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Guidance for Industry*
Adaptive Design Clinical Trialsfor Drugsand Biologics

| This draft guidance, when finalized, will represent the Food and Drug Administration's (FDA's) current \

thinking on thistopic. It does not create or confer any rights for or on any person and does not operate to

bind FDA or the public. You can use an alternative approach if the approach satisfies the requirements of
the applicable statutes and regulations. If you want to discuss an aternative approach, contact the FDA
staff responsible for implementing this guidance. 1f you cannot identify the appropriate FDA staff, call
the appropriate number listed on the title page of this guidance.

ooo~NoOUITh, WN -

15 | INTRODUCTION

17  Thisguidance provides sponsors and the review staff in the Center for Drug Evaluation and

18 Research (CDER) and the Center for Biologics Evaluation and Research (CBER) at the Food and
19  Drug Administration (FDA) with information regarding adaptive design clinical trials when used
20  in drug development programs.?> This guidance gives advice on topics such as (1) what aspects
21  of adaptive design trias (i.e., clinical, statistical, regulatory) call for special consideration, (2)

22  whentointeract with FDA while planning and conducting adaptive design studies, (3) what

23 information to include in the adaptive design for FDA review, and (4) issues to consider in the
24 evauation of acompleted adaptive design study. This guidance isintended to assist sponsorsin
25  planning and conducting adaptive design clinical studies, and to facilitate an efficient FDA

26  review.

28 FDA's guidance documents, including this guidance, do not establish legally enforceable

29 responsibilities. Instead, guidances describe the Agency's current thinking on atopic and should
30 beviewed only as recommendations, unless specific regulatory or statutory requirements are

31 cited. The use of theword should in Agency guidances means that something is suggested or
32  recommended, but not required.

34 Il BACKGROUND

36 Thereisgreat interest in the possibility that clinical trials can be designed with adaptive features
37 (i.e.,, changesin design or analyses guided by examination of the accumulated data at an interim
38 pointinthetrial) that may make the studies more efficient (e.g., shorter duration, fewer patients),
39 morelikely to demonstrate an effect of the drug if one exists, or more informative (e.g., by

! This guidance has been prepared by the Office of Biostatistics and the Office of New Drugs in the Center for Drug
Evaluation and Research (CDER) in cooperation with the Center for Biologics Evaluation and Research (CBER) at
the Food and Drug Administration.

2 The term drug as used in this guidance refers to both human drugs and biological products unless otherwise
specified.
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providing broader dose-response information). This guidance discusses clinical, statistical, and
regulatory aspects of awide range of adaptive design clinical studies that can be proposed as part
of adrug development program, including both familiar and less familiar approaches. The
familiar design methods are included because they represent, in many cases, well-established and
relatively low-risk means of enhancing study efficiency and informativeness that may deserve
wider use. The lessfamiliar design methods incorporate methodol ogical features with which
thereislittle experience in drug development at thistime. As more experience is obtained with
the less familiar designs, the understanding of circumstances where these designs are most useful
and where they may pose risks to study validity and interpretation can improve. This guidance
describes aspects of adaptive design trials that deserve specia consideration and provides advice
on the information that should be provided to FDA and how best to interact with FDA to
facilitate an efficient review.

The greatest interest in adaptive design clinical trials has been in the adequate and well-
controlled study setting intended to support marketing a drug. Because these studies have the
greatest regulatory impact, this guidance is generally oriented toward the use of adaptive design
methods in adequate and well-controlled studies, where avoiding increased rates of false positive
study results (increased Type | error rate) is critical, and introducing bias should be minimized.
Many adaptive methods, however, are also applicable to exploratory studies. This guidance
encourages sponsors to gain experience with the less well-understood methods in the exploratory
study setting (see section 1V.D).

[Il. DESCRIPTION OF AND MOTIVATION FOR ADAPTIVE DESIGNS
A. Definition and Concept of an Adaptive Design Clinical Trial

For the purposes of this guidance, an adaptive design clinical study is defined as a study that
includes a prospectively planned opportunity for modification of one or more specified aspects
of the study design and hypotheses based on analysis of data (usually interim data) from subjects
in the study. Analyses of the accumulating study data are performed at prospectively planned
timepoints within the study, can be performed in afully blinded manner or in an unblinded
manner, and can occur with or without formal statistical hypothesis testing.

The term prospective here means that the adaptation was planned (and details specified) before
data were examined in an unblinded manner by any personnel involved in planning the revision.
This can include plans that are introduced or made final after the study has started if the blinded
state of the personnel involved is unequivocally maintained when the modification planis
proposed. It may be important to discuss with FDA the documentation that will provide
unequivocal assurance of blinding for the pertinent personnel while a study isongoing. Changes
in study design occurring after an interim analysis of unblinded study data and that were not
prospectively planned are not within the scope of this guidance.

Thereisacritical distinction between adaptations based on an interim analysis of unblinded
results of the controlled trial (generally involving comparative analyses of study endpoints or
outcomes potentially correlated with these endpoints) and adaptations based on interim
noncomparative analysis of blinded data (including study endpoint data but also including data
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such as discontinuation rates and baseline characteristics). Revisions not previously planned and
made or proposed after an unblinded interim analysis raise major concerns about study integrity
(i.e., potential introduction of bias). Protocol revisions intended to occur after any unblinded
analysis should be prospectively defined and carefully implemented to avoid risking irresolvable
uncertainty in the interpretation of study results. In contrast, revisions based on blinded interim
evaluations of data (e.g., aggregate event rates, variance, discontinuation rates, baseline
characteristics) do not introduce statistical bias to the study or into subsequent study revisions
made by the same personnel. Certain blinded-analysis-based changes, such as sample size
revisions based on aggregate event rates or variance of the endpoint, are advisable procedures
that can be considered and planned at the protocol design stage, but can also be applied when not
planned from the study outset if the study has remained unequivocally blinded.

The range of possible study design modifications that can be planned in the prospectively written
protocol (or a separate, but also prospective, statistical analytic plan (SAP), if used) is broad.
Examples include changesin the following:

o study eligibility criteria (either for subsequent study enrollment or for a subset selection

of an analytic population)

randomi zation procedure

treatment regimens of the different study groups (e.g., dose level, schedule, duration)

total sample size of the study (including early termination)

concomitant treatments used

planned schedule of patient evaluations for data collection (e.g., number of intermediate

timepoints, timing of last patient observation and duration of patient study participation)

e primary endpoint (e.g., which of several types of outcome assessments, which timepoint
of assessment, use of a unitary versus composite endpoint or the components included in
a composite endpoint)

e selection and/or order of secondary endpoints

e analytic methods to evaluate the endpoints (e.g., covariates of final analysis, statistical
methodology, Type | error control)

For the purposes of this guidance, study design aspects that are revised based on information
obtained entirely from sources outside of the specific study are not considered adaptive design
clinical trials. Such study revisions can be prospectively planned or a response to unanticipated
external events. For example, a study might be initiated before availability of expected
additional information (e.g., dose response or pharmacokinetic information from a separate
study) with the intent of revising the study when the external information becomes available.
Revisions might also occur when additional information arises in an unexpected manner (e.g.,
new safety or effectiveness findings from some other source) and leads to a decision that study
revision is warranted (see section IV.E for further discussion of this situation). Prospective study
revisions based on information obtained from both a study-external and a study-internal source
are considered adaptive designs and within the framework of this guidance, because study-
internal information is used.

Study oversight responsibilities of sponsors include study monitoring for various purposes, such
as to assess and ensure the quality of the study conduct and data, to project overall duration of
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study enrollment, to aid study supply logistics. These important processes have been enhanced
by modern technology that can facilitate frequently (and perhaps nearly continuously) updated
summaries of relevant, but blinded, study information. These procedures are important to
timely completion of quality studies (that provide high quality data) and are not considered
adaptive features of a study. We encourage using these procedures.

B.

Other Conceptsand Terminology

Other concepts and terminology used in this guidance are described here:

Interim analysis, for purposes of this guidance, is any examination of the data obtained in a
study while that study is still ongoing, and is not restricted to cases in which there are formal
between-group comparisons.® The observed data used in the interim analysis can include one
or more data elements of any data type, such as baseline data, safety outcome data,
pharmacodynamic or other biomarker data, and efficacy outcome data. Analyses of outcome
data can use data elements such as the observed value of a patient assessment at a specific
study timepoint, event rates, or the timepoint in the study when a specific event occurs for the
patient. Any examination of the study data, even without an intent to modify the study
(sometimes called an administrative |0ok), is nonetheless an interim analysis. The
implications of interim analyses, as discussed below, are very different depending on whether
the data examined are unblinded as to treatment group and on the particular data involved.

Blinded analyses are those in which the treatment group assignments of study subjects are
not known and are therefore not used in any manner in the analysis.

Unblinded analyses are those in which the treatment group assignments of subjects are
known and used in some manner in the analysis, usually (but not always) as aformal
comparison between treatment groups. By-group results presented to decision-makers with
treatment groups openly identified or with the actual identification of the group masked are
both considered an unblinded analysis, and introduce the same concerns as unblinded
analyses where the groups are fully identified.

Conventional study design is used in this guidance to mean clinical studies of afixed sample
size that do not use adaptive elements.

Biasin genera is a systematic tendency for the estimate of treatment effect to deviate from
itstrue value or for a statistical analysis to lead to an increased rate of Typel error. The
biases of particular concern for this guidance are (1) those related to changesin study design
or (2) analyses based on interim study information that have the effect of making a treatment-

3 This definition is different from the definition in FDA’s International Conference on Harmonization (ICH)
guidance, E9 Satistical Principlesfor Clinical Trials (ICH E9 guidance), which defines an interim analysis as “any
analysis intended to compare treatment arms with respect to efficacy or safety . . ..” This guidance uses a broader
meaning for interim analysis than the ICH E9 guidance to accommodate the broad range of analyses of accumulated
data that can be used to determine study adaptations at an intermediate point in the study. We update guidances
periodically. To make sure you have the most recent version of a guidance, check the FDA Drugs page at
http://www.fda.gov/Drugs/GuidanceComplianceRegul atoryl nformation/Guidances/default.htm.
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favorable study conclusion more likely when there isin fact no treatment effect, or that lead
to overestimation of the magnitude of a true treatment effect. Bias can be introduced by
knowing the results associated with various choices of endpoints, subject subsets, or
analyses, and choosing the most favorable. 1n some cases bias can be minimized by
adjusting the study alphalevels (e.g., to correct for the multiplicity of analyses). In general,
bias from analyses can be introduced when there are choices made based on unblinded
analyses of data, whether of study endpoints or other information (e.g., pharmacodynamic or
other biomarker endpoints) that correlates with study endpoints.

The major focus of this guidance is adequate and well-controlled effectiveness (A& WC)
studies intended to provide substantial evidence of effectiveness required by law to support a
conclusion that adrug is effective (see 21 CFR 314.126) . A variety of terms have been used
to describe different kinds of clinical trials, but a critical distinction relates chiefly to the
purpose and planned use of the study resultsin the drug development process. The terms
commonly used include phase 1, phase 2, and phase 3 (21 CFR 312.21), and confirmatory
study (asin the ICH E9 guidance). These termswill not be used in this guidance. The
important distinction for this guidance is between A& WC studies (used here to refer only to
effectiveness studies) and other studies, termed exploratory studies. This distinction depends
on multiple features of aclinical study design, and is not necessarily determined by any
single aspect of study design. For example, amultiple parallel group study evaluating a
range of dose levels may have as the primary hypothesis a test of dose response. Dose-
response studies may be either A&WC or exploratory, depending on features such as the
nature of the primary endpoint (e.g., aclinical efficacy versus a pharmacodynamic endpoint)
or therigor of control of the Type error rate. Because A& WC studies are used to support
drug marketing, adaptive features should be used only when doing so will not increase the
Type| error rate.

The term exploratory study, as used in this guidance, includes studies that are not A&WC,
often because they do not rigorously control the Type | error rate. Exploratory studies can be
designed from the outset to allow multiple changes to the study design during the study based
on interim examinations of study data, and can have multiple endpoints to be considered in
theresults. The term exploratory study in this guidance also includes studies designed to be
controlled studies using an endpoint that is not suitable to be a basis of marketing approval.
Exploratory studies are generally conducted earlier in the drug development program than the
A& WC studies and have an important informative role in drug development. Care should be
taken in their design and interpretation so that the limited amount of data, adaptive design
elements, or multiple endpoints of an exploratory study do not give rise to unwarranted
certainty that can lead to poor choices in areas such as dose, patient population, study
endpoints.

An A&WC study can have exploratory elements without becoming an exploratory study.
The prospectively planned analyses that will support an effectiveness claim should be treated
with care and rigor. A wide variety of other analyses (e.g., prospective secondary and
tertiary endpoints, post hoc analyses) may be examined with less assurance of control of
Type | error rate and can suggest directions for subsequent studies.
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e Theterms seamless and phase 2/3 study have sometimes been used in describing an adaptive
design A& WC study that includes an interim analysis and an adaptation that changes the
study design from having features common in an exploratory study (e.g., multiple-dose
groups, multiple endpoints) to adesign similar to asimple A& WC study (e.g., asingle
comparison with a single-dose group, asingle primary endpoint). However, these terms do
not add to understanding of the design beyond the aready inclusive term adaptive. Phase
2/3 can also lead to confusion regarding whether the study was initially designed to be
A&WC, and ultimately demonstrate effectiveness. The term seamless, indicating that there
isno long pause after the interim analysis (e.g., as between two independent studies, or
between stages of single study) and that data collected from both before and after the interim
analysis are used in the final analysis, describes the process of combining datain the final
analysis, and is an element of all adaptive designs. Because these terms provide no
additional meaning beyond the term adaptive, they are not used in this guidance.

C. Motivation for Using Adaptive Design in Drug Development

Interest in adaptive design study methods arises from the belief that these methods hold promise
for improving drug development compared to conventional study design (i.e., non-adaptive)
methods. Compared to non-adaptive studies, adaptive design approaches may lead to a study
that (1) more efficiently provides the same information, (2) increases the likelihood of success on
the study objective, or (3) yields improved understanding of the treatment’ s effect (e.g., better
estimates of the dose-response relationship or subgroup effects, which may also lead to more
efficient subsequent studies). FDA shares the interest of drug developersin these advantages,
but is also concerned with several aspects of such approaches, notably the possible introduction
of bias and the increased possibility of an incorrect conclusion.

In many drug development programs, adequate knowledge regarding all the important
parameters needed for planning study design may not be present at the time the study is
designed. A conventionally designed study is planned using assumptions about, and best
estimate values for, critical elements of study design (e.g., population means or event rates,
variance, dose-response effect size and location, discontinuation rates) that are not precisely
known. Because a study may fail to achieve its goa when the prestudy estimates or assumptions
are substantially inaccurate, conventional study designs may take the uncertainty into
consideration to increase the likelihood of study success. For example, a conventional design to
show an effect might use a dose-response design with multiple fixed-size randomized groupsto
ensure that an optimal dose level isincluded in the study. This design accepts the likelihood that
several groups with suboptimal doses will be studied, with an attendant decrease in study
efficiency. The accumulating study data, however, can provide improved knowledge of the
dose-response (or other parameters) during the course of the study, if those data can be
examined. An adaptive design that can ascertain when further data collection for a particular
group is not useful (because that group has already been shown to represent a suboptimal dose
choice), and thereby lead to discontinuation of data collection for that group, may decrease cost
or time without decreasing the informativeness of the study. Similarly, an adaptive design
approach that can adjust the study sample size to avoid both an underpowered study (because of
an overly optimistic parameter estimate such as low variance or large treatment-effect size) and
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262 anexcessively large study (because of an overly conservative estimate of variance or effect size)
263  might increase the study efficiency and the ability to achieve the study goal.

264

265 A potentia benefit of adaptive design studies might be to yield more informative data than

266  would otherwise be feasible given the constraints on time and resources that are allocated to a
267  development program. Reducing the time and resources needed to assess each specific choice
268  within arange of parameter values alows more choices to be studied using the same time frame
269 and resources. Thisreduction may permit exploring a broader range of options (e.g., wider range
270  of doses or schedules, or broader population) or more finely exploring choices within the range
271  (e.g., narrower steps between adjacent dose levels). The resulting better optimization of the

272  drug’s use from the more extensive data may lead to an improved balance of benefit and risk or a
273  successful drug development program that might have failed because of inadequate optimization,
274 two obvious benefits.

275

276 A component of the potential value of adaptive design methods relates to eliminating the time
277  period that occurs between separate exploratory and A& WC studies in conventional drug

278  development programs. Although the efficiency gain from this elimination of timeis apparent,
279  the approach entails risks (see section 1V.B) and the apparent time advantage may be less

280 valuableif agreater period of reflection and data exploration would have allowed the design of
281  better studies.

282

283 IV. GENERAL CONCERNSASSOCIATED WITH USING ADAPTIVE DESIGN IN
284 DRUG DEVELOPMENT

285

286 A. Potential to Increase the Chance of Erroneous Positive Conclusions and of Positive
287 Study Results That Are Difficult to Interpret

288

289  Two principal issues raised by adaptive design methods are as follows:

290

291 e whether the adaptation process has led to design, analysis, or conduct flaws that have
292 introduced bias that increases the chance of afalse conclusion that the treatment is

293 effective (aTypel error)

294

295 o whether the adaptation process has led to positive study results that are difficult to

296 interpret irrespective of having control of Type| error

297

298 Biascan affect the validity of the statistical conclusions reached for a study and can arise from
299  problemswith the study conduct or subjective decision-making during the course of the study
300 (called operational bias). In the case of some of the more recently developed adaptive methods,
301 the magnitude of therisk of bias and the size of the potential bias, and how to eliminate these
302 effects, are not yet well understood. The level of concernis greatest in an A& WC study setting
303  but isaso important in an exploratory study, where bias can adversely affect development

304 decisions, such as choice of dose, population or study endpointsin subsequent studies. The risk
305 of biasisgreatly reduced or entirely absent when adaptations rely only on blinded analyses and
306 theblinding is strictly maintained.

307
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1 Bias Associated with the Multiplicity of Options

Design of aclinical study callsfor the selection of design features (e.g., dose, population,
endpoint, timing of the endpoint, analysis method) from among multiple possibilities. For a
conventional design study, the choices are usually made before enrolling the first study subject
and before any study results are seen, which contributes to avoiding bias. Where thereisthe
opportunity to choose a study result from among the results on many endpoints, study groups, or
datatime points, it iswell recognized that biasis introduced because of the opportunity to choose
the successful result from among the multiplicity of options. In this circumstance an approach to
controlling the Type | error rate should always be used.

For a situation in which multiple sequential statistical analyses of a single primary hypothesis are
conducted at successive interim stages of aclinical trial, group sequential methods have been
developed (see section V.D) that maintain control of the Type | error rate. Inherent in most
adaptive designs are choices made from among multiple candidates (e.g., doses, population
subsets, endpoints) after the study begins and at one or multiple time points during the study.
Often the decisions are based on unblinded examination of interim study results. These
adaptation choices create multiple opportunities to succeed in showing atreatment effect, with
greater likelihood of doing so than when there are no adaptation opportunities. Thisbias
inherent in this multiplicity may be readily recognized, but in complex cases may be difficult to
understand and account for with statistical adjustments.

Related to statistical multiplicity, but distinct because it is not possible to enumerate the universe
from which choices are made, is the situation in which a sponsor chooses a particular analysis
(e.0., time point, subset, covariates, endpoint) after an unblinded, not prospectively specified
exploration of the study data to identify the analysis that provides the most favorable result. A
study where this occurs cannot be regarded as an A& WC study and is outside the scope of
adaptive design studies discussed in this document, where all adaptive choice options are
prospectively specified.

2. Difficulty in Interpreting Results When a Treatment Effect Is Shown

Adaptive designs that select the best observed interim treatment effect among the options (and
especially when this occurs multiple times within a study) have the potential to select the option
with an interim result that is, by random chance, more favorable than the true value. This
selection process introduces a bias that will tend to provide final estimates of treatment effect
that overestimate the true effect. Adjustments that appropriately control the Type | error rate are
not directed at controlling the bias introduced into the effect estimate. Although in all clinical
studies the uncertainty about the size of atreatment effect is captured in the confidence intervals
around the point estimate, the bias in the point estimate introduced by adaptive designs could be
important in decisions related to weighing benefits and risks. Because there is limited
experience with the less well-understood adaptive design methods, the size of this bias and the
conditions that may influence the size are not yet generally well understood. It isvery important
to consider this potential when planning and analyzing adaptive design studies.
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When the study design includes adaptations that, during the course of the study, change the
nature or type of data used in the primary analysis (e.g., changing the endpoint or study
population between study stages), interpreting the study results could become more difficult.
There may be, for example, uncertainty relating to which types of events are affected by the
treatment or for what patient population an effect has been demonstrated. This uncertainty can
be increasingly problematic when multiple adaptations are made during conduct of the study (see
also section VI.F). To address this problem, analysts usually examine the overall study result and
results within the relevant patient, event type, or other subsets, as well as results between the
successive study portions, although it is recognized that there are limitations to detecting relevant
within-study differencesin treatment effect. Some of the newer methods of adaptive design
offer the possibility of multiple and more complex study revisions. It isnot yet known, however,
whether increasingly complex designs could lead to increasingly limited amounts of dataon a
subset of interest, making subset examination even less informative and study interpretation
excessively dependent upon judgment.

3. Operational Bias

Many study adaptations call for unblinding of the analysts charged with implementing the
planned design revisions. Access by these analysts to the interim unblinded results raises
concern about the possibility that the analysts might influence investigators in how they manage
the trial, manage individual study patients, or make study assessments, bringing into question
whether trial personnel have remained unequivocally objective. In contrast, if the personnel
involved in managing study conduct, interacting with investigators, and addressing unexpected
study issues remain unequivocally blinded, it is unlikely that operational bias could be
introduced. Because operational biasis anonstatistical source of bias, statistical methods cannot
correct or adjust for this bias.

Shielding the investigators as much as possible from knowledge of the chosen adaptive changes
isimportant because knowledge of the interim unblinded data used to make the adaptation
decision, or even knowledge only of the specific adaptive choice, has the potential to introduce
operational biasinto the treatment-effect estimates. This can occur if investigators, because of
their knowledge of the specific adaptation decisions, treat, manage, or evaluate patients
differently. Inaccurate estimates can be produced if, for example, knowing what adaptation was
selected influences investigators to identify either more or fewer endpoint eventsin al groups.
Thisinaccuracy could contribute to false positive conclusions in non-inferiority trials and false
negative conclusions in superiority trials. If there were some element of patient-level unblinding
because of side effects of the treatment observable in the patient or laboratory results, the bias
could also include a differential influence between treatment groups.

The role of managing study conduct and addressing unexpected study issuesis aresponsibility
that is separate and distinct from the role a Data Monitoring Committee (DMC) will haveif itis
used to implement a prospective adaptation plan. Because a DMC is unblinded to interim study
results, it can help implement the adaptation decision according to the prospective adaptation
algorithm, but it should not be in a position to otherwise change the study design except for
serious safety-related concerns that are the usual responsibility of aDMC. Indeed, FDA’s
guidance for clinical trial sponsors on Establishment and Operation of Clinical Trial Data
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Monitoring Committees (DM C guidance)* makes the point strongly that a steering committee or
other group that could possibly decide to alter study design (in apartialy or fully
nonprospectively specified manner) should be blinded to any interim treatment results. Itis
therefore critical to limit the number of study personnel who have accessto unblinded data. All
plans for the conduct of the unblinded interim analysis, dissemination of interim results, study
modification decisions (of any kind), and distribution of detailed knowledge of the decisions
should be carefully considered and documented.

B. Potential for Counter productive Impacts of Adaptive Design

Adaptive design studies are intended to be part of an overall development program that has the
intermediate goal of advancing to the next step of the program and the ultimate goal of obtaining
the A& WC study data important for marketing approval. The complete program ideally should
include characterizing the dose-response relationship for favorable and unfavorable effects and
identifying, where possible, patient subsets that respond particularly well or poorly. Typical
development programs consist of a sequence of independent studies that build upon the available
information to design the next study. Completed studies are analyzed and evaluated, alowing
thoughtful use of the knowledge obtained from the study to inform the choices of design and
goalsfor the next study. A concern isthat an adaptive study design will limit the opportunity to
reflect on data and design athoughtful, compl ete program.

1 Potential to Limit Identifying Gaps in Knowledge

An adaptive study design that is practical and interpretable can modify only alimited number of
design aspects, so that only those areas of design uncertainty considered the most critical and
least understood (e.g., from among dose, schedule, population, endpoint, concomitant therapies,
and others) are incorporated into the adaptive features of the study design. Other aspects of the
drug’ s use might be assumed adequately known and therefore not in need of further
investigation. Using adaptive design approaches and the limited number of variables they can
feasibly address, particularly for A& WC studies, may increase the pressure to make assumptions
so that it would not be impractical to carry out the adaptive study, even if thereisonly limited
prior information to support these assumptions. Avoiding the acknowledgement of uncertainties
and the critical importance of actively investigating them might increase the potentia for a
development program to fail to demonstrate effectiveness or a favorable benefit-risk comparison
because of poor choices regarding how to use the drug.

2. Elimination of Time to Thoughtfully Explore Study Results

One of the proposed advantages of an adaptive design is elimination of the time between
completing exploratory studies and initiating the subsequent A& WC studies. Particularly when
an exploratory study is expected to be followed by an A& WC study, only alimited number of
areas of uncertainty (e.g., choice of dose, patient population, endpoint selection, sample size)
might be thought to remain before the design of the A& WC study. These few areas are usually
the focus of the exploratory study, and it is often hoped that the study results can be rapidly

4 Available on the Internet at http://www.fda.gov/Drugs/GuidanceComplianceRegul atory! nformation/
Guidances/default.htm.
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analyzed and applied to making the final design choices of the A&WC study. In comparison,
incorporating limited exploratory goals within an adaptive design A& WC study and eliminating
the independent exploratory study allows the expectation of a decrease in duration of the
development program.

An often overlooked value of the time period between studies is the opportunity to thoughtfully
examine the data from the exploratory study in ways not identified in the prospective analytic
plan but that may reveal an unexpected aspect of the data (e.g., a substantial response difference
between patient characteristic-based subsets, interactions with concomitant therapies, difficulties
in adhering to a particular study procedure or other study conduct aspect, or other significant
findings). Thisexamination of the data may be important to improving the design of the A&WC
study, leading to a more informative study and to one more likely to be successful. Such
unexpected results are unlikely to be identified by the limited, rapid, interim data analysis of the
adaptive design study. Lack of time allocated to fully explore the data may also lead to
inadequate recognition of safety issues that should be assessed in A& WC studies (see section
VIII), potentially lengthening the overall development program.

In light of these possibilities, using adaptive design approaches to eliminate a separate
exploratory study may be less risky in situations where there are substantial amounts of relevant,
well-considered, prior experience that may minimize the likelihood that there will proveto be
any such important, but unrecognized, issues in the use of the drug.

3. Cautious Use of Adaptive Design Can Advance the Overall Development
Program

Careful use of adaptive design methods may aid the orderly, thoughtful accumulation of data
needed to optimize, establish, and adequately describe adrug’ s usefulness, and help avoid the
negative impacts. Adaptive design studies may work best, and with least risk, when there truly
arejust afew issues (e.g., dose, population subsets, endpoints) that need to be examined and are
built into an adaptive design.

C. Complex Adaptive Designs — Potential for Increased Planning and M ore Advanced
Time Framefor Planning

The complexity of many adaptive study designswill call for more advance planning by sponsors,
with longer lead times between initiating planning and starting the study. Interaction with FDA
during study planning is particularly important for the more complex adaptive design studies,
especialy at the point that the A& WC studies are about to be designed. Modifying the sponsor-
FDA interactions may be important to provide opportunity to obtain the comprehensive
regulatory advice that may help lead to a successful study (see section X).

It has been suggested that because an adaptive design study can incorporate a planned
exploration stage into an A& WC study with examination of the datain the interim analysis,
followed later by analysis of the full study datain the final result, the two stages of the study can
be viewed as the independent replication that is typically expected in considering whether there
is substantial evidence of effectiveness that is needed for marketing approval (see 21 CFR
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314.125(b)(5)). That is not the case, however, as the goal of asingle, adaptive design A&WC
study isto use data from all stages of the study to test one (or more) primary hypotheses. The
study remains a single-study source of evidence.

D. Adaptive Design in Exploratory Studies

Exploratory studiesin drug development are intended to obtain information on awide range of
aspects of drug use that guide later decisions on how best to study adrug (e.g., choices of dose,
regimen, population, concomitant treatments, endpoints). There can be a series of separate
studies in which different aspects of the drug are sequentially examined, or a more complex
study attempting to evaluate multiple different aspects ssmultaneously. The flexibilities offered
by adaptive design trials may be particularly useful in this exploratory period of development by
allowing initial evaluation of a broad range of choicesin drug use and more efficient recognition,
as well as discontinuing evaluation of the options that are suboptimal. An adaptive design tria
might allow multiple aspects of use to be optimized by sequential adaptations within asingle
study. Using adaptive designsin early development studies to learn about various aspects of
dosing, exposure, differential patient response, response modifiers, or biomarker responses offers
sponsors opportunities that can improve later studies. In particular, some of the adaptive
methods whose practical properties are as yet less understood (see section V1) have been
proposed in the literature to allow a more vigorous examination of certain aspects of drug use
than has typically occurred in drug development programs. For example, in some circumstances
both dose-group selection and response-adaptive randomization appear to have the potential to
obtain a more precise description of the dose-response relationship by starting with a broader
range of doses, closer spacing of doses, or both, in astudy of approximately the same sample
size asis generally used in a conventional exploratory study where only coarser knowledge of
the relationship is obtained.

Because exploratory studies have less impact on regulatory approval decisions (than do the
A&WC studies), they may be a suitable setting for gaining increased experience with the
adaptive design methods discussed in section V1 that so far have been infrequently used in actual
studies. FDA encourages sponsors to gain experience with these adaptive design methods in this
setting.

Although exploratory studies can have less rigor than A& WC studies, it is still important to be
aware that inflation of the Type | error rate or biased estimates may occur in the results of
exploratory studies. When unrecognized, these flaws can lead to counterproductive design
decisions for subsequent studies. For example, flawsin an exploratory multiple-dose
comparison study could lead to suboptimal dose selection for the subsequent A& WC study, with
aresultant failure to show effectiveness or afinding of unnecessarily excessive toxicity. Thus,
although unrecognized flaws in an exploratory study raise less concern regarding regul atory
decisions than when similar flaws occur in an A& WC study, exploratory study design should
still follow good principles of study design and consider the risk of adversely affecting the
development program.

Adaptive design exploratory studies are usualy different in multiple aspects of design rigor from
A&WC studies so that design revisions while the study is underway will usually not be sufficient
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to convert the study into an A& WC study. Studiesthat are intended to provide substantial
evidence of effectiveness should not be designed as exploratory studies, but rather as A& WC
studies at initial planning.

E. Study Design Changes That Are Not Consider ed Adaptive Design
1 Revisions After Unplanned Findings in an Interim Analysis

When study data are examined in an interim analysis, there may be data analyses that were not
prospectively planned as the basis for adaptations, but that unexpectedly appear to indicate that
some specific design change (e.g., restricting analysis to some population subset, adjusting
sample size, changing between primary and secondary endpoints, changing specific methods of
endpoint analysis) might increase the potential for a statistically successful final study result.

As stated earlier in section 111.A, such revisions based on nonprospectively planned analyses and
decision paths are not regarded as adaptive design for the purposes of this guidance and will
usually create difficulty in controlling the Type | error rate and difficulty in interpreting the study
results.

2. Revisions Based on Information From a Sudy External Source

Unpredictable events that occur outside of an ongoing study during the course of drug
development programs may provide important new information relevant to the ongoing study
and may motivate revising the study design. For example, there may be unexpected saf ety
information arising from a different study (perhapsin a different patient population), new
information regarding the disease pathophysiology or patient characterization that identifies
disease subtypes, new information on pharmacokinetics or pharmacodynamic responses to the
drug, or other information that might have led to a different study design had the information
been known when the ongoing study was designed. When this occurs, there may be reason to
revise the study design in some manner (we call this areactive revision) without terminating the
existing study (i.e., starting an entirely new study with amodified design). In cases of serious
safety concerns, and particularly in large studies, revising the study design may be critical to
allowing the study to continue.

When important unexpected information arises, personnel who are (or become) familiar with
both the new information and the design of the ongoing study should be given responsibility for
determining revisions to the study design. If the new information is derived from sources
entirely outside of the study under consideration, then the revision does not fall into the category
of adaptive design. If the personnel who are determining the study revisions have no knowledge
of any unblinded data or other information obtained during the study, then their decision-making
cannot be influenced by study internal information to consciously or unconsciously introduce a
study bias. Therefore, when contemplating areactive study revision, study sponsors should
ensure that the personnel determining the revision have no knowledge of unblinded results from
the ongoing study. Importantly, the DM C of a study is not the appropriate group to determine
the study revisions because they are aware of results from within the study and this could
influence their decisions (see the DM C guidance).
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Although carefully performed reactive revisions should not introduce a bias into the study, it is
important to pay close attention to maintaining (and documenting maintenance of) the study
blind. Reactive revisions, however, can lead to interpretive problems. When an important
revision in study design is made midway in a study, it may not be fully clear how the data from
before the revision and after the revision should be combined, and how to interpret the study
results. Resolution of these interpretive difficulties when the overall study result is statistically
significant will inevitably depend on judgment.

V. GENERALLY WELL-UNDERSTOOD ADAPTIVE DESIGNSWITH VALID
APPROACHESTO IMPLEMENTATION

There are well-established clinical study designs that have planned modifications based on an
interim study result analysis (perhaps multiple times within a single study) that either need no
statistical correction related to the interim analysis or properly account for the analysis-related
multiplicity of choices. A considerable experience in modern drug development provides
confidence that these design features and procedures will enhance efficiency while limiting risk
of introducing bias or impairing interpretability.

Many of the best-understood adaptive design methods do not involve examining unblinded study
outcome data and examine only aggregate study outcome data, baseline data, or data not related
to the effectiveness outcome (see sections V.A, B, and C). Other adaptive methods use the well-
understood group sequentia design (see section V.D and the ICH E9 guidance). In group
sequential designs, unblinded interim analyses of accruing study data are used in a planned and
confidential manner (i.e., by aDMC) that controls Type | error and maintains study integrity.

This section will describe some of the approaches that are well-understood, emphasizing the
principles that explain why they are well understood. The descriptions and discussion in the
following subsections are intended to aid in determining whether other existing or future-
developed methods share the same principles.

A. Adaptation of Study Eligibility Criteria Based on Analyses of Pretreatment
(Baseline) Data

Clinical studies are generally planned with expectations about the patient population
characteristics and the rate at which eligible patients will be identified and enrolled. For
example, the study designers may have tried to enroll patients with abroad distribution in certain
identified characteristics to maximize a study’s utility. Examination of baseline characteristics
of the accumulating study population might show that the expected population is not being
enrolled and that by modifying eligibility criteria, subsequent subject enrollment may be shifted
towards a popul ation with greater numbers of patients with the desired characteristics. Similarly,
if the study enrollment rate is substantially slower than expected, the screening log can be
examined for noncritical entry criteriathat might be modified to allow greater numbers of
screened patients to qualify.

Such examination of baseline information and modification of study eligibility criteria can
contribute to timely completion of informative studies. Knowing the baseline characteristics of
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the overall study population at any time during the study does not generate concerns of
introducing statistical bias aslong as the treatment assignment remains blinded.

A possiblerisk of such an approach is the potential to impair the interpretation of the study result
when the study population changes mid-way and an important relationship of treatment effect to
the changed patient characteristic exists (i.e., atreatment-patient factor interaction). Exploratory
analyses of the data obtained before and after the eligibility change can help to identify such
problems.

Because post-baseline patient data are not involved in the analyses, the study sponsor or
investigator steering committee can review the baseline-data summaries and make design
changesto the digibility criteriawithout risk to the integrity of the study.

B. Adaptationsto Maintain Study Power Based on Blinded Interim Analyses of
Aqggregate Data

One of the important challenges in planning A& WC studiesis deciding on the sample size at the
study design stage. In general, the estimated power of a study to detect a treatment effect is
dependent upon the study sample size, the targeted (e.g., the sponsor’ s assumed actual or
minimum acceptable) treatment-effect size, the assumed population variance of the patient
measure being studied, or the expected control group event rate for event-driven studies. If any
of the assumptions used to calculate the sample size are incorrect, the study may be
underpowered and fail to show an effect. There are several approaches to maintaining study
power.

In studies using a discrete outcome (event) endpoint, a blinded examination of the study overall
event rate can be compared to the assumptions used in planning the study. Examining the datain
this blinded analysis does not introduce statistical bias, and no statistical adjustments are
required. If this comparison suggests the actual event rate iswell below the initial assumption,
the study will be underpowered. The study sample size can be increased to maintain the desired
study power or, alternatively, study duration might be increased to obtain additional endpoint
events. Study resizing based on arevised estimate of event rate should be used cautiously early
in the study, as variability of the estimated event rate can be substantial. Consequently, this
adaptive approach may be best applied later in the study when population estimates of the event
rate are more stable.

For studies using atime-to-event analysis, another approach is not to plan a specific study
sample size in the protocol, but rather to continue patient enrollment until a prospectively
specified number of events has occurred (an event-driven study). The interim data analyses are
of the overall number of study endpoint events, rather than the overal rate of events.

Similarly, when a continuous outcome measure is the study endpoint, a blinded examination of
the variance of the study endpoint can be made and compared to the assumption used in planning
the study. If this comparison suggests the initial assumption was substantially too low and the
study is consequently underpowered, an increase in the study sample size can maintain the
desired study power. Aswith event endpoints, study resizing based on arevised estimate of
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variance should be used cautiously early in the study, as variability of the estimated variance can
be substantial.

In some studies with continuous outcome measures the duration of patient participation and time
of last evaluation may be the preferred design feature to modify. A study of a chronic,
progressive disease with a treatment intended to stabilize the clinical statusis dependent upon the
control group demonstrating a worsening of the condition, but there may have been only limited
prior data upon which the design-assumed rate of progression was based. An interim analysis of
the aggregate rate of progression can be useful to assess whether the duration of the study should
be adjusted to allow for sufficient time for the group responses to be distinguished, given the
assumed treatment-effect size. A combination of sample size and duration modification can aso
be applied in this case to maintain the desired study power.

Alternatively, if it isthought that patients can be stratified at baseline (e.g., by agenetic or
disease-phenotype characteristic) into subsets expected to differ in an important aspect related to
the endpoint (e.g., event rate, variance, rate of disease progression), the blinded interim analysis
of the event rate (or, e.g., variance) can be done by subset and study eligibility criteriamodified
to focus the remainder of the study on the subset(s) with the advantageous tendency (e.g., greater
event rate, lower variance). A sample size readjustment could be considered at the same time.

Usually, the blinded interim analyses considered here are used to make decisions to increase the
sample size, but not to decrease the study size. Decreasing sample size is not advisable because
of the chance of making a poor choice caused by the high variability of the effect size and event
rate or variance estimates early in the study.

The ability of these procedures to increase the potential for a successful study while maintaining
Type | error control has been recognized and discussed in the ICH E9 guidance. Sample size
adjustment using blinded methods to maintain desired study power should generally be
considered for most studies.

Because these methods avoid introducing bias by using only blinded interim analyses, all study
summaries should not contain any information potentially revealing the between-group
differences. For example, even adata display showing the distribution of aggregate interim
results might reveal the presence, and suggest a size, of a treatment effect (e.g., a histogram
showing a bimodal distribution of the endpoint data), and might influence the personnel making
these adaptations.

C. Adaptations Based on Interim Results of an Outcome Unrelated to Efficacy

There are some circumstances where study modifications are based on an interim analysis of
outcomes that are independent of, and uninformative about, the treatment-related efficacy effect.
Concerns about statistical and operational bias usually are not raised by such interim analyses
and modifications if there has been no unblinded analysis of any effectiveness-related data.
Control of Type error rate is thus maintained without a statistical adjustment for such
adaptations.
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At the time that a study is being designed it is not uncommon to be uncertain about how patients
may respond to the treatment in ways not measured by the efficacy outcome. For example, there
may be a known or potential adverse reaction with an incidence too low to have been accurately
estimated from prior experience, but of a severity so substantial that it could outweigh the
possible benefits from the treatment. Randomized, parallel, dose-response studies are generally
most informative when a broad range of doses are studied. When thisis done, however, some
doses might cause an unacceptable rate of a serious adverse effect or aless serious adverse effect
sufficient to make the treatment unattractive (e.g., causing a high treatment discontinuation rate).
It is therefore important to look for these events at an interim stage of the study and discontinue a
dose group with unacceptable observed toxicity. If the adverse effect is completely independent
of the treatment’ s benefit, then an unblinded analysis of the rate of the adverse effect provides no
knowledge of the efficacy results and the Type | error rate remains controlled without an
adjustment. Similarly, if an unexpected serious toxicity is observed in safety monitoring,
dropping the dose groups with excessive toxicity is usually appropriate.

It is common to have study designs that initiate testing with several dose or regimen groups, with
the intent of dropping dose groups that are poorly tolerated and enrolling subsequent patients into
the remaining groups. To ensure full awareness of the process and avoid missteps that could
compromise the study integrity, the design and analysis plan should specify the number of
groups to be terminated, how they will be selected, and the appropriate analysis procedures for
testing the final data (e.g., adjustment for multiplicity when more than one dose is planned to be
carried to completion). A design of thistype may be particularly useful in long duration studies
where the adverse event of concern occurs at alow rate (and therefore cannot be precisely
assessed in small exploratory studies) and occursrelatively early after initiating treatment. For
example, studies of platelet inhibiting drugs have sought to demonstrate long-term efficacy using
the highest dose not causing excessive rates of early bleeding.

It isimportant to emphasize that this approach may be undesirable if there might be greater
effectiveness associated with the more toxic dose that could outweigh the increased toxicity in a
risk-benefit comparison. The nature and implications of the possibly greater toxicity should be
carefully considered and this approach used only when there is confidence the greater toxicity
will outweigh greater effectiveness.

If there are no efficacy-related interim analyses performed, the interpretability of the final study
result is not impaired by concerns of statistical bias or operational biasin study conduct. Study
planning should assure that the personnel who make the modification decision (e.g., a steering
committee) have not previously seen any unblinded efficacy analyses. Asemphasized, the
outcome examined must not be the efficacy outcome, nor an outcome related to efficacy in any
way that allows inferences to be formed regarding the efficacy outcome. Thus, secondary or
tertiary efficacy endpoints, or biomarkers thought to have some relationship to efficacy, should
not be used in this approach. A design modification based on an efficacy-related endpoint or
biomarker will call for an appropriate statistical adjustment (see section V1.C).

Situations where a drug-induced serious or fatal outcome is an event to be avoided (thus
monitored for treatment-related increase) and is al'so an important component of a composite
efficacy outcome cannot be considered in this paradigm. Other approaches (e.g., group
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sequential designs) should be used in these situations to protect the integrity of the study. The
concern is that because the interim results are related to efficacy, the DMC might be biased in
making any subsequent decisions about study modification.

D. Adaptations Using Group Sequential Methods and Unblinded Analysesfor Early
Study Termination Because of Either Lack of Benefit or Demonstrated Efficacy

Group sequential statistical design and analysis methods have been developed that allow valid
analyses of interim data and provide well-recognized al pha spending approaches to address the
control of the Type | error rate (e.g., O’ Brien-Fleming, Lan-DeMets, Peto methods) to enable
termination of a study early when either no beneficial treatment effect is seen or astatistically
robust demonstration of efficacy is observed. Aspects of group sequential monitoring are
discussed in the ICH E9 guidance.

In circumstances where the drug has little or no benefit, the data accumul ated before planned
completion of the study might provide sufficient evidence to conclude that the study is unlikely
to succeed on its primary objective, even if it were carried to completion. Discontinuing the
study for these reasons at this interim point, often called futility, might save resources and avoid
exposure of more patients to a treatment of no value.

Studies with multiple groups (e.g., multiple-dose levels) can be designed to carry only one or two
groups to completion out of the several initiated, based on this type of futility analysis done by
group. One or more unblinded interim analyses of the apparent treatment effect in each group is
examined, and groups that meet the prospective futility criterion are terminated. However,
because of the multiplicity arising from the several sequential interim analyses over time with
multiple between-group analyses done to select groups to discontinue (see section VI.A),
statistical adjustments and the usual group sequential a pha spending adjustments need to be
made in this case to control Type | error rates.

For the group sequential methods to be valid, it isimportant to adhere to the prospective analytic
plan, terminating the group if afutility criterion is met, and not terminating the study for efficacy
unless the prospective efficacy criterion is achieved. Failureto follow the prospective planin
either manner risks confounding interpretation of the study results.

If the drug is more effective than expected, the accumulating data can offer strong statistical
evidence of the therapy’s success well in advance of the planned completion of the study. If the
study outcome is one of great clinical importance, such as survival or avoidance of irreversible
disability, ethical considerations may warrant early termination of the study and earlier
advancement of the product towards widespread availability in medical practice. It isimportant
to bear in mind that early termination for efficacy should generally be reserved for circumstances
where there is the combination of compelling ethical concern and robust statistical evidence. A
study terminated early will have a smaller size than the initially planned study size. It will
therefore provide less safety data than planned. A potential also exists for more difficulty with
the efficacy analysis and interpretation related to issues that become apparent only during the
later detailed analysis (e.g., related to loss to follow-up or debatable endpoint assessments) and
decreased power to assess patient subsets of interest.
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Group sequential designs offer a method for early termination of a study as an adaptive design
element, allowing the study sample size to be reduced to the size accumulated at the time of an
interim data analysis. Most of the commonly used methods employ conservative (small p-value)
criteriafor terminating on the basis of demonstrated efficacy.

Implementation of group sequential design methods involves unblinded analyses of the treatment
effect, thereby raising significant concerns for potentially introducing bias into the conduct of the
study or into subsequent decisions regarding the conduct of the study. Protocols using group
sequential designs have addressed this concern by using a committee independent of the study’s
conduct and sponsor to examine these analyses in a secure and confidential manner. An
independent, nonsponsor-controlled Data M onitoring Committee (DMC) (see the DMC
guidance) is an inherent part of the group sequential method’ s protection of study integrity.
These well-established DM C procedures more recently have led to using DM Cs to implement
other adaptive procedures aswell. Lesswell settled, however, iswhich parties prepare the
analyses for the DMC to consider and the independence of the statistician preparing these
analyses. The DMC guidance does not reach firm conclusions on this, but it is critical that the
analyses be carried out either externally to the study sponsor or by a group within the sponsor
that is unequivocally separated from al other parties to the study.

An unblinded interim analysis exposes the DM C (or other involved committee) to confidential
information. Any subsequent decisions or recommendations by the DMC related to any aspect
of study design, conduct or analysis can be influenced by the knowledge of interim results, even
if the decision isintended to be unrelated to the prior interim analysis. For example, if new
information should become available from a source outside the study, but relevant to the ongoing
study, the DMC will no longer be the appropriate group to consider and recommend study design
changes in response to the new information. Thistask will usually fall to a blinded steering
committee. Thisissueisemphasized in the DMC guidance.

E. Adaptationsin the Data Analysis Plan Not Dependent on Within Study, Between-
Group Outcome Differences

The statistical analytic plan (SAP) for the clinical trial often makes assumptions regarding the
distribution of the outcome data. Analytic methods may also be sensitive to the amount of, or
approach to, various types of observed data (e.g., distribution of values, missing data). When
study data do not conform to the assumptions of the planned analytic methods or are overly
sensitive to other data behavior, the validity of conclusions drawn from the study analysis can be
affected.

Generally, the prospective SAP should be written carefully and completely, and implemented
without further changes once the study has started. However, if blinding has been unequivocally
maintained, limited changes to the SAP late in the study can be considered. The ICH E9
guidance suggests that after a blinded inspection of the data, the SAP can be updated regarding
the appropriate data transformations, adding covariates identified from other research sources or
reconsideration of parametric versus nonparametric analysis methods. In some cases, with
unequivocal assurance that unblinding has not occurred, this approach can aso be applied to
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changes in the primary endpoint, composition of the defined endpoint-event, or endpoint analytic
seguence ordering.

In certain situations, the optimal statistical analysis plan may be difficult to specify fully before
completing the study and examining the relevant characteristics of the final outcome data. If
these characteristics are examined for the entire study population in a blinded manner, analytic
plan modifications based on these characteristics do not introduce bias. The prospective analysis
plan should clearly specify the characteristics and the procedure for selecting the analysis
methodology based on these data characteristics.

Examples of where this may be useful include situations in which the observed data violate
prospective assumptions regarding the distribution of the data, or where data transformations or
use of acovariate is called for in the analysis to achieve adequate conformity with the method’'s
assumptions.

Adaptation of the primary endpoint according to prospectively specified rules may also be useful
in some circumstances. For example, when an outcome assessment that is preferred as the
primary endpoint proves difficult to obtain, a substantial amount of missing data may occur for
this assessment. An analytic plan might direct that if the amount of missing datain the preferred
outcome assessment exceeds some prospectively stated criterion, a specified alternative outcome
would be used as the primary efficacy endpoint. Similarly, when a composite event endpoint is
used but there is uncertainty regarding the event rates to expect for the possible components, an
analytic plan accommodating inclusion of one or two specific additional types of events might be
appropriate if an insufficient number of events within theinitial composite were observed in the
overall study. Inasimilar manner, selection or sequential order of secondary endpoints might
also be adapted.

VI. ADAPTIVE STUDY DESIGNSWHOSE PROPERTIESARE LESSWELL
UNDERSTOOD

This section provides an overview of adaptive study designs with which there isrelatively little
regulatory experience and whose properties are not fully understood at thistime. These clinical
trial design and statistical analysis methods are primarily intended for circumstances where the
primary study objective(s) cannot be achieved by other study designs, such as those described in
section V. The study design and analysis methods discussed in this section are limited to paralel
group randomized study designs, and they can have several adaptive stages. The chief concerns
with these designs are control of the study-wide Type | error rate, minimization of the impact of
any adaptation-associated statistical (see section VI1I.B) or operational bias on the estimates of
treatment effects, and the interpretability of trial results. This section does not discuss sequential
group dose escalation study designs or dose de-escalation study designs, which are non-
comparative designs that can be conducted in early drug development.

The less well-understood adaptive design methods are all based on unblinded interim analyses
that estimate the treatment effect(s). The focus of the discussions in this section is primarily on
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specific categories of adaptation methods, whereas the more general implementation issues that
the methods raise are discussed in section V1.

A. Adaptationsfor Dose Selection Studies

A critical component of drug development isto estimate the shape and location of the dose-
response relationship for effectiveness and adverse effects, which can have different dose
relationships. Understanding these relationships facilitates sel ecting doses for more definitive
effectiveness and safety evaluation in the A& WC studies of late clinical development (see
FDA'’s|CH E4 guidance on Dose-Response | nformation to Support Drug Registration®), and in
some cases can provide labeling guidance on starting and maximum doses for patient
management. Too often, however, the A& WC studies evaluate only a single dose or two doses
Spanning a narrow dose range based on a tenuously understood dose-response relationship
developed from very limited data. Unsuccessful development can result from focusing on a
single dosein the A& WC studiesif the single selected dose does not demonstrate effectiveness
or if very important but less common adverse effects are identified in the larger A& WC studies,
whereas a different dose could have provided an improved benefit to risk comparison. Itisaso
possible that the selected dose is needlessly large and the excessive dose causes a serious but
uncommon adverse effect that will be discovered only in the postmarketing period.
Consequently, there is considerable interest in whether adaptive design techniques based on
unblinded interim analysis of efficacy data can enable improved understanding of the dose-
response relationship.

The term dose refers not only to a specific chosen dose level, but also includes the schedule (i.e.,
administration frequency) and in some cases the duration of use. The different doses evaluated
in a dose-response study can be distinguished by any of these aspects of aregimen. Typically, a
dose exploration study randomizes patients among placebo and several dose groups. The
resulting data can be analyzed to identify the one or several groups with best response (i.e., the
existence of a dose-response relationship for effectiveness or safety) or for the therapeutic
window (by balancing safety, including tolerability, and efficacy).

An adaptive exploratory dose-response study is intended to begin with multiple doses
(sometimes many) across arange. The number of dose groups is adaptively decreased during the
course of the study, using the accruing efficacy or safety datain a prospectively specified plan
for design modification at one or more unblinded interim analyses. The response evaluated at
the interim analyses is often the clinical efficacy endpoint, but could also be a biomarker. Many
adaptive study designs only eliminate unsuitable or uninformative doses, but addition of new,
potentially more preferable doses is also possible. Some adaptive designs can also adjust the
sample size of the overall study or of the individual dose groups to obtain response estimates of a
particular desired precision. In some situations, an exposure-response relationship for
effectiveness or safety may be used in place of dose-response. These prospectively planned study
designs offer flexibility that can allow many potential modifications.

5 Available on the Internet at http://www.fda.gov/Drugs/GuidanceComplianceReqgul atory| nformation/Guidances/
default.
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A particularly interesting exploratory approach is to use an adaptive design exploratory dose-
response study with a moderate number of doses (five to seven) with the objective of identifying
the shape (from among several different potential model ed-shape relationships) and location of
the dose-response relationship, as well as optimizing selection of two or three doses (which
might be the same as, or between, doses that were tested in the exploratory study) for evaluation
in subsequent A& WC studies. Irrespective of whether this particular approach is used, fully
evaluating more than one dose in the larger A& WC studies is ailmost always advisable whenever
feasible.

Highly flexible modifications should generally be limited to an exploratory study, but some of
these approaches, when used with rigorous protection of the Type | error rate, might have arole
in A&WC studies. For example, acommon design for an A&WC study isto evaluate two doses
thought likely to offer afavorable benefit-risk comparison. If there was significant residual
uncertainty in selecting the two doses, the study design might also include a third dose to begin
the study (higher or lower than the two doses thought likely). Aninterim analysis of the
treatment effect in each dose group would enable terminating the dose that appeared least likely
to be useful, alowing the study to continue thorough evaluation of two doses with improved
chances for success. Using this approach in an A&WC study will call for careful statistical
adjustment to control the Type | error rate and should be limited to modest pruning of the
number of dose groups.

In some devel opment programs a biomarker (or an endpoint other than a clinical effectiveness
endpoint) might be used for the interim analysis to determine the adaptive modification. If there
islimited or uncertain predictiveness of the biomarker for the clinical outcome, however, there
may be uncertainty regarding how well such a design will optimize the drug’s clinical effects.
Sponsors should consider the level of uncertainty in that relationship and the potential
consequences when planning to employ this approach. In addition, because of the correlation
between the biomarker and the ultimate clinical endpoint, introduction of bias is a concern and
statistical adjustments are needed to control the Type | error rate.

B. Adaptive Randomization Based on Relative Treatment Group Responses

Adaptive randomization is aform of treatment allocation in which the probability of patient
assignment to any particular treatment group of the study is adjusted based on repeated
comparative analyses of the accumulated outcome responses of patients previously enrolled
(often called outcome dependent randomization, for example, the play the winner approach).
The randomization schedul e across the study groups can change frequently or continuously over
the duration of the study. Thisdesign isfacilitated when the subjects’ outcomes are observed
soon after initial exposure relative to the rate at which study enrollment occurs. Previoudly, this
randomi zation method had been used in placebo controlled studies chiefly to place more patients
into the group with better outcomes. More recently the approach has been revised to suit the
objective of dose-response evaluation. The method allocates fewer subjects to doses that appear
to have alow probability of atrestment-related efficacy response, to have a high probability of
an adverse event, or to be unlikely to contribute additional information on the shape of the dose-
response profile. Outcome dependent adaptive randomization is particularly valuable for
exploratory studies because it can make practical an increase in the number of tested treatment
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options (increased breadth to the range of doses tested and/or decreased step size between doses)
explored for the drug’s activity and facilitate estimation of the dose-response relationship, and
hypothesis testing is not the study objective. Adaptive randomization should be used cautiously
in A&WC studies, asthe analysisis not as easily interpretable as when fixed randomization
probabilities are used. Particular attention should be paid to avoiding bias and controlling the
Type| error rate.

The expectation in clinical studies of balance among the treatment groups with regard to
important baseline characteristics relies upon the use of randomization, and providesavalid
basis for statistical comparisons. When patient outcome is afunction of covariates and treatment
group assignment, changing randomization probabilities over the course of the study raises a
concern regarding the balance of patient characteristics among the treatment groups. If patients
enrolled into the study change in the relevant baseline characteristics (either measured or
unmeasured) over the time course of the study, the changing allocation probabilities could lead
to poor balance in patient characteristics between the groups at the end of the study. If the
characteristics in poor balance have an influence on outcome, inaccuracy isintroduced into the
estimated treatment effect between groups. A dose-response profile obtained from an
exploratory study with this approach could lead to poor dose selection for subsequent studies;
thisissue should be considered for such studies. Such poor balance in important characteristics
could be avery significant problem for an A& WC study.

To address the concern regarding patient characteristics, we recommend that sponsors maintain
randomization to the placebo group to ensure that sufficient patients are enrolled into the placebo
group aong the entire duration of the study. Examining an exploratory analysis of response over
time within the placebo group, and examining exploratory comparisons of response in the
placebo group to drug-treated groups by dividing the study into periods of enrollment, may help
evaluate this concern for a completed study. Maintaining the placebo group will aso best
maintain the power of the study to show atreatment effect. It isalso prudent to consider the
treatment-effect estimate obtained from an adaptive randomization exploratory study cautiously,
and this estimate should probably be used more conservatively in setting the sample size of a
subsequent A& WC study to offset the potential over-estimate of effect size.

C. Adaptation of Sample Size Based on | nterim-Effect Size Estimates

In afixed sample size A& WC study design, planning for the sample size involves consideration
of the following: apostulated treatment effect size, an assumption about the placebo event rate
in event outcome studies or the variability of the primary outcome endpoint in other studies, the
desired Type | error rate, and the desired power to detect the posited treatment-effect size. Other
factors (e.g., stratification and dropout rates) can also be considered. Usually, the sample size (or
total event count) is prospectively determined and fixed in advance using this information;
however, study designs with group sequential methodology (see section V.D) might stop the
study early with a smaller than planned sample size (or event count) for either lack of effect or
overwhelming evidence of an effect larger than expected.

Section V.B describes a number of adaptations of sample size or event count (or study duration
in certain circumstances) based on blinded analyses. In contrast, one adaptive design approach is
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to allow anincrease in the initially planned study sample size based on knowledge of the
unblinded treatment-effect sizes at an interim stage of the study if the interim-observed treatment
effect size is smaller than had been anticipated but still clinically relevant. In general, using this
approach late in the study is not advisable because alarge percentage increase in sample size at
that point isinefficient. In some designs, other study features that affect the estimated power of
the study might be changed at the same time, such as modifying the components of a composite
primary endpoint (see section VI.E). In other cases, an adaptation that focuses on another aspect
of study design (e.g., dose, population, study endpoint) could alter the study power, warranting
reestimation of study sample size to maintain study power. There are several methods for
modifying the sample size of the trial, and these methods frequently are based on conditional
power or predictive power. Adaptive designs employing these methods should be used only for
increases in the sample size, not for decreases. The potential to decrease the sample size is best
achieved through group sequential designs with well-understood al pha spending rules structured
to accommodate the opportunity to decrease the study size by early termination at the time of the
interim analysis.

A changein study sample size related to an unblinded data analysis (as opposed to one based on
blinded analyses discussed in section V.B) can cause an increase in the Type | error rate. To
protect against such an increase, a statistical adjustment is necessary for the final study analysis.
Some methods for this adjustment decrease the alphalevel at which statistical significanceis
determined, whereas other methods will perform the hypothesistest at the usual aphalevel but
weight the data from the successive portions of the study unequally. Another method combines
aspects of both alpha adjustment and weighting adjustment, and generally results in reasonable
sample size increases. The weights for each study portion should be selected prospectively and
not determined after the unblinded interim analysis. The selected balance of weights should be
carefully considered because they can affect the statistical efficiency of the design. Differential
weighting, however, can lead to some difficulties in interpreting the final analysis. When the
weighting is not proportional to the patient numbers in each stage, individual patient datafrom
the different stages do not have equal contribution to the overall treatment-effect estimate. This
could lead to an estimate of the treatment effect that is different from the estimate when all
patients are given equal weight, with resulting confusion regarding the amount of benefit
demonstrated.

Estimates of treatment effect observed early in the study, when there are relatively fewer patient
data, are generally variable and can be misleadingly large or small. Thus, those responsible for
monitoring the study should act conservatively when deciding upon study changes using the
early estimates. Thisissimilar in spirit to the approach used in group sequential design alpha
spending functions, where more conservative apha spending is used early in the study.

D. Adaptation of Patient Population Based on Treatment-Effect Estimates

As previoudly noted (for blinded analysis methods discussed in section V.B), modification of the
patient population enrolled (i.e., enrichment modification designs) into a study can sometimes
improve the power of a study to detect atreatment effect. The blinded-analysis methods are
useful when the purpose of the modification is to increase the ability to show atreatment effect
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when the treatment effect is not expected to substantially differ among the various population
subsets. These methods do not raise concern about increasing the Type | error rate.

In some circumstances, however, genetic, physiologic, or other baseline characteristics are
thought to potentially distinguish patient subsets that have differing responsiveness to the drug
treatment. Identifying these characteristicsistypically done as part of exploratory studies, and is
important to selecting the patient population for study in the A& WC studies. Adaptive design
studies using unblinded interim analyses (of either clinical or biomarker data) for each subset of
interest have been proposed as another method for identifying population subsets with relatively
greater treatment responsiveness. Adaptive methods might, for example, be used within a
traditional dose response exploratory study so that the study results guide optimal design for dose
and population selections for the subsequent A& WC study. In some cases where the data from
exploratory studies are suggestive of population subset-response differences, but inadequate to
confidently select afixed patient population for the A& WC study, these methods might be
cautiously applied in an A&WC study to modify eligibility criteria after the interim analysis.
These designs are less well understood, pose challenges in avoiding introduction of bias, and
generally call for statistical adjustment to avoid increasing the Type | error rate.

Adaptive methods that have been proposed include (1) changing only the eligibility criteria, with
no change in the study overall sample size and with the final analysis including the entire study
population, or (2) modifying the plan for the final analysis to include only patients with the
preferred characteristic. Other methods can increase the sample size for the population subset
with the desired characteristic. The prospective study plan should ensure control of the Typell
error rate for al hypotheses tested. Each method will involve different approaches to statistical
adjustment. There may be no statistical adjustment necessary if there are no changesin the
hypotheses tested. Caution should be exercised in planning studies where an interim analysis and
eligibility modification are performed multiple times, because when multiple revisions to the
study population are made it may be challenging to obtain adequate estimates of the treatment
effect in the populations of interest, or to interpret to what patient population the results apply.

E. Adaptation for Endpoint Selection Based on Interim Estimate of Treatment Effect

Planning aclinical trial involves careful selection of the primary and secondary effectiveness
endpoints. At the planning stage, the optimal endpoints for assessing the disorder or the disease
aspects that best exhibit the particular drug’ s effects may not be well understood. Choosing
endpoints in this circumstance may be difficult at the time of study design. Changing the
ordering of endpoints (including switching primary and secondary endpoints) based on an
unblinded interim analysis of treatment effect might have value in such cases. Endpoint
adaptation should have appropriate statistical procedures to control the Type | error rate for the
multiplicity of possible endpoint selections. If the size of the interim dataset is insufficient to
provide a stable assessment of the effect-sensitivity differences between endpoints, however, this
approach risks selecting a poor endpoint.

Primary endpoint revision usually takes one of two forms, replacement of the designated primary
endpoint with an entirely new endpoint, or modification of the primary endpoint by adding or
removing data elements to the endpoint (e.g., the discrete event types included in a composite
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event endpoint). In addition to prospectively stating all possible endpoint modifications study
designers should ensure that all possible choices are appropriate for the objective of the study
(e.g., adl possible primary endpointsin an A&WC study are clinical efficacy endpoints). This
adaptive design approach is an aternative to afixed design with two (or more) primary
endpoints and appropriate multiplicity adjustment. Study planners should ensure the adaptive
design provides advantages over the fixed design before adopting it.

A general concern with endpoint modification involves the quality of the data on each endpoint.
For example, knowledge of which endpoint has been designated the primary endpoint and/or the
chief secondary endpoint could influence the study conduct at some sites in the evaluations for
endpoints (or endpoint event components) designated less important (i.e., as only backup
endpoints) and lead to lower quality data than for those initially designated most important. An
interim analysis that includes these lower quality endpoint data can result in misleading effect-
size comparisons between endpoints and a counterproductive change in the endpoint. Sponsors
conducting an endpoint-adaptive study should be particularly alert to ensuring that the data on
each endpoint are collected in a uniform manner with good quality, both before and after the
interim analysis and design modification.

F. Adaptation of Multiple-Study Design Featuresin a Single Study

In theory, adaptive design methods allow more than one design feature to be modified during a
study. The study design should prospectively account for the multiple adaptations and maintain
control of the study-wide Type | error rate. An adaptive design study could include interim
analyses for any of anumber of adaptations, such as modification of treatment dose, efficacy
endpoint, patient subset, study duration, or study sample size. These revisions could be made at
one time or divided across several times during a study.

When multiple adaptations are planned within a single study, the study will become increasingly
complex and difficult to plan, with increased difficulty in interpreting the study result. In
addition, if there are interactions between the changes in study features, multiple adaptations can
be counterproductive and lead to failure of the study to meet its goals.

Because of these concerns, an A& WC study should limit the number of adaptations. Exploratory
studies may be better suited to circumstances when multiple adaptations are warranted.

G.  Adaptationsin Non-Inferiority Studies’

Non-inferiority studies rely on many of the same types of assumptionsin determining the study
design features that are used to design superiority-comparison studies. Accuracy of these
assumptions similarly affects whether the study is adequately powered to achieve the study
objective. When there is uncertainty in these assumptions, non-inferiority studies also have the
potential to be strengthened by interim analyses that examine the accuracy of some of these
assumptions and readjust the study size, if appropriate. A blinded interim analysis (e.g., of
overall event rate, variance, demographic features of the study population) can often be entirely

® A draft guidance is under development and will publish soon. When finalized, this guidance will provide
additional information on non-inferiority studies.
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sufficient to enable reconsideration of study sample size (see section V.B), and might pose fewer
difficulties and risks than methods that rely on an unblinded analysis.

When blinded interim analyses of non-inferiority studies are conducted, alarger sample size
might improve the statistical power to meet the prospective non-inferiority margin, and can also
increase the potential to demonstrate superiority of the test agent over the comparator in the case
wherethisistrue. If the superiority demonstration is also a (secondary) goal of the study
sponsor, but the extent of the superiority could not be estimated at the time of study design so
that the feasibility of the sample size was uncertain, an adaptive design to modify the study size
based on an unblinded interim analysis could be considered. The methods discussed previously
are suitable for this adaptive modification if the non-inferiority objective is met at the interim
analysis point, and may call for a statistical adjustment to control the Type | error rate for the
superiority comparison.

Many design features of a non-inferiority study may not be suitable for adaptation. Chief
among these features is the non-inferiority margin. The non-inferiority margin should be
carefully determined during study design, is based largely on historical evidence that does not
change, and should not be part of a modification plan for astudy. The patient population
enrolled in the study may aso be difficult to change. The non-inferiority margin is based on
historical studies that had enrolled patients meeting specified criteria, and may apply only to a
study population that is similar in important characteristics. Changing the enrolled patient
population (e.g., to increase the rate of enrollment) to a population substantially different from
that enrolled in the historical studies may compromise the validity of the non-inferiority
comparison. Similarly, adequate historical data on which to base a non-inferiority marginis
often available for only one endpoint, so that endpoint selection cannot be adaptively modified in
the study.

VII. STATISTICAL CONSIDERATIONSFOR LESSWELL-UNDERSTOOD
ADAPTIVE DESIGN METHODS

This section deals with statistical considerations for an adaptive design study that incorporates
the more complex approaches described in section VI and that isintended to be an A& WC trial.
This section discusses the concern for statistical bias as defined in the ICH E9 guidance. The
primary statistical concern of an A& WC study isto control the overall study-wide Type error
rate for al hypotheses tested. This rate can increase in adaptive design studies because of
multiplicity related to the multiple adaptation options (and the associated multiple potential
hypotheses) or by using biased estimates of the treatment effect. Another concern isavoiding
inflation of the Type Il error rate (i.e., increased chances of failing to demonstrate a treatment
effect when one exists) for the important hypotheses of the study.

A. Controlling Study-wide Type | Error Rate

The Type | error rate for the entire study may be increased if inadequate adjustment is made for
the many possible choices for adaptation and the many opportunities to demonstrate nominally
statistically significant differences. At each stage of interim analysis and adaptation, there can be
opportunities for early rejection of some of the several null hypotheses being tested, the
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possibility of increasing sample sizes, or the selection of the final hypothesis from among several
initial hypothesis options. These many choices based on unblinded analyses represent
multiplicity that may inflate the Type | error rate that needsto be controlled in A& WC studies.

Avoiding problems with study interpretation and controlling the Type | error rate for all involved
hypotheses is best accomplished by prospectively specifying and including in the SAP all
possible adaptations that may be considered during the course of thetrial. Determining the
appropriate statistical correction by taking into account the relative amount of data available at
the time of the interim analysis, as well as correlation of the multiple endpoints, is challenging
and should be addressed at the protocol design stage. Under some limited circumstances,
adaptations not envisioned at the time of protocol design may be feasible, but ensuring control of
the Type | error rate remains critical. The flexibility to apply such late changes should be
reserved for situations where the changeis limited in scope and is particularly important, and
should not to be proposed repeatedly during a study.

Statistical bias can be introduced into adaptive design studies that make modifications based on
interim analyses of a biomarker or an intermediate clinical endpoint thought to be related to the
study final endpoint, even though the final study analysis uses aclinical efficacy endpoint. This
is because of the correlation between the biomarker and final study endpoint. This potential
source of bias should be considered and addressed when the protocol is designed, including
appropriate control of the Type | error rate.

One type of adaptation based on an unblinded interim analysis of treatment effectsis an increase
in the study sample size to maintain study power when the observed effect size is smaller than
that initially planned in the protocol. When a statistical biasin the estimate of treatment effect
exists, an increase in the sample size does not eliminate the bias. Instead, if flawsin the design
(or conduct) of a study introduce a small bias, the increase in sample size can result in the bias
increasing the Type | error rate more than would occur without the sample size increase. Thus,
the impact of small biases can be magnified when sample size increases are enabled.

B. Statistical Biasin Estimates of Treatment Effect Associated with Study Design
Adaptations

Estimates of the treatment effect are used to make decisions at each stage of an adaptive design
study. Because these estimates can be based on arelatively small amount of data, they can be
very variable or unstable. The effect estimates for the selected adaptations have the potential to
overstate the true effect size because the adaptive choice is usually selected based on the largest
of the observed interim treatment effects among the design choice options, which can reflect an
unusual distribution of patient observations (often called random highsin group sequential
designs). This could aso lead to selecting awrong adaptation choice and thus miss detecting a
true treatment effect (i.e., lead to a Type Il error).

In an adaptive design study, the overall treatment effect is obtained by combining in some
manner the treatment effect observed in each stage, and this overall effect estimate should be
used for hypothesistesting. How the combining of each stage’ s data is accomplished can affect
the validity of the overall treatment-effect estimate. Of particular concern are situations in which
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the estimates of the treatment effect obtained before and after the design modification differ
substantially. Inconsistent treatment effect estimates among the stages of the study can make the
overall treatment effect estimate difficult to interpret. The estimate of treatment effect(s) for an
adaptive design A& WC study should be critically assessed at the completion of the study.

C. Potential for Increased Typell Error Rate

Adaptive design trials should be planned not only to control the Type | error rate for all involved
hypotheses, but also to avoid increasing the chance of failing to demonstrate a treatment effect
when one exists (the Type Il error rate). Type Il errors may occur because of suboptimal
adaptive selection of design modifications or because of insufficient power to detect areal
treatment effect on an endpoint. In general, one of the postulated benefits of adaptive designsis
the potential to improve the power of the study to demonstrate a treatment effect through sample
size increases or other design modifications. Adaptive design methods, however, also have the
potential to inflate the Type Il error rate for one or more hypotheses. An example of thisisa
study that begins with multiple doses (or populations or other study features) and that early in the
study is adaptively modified to eliminate all but one or two doses to be continued to the study’s
end. Thisstudy risks failing to demonstrate treatment effects by making erroneous choi ces based
on interim results that are very variable because of the limited amount of early study data. If this
risk is not considered by study planners, an apparently efficient adaptive design study can
mislead the drug development program and result in program failure, when it might have
succeeded had there been better adaptation choices made. Another example is stopping for
futility reasons where aliberal futility stopping criterion may substantially increase the Type 11
error rate.

D. Roleof Clinical Trial Simulation in Adaptive Design Planning and Evaluation

Many of the less well-understood and complex adaptive designs involve several adaptation
decision points and many potential adaptations. For study designs that have multiple factors to
be simultaneously considered in the adaptive process, it is difficult to assess design performance
characteristics and guide sample size planning or optimal design choices because these
characteristics might depend upon the adaptations that actually occur. In these cases, trial
simulations performed before conducting the study can help evaluate the multiple-trial design
options and the clinical scenarios that might occur when the study is actually conducted, and can
be an important planning tool in assessing the statistical properties of atrial design and the
inferential statistics used in the data analysis. Section | X provides guidance for the format and
content for reporting of clinical trial simulation studies to be included in the adaptive design
protocol and the SAP.

In general, clinical trial simulations rely on a statistical model of recognized important design
features and other factors, including the posited rate of occurrence of clinical events or endpoint
distribution, the variability of these factors among patient subsets, postul ated relationships
between outcomes and prognostic factors, correlation among endpoints, the time course of
endpoint occurrence or disease progression, and the postul ated patient withdrawal or dropout
patterns, among others. More complex disease models or drug models might attempt to account
for changing doses, changing exposure duration, or variability in bioavailability. The multiple
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ways to adapt and the multiple ways to declare a study as positive can be simulated as part of
study planning.

Some modeling and simulation strategies lend themselves to a Bayesian approach that might be
useful. The Bayesian framework provides away to posit models (i.e., priors) for the study
design and the adaptive choices as they might probabilistically occur, and may aid in evaluating
the impact of different assumed distributions for the parameters of the model and modeled
sources of uncertainty. The Bayesian approach can be a useful planning tool at the study design
stage to accommodate a range of plausible scenarios. Using Bayesian predictive probability,
which depends upon probabilities of outcomes conditional on what has been observed up to an
interim point in the adaptive study, may aid in deciding which adaptation should be selected,
while the study design is still able to maintain statistical control of the Type | error ratein the
frequentist design.

Trial simulations can also be helpful in comparing the performance characteristics among several
competing designs under different scenarios (e.g., assumptions about drug effect such asthe
shape and location of the dose-response relationship, the magnitude of the response, differing
responses in subgroups, the distribution of the subgroups in the enrolled population, the clinical
course of the comparison group (usually the placebo group), and study dropout rate and pattern).
The simulations will alow between-design comparisons of the probability of success of the trial
for the objective (e.g., to lead to correct dose selection, to identify aresponse above a specific
threshold, to identify the correct subgroup), and comparisons of the potential size of biasin the
treatment-effect estimates. For drug development programs where thereis little prior experience
with the product, drug class, patient population, or other critical characteristics, clinical tria
simulations can be performed with a range of potential values for relevant parameters
encompassing the uncertainty in current knowledge.

In general, every adaptation may create a new hypothesis whose Type | error rate should be
controlled. There have been suggestions that because of the complexity resulting from multiple
adaptations and the difficulty in forming an analytical evaluation, modeling and simulation
provide a solution for demonstrating control of the Type | error rate for these multiple
hypotheses. Using simulations to demonstrate control of the Type | error rate, however, is
controversial and not fully understood.

E. Role of the Prospective Statistical Analysis Plan in Adaptive Design Studies

The importance of prospective specification of study design and analysisis well recognized for
conventional study designs, but it is of even greater importance for many of the types of adaptive
designs discussed in sectionsV and V1, particularly where unblinded interim analyses are
planned. Asageneral practice, it is best that adaptive design studies have a SAP that is
developed by the time the protocol isfinalized. The SAP should specify all the changes
prospectively planned and included in the protocol, describe the statistical methods to implement
the adaptations, describe how the analysis of the data from each adaptive stage will be
incorporated into the overall study results, and include the justification for the method of control
of the Type | error rate and the approach to appropriately estimating treatment effects. The SAP
for an adaptive tria islikely to be more detailed and complex than for a non-adaptive trial.
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Any design or analysis modification proposed after any unblinded interim analysisraises a
concern that access to the unblinded data used in the adaptations may have influenced the
decision to implement the specific change selected and thereby raises questions about the study
integrity. Therefore, such modifications are generally discouraged. Nonetheless, circumstances
can occur that call for the SAP to be updated or for some other flexibility for an unanticipated
adaptation. The later in the study these changes or updates are made, the more a concern will
arise about the revision’simpact. Generaly, the justifiable reasons to do so are related to failure
of the data to satisfy the statistical assumptions regarding the data (e.g., distribution,
proportionality, fit of datato a model).

In general, it is best that any SAP updates occur before any unblinded analyses are performed,
and that there is uneguivocal assurance that the blinding of the personnel determining the
modification has not been compromised. A blinded steering committee can make such protocol
and SAP changes, as suggested in the ICH E9 guidance and in the DM C guidance, but adaptive
designs open the possibility of unintended sharing of unblinded data after the first interim
analysis. Any design or analysis modifications made after an unblinded analysis, especialy late
in the study, may be problematic and should be accompanied by a clear, detailed description of
the datafirewall between the personnel with access to the unblinded analyses and those
personnel making the SAP changes, along with documentation of adherence to these plans.
Formal amendments to the protocol and SAP need to be made at the time of such changes (see
21 CFR 312.30).

VIII. SAFETY CONSIDERATIONSIN ADAPTIVE DESIGN TRIALS

A. Safety of Patientsin Adaptive Design Dose Escalation Studies Early in Drug
Development

Studies designed with sequential cohorts of subjects that plan to escalate the dose for each
successive cohort are acommon design in first-in-human and other early drug development
safety studies, and are aform of adaptive design studies. A concern regarding subject safety may
arise in some of these studies. In traditional dose escalation studies, results from each fixed-size
cohort determine the dose for the subsequent cohort based on planned rules (e.g., escalate the
dose, repeat the same dose, or repeat the adjacent lower dose). Such studies commonly start at a
dose well below a dose with observed animal toxicity, and it isintended that each cohort provide
reasonabl e confidence regarding the safety of a dose level before the study proceeds to the next
higher dose level. A common occurrence is that the lowest dose (or several of the lowest doses)
have little to no effect and are not studied further in drug development. Thistraditional designis
intended to provide safety for subjectsin the study when the drug’ s safety profile is not known,
but it is not intended to reach higher doses rapidly.

Some newer adaptive design algorithms permit a change in dose level after each patient is treated
based on the accumulated responses of previously enrolled subjects. These algorithms lead to
more dose-level changes, both increases and decreases of the dose, as the algorithm selects an
exposure for each subject to the dose that will contribute the greatest amount of information
towards the ultimate conclusion. By permitting escalation after each individual subject if that
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subject did not have an unacceptabl e adverse response, it is possible to reach the middie or
higher end of the dose-response curve with fewer subjects at each of the prior levels. Thisdesign
emphasizes completing the study more rapidly than the traditional sequential fixed-size cohort
design. Wherethereislittle to no prior safety experience with adrug (or related drugs) and the
known or hypothetical adverse effects can be serious, however, an adaptive study aggressively
designed for most rapidly reaching a decision on the highest tolerable dose might be
inappropriate. Study designsthat call for a specified minimum number of subjects at a dose
level prior to escalation, or designs that allow for smaller cohorts when physiologic activity
markers do not show aresponse, can be appropriate in some circumstances.

Sponsors should explore the features of different study designs with regard to the balance of
efficiency (study size) and subject safety. Study simulations with multiple combinations of
escalation criteria, dose-step size, and hypothetical-assumed relationships of exposure to severity
and frequency of adverse events may be useful in evaluating different designs. These
simulations can assist in assessing the risks and selecting a design that offers improved efficiency
without increasing risk excessively. Depending on the rapidity of dose escalation in the design,
it may be important to submit these simulations and analyses to FDA when the selected design is
submitted.

B. Earlier Design and Conduct of Adequate and Well-Controlled Studieswith M ajor
Expansion in the Number of Treatment-Exposed Subjects

In drug devel opment programs, the safety-related data of each completed study are commonly
examined before finalizing the design and starting the subsequent study. This opportunity is
often not available in conventiona development programs when the A& WC studies are initiated
with little delay between them, so one study is not completed before the next isinitiated.
Development programs using adaptive design methods are sometimes intended to condense the
development program into fewer fully independent studies, with more rapid advancement from
small early studiesinto the large A& WC studies. This approach may lead to having only a
limited amount of safety data available at the time that alarge adaptive study is being planned
that will entail agreat increase in the number of patients exposed to the drug. This circumstance
isin contrast to a typical non-adaptive development program where alarge A& WC study would
be preceded by shorter, moderate sized exploratory studies and the safety data analyzed and
considered to inform design of the larger study.

There are advantages to the usual sequential approach that should be considered in selecting a
study design. If thereisasignificant adverse effect that isinadequately understood or
unrecognized because of the limited safety data of the very early studies, evaluating the data
from a moderate-sized study might indicate that effect and lead to design changes to the large
A&WC study to improve safety for patients within the A& WC study. Although it isimportant
to monitor for serious adverse effectsin any large clinical study, the adaptive design study that is
initiated when there is only limited prior patient safety experience has greater uncertainty
regarding the potential drug-associated risks, and thus patient safety protection may call for more
frequent and/or extensive patient assessment for safety parameters during the study (or at |east
the earlier portion of it). Increasing the safety data monitoring may not fully resolve this
concern, and it may be important to take other steps, such as enrolling limited numbers of
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patients until sufficient safety data are accumulated and examined to support expansion of the
study to larger numbers of patients being enrolled more rapidly.

Another safety-related concern relates to the adequacy of the safety database attained in the
overall development program. A safety concern that becomes recognized in the data of a
moderate-sized study can lead to planning for better evaluation in the A& WC study designed
subsequently. The more comprehensive evaluation thus obtained may be necessary to ensure an
adequate safety assessment for regulatory review. An adaptive design development program that
eliminates the independent mid-sized study and initiates the large adaptive A& WC study before
recognizing the safety issue will not have included such additional safety assessments. 1t may
then be necessary to carry out further safety studies, leading in the end to aless efficient drug
development program rather than the more efficient program that was sought.

I X. CONTENT OF AN ADAPTIVE DESIGN PROTOCOL
A. A& WC Adaptive Design Studies

Although FDA’s ICH E3 guidance on Structure and Content of Clinical Study Reports (ICH E3
guidance)’ describes the documentation that should be included in the protocol of an A& WC
study, the added complexities introduced by adaptive design methods usually call for more
detailed documentation, especially for the less-familiar adaptive design methods where
significant design modifications are planned based on unblinded interim analyses.

When FDA is asked to evaluate an adaptive design study (see also section X), the processis
more challenging because of the complex decision criteria and processes inherent in some of
these designs. The protocol and supporting documentation should contain all the information
critical to allow athorough FDA evaluation of the planned study. This documentation should
include the rationale for the design, justification of design features, evaluation of the
performance characteristics of the selected design (particularly less well-understood features),
and plans to assure study integrity when unblinded analyses are involved. Documentation of the
rules of operation of the DMC (or other involved groups) should usually be more extensive than
for conventional studies, and should include a description of the responsibilities of each entity
involved in the process.

B. Adequate Documentation in a Protocol for an Adaptive Design Study

FDA review of acomplex adaptive design protocol cannot be carried out without an adequately
detailed protocol, SAP, and supportive information. Protocols for adaptive design studies
intended to be A& WC should include a detailed description of all of the important design and
decision features of the proposed trial, such as the study’ s planned endpoints, design, criteriafor
success, hypotheses to be tested, conduct procedures, data management and quality control. The
SAP isanimportant part of that documentation because it states in detail the prospective
hypotheses and statistical methods of analysis. The documentation for an adaptive design
A&WC study should include the following:

" Available on the Internet at http://www.fda.gov/Drugs/GuidanceComplianceReqgul atory| nformation/Guidances/
default.
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A summary of the relevant information about the drug product, including what is known at
the present stage of development about the drug from other studies, and why an adaptive
study design, in contrast to a non-adaptive design, has been chosen in this situation. The role
of the chosen adaptive study design in the overall development strategy should also be
discussed.

A complete description of all the objectives and design features of the adaptive design,
including each of the possible adaptations envisioned, the assumptions made in the study
design with regard to these adaptations, the statistical analytical approaches to be used and/or
evaluated, the clinical outcomes and quantitative decision models for assessing the outcomes,
the relevant calculations that describe treatment effects, and the quantitative justifications for
the conclusions reached in planning the trial.

A summary of each adaptation and itsimpact upon critical statistical issues such as
hypotheses tested, Type | errors, power for each of the hypotheses, parameter estimates and
confidence intervals, sample size. In general, the study design should be planned in a
frequentist framework to control the overall study Type| error rate. A Bayesian framework
that incorporates uncertainty into planning parameters in a quantitative manner (i.e., prior
distributions on parameters) can also be useful for planning purposes to evaluate model
assumptions and decision criteria. If models are used to characterize the event rates, disease
progression, multiplicity of outcomes, or patient withdrawal rates, these models should be
summarized clearly to alow evaluation of their underlying assumptions. Summary tables and
figures should be included that incorporate all the important quantitative characteristics and
metrics that inform about the adaptive design.

Computer simulations intended to characterize and quantify the level of statistical uncertainty
in each adaptation and itsimpact on the Type | error, study power (conditional,
unconditional) or bias (in hypothesis testing and estimates of the treatment effect). The
simulations should consider the impact of changes in a single design feature (e.g., the number
of dose groups to be dropped), as well as the combination of all proposed adaptive features.

The computer programs used in the simulations should be included in the documentation, as
should graphical flowcharts depicting the different adaptive pathways that might occur, the
probabilities of their occurrence, and the various choices for combining information from the
choices. For example, the following quantitative models can be used to reflect various study
features considered in evaluating the stages of an adaptive design and the impact of
combining information from each of the stages:

—Models for study endpoints or outcomes.

— Modelsfor the withdrawal or dropout of subjects (e.g., for lack of compliance, toxicity,
or lack of benefit).

— Models of the procedure for selecting among multiple study endpoints (e.g., selection
of the types of eventsincluded in a composite endpoint).
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For each design evaluated with simulations, the documentation should clearly describe the
following:

— A ligting of all branching options possible at each stage of adaptation along with the
chances of selection of each option.

— Various design features and assumptions.
o Event rate background
o Entrance criteria and event rate association with such criteria
o Subgroup differences or heterogeneity in response

— Procedure for combining data on treatment effects from different stages of the study,
including any weightings.

— Statistical methods for estimation of treatment effects at each study stage, and at final
study completion along with the statistical bias in the estimate.

— Statistical calculations of the Type | error properties of the design at each study stage
and at final study completion, and the calculations of study power.

Full detail of the analytic derivations, if appropriate. For some adaptations, statistical
calculations of the Type | error and/or statistical bias in treatment-effect estimates can be
performed analytically without using simulations. If the analytic approaches are based on
published literature, the portions of the analytic approaches specifically relevant to the
adaptive design employed should be provided in detail.

The composition, written charter, and operating procedures for the personnel assigned
responsibility for carrying out the interim analyses, adaptation selection, and any other forms
of study monitoring. Thisinformation should include all the written agreements that the
sponsor has in place and written assurances from the involved parties for the protection of
information that should not be shared outside of the limited team with access to the
unblinded data. A description of whether a sponsor-involved statistician will perform the
unblinded analysis and/or whether sponsor-involved personnel (e.g., sponsor employees or
contract research organization (CRO) staff) will make recommendations for the adaptation
should be included. A well-trusted firewall established for trial conduct beyond those
established for conventional group sequential clinical trials can help provide assurance that
statistical and operational biases have not been introduced.

INTERACTIONSWITH FDA WHEN PLANNING AND CONDUCTING AN
ADAPTIVE DESIGN

The purpose and nature of the interactions between a study sponsor and FDA varies with the
study’ s location (stage) within the drug development program. The increased complexity of
some adaptive design studies and uncertainties regarding their performance characteristics may
warrant earlier and more extensive interactions than usual. This section discusses general
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principles on interactions between sponsors and FDA with regard to the use of adaptive designs
in adevelopment program.

A. Early and Middle Period of Drug Development

FDA’sreview of an exploratory study protocol is usually focused upon the safety of the study
participants, and does not typically scrutinize the protocol as closely for design elements related
to assessment of pharmacologic activity, efficacy, and strength of inferences. Asresources
allow, however, FDA might review exploratory protocols to consider the relevance of the
information being gathered to guide the design of later studies (e.g., do the doses being examined
seem reasonable for early efficacy evaluations; are the endpoints or biomarkers being examined
reasonable for the stage of drug development).

Review comments from the FDA on the adaptive design features in exploratory protocols will
generaly belessformal than for late stage drug development studies. Sponsors who have
specific questions about the adaptive design el ements in an exploratory study should seek FDA
feedback either by identifying the specific issues, questions, and the requested feedback in the
submission containing the protocol, or by requesting a meeting to discuss specific questions.
Discussion of the plans for an adaptive design study can be the basis for requesting a Type C
meeting. FDA'’s ability to address such requests for studies in early phases of drug development,
however, may be limited and will depend on competing workload priorities and on the
particulars of the drug and use under development. Innovative therapeutics for an area of unmet
medical need are likely to garner more review attention than other products FDA believes do not
fall into this category.

B. L ate Stages of Drug Development

FDA hasamore extensiverolein ng the design of studies that contribute to substantial
evidence of effectiveness. FDA’sreview focusin later stages of drug development continues to
include safety of study subjects, but also includes assuring that studies performed at this stage
contain plans for assessment of safety and efficacy that will result in data of sufficient quality
and quantity to inform aregulatory decision. Regulatory mechanisms for obtaining formal,
substantive, feedback from FDA on design of the later stage trials and their place in the drug
development program are well established (e.g., the End-of-Phase 2 (EOP2) meeting and
Special Protocol Assessments (SPA)).

Depending on the preexisting breadth and depth of information regarding the drug, its specific
use, and the nature of the adaptive features, an EOP2 meeting may be the appropriate place in
development for initial discussion of an adaptive design A&WC study. However, if thereis only
limited knowledge of certain critical aspects of the drug’s use before conducting the adaptive
study, and the study is intended to obtain such knowledge using the study’ s adaptive features
(particularly less well-understood methods), discussion with FDA earlier than usual is advisable
(e.g., at aType C or End-of-Phase 2A meeting). An early meeting for A& WC study protocols
with complex adaptive features allows time to carefully consider the plan and to revise and
reevaluate it as appropriate, without slowing the clinical development program. This early
discussion should specifically address the adaptive methodology in general and the suitability of
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the selected approach to achieve the study’ s goals. This early, focused adaptive design
discussion may not eliminate the value of a subsequent EOP2 meeting.

FDA’sreview of proposed A& WC studies in adrug development program includes considering
whether the totality of the existing information combined with the expected information from the
proposed studies will likely be adequate to enable areview of a marketing application for
approval. Thisanalysisis often enhanced by an EOP2 meeting that includes assessing the
adequacy of plans for evaluating the drug’s dose-response, treatment-regimen selection, choice
of patient population, and other important aspects of the therapy’suse. It isimportant to
recognize that use of less well-understood adaptive methods may limit FDA’s ability to offer
such an assessment. FDA may be unable to assess in advance whether the adaptively selected
aspects of drug use (e.g., dose, regimen, population) will be sufficiently justified by the study
results. Asusual, FDA will review and comment to the extent possible on aspects of the drug’'s
use that the sponsor considers well defined, as well as non-adaptive aspects of the study.

As previoudly discussed, FDA will generally not be involved in examining the interim data used
for the adaptive decision-making and will not provide comments on the adaptive decisions while
the study isongoing. FDA’s review and acceptance at the protocol design stage of the
methodology for the adaptation process does not imply its advance concurrence that the
adaptively selected choices will be the optimal choices. For example, if for feasibility of design,
the adaptive selection of dose is based on one aspect of adrug’s effect, but the optimal choice
depends on the interplay between two aspects of drug effect, the data resulting from the study
will be evaluated to judge whether adequate dose selection has been made.

C. Special Protocol Assessments

Special protocol assessments (SPA) entail timelines (45-day responses) and commitments that
may not be best suited for adaptive design studies. The full review and assessment of a study
using less well-understood adaptive design methods can be complex, will involve a
multidisciplinary evaluation team, and might involve extended discussions among individuals
within different FDA offices before reaching a conclusion. If there has been little or no prior
discussion between FDA and the study sponsor regarding the proposed study and its adaptive
design features, other information requests following initial FDA evaluation are likely and full
completion of study assessment within the SPA 45-day time frame isunlikely. Sponsors are
therefore encouraged to have thorough discussions with FDA (as noted in section X.B above)
regarding the study design and the study’ s place within the development program before
considering submitting an SPA request.

Even when adequate advance discussion has occurred, the nature of afull protocol assessment of
an adaptive design study may not be the same as for an SPA request for a conventional study, as
one or more critical final decisions regarding study design are made after the study has started.
FDA cannot realistically commit to accepting aspects of study design yet to be determined.
Thus, athough an adaptive design SPA request that had been preceded by adequate advance
discussion, enabling a complete protocol review, the FDA response may have certain limitations
that an SPA regarding a non-adaptive study would not require.
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Xl.  DOCUMENTATION AND PRACTICESTO PROTECT STUDY BLINDING AND
INFORMATION SHARING FOR ADAPTIVE DESIGNS

Protecting study blinding isimportant in al clinical trias, but in the case of an adaptive design
study, where the design is modified after examination of unblinded interim data, protecting study
blinding is particularly important to avoid the introduction of biasin the study conduct and to
maintain confidence in the validity of the study’s result.

In addition to the full documentation required for a study protocol (21 CFR 312.23(a)), there
should be comprehensive and prospective, written standard operating procedures (SOPs) that
define who will implement the interim analysis and adaptation plan, and all monitoring and
related procedures for accomplishing the implementation, providing for the strict control of
access to unblinded data (see the DM C guidance). SOPs for an adaptive design study with an
unblinded interim analysis are likely to be more complex than SOPs for non-adaptive studies to
ensure that there is no possibility of biasintroduction. Thiswritten documentation should
include (1) identification of the personnel who will perform the interim analyses, and who will
have access to the interim results, (2) how that access will be controlled and verified, and how
the interim analyses will be performed, including how any potential irregularitiesin the data
(e.g., withdrawals, missing values) will be managed, and (3) how adaptation decisions will be
made. Other issues that should be addressed in these SOPs are (1) whether there are any
foreseeabl e impediments to complying with the SOPs, (2) how compliance with the SOPs will be
documented and monitored, and (3) what information, under what circumstances, is permitted to
be passed from the DMC to the sponsor or investigators. It islikely that the measures defined by
the SOPs will be related to the type of adaptation and the potential for impairing study integrity.

In general, a person or group that is independent of the personnel involved with conducting or
potentially modifying (e.g., a steering committee) the study should be used for the review of an
interim analysis of unblinded data and adaptive decision-making. This process should be based
on the study management structure set in place by the study sponsor, steering committee, or
other group responsible for the study, and in accordance with the well-specified adaptation plans.
Thisrole could be assigned to an independent DMC when aDMC is established for other study
monitoring purposes. DMCstypically will be provided certain kinds of information, of which
some might be unblinded analyses, and procedures are usually in place to ensure that this
information does not become available outside of the committee. Alternatively, aDMC might be
delegated only the more standard roles (e.g., ongoing assessment of critical safety information)
and a separate adaptation committee used to examine the interim analysis and make adaptation
recommendations. In either case, the specific duties and procedures of the committees should

be fully and prospectively documented.

The planned operating procedures should call for written minutes of all committee meetings that
describe what was reviewed, discussed, and decided. Sponsors should plan for procedures to
maintain these records in a secure manner with restricted access to enable post-study review of
adherence to the prospective process. For the same purpose, the actual interim analysis results
and a snapshot of the databases used for that interim analysis and adaptation decision should also
be retained in a secure manner.
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In recent years there has been greatly increased use of contract research organizations (CRO) for
many tasks previously performed by direct employees of the study sponsor. In particular, this
has included assigning to CROs the task of performing the interim analysis and making study
decisions based on the interim results. Many CROs do not have long histories of carrying out
these responsibilities. Study sponsors should have assurance that the personnel performing these
roles have appropriate expertise, and that there are clear and adequate written SOPs to ensure
compliance with the precautions needed to maintain study integrity. The CRO should be able to
maintain confidentiality of the information examined in the interim analysis and it should
establish that it has the ability to do so. A failure either to make the appropriate decisions as
directed in the prospective SAP or to maintain confidentiality of the interim results might have
an adverse impact on the interpretation of the study results. The processes established, aswell as
how they were performed, should be well documented in the final study report. The ability for
FDA to verify compliance, potentially by on-site auditing, may be critical.

X1l. EVALUATING AND REPORTING A COMPLETED STUDY

Sponsors often seek to communicate to FDA the results of a completed adaptive design study
before undertaking a subsequent study within an investigational new drug application (IND).
Marketing applications should always include study reports for completed studies. To allow
FDA to thoroughly review the results of adaptive design studies, complete and detailed
documentation should be supplied in addition to the detailed information for the prospective
FDA review of the protocol. All prospective plans and planning support information, detailed
description of the study conduct in all aspects, and comprehensive analysis of results should be
included in a marketing application submission. More limited information (e.g., reports without
the database copies, less-detailed information on other aspects) may be sufficient for study
summaries provided to FDA during the course of development to support ongoing discussions
within the IND.

In addition to the guidance provided by the ICH E3 guidance regarding the format and content of
aclinical study report, there are some unique features to reporting the conduct and analysis of an
adaptive design study to FDA. Information submitted regarding the prospective plans should be
complete. Thisinformation should include the study protocol and study procedure documents,
including DMC or other committee charters. The submission should also include the supportive
information that was devel oped to assist the sponsor in the prospective planning and FDA in the
prospective review of the study. Thisinformation can include the rationale for using an adaptive
design, the role of the study within the overall drug development program, and the simulations
and other statistical evaluations performed prospectively. Submissions should include copies of
published articles critical to assessing the methodology.
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Compl ete information describing the study conduct should include the following:

e information on compliance with the planned adaptive process and procedures for
maintaining study integrity

e description of the processes and procedures actually carried out when there were any
deviations from those planned,

e records of the deliberations and participants in the internal discussions by any committees
(e.g., DMC meeting minutes, steering or executive committee meeting minutes) involved
in the adaptive process,

e results of the interim analysis used for the adaptation decisions (including estimates of
treatment effects, uncertainty of the estimates, and hypothesis tests at that time),

e assessment of adequacy of any firewalls established to limit dissemination of information

Sponsors should consider using a diagrammatic display of the course of the study, illustrating the
adaptive plan and the actual decisions made at each juncture. A copy of the study databases that
were used for the interim analyses and adaptation decisions should be maintained in a data-
locked manner and also submitted. If there were multiple stages for adaptation with multiple
interim analyses, each stage should be fully represented in the report, both as cumulative
information and as information acquired during each stage separately. It isimportant to include
all of thisinformation for FDA evaluation of the study conduct, analysis, and interpretation.

The analysis of study final results should be complete and should adhere to the prospective
analytic plan. Any deviations from the prospective plan should be detailed and discussed, and
the sponsor should assess any potential bias in the results these deviations might have
introduced. It may be important to include relevant exploratory analyses of the study datain this
assessment.

Exploration of the study data should include examining the consistency of treatment effects and
other relevant results between study stages. Statistical tests for differencesin treatment-effect
estimates between stages of the trial will generally have poor statistical power and are not by
themselves a sufficient approach to thisissue. Comparability between patients recruited before
and after the adaptation can be examined, for instance, by baseline characteristics aswell as
clinical outcome. If these evaluations suggest a potential shift in population, outcome, or other
parameters, more detailed evaluation will be warranted.
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