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Introduction
The CADTH Guidelines for the Economic Evaluation of Health Technologies: Canada
1
provides guidance on conducting economic evaluations in Canada. In 2014, CADTH began
updating this document and identified several technical areas in which additional information
would assist in the update. CADTH commissioned work from experts in the field to produce
a series of technical reports, one of which focused on adaptive trial designs (ATDs). This
report is based on some of the information provided in a draft technical report outlining some
2
common forms of adaptive design. This report is not intended to be used as a guidance
document on how adaptive or novel clinical trials should be designed or conducted.
In recent years, there has been increasing interest in incorporating novel methodological
features into confirmatory clinical trials, including methods that fall under the category of
ATDs. An ATD is broadly defined as a trial in which an alteration in the clinical trial’s
procedures or statistical analysis can be implemented, on the basis of interim analysis, once
3
the trial has been initiated. Adaptations can be incorporated into different types of clinical
trial designs and at any stage, from the early learning or exploratory phase to late
confirmatory phases. Adaptations frequently involve alterations to the sample size, the
randomization procedures, or the inclusion criteria.
Adaptive features are appealing for several reasons. Depending on the specific adaptation,
the efficiency of the trial may be improved by reducing the sample size requirement or by
4
shortening the trial duration. Adaptive features also have the potential to make trials more
informative. For example, adaptive features can provide more detailed information on the
relationship between dose and response, or improve the ability to demonstrate a treatment
4
effect in a clinical trial if such an effect exists. However, there are concerns about the use of
adaptive features in clinical trials related to the potential for adaptations to bias estimates of
treatment effect and increase the risk of spurious findings if the statistical analysis does not
appropriately consider the impact of the adaptation on the type I error rate and adjust it
accordingly.
Other nonadaptive novel features of trial designs can also be employed for various reasons.
Enrichment strategies, for example, can be used to select a subset of the population in
5
which a treatment effect may be more readily demonstrated. Although this approach has
some advantages, limiting the inclusion to a specific subgroup can potentially affect the
generalizability of the estimated treatment effects to a more broadly defined population.
This report, Adaptive and Novel Trial Designs: An Overview of Key Methodologies and
Issues in Critical Appraisal, describes the major types of adaptive trials, highlights key novel
trial designs, and discusses their potential limitations from a clinical methodological
perspective. Where available, guidance from regulatory bodies (such as FDA) and the
viewpoint of the Pharmaceutical Research and Manufacturers of America (PhRMA) with
respect to adaptive and novel clinical trial designs will also be presented to supplement the
discussion of limitations and critical appraisal points. Implications that the features of ATDs
may have when applying the trial results to an economic model or evaluation are then
considered, as this report is intended to help inform the update to the CADTH Guidelines for
the Economic Evaluation of Health Technologies. As such, the focus of this report will be on
the adaptive designs used in confirmatory phase studies, including adaptive randomization,
adaptive enrichment, group sequential analysis, and sample size re-estimation. The
combined phase II and phase III seamless design will also be included, as the confirmatory
phase III portion is relevant as well.
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Definition of an Adaptive Trial Design
Currently, there is no clear consensus on the definition of an ATD. The PhRMA working
group proposed the following definition: “A clinical trial design that uses accumulating
data to decide how to modify aspects of the study as it continues, without undermining the
6
validity and integrity of the trial.” The working group also specified that “changes are made
by design, and not on an ad hoc basis; therefore, adaptation is a design feature aimed to
6
enhance the trial, not a remedy for inadequate planning.”
European Medicines Agency (EMA) defines a study as ‘adaptive’ if the “statistical
methodology allows modification of a design element (for example, sample size,
randomization ratio, number of treatment arms) and an interim analysis with full control of
7
the type I error.” The EMA further suggests that “adaptive designs should not be seen as
means to alleviate the burden of rigorous planning of a clinical trial. Instead, adaptive
designs would be best utilized as a tool for planning clinical trials in areas where it is
7
necessary to cope with difficult experimental situations. The EMA highlights two key
features of adaptive designs, one being the need to control the false-positive error rate, and
the other being the need to change a clinical trial to accommodate challenging experimental
issues. The definition emphasizes that such changes to a trial must be accounted for in the
planning stages (i.e., specified a priori) and must include statistical considerations to control
the false-positive (type I) error rate.

Potential Benefits and Risks of Adaptive Trial
Designs
It has been suggested that the flexibility of ATDs has the potential to improve trial efficiency,
providing clinical evidence in a shorter time or using fewer study resources (e.g., fewer
4
participants). Alternately, an early assessment of accumulating trial data may indicate that
the study is potentially underpowered to demonstrate the true differences between the
4
groups. An adaptation may allow for the study to be extended by permitting the enrolment
4
of additional participants, thereby increasing the sample size and statistical power.
While there are some potential benefits of ATDs, there are methodological considerations
that should be noted. Adaptations of a trial have the potential to compromise the trial’s
4
methodological validity and integrity and increase the risk of type I error (leading to the
conclusion that a difference exists, when it actually does not). Some ATDs also carry the risk
that the modifications will sufficiently change the trial so that it can no longer answer the
3,8
question it was originally intended to answer. Major adaptations can create variations in
data collection, shift the target population, and create inconsistencies in the statistical
9
analysis plan.

Types of Adaptive Trial Designs
Kairalla et al. (2012) categorized ATDs on the basis of study phase (learning, confirmatory,
or combined) as the adaptations used may be specific to the stage of research and
10
development (Figure 1).
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Figure 1: Categorization of Adaptive Trial Designs

GS = group sequential; SSR = sample size re-estimation.
Source: Reproduced from Kairalla JA, Coffey CS, Thomann MA, Muller KE. Adaptive trial designs: a review of barriers and opportunities. Trials. 2012;13:145.

Generally, ATDs are more common and accepted in the early learning phases of drug
development, as they assist with identifying promising therapies and appropriate dosage
4,10
ranges.
Adaptive dose-response studies, examining either efficacy or toxicity, fall into the
10
learning phase. Since phase I and II clinical studies were historically not typically
considered pivotal trials for regulatory approval, FDA has stated that exploratory studies
may be a more suitable setting for gaining experience with the less well-understood adaptive
4
designs. However, FDA also emphasizes that it is important to be aware that the inflation of
4
the type I error rate or biased estimates may occur with some adaptive designs. As such, it
is important to follow good principles of study design in exploratory trials given the risk of
adversely affecting the drug development program if decisions are made on the basis of
4
poorly designed studies. Unrecognized biased estimates or inflated type I error rates in
4
early phase trials can lead to poor decision-making in the design of later stage trials.
A combined or seamless phase is a study design in which phase I and II or phase II and
10
III trials are conducted sequentially under a single protocol using adaptive techniques.
These combined studies can potentially save time and reduce the number of participants
10
being exposed to therapies of unknown benefit and toxicity. In the case of a phase II/III
combined trial, both the learning and confirmatory data are collected and used in the
regulatory approval, and appropriate statistical techniques ensure that the type I error is not
10
compromised or the estimated treatment effect biased.
Adaptations in phase III studies, or confirmatory trials, are less commonly encountered than
in phase I or early phase II studies but have greater relevance to economic evaluation. As
such, phase III studies are the focus of this report. As phase III trials are used in regulatory
decisions, it is critical that phase III trials appropriately reflect the efficacy and safety of a
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therapy without increasing the risk of type I error. The types of adaptations that are used
in confirmatory trials include adaptive randomization, adaptive enrichment, group
sequential analysis, sample size re-estimation, and combinations of group sequential
10
analysis and sample size re-estimation.
Historically, regulatory authorities have been reluctant to incorporate trials conducted using
6
adaptive methods into their decision frameworks. However, over the past decade there has
been progress made toward incorporating adaptive trials into the regulatory process, and so
specific guidelines on appropriate procedures for conducting ATDs have been developed
4-7
both within the pharmaceutical industry and within the regulatory bodies. Some types of
adaptations in clinical trials are considered to be well understood and accepted by regulatory
agencies, such as FDA; others are considered to be “less well understood” (typically designs
for which there is relatively little regulatory experience and for which the magnitude of the
risk of bias, the size of the potential bias, and the means of eliminating bias are not yet well
4
established). When designed in accordance with FDA’s draft guidance, the trial designs of
enrichment, classic group sequential analysis, and sample size re-estimation can fall into
FDA’s “well understood” category; adaptive randomization would be considered “less well
understood,” which creates difficulty in interpreting results when a treatment effect is
4
demonstrated. The combined seamless phase II/III trial is also considered to be a “less well
4
understood” design.

Combined Phase II/III Trials
Combined or seamless adaptive trials incorporate study objectives into a single study that
9
would otherwise typically be addressed in separate clinical trials. An adaptive phase II/III
trial consists of an exploratory phase or learning phase (which is the phase II component)
followed by a confirmatory phase of the trial (which is the phase III component). In the final
analysis, data from both phases may be combined. This process is referred to as a
9
“seamless design.” Investigators may choose to analyze the data from each phase
separately; in that case, the design is referred to as “operationally seamless” and the
advantage gained is simply one of time savings. “Inferentially seamless” designs use data
11
from participants enrolled before and participants enrolled after the adaptation. In its most
common form, the combined phase II/III trial randomizes participants to a control group and
several dosage groups in the exploratory phase II stage, one or more of which (along with
the control group) would continue into the confirmatory phase III stage of the trial (the
6
unsuccessful dosage groups are dropped). Data are combined from the exploratory phase
II stage and the confirmatory phase III stage using statistical methods that control the type I
11,12
error rate, adjust confidence intervals, and provide reasonable point estimates.
These
adjustments are necessary given that multiple statistical testing occurs for the primary end
point: first with the phase II data alone and then with the combined phase II and phase III
data. Further, early stopping of some groups (the unsuccessful ones) occurs during the first
stage, which has the potential to create a bias (i.e., only those treatment groups that were
12
successful are analyzed in the next phase). The seamless design may improve trial
13
efficiency in that the same participants are included in both phases of the trial. Gains in
trial efficiency can potentially lead to cost savings and may have the advantage of providing
13
longer-term safety data as some participants are followed from the phase II stage. The
ability to fully utilize data from both stages is purported to be an advantage of the combined
14
phase II/III approach in terms of duration of follow-up and number of participants. As well,
the ability to incorporate additional adaptations such as adaptive randomization or “drop the
loser” at the end of the first phase after interim analysis are also seen as potential
14
advantages to this approach.
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Limitations
The combined phase II/III design is considered by FDA to be “less well understood” and has
a risk of inflated type I error rate unless statistical methods (e.g., P value combination tests,
Pocock and O’Brien-Fleming type boundaries, and step down–like procedures) are used to
4,11
make adjustments to control the type I error rate.
The statistical analysis of data from
inferentially seamless trials must be adjusted to take into consideration aspects of the
design (for example, related to treatment selection in approaches such as “drop the loser”
where unsuccessful treatment arms are dropped) that can lead to statistical bias (e.g.,
inaccurate coverage for the associated confidence intervals) if unaccounted for and
11
adjustments are not made.
For the combined phase II/III design, given that the review of the exploratory phase data
dictates the design of the remainder of the trial, the results of the interim analysis are
generally available, as it is known which groups continue on. This process has the potential
to create operational biases (subjective decision-making during the course of the study
4
regarding the conduct of the trial) but is unavoidable. Although the direction of the treatment
effect or the groups that were selected to continue into the confirmatory phase on the basis
of interim analyses are known, the actual results of the interim analyses should not be made
11
available beyond the members of the data monitoring committee (DMC).

Guidance
4

6

The guidance from FDA and PhRMA working groups on the combined phase II/III design
are summarized in Table 1. The two organizations take different views on these designs.
FDA has few recommendations specific to the design because the organization indicates
4
that combined phase II/III design does not differ from other adaptive designs. FDA does not
use the term “seamless” or “phase II/III design” in its guidance on adaptive designs and
4
provides an explanation about why it does not support this terminology. FDA states that
these terms do not add to the understanding beyond simply using the term “adaptive” to
describe a well-designed exploratory study (e.g., one with multiple dosages or end points)
with an interim analysis that permits an adaptation to a design that is similar to an adequate
and well-controlled confirmatory study (e.g., an adaptation to a single comparison with a
4
single-dose group or a single primary end point). FDA feels that the term “phase II/III” leads
to confusion about the original design of the study (i.e., whether the study was initially an
exploratory study or a confirmatory study to demonstrate efficacy). FDA emphasizes the
potential drawbacks of shortening the time between exploratory and confirmatory trials;
PhRMA focuses on the potential benefits related to a shortened time between phases (Table
1). PhRMA recommends considering a phase II/III design when the design of the
confirmatory (phase III) trial can be clearly envisioned and the follow-up to the end point is
6
short relative to the duration of the trial. They emphasize specific design aspects to help
6
preserve the integrity of the trial design by reducing the risk of operational biases (Table 1).
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Table 1: Recommendations for Phase II/III Designs from FDA4 and PhRMA6
4

6

FDA

PhRMA

 Although efficiency is gained by reducing the time lag
between separate exploratory and confirmatory trials using
the adaptive approach, there is also risk to this approach.

 The benefits of the phase II/III design relative to the
conventional separate phase approach are emphasized and
include:
o potentially substantial time savings
o the need for fewer participants to achieve the same
quality of evidence
o the ability to obtain longer-term follow-up data by the end
of the confirmatory phase for participants who started in
the exploratory phase.

 A longer time between the exploratory and confirmatory
trials may allow for the better design of subsequent
confirmatory trials. For example, potential safety issues may
be identified that should be addressed in the confirmatory
trial.
 Adaptive designs that combine exploratory and confirmatory
studies are felt to be lower risk when there is already
considerable relevant prior experience that reduces the risk
of unforeseen issues with a drug.

 It is recommended that the phase II/III design be strongly
considered when:
o the design of the confirmatory phase of the trial can be
clearly envisioned
o the follow-up time to the end point is short compared
with the duration of the trial.
 Because these trials provide confirmatory data, it is critical
that the processes for data review, decision-making, and
implementation be carefully specified and adhered to.
 Interim trial results must be confidentially reviewed by a
designated board without other trial responsibilities.
 At times, the nature of the trial and selection decision may
justify sponsor participation in review, but without threatening
the integrity of the trial.

PhRMA = Pharmaceutical Research and Manufacturers of America.

Adaptive Randomization
Randomization within controlled trial settings has been the cornerstone of the conduct of
15
rigorous clinical trials since it was first introduced by Ronald Fisher in 1935. The process of
randomization involves the unbiased allocation of participants into two or more groups in a
manner that balances both known and unknown covariates. Traditional approaches to
randomization include simple randomization, stratification, and block randomization.
16
Descriptions of these methods can be found in Table 2.
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Table 2: Traditional Randomization Strategies16
Method

Description

Comments

Simple
randomization

 Participants are allocated according to a single

 This form of randomization is the simplest and

sequence of random assignments.

easiest, and is thought to be the least
predictable.
 This method could result in a long run of the

same treatment.
 There is a risk of covariate imbalance,

particularly in smaller trials.
Stratification or
stratified
randomization

 This form of randomization accounts for the

possible influence of covariates (baseline
characteristics). Covariates that are deemed likely
to influence the outcomes (e.g., gender) are
identified, and separate blocks of allocations are
created for each combination of covariates.
 Participants are then assigned to their

appropriate block, and once all participants have
been enrolled and assigned, a simple
randomization procedure is used to allocate them
to treatment or control groups.
Block
randomization

 This technique is used to ensure that participants

are randomized into groups of equal sample
sizes, in which small blocks are created with
predetermined group assignments. The size of
blocks will be set as a multiple number of
treatment groups, assuming that equal
randomization to groups is desired.

 This method results in greater balance

between treatment and control groups in
covariates that were used as stratification
variables.
 This method can be complicated if several

confounding variables are identified.
 Covariates must be measurable in a timely

fashion so as not to delay the randomization
process.

 There remains the risk of covariate imbalance.
 This method can be used to help balance

allocation over time or across geographic
locations.

Source: Suresh, 2011.16

Despite the merits of traditional randomization methods, there are some limitations to these
approaches. First, it is possible that traditional randomization procedures can result in
imbalances between treatment groups simply by random chance, particularly in trials with
17
smaller sample sizes (i.e., fewer than 100). Such imbalances may be in the treatment
assignment or in the covariates across groups and can lead to an inflation of the error
variance and, possibly, a failure to recognize a significant treatment difference when one
18
exists.
Adaptive methods of randomization have been designed such that parameters are set in
which the randomization scheme can be altered after the study has started. Depending on
the specific design, adaptive randomization may consider covariates (i.e., participant
characteristics) and the allocation of the previous participant or outcome data in allocating
the next participant (i.e., data that has already been collected influences treatment
allocation). The adaptive randomization designs discussed here can be grouped into three
categories, depending on the types of data that are used to decide how the randomization is
altered (Table 3).
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Table 3: Adaptive Randomization Designs10
Method

Description

Covariate-adaptive randomization

Allows the allocation probabilities to change as a function of the current distribution of
covariates.

Treatment-adaptive randomization

Aims to ensure that there is balance with respect to treatment allocation by using a
varied allocation probability.

Response-adaptive randomization

Uses observed treatment outcomes from preceding participants to change allocation
probabilities.

Covariate-Adaptive Randomization
Covariate-adaptive randomization tries to balance the treatment groups with respect to key
covariates. This balance is particularly important when certain covariates could influence the
final results of the trial and, therefore, have prognostic significance. Imbalanced covariates
can compromise the credibility of a trial, and adjusted statistical analyses (to deal with the
imbalance) may create difficulties in interpretation. Further, if statistical adjustments are not
planned a priori, there could be a risk of bias created when adjustments are made post hoc.
In covariate-adaptive randomization, also known as adaptive stratification, balance can be
achieved using different methods, examples of which include minimization models, Wei’s
14
marginal urn design, and Frane’s method (Table 4). Minimization is the most common
19
method of covariate-adaptive randomization. Minimization may be useful for small to
medium trials because it can balance a large number of covariates, which could not be
19
achieved with other randomization strategies.
There are several variations of minimization approaches for covariate-adaptive
randomization, all of which are designed to minimize the imbalance in covariates. In its
simplest form, minimization does not use a random process and is completely deterministic:
each recruited participant is allocated to the treatment group that minimizes imbalance in
20
groups. Key algorithms for minimization are summarized in Table 4.
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Table 4: Methods for Covariate-Adaptive Randomization14,19,21
Method Authors (Year of Development)

Description of Method

Taves (1974)

A minimization algorithm that compares marginal totals of corresponding covariates
for each treatment group. The group with the lowest marginal total is where the next
participant is allocated.

Pocock and Simon (1975)

A minimization algorithm that builds on the model proposed by Taves (1974). This
method:
 temporarily assigns a participant to both groups and then calculates the absolute
difference in marginal totals for comparison
 places the next participant in the group with the lowest sum of absolute
differences among the covariates.

Zelen (1974)

A minimization model that follows a simple randomization sequence; however, once
a predetermined threshold for balance is met, the next participant is forced to go to
the group with fewer participants.

Chen (2011)

A two-way minimization procedure that assesses the “imbalance in the total numbers
of participants” and the “imbalance in the distributions of prognostic factors” and is
therefore considered both covariate adaptive and treatment adaptive. This method:
 chooses to minimize one of these two imbalances by probability when allocating a
participant to a treatment group
 has appropriate type I error rates when performed correctly
 is most useful for small trials.

Wei’s marginal urn design

Method that attempts to resolve, using a modified urn design, the potential for
treatment imbalances that can occur in stratified procedures when there is a large
number of strata with small strata sizes.

Frane et al. (1998)

Covariate-adaptive randomization method for both continuous and categorical
variables that uses P values to assess imbalance between treatment groups. The
smaller the P value, the greater the imbalance between treatment groups. This
method:
 starts by assigning a new participant to either the treatment or the control group,
and then calculates P values for each covariate using a t-test, with an analysis of
variance for continuous variables and a chi-square test for categorical variables
 repeats this process by temporarily placing this participant in each of the other
treatment groups; the minimum P value is then identified from all the test statistics,
and the participant is ultimately allocated to this group.
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Limitations
Despite the effectiveness of covariate-adaptive randomization for balancing prognostic
factors, there are limitations to this approach. Given that the allocation of a participant is
dependent on the balance of covariates of the preceding participants, the treatment
22
allocation can be predictable. Being able to predict the treatment to which a participant will
be allocated can influence the decision of whether or not to enroll that participant, thereby
22
introducing selection bias.
Another limitation of covariate-adaptive randomization is that it depends on the correct
determination of the participant’s prognostic factors. Poor data quality (i.e., incorrect
information on the covariates) can result in randomizing the participant to the incorrect
treatment group. With minimization, imbalance may still arise from participants withdrawing
22
from a study or being lost to follow-up after they have been randomized to treatment. An
important limitation of covariate-adaptive randomization is that the assumptions of the
statistical inference of standard statistical tests are difficult to achieve because of the
complicated probability structure arising from the strategies used for adaptive
3
randomization. As such, standard statistical tests may lack validity, although robust
19
statistical test methods for covariate-adaptive randomization have become available.

Treatment-Adaptive Randomization
Treatment-adaptive randomization is used to help balance the treatment allocation,
irrespective of covariates. Under treatment-adaptive randomization, the allocation
probabilities are updated on the basis of the allocation history within the trial. Several
techniques have been developed to increase treatment balance; urn randomization, Efron’s
biased coin, and adaptive coin randomization are summarized in Table 5. Although the
Efron’s biased coin method is easy to implement and maintains some aspect of
randomization, this approach does not distinguish between large and small imbalances (i.e.,
regardless of the imbalance, the same probability constant is employed to help restore
23
24
balance). The adaptive biased coin model was developed to address this limitation.
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Table 5: Methods for Treatment-Adaptive Randomization14,24
Design
Urn randomization (Friedman 1949)

Method
 Equal numbers of two different coloured balls are placed in an urn, each colour

representing a treatment group.
 Randomization is achieved by selecting a ball. The selected ball is replaced in the

urn, and two balls of the opposite colour are added to the urn.
 The probability that the opposite treatment will be selected the next time increases, as

does the likelihood of treatment balance.
 This approach is helpful in achieving balance in smaller trials and at the beginning of

larger trials. Once trials reach a certain size, urn randomization behaves like simple
randomization and therefore reduces the potential for selection bias as the sample
size increases.
Efron’s biased coin

 The existing treatment balance influences future treatment allocation.
 If balance exists, then the probability of the next participant being assigned to either

treatment group is 0.50. If one group has more participants, then the probability that
the next participant will be assigned to the opposite treatment will be a constant
between 0 and 1 (0 < eta < 1).
 Any constant could be used, though ⅔ is thought to be optimal, and unlike the urn

model, the probability does not change as a function of the degree of imbalance.
Adaptive biased coin design

 The design is based on Friedman’s urn model; however, the existing balance is scaled
by the total sample size to date.
 The ratio of the imbalance to the total sample size is then used to determine the
probability that will be used.
 The greater the imbalance, the greater the probability that the next participant will be
23
assigned to the group with fewer participants.

Limitations
Treatment-adaptive randomization can have some limitations. Covariates are not considered
in the balancing algorithm, which can create imbalances in prognostic variables in smaller
studies. There is also a greater chance of predictability because the probabilities for
treatment assignment are known in advance, possibly leading to selection bias, as
23
previously outlined. Similar to covariate-adaptive randomization, inferential statistical
testing under treatment-adaptive randomization should consider that treatment allocation is
25
not fully random.

Response-Adaptive Randomization
Response-adaptive randomization takes into consideration the treatment outcomes of
10
preceding study participants to adjust allocation probabilities. Traditional randomization
strategies for two-arm studies may, for example, involve allocating participants into
treatment groups in a 1:1 ratio. Response-adaptive randomization shifts the ratio in favour of
the therapy with more favourable outcomes as the trial progresses. Typically, a probability
threshold for accepting or rejecting the null hypothesis would be identified a priori, and once
26
that probability is met, the trial is closed. “Play the winner” and “randomized play the
winner” are examples of approaches to conducting a response-adaptive randomization trial
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that have been used in practice (Table 6). Response-adaptive randomized designs are most
efficient when the disease is rare and the anticipated differences between the treatments are
27
large.

Table 6: Response-Adaptive Randomized Designs9
Design

Method

Play the winner



The trial starts by using a simple randomization procedure, and each participant’s
response is labelled as a “success” or a “failure.”



If a participant’s response is a success, then the subsequent participant enrolled will be
given the same treatment; if the response is a failure, then the subsequent participant will
be given the opposite therapy.



The trial stops when a predefined number of failures is documented or when the trial
reaches its target sample size.



An urn is filled with balls labelled either “T” (treatment) or “C” (control).



At the beginning of the trial, there is an equal number of Ts and Cs.



As participants are recruited, if they are deemed to have success with treatment or to have
failed the control, then a pre-specified number of “T” balls are added to the urn.



This process increases the probability of receiving the more promising therapy while
maintaining the possibility of receiving the control.

Randomized play the winner

Limitations
Response-adaptive can be administratively difficult to implement and manage. For large
trials or trials with a long duration of treatment, feasibility becomes an issue given that the
randomization of a participant is dependent on the response of the previous participant, and
3
this process also creates a risk of selection bias. Like covariate-adaptive randomization,
predictability is also a concern, as recent outcomes influence the probability of being
allocated to certain groups. With response-adaptive randomization, it is also difficult to
calculate appropriate sample sizes in advance of the study because the allocation and size
of treatment groups are dependent on the participant outcome. As well, the ability to
26
maintain control over the type I error rate in response-adaptive designs is complex. A
further limitation of response-adaptive randomization is that significant imbalances of
covariates may exist between groups at the end of the trial. The smaller the sample in the
inferior treatment group, the more magnified the imbalance in covariates can become.
Bias can be introduced in a study that uses response-adaptive randomization if healthier
participants decide (or their physicians decide on their behalf) to delay enrolment in a trial to
increase the likelihood of receiving the superior treatment. Sicker or refractory participants
tend to be enrolled earlier in clinical trials. This situation can create an imbalance in
participants and a biased effect estimate since the probability of being randomized to the
10
superior treatment increases later in the trial with adaptive randomization and decreases
the generalizability of the findings. Enrolling healthier participants later in the trial also has
the potential to increase the study duration, as the healthier participants who are recruited
later will tend to have a longer time to event, which can delay the release of results.
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Guidance
FDA’s Guidance for Industry: Adaptive Design Clinical Trials for Drugs and Biologics
includes commentary on response-adaptive randomization designs, but not on covariate4
adaptive or treatment-adaptive trial designs. The European Medicines Agency and PhRMA
have not put forth any recommendations or statements on adaptive randomization
6,7
strategies.
According to FDA, response-adaptive randomization designs, such as the “play the winner”
model, are “less well understood.” In the guidance document, FDA indicates that such
methods are valuable in exploratory studies, as they may permit more dosage options to be
studied, but states that such designs should be used with caution in confirmatory studies.
FDA highlights several key limitations, one being that the analysis is not as easily interpreted
compared with cases where fixed randomization probabilities are used. FDA further
emphasizes the need to control the type I error rate and avoid bias. Concern is also raised
that changing allocation probabilities will result in imbalances in participant characteristics
(both known and unknown) and that if those characteristics are associated with the
4
outcome, the estimated difference in treatment effect between groups could be biased.

Adaptive Group Sequential Design
In a conventional group sequential design, an interim analysis is conducted at one or more
planned points in the trial to assess efficacy and safety, and to identify a lack of treatment
benefit (i.e., futility), which would make continuing the trial unethical and lead to early
termination. In clinical trials that assess therapies of unknown clinical benefit, it is ethical to
monitor data to ensure that participants are not exposed to unnecessary risks. It may be
necessary to stop a trial early if there is evidence that the therapy is ineffective or unsafe.
Group sequential designs are considered by FDA to be “well understood” if they use
accruing study data in a planned and confidential manner (i.e., by a DMC), with appropriate
4
control of the type I error rate, and maintain study integrity.
A group sequential design can incorporate additional, planned adaptive features at the time
of interim analysis, such as sample size re-estimation and changes to the study arms
(modifications, deletions, or additions), study end points, dosage or the duration of
4
treatment, or the randomization schedule. These study designs are referred to as adaptive
group sequential designs. For example, one or more unblinded interim analyses of the
apparent treatment effect could be carried out, and groups that meet the prospectively
defined futility criteria would be terminated early from the study. When these additional
adaptive features are incorporated, the design may be considered by FDA to be “less well
4
understood,” depending on the adaptation that is made.
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” and 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 a formal comparison
4
between treatment groups.”
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Limitations
In a group sequential design, multiple “looks” at the data will increase the risk of type I error
(unless adequately controlled) and can potentially introduce operational bias if there is
4
knowledge of the interim analysis. The implementation of multiple points of interim analysis
can be particularly troublesome. Different approaches can be taken to control the type I error
rate in a group sequential design. Haybittle and Peto maintain a very stringent alpha level
14,28
throughout enabling the use of a P value at or close to 0.05 at the final analysis.
With
this approach, it can be difficult to stop a trial early. O’Brien and Fleming use an approach
that makes the level for significance less and less stringent in each analysis while still
14
reserving the majority of the alpha for the last analysis. The advantage of this approach is
that the trial is more likely to stop early than with the Haybittle and Peto approach but
allocates only a small amount of the total nominal significance to the early stages of interim
14
analysis. The Lan and DeMets alpha spending function is an approach to maintaining the
type I error rate in a group sequential design where the number of interim analyses does not
29
need to be pre-specified.
Another major limitation of group sequential designs is that stopping a trial early because of
unanticipated large treatment effects may overestimate the true effect, particularly early in a
trial, when sample sizes are smaller and estimated treatment effects can be quite
4,14
variable.
This limitation is, in part, why some alpha spending functions for interim
analyses make it more difficult to stop a trial in the earliest phases. FDA only supports the
early termination of trials when there is a combination of compelling ethical concern
4
(improved survival or the avoidance of irreversible disability) and robust statistical evidence.
However, FDA further states that it is difficult to determine if the observed treatment effect is
4
reflective of “random highs” related to the limited amount of data early in the trial. The
overestimation of treatment effect that can occur early in a trial also presents a challenge for
adaptive group sequential designs when adaptations to the design (e.g., dropping treatment
4,14
arms) are made on the basis of those treatment estimates.
The early termination of a trial for efficacy reasons reduces the sample size and trial
4,14
duration (and follow-up), which will also results in the loss of safety data.
Further, the
reduced sample size may mean that there are fewer participants available for important pre4,14
specified subgroup analyses.

Guidance
Despite the potential for limitations, FDA considers group sequential designs to be “well
understood” if they are based on “unblinded interim analyses of accruing study data that are
used in a planned and confidential manner (i.e., by a DMC [data monitoring committee]) that
4
controls type I error and maintains study integrity.”
For the group sequential methods to be valid, FDA states that they must adhere to the
prospective analytic plan, terminating groups if a futility criterion is met and not terminating
the study for efficacy unless the prospectively defined efficacy criteria are satisfied. It should
be noted, however, if the trial is not conducted according to the FDA guidance, a group
sequential design would not be considered “well understood.”
The PhRMA working group has not put forth any recommendations or statements on group
sequential designs.
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Sample Size Re-Estimation
Sample size re-estimation is an adaptive design that permits the sample size to be adjusted
9
or re-estimated on the basis of an interim analysis of observed data from a study. For a
superiority study, the estimation of a study’s sample size is based on values obtained from
previous studies, from literature values or from consulting with content experts. As a result,
the parameters are only an approximation of the anticipated value that will be observed in
the study. Inaccurate estimates for these variables can result in an underpowered or
overpowered study, leading to the inefficient use of resources. For example, a study may
be originally designed to detect a larger treatment effect than is actually observed in a
clinical trial. Regardless of whether the smaller treatment effect is still clinically relevant, the
trial may be underpowered to detect the difference statistically. A clinical trial may be
similarly underpowered if the variance used in the sample size calculation is lower than the
30
variance observed in the actual trial.
A sample size re-estimation design enables researchers to update their parameter estimates
on the basis of accumulated data from the ongoing trial to estimate a more accurate sample
size. Group sequential methods can be used for sample size re-estimation at planned
points within the trial, the timing of which can be defined by the number of participants
recruited along with their follow-up period, or on the basis of a fixed number of events.
Statistical techniques must be applied to control the type I error rate when methods of
4
sample size re-estimation are used in a clinical trial. As well, it is important to consider that
in the interim analysis, short-term data will be predominant and the treatment effect may
vary over time. Thus, the treatment effect from the interim analysis could potentially differ
from the treatment effect expected at the study conclusion. As such, FDA recommends
acting conservatively when deciding to make changes to sample size based upon early
4
estimates.

Limitations
With sample size re-estimation, there is a risk of type I error rate inflation, which must be
9
adjusted for in the analysis. When using a group sequential approach to sample size reestimation, the limitations highlighted in the previous section on group sequential designs
also apply. An additional concern with sample size re-estimation is the ability of blinded
investigators to predict the treatment effect. That is, investigators may become effectively
unblinded with all the associated risks for selection bias and potentially inflated estimates of
effect based upon changes to the sample size. Further, there is the risk that the trial’s
interim result, which is based on a limited number of participants, will be considered to
represent the “true” treatment effect at the study completion when, in fact, it could differ
considerably. The variability in event rates or treatment effect at different points in a
study’s timeline can be substantial; therefore, such early data should be interpreted
4
cautiously, as misinterpretation can result in misleading or biased sample size reestimation. Thus, it remains possible that despite having re-estimated the sample size, a
clinical trial could potentially remain underpowered at its completion.
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Guidance
According to FDA, sample size re-estimation based solely on the interim analysis of
nuisance parameters (any parameter, other than the treatment effect, that can affect the
overall power of the study) is considered to be a “well understood” adaptation, and sample
size re-estimation that uses unblinded data of treatment effect is considered to be “less well
4
understood.” Although the PhRMA working group does distinguish between methods, it
recognizes the importance of sample size re-estimation for trial efficiency and has put
6
forth recommendations for maximizing benefits while maintaining integrity. Table 7
summarizes the recommendations from each document.

Table 7: Recommendations for Sample Size Re-Estimation
4

6

FDA

PhRMA

 Analysis should be conducted in a blinded manner

 “The need for sample size re-estimation should be carefully

when possible to prevent the introduction of bias.
 Since sample size re-estimation using a blinded

assessment of nuisance parameters can be done
while controlling for type I error, it should be
considered in most clinical trials.
 The timing of a sample size re-estimation should be

considered carefully, as the variability of the
estimate can be substantial at different points in
the trial.
 Sample size re-estimation strategies should be

reserved for increasing study size and not
decreasing study size, as there is the risk of
making the wrong choice because of the high
variability in effect size throughout the study.

evaluated during trial planning, and the extent to which it is planned
to re-evaluate sample size should be described in the protocol.
Sample size re-estimation should never be a substitute for adequate
up-front planning; rather, it is an acknowledgment of potential
limitations of the information available at the time of trial design.”
 “These methods should generally be implemented minimally within

the trial as needed to achieve a more satisfactory sample size. A
single re-evaluation may suffice, particularly for nuisance
parameters. If a minimum sample size has been prespecified, then it
will often be sensible to perform the re-estimation shortly before
reaching that minimum enrollment.”
 “Logistic concerns must be adequately planned for in advance, such

as the potential need for additional drug supply if the sample size is
increased.”
 “Where relevant, consider whether to withhold from the protocol and

document elsewhere details of the re-estimation procedure, to
decrease the amount of information that observers can infer from
any changes made to the sample size.”
 “We recommend that sample size re-estimation based on nuisance

parameters should be routinely considered, particularly when there
is a good deal of uncertainty about those parameters or the sample
size is very sensitive to initial assumptions. Frequently, this can be
addressed sufficiently well in a blinded manner and this should often
be the recommended approach, because re-estimation can then be
implemented in a manner that does not compromise the trial and
which minimizes operational difficulties.”
 “Methods exist for sample size re-estimation based on updated

information on treatment effects obtained at interim analyses and
these can be considered.”
 “However, such methods must be applied cautiously. They can

introduce operational biases because 1) they may provide to
observers an unacceptable amount of information about the interim
effects; 2) different values of the treatment effect may not be of the
same level of clinical or commercial relevance; or 3) interim
estimates are often too imprecise to be used efficiently in this
regard.”
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6

4

PhRMA

FDA

 “As an alternative, it should be strongly considered whether an

appropriate group sequential scheme as a method of sample size
determination could better meet the study objectives, as operational
concerns are minimized and statistical behavior is often superior.”
PhRMA = Pharmaceutical Research and Manufacturers of America.

Stepped Wedge Cluster Randomization (Novel
Design)
Stepped wedge randomization aims to allow the comparison of policy interventions or
31
service delivery interventions. The stepped wedge cluster randomized trial is a newer
study design that is a modification of the more traditional cluster randomized trial in which
clusters of individuals within a larger unit (e.g., a geographic area, a hospital, or a school)
are all randomized to receive the same treatment (i.e., the unit is randomized so that all the
individuals in that unit receive the same intervention). The stepped wedge design is similar
in the sense that the units of randomization are larger than the individual, but rather than the
units being randomized to receive one intervention or another, the units are randomized to
receive the novel intervention beginning at different times and act as control units up until
the designated switching time. All units have a run-in period in which they receive standard
therapy so that the intervention-control comparison can be made both within units and
between units. At regular intervals (referred to as the “steps”) a cluster (in some cases a
group of clusters) is then randomized to cross from the control to receive intervention that is
31
being studied. The rationale for cluster randomization, in general, is that certain types of
interventions cannot be randomized at the individual level without a high risk of
contamination between individuals within a unit.
From a practical perspective, the stepped wedge design overcomes a shortcoming of the
traditional parallel cluster trial in the sense that all the participating units in the study will
31
eventually get the study treatment. Two systematic reviews indicate that the use of this
32,33
design is increasing in popularity and being used in diverse circumstances.

Limitations
There are some technical challenges to designing a stepped wedge trial, depending on
the particular characteristics of the design. In the design phase, the number of clusters,
number and length of steps, and number of clusters randomized at each step must be
31
determined, which can be challenging. Further, methods for power and sample size
calculations are only available for cross-sectional designs, in which it is assumed that the
31
individuals being measured within a unit are different from one period to the next. As
well, it is necessary to adjust the calculation for the degree of correlation between
individuals within a cluster (the intracluster correlation coefficient); this coefficient is often
34
unknown. From a statistical power perspective, the more usual parallel cluster trial is
35
preferred to the stepped wedge when the intracluster correlation is small.
Studies that use stepped wedge randomization and have a requirement for participants to
36,37
give consent may have a potential for bias as a result.
There is still debate about the
necessity to recruit and obtain participant consent at the individual level when investigating
a new mode of delivery. If individual consent is required, it would be best to recruit
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participants before they are aware of treatment allocation, which is often not feasible.
Clusters must also be ready to cross to the intervention according to the randomization,
and this move is not always possible.
Carry-over effects typically are not a concern in trials that use a stepped wedge design, as
the control condition precedes the intervention (i.e., crossover is always from control to
intervention). However, there may be confounding between treatment and time. At the
beginning of the study, few clusters will be receiving the intervention and many will be
receiving the standard care or treatment. Toward the end of the study, the reverse is true.
Thus, any time trends that have an impact on the outcomes being measured must be
38
adjusted for. Further, if the study population has a medical condition that is unstable and
fluctuates during the control condition, this fluctuation could affect the response to the
39
intervention.

Enrichment Designs (Conventional and
Adaptive Approaches)
Enrichment designs are used to focus recruitment on those participants who are more
likely to respond to the therapy under investigation. Enrichment is defined as the
“prospective use of any participant characteristic to select a study population in which
5
detection of a drug effect is more likely than it would be in an unselected participant.”
5
Enrichment characteristics should almost always be specified before study initiation, and
would be defined as part of the inclusion and exclusion criteria. This is the conventional
enrichment design. When enrichment characteristics are identified after study initiation, the
5
study design is an “adaptive enrichment” study.
Enrichment designs can be applied to personalized medicine, where biomarkers or specific
participant characteristics (e.g., genetic, demographic, or physiologic) are used to identify
those participants who are more likely to respond to treatment (or experience an adverse
event). Specific enrichment strategies used in randomized controlled trials can be divided
into three main categories, as outlined in Table 8.
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Table 8: Main Categories of Enrichment Strategies5
Strategy
Strategies to
decrease
heterogeneity

Description

Comments

 Participants are selected with baseline
measurements in a narrow range. This selection
measure decreases interparticipant variability.

 The key purpose is to increase study
power by decreasing non-drug-related
variability.

 Participants are excluded if their disease or
symptoms improve spontaneously or if their
measurements are highly variable. This exclusion
measure decreases intraparticipant variability.

 These approaches are widely used in
practice and are not adaptive.

 Study power is increased by the decreased
variability resulting from these strategies.
Prognostic
enrichment
strategies

Predictive
enrichment
strategies

 Participants are selected who have a higher
likelihood of a disease-related end point event (for
event-driven studies) or a substantial worsening in
condition (for continuous measurement end points).

 The prognostic factors may include clinical
and laboratory measures, medical history,
genomic measures, and proteomic
measures.

 These strategies increase the magnitude of the
absolute effect difference between groups but will
not alter the relative effect.

 These strategies allow the treatment effect
to be more easily discerned. With higher
event rates, the power is higher as well.

 Participants are selected who are more likely to
respond to the drug treatment than other
participants with the condition being treated.

 The selection of participants may be based
on a specific aspect of a participant’s
physiology or a disease characteristic that
is related to the study drug’s mechanism,
or selection could be empiric (e.g., the
participant has had a prior response to a
drug in the same class).

 This selection can lead to larger absolute and
relative effect sizes and permit the use of a smaller
study population.

Strategies to Decrease Heterogeneity
Enrichment to reduce sample heterogeneity is not an adaptive approach and is widely used
in clinical trials in the form of the a priori inclusion and exclusion criteria to reduce non-drug5
related variability. Narrowing the characteristics of the sample population increases the
power of the study and, therefore, the ability to detect a difference if one truly exists. This
approach also increases the efficiency of the clinical trial by decreasing the sample size
required to demonstrate an effect, given the reduction in the variance of the primary
outcome being measured.
Some strategies that might be considered include:

5

 clearly defining the disease characteristics that participants must exhibit to be included,

and ensuring that participants meet those criteria
 identifying participants who are more likely to adhere to therapy and clinic visits or who

are less likely to drop out
 excluding participants who improve spontaneously by using a placebo run-in period

before randomization
 minimizing baseline variability by only recruiting participants with consistent values for

key baseline characteristics measured over a pre-specified run-in period
 excluding participants who are using other pharmacotherapies or treatment modalities

that are similar to, or likely to interact with, the study drug
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 excluding participants who have a high risk of intolerable side effects
 excluding participants who are likely to drop out for non-medical reasons.

Limitations
Although making efforts to decrease the heterogeneity of the study sample may improve trial
efficiency and help to identify those participants who are more likely to benefit from a given
5
therapy, there are some limitations to this approach. Although very narrow selection criteria
5
can increase the likelihood of demonstrating efficacy within a tightly defined sample, such
restrictions can potentially decrease the external validity and generalizability of the study
results to the general clinical population. Moreover, studies of wider populations may not be
5
carried out. As such, it remains unclear if similar treatment effects could be anticipated in a
more broadly defined participant population.

Guidance
In its guidance document on enrichment strategies, FDA suggests that the approaches to
decreasing heterogeneity as outlined in the previous section are useful and generally
5
accepted in enrichment designs. However, for other approaches (e.g., excluding
participants with comorbidities that could have an impact on survival, or broadly excluding
participants on concomitant therapies), concerns have been raised that studies with these
exclusions may be too restrictive (which would limit the study’s generalizability to the
5
broader patient population). FDA states that, under such restrictions, there is a risk that too
little information may be provided about the broader participant population that would
5
receive the treatment in practice.

Prognostic Enrichment Strategies
Prognostic enrichment strategies use prognostic indicators to identify participants who are
5
most likely to experience an outcome of interest in a study. Investigators generally seek to
enroll participants at the greatest risk for the primary outcome such that, if a treatment or
intervention is efficacious, there is a greater likelihood of detecting a benefit with a given
sample size. Generally, the larger the absolute effect size, the smaller the sample size
required to detect a statistically significant difference. By focusing on a high-risk population,
fewer participants are required for the detection of a significant difference between
treatment alternatives. While focusing on a high-risk population potentially translates into a
greater absolute effect in the subpopulation enrolled, typically there is no impact on the
relative effect. This type of trial design is particularly useful for examining preventive
therapies with indications such as cardiovascular disease (i.e., stroke or myocardial
5
infarction prevention) or oncology.

Limitations
To capture participant populations that are more likely to experience an outcome, a balance
is required between identifying those who are at higher risk and are therefore good
candidates for participating in the trial versus those who are at high risk of rapid
deterioration and are therefore beyond the point at which therapy can potentially improve
5
outcomes. Thus, when interpreting the findings of an enriched clinical trial with particularly
restrictive inclusion and exclusion criteria, it is critical to consider how these criteria limit the
generalizability of the results to populations more broad than those included in the trial.
Given the overlap between the limitations of prognostic and predictive enrichment strategies,
further limitations are discussed later in this report.
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Guidance
FDA provides no specific guidance on prognostic enrichment strategies but provides
5
examples of their use.

Predictive Enrichment
Predictive enrichment studies aim to focus on those participants who are more likely to
respond to therapy; the studies can involve approaches that are both adaptive and not
adaptive in design. Predictive characteristics might include factors such as disease
presentation, gender, age, genetic or nongenetic biomarkers, or a history with or response
5
to previous therapies. Like prognostic strategies, narrowing the study population to those
more likely to respond translates to a smaller required sample size and, therefore, a more
efficient clinical trial. Additionally, employing predictive strategies has the potential to
increase the benefit-to-risk ratio for participants by avoiding exposure and potential toxicity
5
in participants unlikely to respond.
Predictive enrichment strategies are particularly useful in early clinical trials, as these
5
strategies can help to establish proof of concept and target dosage selection. These
strategies are also commonly used in pharmacogenetics and in circumstances in which
response rates are traditionally low (e.g., oncology). By focusing on the potential
responders, there is an increased chance of detecting an effect that may not be possible to
detect in the broader disease population. Unlike prognostic enrichment designs, in predictive
designs there is the potential to detect both a larger absolute effect and a larger relative
effect.
Specific predictive enrichment strategies can be categorized into five groups:

5

 genomic strategies
 empiric strategies
 pathophysiologic strategies
 randomized withdrawal studies
 studies in nonresponders or patients intolerant to other therapies.

Genomic Strategies
Genomic enrichment strategies typically involve tumour genomics and can be applied preor post-randomization. When implemented post-randomization (according to an a priori plan)
5
genomic enrichment strategies are considered adaptive (i.e., biomarker-adaptive designs).
The strategy of integrating a biomarker evaluation for the enrichment of the study sample,
particularly for prediction, can be a reasonable strategy when the performance
5
characteristics of the biomarker are well established. From a design perspective, multiple
strategies can be applied. The simplest form (a nonadaptive approach) is to restrict
enrolment to only participants who are biomarker positive, which suggests a prediction of
40
response. A simple extension of this approach is the biomarker stratified design, in
which both biomarker-positive and biomarker-negative participants are randomized to the
treatment or control. This design allows for the evaluation of the effect in both biomarkerpositive and biomarker-negative participants; however, it is most often designed for a
definitive assessment of the effect in biomarker-positive participants and so is powered as
such, incorporating one of several different analytic strategies with the appropriate allocation
5
of alpha error across multiple tests.
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There are other approaches for the evaluation of a genetic biomarker for enrichment. One
involves testing the treatment effect in biomarker-positive participants at significance level
41
alpha and, if significant, testing the treatment effect in biomarker-negative participants or
42
the overall population. The most complex approach is the marker sequential test design
— which incorporates analyses of biomarker-positive participants, biomarker-negative
participants, and the overall population into the final analysis, with the effect in each group
tested sequentially at a given alpha level — in which each subsequent test is dependent on
43,44
the previous test.
To make this process more efficient, Freidlin and Simon designed a
novel study approach that combines the genetic marker discovery and confirmatory trials
5,44
into one.
This process is described in Table 9.

Table 9: Freidlin and Simon Approach5,44
Step

Procedure

1

Design the study as usual, but divide it into first and second halves. Prospectively allocate the overall study alpha as 0.04
for the whole population and 0.01 for a participant subset to be identified in the first half of the study.

2

Run the first half of the study and conduct unblinded data analyses, searching for a genetic predictor of response. There
would be no limit to the number of such analyses conducted. A single genetic subset appearing to predict response may be
identified.

3

Complete the remainder of the study, entering participants according to the original eligibility criteria (both the predicted
responders and predicted nonresponders) as before.

4

At the conclusion of the study, test the effect in the entire study population at an alpha of 0.04; the genetically identified
subset is tested only in the second half, at an alpha of 0.01.

5

Determine evidence of effectiveness (the study shows such evidence if either analysis is positive). When the responder
population is a small fraction of the total population but exhibits a large response, this design can improve the chance of
detecting a treatment effect. It also retains good power for the overall study if the drug is more broadly effective.
In addition to the example in Table 8, FDA outlines the following potentially applicable
adaptive enrichment designs in which the sample size may change after the study initiation,
or in which other planned adaptations may occur on the basis of information accrued during
5
the trial:
 In a study with biomarker-positive and biomarker-negative participants, an interim look

at the data could demonstrate that the biomarker-negative population has a much lower
response rate, leading to a reduced or terminated enrolment of the biomarker-negative
group.
 When the optimal marker cut point is not well known before the study, an adaptive

design could be used to obtain more precise information on the performance classifying
characteristic (e.g., by using several pre-specified thresholds and correcting multiplicity
issues).
 Interim analyses could suggest changing entry criteria to emphasize a better-

responding subgroup.

Nonadaptive Predictive Enrichment Strategies
The remaining predictive enrichment strategies that do not involve adaptations are
summarized in Table 10. Each approach is described in the table and some general
comments are provided. General limitations and key considerations for economic analysis
are found in the sections that follow.
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Table 10: Predictive Enrichment Strategies5
Strategy
Empiric strategies

Description
 The selection of participants is not based on the

Comments
 These strategies are useful when it is known,

baseline characteristics but rather on data collected
on therapy response during a screening period or
prior experience with related therapies.

a priori, that there will likely be a very low
response rate; however, these strategies raise
some ethical concerns.

 Participants who are recruited for a study are given

 It is impossible to assess the risk of adverse

open-label therapy, and those who achieve a
predetermined outcome or biomarker are then
randomized to either active therapy or placebo.
 These strategies may give all participants the

open-label drug, identify responders, withdraw the
drug, and then randomize.

events that occur in a screening period
because of the lack of a control group.
 There is also a risk that adverse event rates

will be underestimated at the end of the trial if
those who are intolerant to the therapy drop
out or are excluded before the randomization.
 This study design gives very specific evidence

of potential treatment response rates,
particularly with treatments for which a low
initial response rate might be expected.
Pathophysiologic
strategies

 These strategies require prior knowledge of a

participant’s physiological characteristics or disease
pathophysiology when it is suspected that a drug
will only be effective in participants with certain
characteristics.
 These characteristics might relate to a participant’s

ability to metabolize a drug, the effect on tumour
metabolic response, or the presence of proteomic
markers (i.e., test and treat).
 It is important for investigators to carefully define

these characteristics and the tests used for their
detection.
Randomized
withdrawal studies

 Only participants deemed to be responders are

included in the trial.
 Responders can be identified using an open-label

period or can be selected from a treatment group of
a randomized trial.
 Participants are typically given active treatment for

 Tests used to detect certain markers should

have acceptable sensitivity and specificity.
 An inaccurate marker can undermine the

enrichment exercise and be detrimental to
determining the efficacy of a particular
therapeutic agent for a specific indication.
 The application of an inaccurate marker can

potentially result in the erroneous rejection of
an effective intervention for a specific
indication (i.e., committing a type II error),
thereby resulting in the erroneous rejection
of a potentially beneficial treatment.
 This design could be used to generate

long-term dose-response data.
 These studies are useful in determining the

duration of the benefit of long-term
treatments, particularly for drugs with
long-term toxicity.

an extended duration and then randomized, in a
blinded fashion, to either remain on therapy or be
withdrawn from therapy and receive a placebo.
 The study is designed to remove participants from

treatment if a certain end point is achieved (i.e., the
return of disease or symptoms) and, therefore,
reduce an extended exposure to ineffective
treatment.
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Strategy
Studies in
nonresponders or
participants
intolerant to other
therapies

Description

Comments



Enrichment is achieved by recruiting participants
who failed or were intolerant of an existing drug.



Participants are randomized to a new drug or the
existing or failed drug.



The selected participants are less likely to
respond to an existing therapy than participants
from an unselected population, which gives the
study an enrichment advantage in that if an
unselected population were used, many would
respond to the existing therapy, requiring a
larger sample size to show a treatment effect
(difference between the new and the existing or
failed drug).



The findings from these studies are useful for
comparisons between drugs within the same
pharmacological class (an existing drug that
participants failed on versus a newer agent in
that class) or to show that a drug from a different
pharmacological class is useful in participants
who fail on the previous treatment.



This design can be used to demonstrate
that different drugs used to treat the
same condition can have different
responder populations.



The design can also be used to
demonstrate that a new drug may be
superior to existing therapies, but to
statistically demonstrate this superiority in
an unselected population would be difficult
because of the large sample size required.



The use of a selected population can
reduce the sample size to enable a
demonstration of the comparative
effectiveness.



Thus, the results of studies in
nonresponders may prove useful for the
evaluation of new treatment options that
may be considered as second- or third-line
alternatives for use in participants who do
not respond to the first-line standard of
care.

Limitations of Predictive Enrichment Strategies
The careful interpretation of study results is critically important when the study has enrolled
an enriched population, as the potential generalizability to more broadly defined participant
populations may be limited. As mentioned, both prognostic and predictive enrichment will
5
likely overestimate the absolute effect of an intervention. The magnitude of the absolute
treatment effect in the broader participant population is not anticipated to be as large as that
observed with a study population that has been enriched using prognostic or predictive
5
strategies. However, the relative treatment effect is generally unaffected when a study
5
population has been selected using a prognostic enrichment strategy. Predictive
enrichment, however, is thought to overestimate the relative treatment effect as well in most
5
cases. Although these limitations of prognostic and enrichment design do not threaten the
internal validity of the trials, they do result in concerns over the generalizability of the
5
results. When including studies with enrichment designs in systematic reviews with metaanalyses, consideration should be given to the clinical heterogeneity created by enrolling a
selected population and whether the enriched study population is sufficiently homogenous
with non-enriched study populations to permit pooling in meta-analysis. Further, in some
conditions, enriched populations have been shown to have lower rates of adverse effects in
45
meta-analysis.
Adaptive enrichment designs have some key limitations. The designs may be too complex to
operationalize in practice, can have limited generalizability, and provide no information on
10
efficacy in the excluded groups. The integration of biomarker evaluation within a specific
study design results in concerns related to multiple testing and the increased risk of type I
5
error. Thus, it is imperative that consideration be given to multiple testing and that
5
appropriate statistical techniques are employed to control or adjust the type I error.
Moreover, sample size planning with adaptive enrichment can be difficult when there is
uncertainty about the prevalence of a marker and its accuracy in prediction and the sample
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5

size or entry criteria adjustments that may be made during the course of the trial. Statistical
simulations may be needed to estimate the anticipated power associated with different
5
design choices.

Guidance for Predictive Enrichment Strategies
Enrichment strategies can be used in clinical trials from the learning to confirmatory phases.
As a regulatory body, FDA is supportive of the use of enrichment design strategies as a
means of defining more targeted populations for therapies as well as identifying those
5
populations that will not benefit or that are at risk of harm. The important factor is
ensuring the appropriate identification of the selected population and sufficient data
collection on the unselected population.

5

When the likely responders can be identified in advance of treatment, such as those with
some pathophysiologic or genomic characteristics, the procedure for the recruitment of
5
the study population can be straightforward. It is much more difficult to select a target
population when the distinguishing characteristics are not as well understood or when
screening tests are inaccurate. With less than ideal sensitivity and specificity, there is a risk
that participants who could benefit would not be selected and those who will not benefit will
5
be selected. FDA suggests that this limitation should not discourage enrichment designs, as
using an entirely unselected participant population may result in not finding a treatment
5
effect for a promising therapy in certain subgroups. FDA does, however, recommend that
caution be taken in proceeding when the likely responders cannot be confidently selected,
and indicates that statistical adjustments may be required to prevent an increase in the type
5
I error rate, as previously discussed.
From a drug approval perspective, enrichment designs provide fewer data on the effects of a
5
treatment in an unselected population. Although participants with certain characteristics
may be identified as superior responders, there is still the possibility that some other
participant groups may respond marginally, while other groups may be at greater risk of
5
harm. It is important to understand these risk-benefit ratios before implementing the therapy
in clinical practice. FDA states in their guidance to industry on enrichment designs that the
approval of a drug will not be delayed when it is tested only in an enriched population if the
5
benefits to the selected group are substantial. However, they also state that it is important
to clarify with FDA beforehand how much information may be needed in an unselected
population before drug approval, and that postmarket commitments (i.e., safety and efficacy
5
studies) may still be required in a broader population.

Implications for Critical Appraisal
The use of adaptive designs can have implications for the interpretation of research findings
from a randomized controlled trial. As a result, it is important to be able to recognize if any
adaptive and novel features have been incorporated into the design of the randomized
controlled trial or if the study population has been enriched using a conventional design.
Identifying an adaptive or novel design feature or an enriched population may require a
review of the study’s research design, inclusion and exclusion criteria, and statistical
methodology based on the publication or report; however, the trial design adaptations and
features may not always be clear. Enrichment studies, for example, may be identified
through run-in periods in which participants may be selected or excluded on the basis of
their response to therapy. Extensive inclusion criteria and exclusion criteria may also be
suggestive of an enriched study population, as may the exclusion of a relatively large
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proportion of participants. Interim analyses and statistical procedures to adjust or control the
type I error rate due to numerous statistical tests related to multiple “looks” at the data may
also be suggestive. Changes to inclusion or exclusion criteria should be scrutinized to
determine if they were planned adaptations (i.e., adaptations by design) or performed after a
protocol amendment that was not pre-specified in the planning phase of the trial.
Once an adaptive or novel design has been identified, consideration should be given to the
implication that the particular design feature has for the impact on the estimated treatment
effect, generalizability, and risk of type I error, as well as the methods employed to mitigate
against any risks. With prognostic and predictive enrichment designs as examples, the
enrichment itself does not threaten the internal validity of the trials but does increase
concerns over the generalizability of the observed treatment effects. Although concluding a
positive benefit based on the results of such a trial would be correct, the extrapolation of the
estimated effect size to a broader population must be carefully assessed. Although internal
validity is critical when determining the efficacy of an intervention, the generalizability of
results is a key consideration.
Enrichment strategies incorporated into adaptive clinical trials have been viewed as
advantageous in being able to identify specific subgroups for whom a given intervention can
be deemed effective and for facilitating the estimation of an undiluted effect size. However,
these positive characteristics of enrichment must be weighed against concerns about the
potential overestimation of the treatment effect, the lack of information on the excluded
groups, and, thus, the lack of generalizability of the results beyond the enriched population.
Some clinical trials with adaptive features and designs may present data from interim
analyses that do not reflect the actual primary and secondary end points of the study. Group
sequential designs and sample size re-estimation are examples of such designs. These
results are based on accumulating study data and have the potential to be biased for various
reasons previously outlined in this paper. These estimates may not be generalizable to the
overall study population (they can be overestimates of treatment effect) and may not reflect
the treatment effect that is achieved at the study completion. As well, as described earlier,
stopping a trial prematurely for a treatment difference will tend to overestimate the treatment
effect had the study gone to completion.
It is also important to recognize adaptive randomization and the associated implications or
potential for bias. As previously discussed, adaptive randomization strategies have the
potential to increase the risk of introducing operational biases, particularly in the selection
of participants. Some adaptive randomization approaches, although technically still
concealed, can make the allocation sequence predictable, which could lead to selection
bias.
Finally, enrichment, adaptive, and novel design features may result in the selection of
participant populations that are less reflective of the overall target population for a given
condition. Further, the distribution of clinical characteristics within the trial may differ from
other studies because of adaptive randomization schemes. This issue has implications for
meta-analysis and network meta-analysis in terms of clinical and statistical heterogeneity
and may limit the ability to include studies with adaptive features into pooled analyses.
Further, trials that stop early on the basis of group sequential procedures may overestimate
4,14
the treatment effect,
which can be a potential source of heterogeneity. It is unclear if
enriched, novel, and adaptive trials are consistently being included in meta-analyses
without special consideration or if they are being excluded because of heterogeneity
between study designs. Clarity and guidance will need to be brought to this issue so that
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such trials can be appropriately combined in meta-analyses. The identification and
assessment of findings from enriched, novel, and ATDs is critical to the interpretation of the
results and the determination of whether the results can be generalized or included in
evidence synthesis.

Summary
Traditionally, ATDs have been applied more in the learning phase of drug development
trials; however, in more recent years, there has been heightened interest in using adaptive
techniques in confirmatory trials. The potential advantages of making adaptations in the
confirmatory stage include the abilities to: 1) adjust the sample size of potential
underpowered studies during interim analysis; 2) ensure balanced treatment groups in terms
of important covariates; 3) shorten the development time of effective therapies; and 4) more
efficiently identify ineffective treatments. Although there are potential advantages to adaptive
designs, there are also potentially serious risks to these approaches — for example, the risk
of inflating type I error or introducing sources of bias — that make the results of the study
challenging to interpret. Further, with minimal or no time between exploratory and
confirmatory phases in a combined phase II/III design, there is the risk that insufficient time
will be taken to adequately reflect on the study’s findings in the exploratory phase and
design the confirmatory trial appropriately. As described in this report, specific procedures
have been accepted to help mitigate against an increased type I error rate and bias;
however, there is a general consensus that to maintain trial integrity, adaptations should be
implemented by design and planned and specified a priori. Further, when possible, interim
analyses should be blinded to reduce the risk of operational bias.
Some adaptive designs are considered to be “not well understood;” therefore, robust
methods to control the type I error and reduce the risk of operational and other types of
biases are still being developed. To date, only FDA has released some guidance on the use
4,5
of ATDs in regulatory approval; however, the recommendations are not detailed, and the
documents highlight many areas in which there is insufficient knowledge of the
methodologies. The European Medicines Agency has published a reflection paper on
confirmatory trials planned with adaptive designs; however, this document focuses on
7
application and concerns and offers little in the way of guidance. No other regulatory
agency has produced any official position statement or recommendations, which is a
reflection on the novelty of this area of research.
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