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Decision Analysis to Evaluate
Proof-of-Principle Trial Design for
a New Drug Candidate

Johnson & Johnson Pharmaceutical Research & Devel-
opment (J&] PRD) used decision analysis tools,
including Bayesian updating of probabilities, to aid
in determining the best testing strategy to pursue for
a new drug candidate, the identity of which remains
confidential. We condensed a complex real-life prob-
lem into a manageable model that provided practical
insights in a timely fashion.

The drug candidate had passed human safety trials
(Phase 1), and was being considered for a full devel-
opment program (Phases 2b and 3), with a projected
investment of the order of $200 million over five
years. Before committing to full development, man-
agement wanted to consider further testing via proof-
of-principle (POP), or Phase 2a, clinical trials, which
are designed to provide information to aid in major
development decisions at relatively low cost (roughly
$10-%20 million). In this instance, the clinical devel-
opment issues included (1) whether or not to con-
duct a POP trial and, if so, what type of POP trial
to conduct, and (2) whether or not to include an
“active comparator arm” in the trial. The global med-
ical leader for this drug, a key member of the interdis-
ciplinary drug development team responsible for this
compound who is in charge of clinical development
strategies, asked us as members of the decision anal-
ysis department within J&] PRD to provide assistance
in choosing a clinical development strategy.

Each of the four clinical trial alternatives under con-
sideration included one placebo arm, one or more test
arms, and an active comparator arm (an arm essen-
tially is a group of patients). A placebo is an inac-
tive substance that is given to patients in the control
group, who form the baseline against which the group
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receiving the test drug is compared. Patients in the
active comparator arm get an already approved drug
that is known to be efficacious. Including this arm can
be helpful in detecting a failed trial in which a strong
placebo effect confounds detection of the test drug’s
true effect. If the active comparator fails along with
the test drug, then the posterior probability of a false
negative increases.

The four clinical trial alternatives for the POP trial
were as follows: Design A involved four arms—one
placebo arm, two trial arms with different dosing lev-
els, and a possible active comparator arm. Design B
was similar to Design A but with only one trial
arm, that is, only one dosing level. Design C was
essentially equivalent to replicating Design B (that is,
performing two separate trials based on Design B).
Design D was similar to Design B but with a bigger
sample size for the trial arm.

Thus, the three basic decisions were (1) Is it optimal
to do a POP trial? (2) Which POP trial design is the
best? (3) Should there be an active comparator arm in
the trial? The third issue was actually identified dur-
ing the analysis process; the team had not originally
considered it as a decision. We used decision trees to
represent and analyze the various sequential strate-
gies and to find the best strategy with respect to net
present value (NPV).

To get the necessary probability data, we com-
bined judgmental assessments, using standard deci-
sion analysis procedures, with Bayesian preposterior
analysis. Working with an expert panel consisting
of three clinicians, a biostatistician, and a project
manager, we developed an influence diagram (Fig-
ure 1) to describe the relationships among efficacy, the
placebo effect, and the trial results. We used this dia-
gram to guide the probability assessment process and
subsequent calculations. We first assessed the prior
probability of the underlying efficacy of the drug
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Figure 1: This influence diagram shows the five random variables of inter-
est and their relationships. The nodes represent uncertainties, and an
arc hetween two nodes indicates probabilistic dependence between them.
The outcomes of the two trial arms using the test drug (low dose and high
dose) are directly affected by the underlying true efficacy and the actual
placebo response. The comparator arm outcome is influenced only by the
placebo response.

candidate at four levels—not effective at any level,
effective at lower dose, effective at higher dose, and
effective at both doses—while treating efficacy (effec-
tiveness) as a dichotomous variable at each dose.
Next, we assessed the probabilities of different levels
of placebo response—strong, typical, and weak. We
then assessed the conditional probabilities of the dif-
ferent trial arms and the active comparator arm being
positive (sensitivity and specificity) given levels of
efficacy and the placebo response, for example,

Prob(high dose arm positive | efficacy at low dose
and typical placebo response).

Based on the influence diagram, we calculated pos-
terior probabilities for different efficacy levels condi-
tional upon the observation of different trial results,
initially using Excel and then switching to DPL deci-
sion analysis software (a product of Syncopation
Software Ltd.). For example, we calculated

Prob(efficacy at low dose | low dose arm pos.,
high dose arm neg., comparator pos.).

Once we had calculated the necessary posterior
probabilities, we conducted a decision analysis using
DPL to determine which trial, if any, should be per-
formed. In addition to the initial decisions regarding
a POP trial and the related uncertainties in the POP
results, the decision tree represented the subsequent
full-development decision along with the uncertainty
in the success of the development phase, conditional
on test results where appropriate. On paths where
development was successful, the NPVs included the
full (mean) commercial value less the development
costs.

Based on expected NPV, we showed it was optimal
to conduct the POP trial and use Design A, which
had an expected NPV $9 million greater than that of
Design B, the next best alternative. We also showed
that including a comparator arm does not add any
information value for decision making in this spe-
cific situation. The project team benefited in several
ways:

—The team got confirmation that doing the POP
trial will help it make a better decision resulting in
higher expected NPV.

—The team got an objective assessment to help it
pick the best trial design, which it could implement
immediately.

—The analysis also helped the team to rethink the
need for an active comparator arm and ensure that it
is included for the right reasons.

The team appreciated the analysis, especially the
fact that it enabled it to use a model based on sound
decision analysis principles as opposed to relying
upon Individual opinions and biases. The analysis
also helped create an understanding of the limited
value of the comparator arm in this situation and
introduced a constructive debate regarding its value.
Management accepted our recommendations regard-
ing the choice of the trial design, and similar analyses
are underway in other contexts.
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