comparable to all patients in the group
into which they are moved may need to be reexamined.
For example, patients correctly moved from radiation to
chemotherapy on the basis of PET/CT results may have
been mainly patients with small metastases overlooked by
the current standard procedure. Chemotherapy may be
more effective in these patients than in all patients with
nonlocal disease and, hence, may result in higher survival
rates. However, patients may also have been moved because
PET/CT detected, in a whole-body scan, distant metastases
not visible with the current standard procedure, and distant
metastases may imply a poor prognosis. Fortunately, it
should be possible to identify these 2 subgroups in an
accuracy study and to weight them accordingly in de-
termining a lower bound for the survival benefit. Similar
evaluations may be possible for patients correctly changed
from receiving chemotherapy to receiving radiation if there
is some information about why the current standard pro-
cedure has suggested nonlocal disease.

Scenario E: Evaluation of Tumor Response
to Therapy

Evaluation of the tumor response to therapy allows
treatment adjustments in nonresponders. These treatment
adjustments reduce the side effects of ineffective therapies
and can potentially improve patient survival if the tumor
responds well to second-line therapy. Table 5 summarizes
the basic expectations and sources of information about
changes regarding responders and nonresponders. Quanti-
fying the benefit of a correct change from nonresponder to
responder is not trivial. Patients so classified would have
been offered second-line therapy, although first-line therapy
was efficient. The magnitude of this effect depends on the
efficacy of the second-line therapy relative to that of the
(possibly interrupted) first-line therapy and on the differ-

TABLE 4
Benefit Expected from Restaging Patients to Decide

Between Radiation (R) and Chemotherapy (C)

Validity of change Change Impact on survival

Correct R / C 1
Correct C / R 1
Incorrect R / C 2
Incorrect C / R 2

Data show effects of restaging: 1 5 improvement; 2 5 dec-

rement.
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ences in the profiles of potential side effects. The benefit of
a correct change from responder to nonresponder may be
larger than the survival rate obtained with second-line ther-
apy in nonresponders because the nonresponders detected
by PET/CT may be close to having partial responses and
hence may have a better prognosis than the entire group of
nonresponders.
Furthermore, there may be a fundamental difficulty in

assessing the accuracy of response evaluations and hence in
determining the frequency of the 4 types of correct and
incorrect changes shown in Table 5. The gold standard for
a response can typically be measured only some time after
the (early) response evaluation, for example, a histopatho-
logic response evaluation in patients undergoing preopera-
tive therapy. If a gold standard is completely lacking, then
patient survival must be used as an external criterion. In
both situations, it is not possible to delay second-line ther-
apy until the gold standard is known. If second-line therapy
is started, then an eventual final response may be caused
by first-line therapy or second-line therapy, and the true
response status after first-line therapy will not be known.
With such an imperfect gold standard, some correct
changes from responder to nonresponder are regarded as
incorrect, and there is a tendency to underestimate the clin-
ical benefit. Hence, if the efficacy of second-line therapy is
substantial, then an RCT may be necessary for a correct
assessment of the clinical benefit.
On the other hand, if the expected benefit of PET/CT

stems from detecting nonresponse earlier, but not neces-
sarily more accurately than the current standard, and if
there is external evidence for the efficacy of the second line
therapy, it may suffice to show that the early response
evaluation agrees almost always with the current standard
applied later.

Scenario F: Rapid Decision

In some situations, the current standard procedure
involves a long sequence of diagnostic tests until a final
decision can be made, whereas PET/CT may provide a rapid
analysis in one step. The expected clinical benefit is an
improved quality of life because long periods of uncertainty
can be avoided. Furthermore, survival may be improved if

appropriate treatment is started earlier. There are different
views about whether the benefit of a rapid decision needs to
be empirically demonstrated or can be acknowledged as
a clinical benefit per se. For example, for patients diagnosed
as having cancer with an unknown primary source, the
current standard may be an odyssey through many hospital
departments until the primary tumor is found. A whole-
body PET/CT scan may offer an immediate diagnosis. The
impact on survival is small because most such patients will
receive only palliative treatment because of the advanced
stage of the disease. Measuring quality of life in patients
with a new, not yet final diagnosis is difficult and will
probably be accompanied by poor patient compliance in
filling out quality-of-life questionnaires. Therefore, empiric
proof of the benefit of PET/CT is difficult to achieve in an
RCT. Nevertheless, knowing the origin of the cancer
is regarded as an important benefit by many patients and
physicians. Uncertainty may be more difficult to cope with
than the cancer diagnosis itself. In fact, this kind of
uncertainty creates biochemical stress (30,31), which may
render some cancer cells more resistant and aggressive
(32,33).

If a rapid decision itself is accepted as a clinical benefit,
then our considerations are similar to those of scenario A. It
remains to be demonstrated that decisions based on PET/
CT are in close agreement with the current standard
procedure or that, at least, PET/CT has noninferior
accuracy and often provides a rapid analysis. Both aims
can be approached by paired-design accuracy studies.

Table 6 summarizes the main points of the 6 clinical
scenarios.

DISCUSSION

Important Basic Distinction

Any attempt to discuss or demonstrate the clinical benefit
of PET/CT should start with clarifying which type(s) of
clinical benefit can be expected. When PET/CT replaces an
invasive diagnostic procedure, such as surgical staging,
there is a direct clinical benefit of PET/CT because
the discomfort and potential side effects of the invasive
procedure are avoided. In contrast, there is no direct benefit

TABLE 5
Benefit Expected from Replacing Current Standard with PET/CT to Decide Between

Responders (R) and Nonresponders (N)

Validity of change Change Impact on survival First source for quantifying benefit

Correct R / N 1 Survival rate under second-line therapy in N (clinical data)

Correct N / R (1) Loss of efficacy of first-line therapy because of early
discontinuation (clinical data plus expert knowledge)

Incorrect R / N (2) Opposite of benefit of correct N / R changes

Incorrect N / R 2 Opposite of benefit of correct R / N changes

Data show effects of changes in response evaluation: 1 5 improvement; (1) 5 improvement possible; (2) 5 decrement possible; 2 5
decrement.
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when PET/CT replaces another imaging test. Nevertheless,
patients may benefit indirectly if the findings on the PET/
CT scan lead to changes in management, for example, the
selection of a different, more effective therapy.
In the first case, it typically suffices to demonstrate that

PET/CT is not inferior to the current standard procedure in
terms of diagnostic accuracy. In the second case, improved
diagnostic accuracy of PET/CT relative to that of the
current standard procedure must be demonstrated. In
addition, it must be shown that corresponding changes in
patient management lead to improved patient-related out-
comes. This information can be obtained by decision
modeling or by RCTs.

Pros and Cons of Decision Modeling and RCTs

Table 7 summarizes the basic advantages and disadvan-
tages of the 2 approaches. Decision modeling is always
faced with the fact that clinical outcomes for the very group
of patients whose treatment changes are based on PET/CT
findings are generally unknown from previous studies.
Thus, any quantification of clinical benefit in a specific
group of patients must rely on generalizations or analogies
and will often result only in upper or lower bounds. Nev-
ertheless, the establishment of a clinically relevant lower
bound on the overall benefit can be expected. Typically,
increased diagnostic accuracy implies that the fraction of
patients with a correct change in management is much
larger than the fraction of patients with an incorrect change
in management. Therefore, an individual benefit in patients
with a correct change in diagnosis cannot be neutralized by
a detrimental individual effect in patients with an incorrect
change in management unless the detrimental effect is

much larger than the benefit. Consequently, there is a high
likelihood that decision modeling is sufficient to demon-
strate an overall clinical benefit. However, further chal-
lenges beyond those mentioned in this article may arise
because of nondichotomous decisions or the need for sys-
tematic reviews to determine diagnostic accuracy or treat-
ment effects. On the other hand, decision modeling can
never capture unexpected effects, such as an unfavorable
change in the resection strategy of surgeons using PET/CT
images.

If decision modeling allows no definitive conclusions
regarding the clinical benefit of PET/CT, then RCTs can be
performed to assess this benefit. Gated RCTs should
be preferred because they are much more powerful than
ungated RCTs. Ungated RCTs have another important
drawback: If they fail, it is not known whether the failure
is due to limited benefits from changes in management or
due to limited diagnostic accuracy. In contrast, gated RCTs
allow, in the presence of a gold standard, monitoring of
each of the 4 groups of changers separately and assessment
of the group-specific benefits.

Decision Modeling Versus RCTs

When comparing the merits of RCTs and decision
modeling, one must be aware that regulatory agencies and
clinical researchers may have different perspectives. Reg-
ulatory agencies have to make decisions retrospectively
using the studies available today. Thus, they prefer results
from (ungated) randomized trials comparing a current
management strategy with a new one. These trials provide
the most direct and most convincing answer to their
question of interest (34). Clinical researchers have to work

TABLE 6
Six Clinical Scenarios and Corresponding Main Challenges in Assessing Clinical Benefit When

Current Standard Is Replaced with PET/CT

Scenario Main challenge

A: Replacement of current invasive procedure Establishment of noninferior accuracy

B: Improved accuracy of initial diagnosis Estimation of effect of delayed diagnosis
C: Improved accuracy of staging for curative treatment

vs. palliative treatment

PET/CT provides no benefit for survival

D: Improved accuracy of staging for radiation vs.

chemotherapy

Comparability of changers with all patients

E: Response evaluation Efficient second-line therapy implies imperfect gold standard

F: Rapid decision Lack of agreement on benefit of rapid decision

TABLE 7
Basic Advantages and Disadvantages of Decision Modeling and RCTs

Parameter Decision modeling RCTs

Information on long-term

outcomes

Relies on combination of information

from different sources

Long-term outcomes can be directly observed

Sample size Requires accuracy study with moderate sample
size and information from other studies

Requires inclusion of many patients in trial

Unexpected or unintended

effects

Cannot be covered Are covered
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prospectively. When planning an RCT, they have to deal
with considerations that are not relevant for regulatory
agencies in their retrospective viewpoint. There are strict
ethical requirements for the conduct of randomized studies,
including a genuine uncertainty about the relative benefits
of management strategies and the fact that there is no faster
way to obtain information about the relative benefits (35).
Consequently, before a randomized trial can be initiated,
researchers must demonstrate that decision modeling does
not allow reaching a conclusion in favor of or against a clin-
ical benefit (36). This situation is similar to the requirement
for a meta-analysis indicating lack of evidence for or
against a treatment difference before the initiation of an
RCT comparing 2 treatments (37).
In balancing the merits of RCTs versus decision

modeling, time is an important aspect. RCTs typically
require many more patients than accuracy studies and, in
addition, a follow-up period to assess long-term effects.
Moreover, sponsors have to be found for both the diagnostic
and the treatment parts of the trial. This latter aspect is
particularly relevant for PET/CT because PET probes typi-
cally have been developed by academia and not by the
pharmaceutical industry. Thus, the time period from plan-
ning until the final publication is typically many years. In the
meantime, results may no longer be of interest because of
improvements in imaging technology or changes in the
current standard. Furthermore, an RCT can address only one
specific combination of PET/CT with a therapeutic strategy.
As soon as the therapeutic options change, a complete ran-
domized trial would have to be repeated to confirm that PET
is also clinically useful in combination with a novel form of
therapy. In contrast, with decision modeling, just the
expected benefits need to be adapted.

CONCLUSION

In our scenarios, we have focused on situations in which
PET/CT provides diagnostic information in a less invasive,
more accurate, or faster manner. In some situations, PET/
CT may today provide diagnostic information that was
previously not available. The current interest in PET/CT for
response evaluation of cancer treatment is a typical exam-
ple (38). Within the area of lymphomas, there is already
some experience with PET/CT-based response evaluation,
but outside this area, PET/CT promises for the first time
a reliable response evaluation. It may take some time until
clinicians can use this information effectively, for example,
to develop an effective second-line therapy for nonrespond-
ers. Consequently, PET/CT has no clinical benefit in terms
of survival today, and any study done to demonstrate such
a benefit is useless. Such a situation calls for a conditional
approach, reimbursing PET/CT in all patients included in
clinical investigations to find effective treatments. If PET/
CT is used to develop individualized treatment strategies,
then a similar argument will apply.
Decision modeling relies on valid information about

diagnostic accuracy and therapeutic benefits. Accuracy

studies should be performed like therapeutic “real-world
studies” (39), ensuring high external validity by including
all relevant patients, using well-defined diagnostic criteria,
and including multiple centers and multiple observers. If
the therapeutic benefit in certain subgroups of changers
is controversial, then specific studies should address such
questions.

Another task is to continue the discussion on defining
and measuring the clinical benefit of diagnostic procedures.
Using survival rates is simple, whereas taking quality of life
into account is often more cumbersome. Information on
disease status with little clinical impact, as in scenario F or
as in the case of amyloid imaging for the early diagnosis of
Alzheimer disease, is a benefit that is even more difficult to
quantify. The benefit of PET/CT may also go beyond
making better and faster diagnostic decisions: A single
modality for initial diagnosis, staging, response evaluation,
and follow-up in an individual patient may significantly
increase patient confidence in management and avoid the
experience of being sent from one place to another.
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