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A critical aspect of biomedical research is the characteﬂ?atmn of
the dose response reldfmmmp of aco mpuunu S i
oratory experiments and clinical triais and pemnn s to ef “1cacy safety,
and the regugupu benelit /115-( ratio. Presented here is Part

article, which deals with some clinical trial design issues surround-
ing dose response studies. Some additional comments are made about
trials for identifying the minimum effective dose, randomized con-

centration controlled trials, and the use of one-sided hypotheses in
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designing such trials. Part Il is a separate paper reviewing some
analysis strategies {or dose response studies.
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Understanding the dose response relationship of a compound is a fundamental
aspect of research; indeed, it may be the central issue. This is true whether
studying a new drug, assessing the effect of environmental toxins, or eval-
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safety, dnd the benefh/ risk ratio. While Lypwal pharmaceut;cal clinical trials
are focused on efficacy responses, as larger trials are completed and data
bases built on hund ed% or thousands of patients, the dose response relation-
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bhlp with regard to safety can also be assessed. With efficacy and safety data
in hand, the bencti f/risk ratio can be evaluated. This paper will deal with
some trial design issues and conmderatlons [t is not meant to be an exhaustive
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ubsequent paper will focus on analysis and inter-
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2. Some Experimental Designs

2.1 Parallel Designs

most common and straightforward design is the placpbo—controllcd3 ran-
domized, paraliel dose respuuse study. In this study design, patients are rain-
domly allocated to one of several active dose groups or placebo. This design

is most nnpular since the nnly difference between rr.ﬂmmenr groups 18 the
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dose of the experimental compound, aliowing for straightforward interpre-
tation of the results of such a trial. It is also important that the study inciude
a placebo group since a significant trend in response with increasing dose in
the absence of placebo is not necessarily evidence of a drug effect (Fig. 1).
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cebha control group.

In Figure 1, if the placebo response were absent, onc might conclude there
is a ;igﬂ‘ﬁ(‘ant dose effect because response is increasing with dose. How-
ever, when the “trend” in responsc with increasing dose is taken in light of
the placebo response, it may be doubtfui that there is any drug effect.

There are some exceptions to this principle of needing a placebo group
to assess the significance of dosc response. In some cases, the historical pla-
cebo response is nil or nearly nil (e.g., spontaneous cures of serious infections
such as endocarditis, the absence of nausea and vomiting tollowing highly
emetogenic chemotherapy, or chronic asthma), and therefore, a concurrent
placebo group is not necessary. Furthermore, from a safety standpoint, there
may be instances where a single serious adverse event is evidence of a toxic
drug effect in the absence of placebo.

S

In many instances, clinicians like to use dose titration to assess the drug
13 ing early in drug development programs since Datlen

safety is generally of greater concern. In these trials patients can be started
at low doses, and depending on their response, doses can be increased grad-
ually to achieve a suitable dose for the patient. The assessment of an indi-
1t’s dose response is satisfying clinically and may require fewer

patients to assess the drug effect since within-patient variability is used.
The disadvantage of titration studies is that dose and time effects cannot be

completely separated. Since efficacy and adverse events may have a time-

effect, This
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The disadvaqtage of a parallel dose response trial is that the precision of the

rence is driven by between-subject variability, which usually requires greater
sample sizes to increase the precision of the estimates for drug effect. To
overcome this difficulty, crossover trials can be utilized so that within-subject
variability  which is most often smaller than between- \L|h}ggt var!ablln‘v can
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be used in the inference. The statistical criteria for when a crossover df:sign
is better than a parallel design, as well as practical considerations (e.g.,

stability of the disease state over time) are well known (2). There are several
variations of the crossover study, but two fundamental designs are the com-

and tha dace aqealation
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Typically, Latin squares are used for completely randomized crossover
studies. When a very broad dose range is of interest, the use of incompiete
crossover studies (Youden squares or balanced incomplete block designs) can

e employed effectively. In many clinical settings it is not possible to evaluate
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However, m cxmluﬂ Dharm cology studies where surrogate endpomts of et-
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stuch conditions may hoid. Furthermore, pharmacokinetic dose proportion-

. (1S

ality studies or formulation screening bioavailability studies often have many
treatments or dose groups. Such studies are well suited to the use of Youden
squares or variations on balanced incomplete block designs. If there is a con-
trol group or reference formulation that serves as a control, optimal blocks
designs for comparisons with control have been developed (3).
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