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Abstract
There is considerable interest among pharmaceutical and other medical product developers in adaptive clinical trials, in which
knowledge learned during the course of a trial affects ongoing conduct or analysis of the trial. When the FDA released a draft
Guidance document on adaptive design clinical trials in early 2010, expectations were high that it would lead to an increase in
regulatory submissions involving adaptive design features, particularly for confirmatory trials. A 6-year (2008-2013) retrospective
survey was performed within the Center for Biologics Evaluation and Research (CBER) at the FDA to gather information
regarding the submission and evaluation of adaptive design trial proposals. We present an up-to-date summary of adaptive design
proposals seen in CBER and provide an overview of our experiences. We share our concerns regarding the statistical issues and
operational challenges raised during the review process for adaptive design trials. We also provide general recommendations for
developing proposals for such trials. Our motivation in writing this paper was to encourage the best study design proposals to be
submitted to CBER. Sometimes these can be adaptive, and sometimes a simpler design is most efficient.
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Introduction

Adaptive designs have been used in human clinical trials to

advance medical research for many years. Adaptive designs

allow researchers to modify the trial procedures and/or statisti-

cal methods of ongoing clinical trials using accumulated data at

interim analyses. A potential beneficial feature of adaptive

designs is that they may speed the development process of

investigational products such as drugs, biological products, or

medical devices. Therefore, adaptive designs have been attrac-

tive to industry researchers who are looking to reduce costs and

streamline the product development process.1 There are also

potential ethical advantages of adaptive designs with respect

to both efficacy and safety. Adaptive designs can decrease the

number of study participants exposed to ineffective or unsafe

products, and can lead to earlier availability of products with

extraordinary efficacy.1-4 Many adaptive design features have

been proposed in the literature and/or applied to clinical

trials,2,3 including adaptive randomization, adaptive dose find-

ing, and sample size re-estimation. However, for many adap-

tive designs, there are outstanding statistical and operational

issues that can affect the interpretability and integrity of trials.

In early 2010, the United States Food and Drug Administra-

tion (FDA) circulated a draft Guidance document,5 ‘‘Adaptive

Design Clinical Trials for Drugs and Biologics,’’ for public

comments. In this draft Guidance, an adaptive design clinical

study was 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.’’ By this

definition, all planned adaptations should be specified at the

design stage. The draft Guidance further classified adaptive

designs into two categories: well-understood designs and less

well-understood designs. The terms ‘‘well-understood’’ and

‘‘less well-understood’’ referred to the regulatory review

experiences at the FDA rather than the depth of theoretical

exposition in the literature. Well-understood designs are those

‘‘well-established clinical study designs with planned modifi-

cations based on an interim study result analysis . . . that either
need no statistical correction . . . or properly account for the

analysis-related multiplicity of choices.’’5 For example,
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traditional group sequential designs fall into this category. Less

well-understood designs, on the other hand, refer to ‘‘study

designs with which there is relatively little regulatory experi-

ence and whose properties are not fully understood at this

time.’’5 Three major concerns associated with less well-

understood adaptive designs were emphasized in the draft

Guidance: (1) control of the study-wise type I error rate;

(2) minimization of the impact of any adaptation-associated

statistical or operational bias on the estimates of treatment

effects; and (3) the interpretability of the results.5 Generally

well-understood adaptive designs are those that the FDA has

had extensive experience with in terms of study conduct and

statistical properties. While the draft Guidance encouraged the

use of adaptive designs in early phase studies, its emphasis was

on adequate and well-controlled studies (ie, confirmatory

studies).

The Center for Biologics Evaluation and Research (CBER)

at FDA regulates a diverse set of biological products and

related devices, including preventive and therapeutic vaccines,

products to treat or diagnose allergies, blood derivatives and

components, gene and cell therapies, human tissue products,

medical devices related to the processing of blood and tissues,

diagnostic devices for screening blood donors, and xenotrans-

plantation products. The adaptive designs we see in CBER vary

by the type of product we evaluate.

In the present paper, we describe the experience with adap-

tive designs in CBER-regulated products. First we present the

findings from a retrospective survey within CBER conducted

by its Division of Biostatistics. Then we discuss specific adap-

tive design issues that have arisen in our regulatory work and

present selected examples.

A Retrospective Survey Within CBER

Objectives

The survey to capture our review experience with adaptive

designs was conducted over a 6-year period (2008-2013).

The objectives of this survey were (1) to summarize the reg-

ulatory experience of adaptive designs reviewed at CBER

during 2008-2013; (2) to understand the strengths and lim-

itations of the adaptive design proposals in clinical product

development, especially in late-phase studies in the context

of CBER-regulated products; and (3) to better assist CBER

sponsors in preparing clinical studies utilizing adaptive

design approaches.

Materials and Methods

We considered Investigational New Drug (IND) and Inves-

tigational Device Exemption (IDE) applications for which a

statistical evaluation was requested. All studies that elicited

formal statistical review memos and involved adaptive

design approaches—including more traditional and novel

approaches—were identified. The submissions were from

3 CBER product offices: Office of Blood Research and

Review (OBRR); Office of Cellular, Tissue, and Gene Thera-

pies (OCTGT); and Office of Vaccine Research and Review

(OVRR).

However, we excluded protocols for diagnostic and blood

donor screening devices, since adaptive designs have not been

seen as particularly advantageous in those areas. Many CBER-

regulated diagnostic products are held to a very high perfor-

mance standard with an objective performance criterion (eg,

sensitivity and specificity must exceed some threshold). No

alpha penalty is made when sponsors expand the size of a pro-

spective study solely because there are not enough patients

with the target condition of interest. In addition, for some prod-

ucts associated with blood and tissue typing, an error made by

the diagnostic can result in a mismatch and possibly death or an

acute reaction for the patient receiving a transfusion or trans-

plantation. So the performance bar is set quite high and it is not

clear that an adaptive design would be particularly helpful.

Phase I studies also were excluded in this survey, as they are

not always captured with a formal statistical memo, and many

are largely descriptive and do not use formal statistical infer-

ence procedures. Adaptive dose-finding studies are common

in phase I, especially in oncology, but statistical review is gen-

erally requested only for those in which the dose escalation is

unclear to the clinical review team. We also did not consider

any designs proposed to the Center for Devices and Radiologi-

cal Health (CDRH) or the Center for Drug Evaluation and

Research (CDER), as our medical products are different and

therefore our adaptive design experience may differ.

The data for this retrospective survey analysis were col-

lected by searching CBER’s Electronic Document Room

(EDR) as well as by electronically distributing survey question-

naires to all statistical reviewers within the Division of Biosta-

tistics at CBER. The survey contained open-ended questions

regarding common characteristics of study designs, adaptation

components, and review comments. All survey analyses were

performed with SAS 9.3.1 (SAS Institute Inc., Cary, NC) using

descriptive statistics.

We categorized adaptive designs based on their adaptation

features. While there are many ways to classify adaptive design

methods.1,4,6 our classification for the purposes of this paper

was driven by the frequency with which different features were

encountered at CBER. An adaptive dose finding7 design uses

accumulating data to determine dose assignment for study

participants, usually to establish a maximum tolerated dose

(MTD). A response-adaptive randomization design,2,8 which

is sometimes referred to as a play-the-winner design, is a design

that allows modification of randomization algorithms after the

review of the response of previously assigned subjects. Simon’s

two-stage designs9 are common in oncology and allow early

termination of unpromising treatments in phase II efficacy

evaluation trials. For a traditional group sequential design,10-12

the study can be terminated prematurely due to futility and/

or efficacy (ie, stop for futility or stop for efficacy) if con-

vincing evidence is found during the planned interim analy-

sis based on prespecified stopping boundaries. Sample size
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re-estimation2,13-18 (SSR) adaptation can provide investiga-

tors an opportunity to adjust the planned sample size while

a trial is ongoing, using information from interim looks to

increase power to detect a clinically meaningful treatment

effect. An adaptive seamless phase II/III design1,19 is a two-

stage design consisting of a learning stage (ie, phase II part)

and a confirmatory stage (ie, a phase III part) where data from

both phases are combined for a final analysis; trials of this

type are reviewed as confirmatory phase III trials. There are

also operationally seamless but inferentially distinct phase II/III

studies, in which two traditional trials (phase II and phase III)

are conducted under a single study protocol but analyzed sepa-

rately; in these trials, we expect the phase III to demonstrate type

I error control, whereas type I error control for the phase II com-

ponent may depend on the objective and context of the study. It

should be noted that the terms ‘‘seamless’’ and ‘‘phase II/III’’

were not used in the FDA draft guidance as they have sometimes

been adopted to describe various design features.5

Results

From 2008 to 2013, a total of 12,095 regulatory submissions

were assigned to CBER statisticians for statistical review. Of

the 12,095 submissions, 10,638 (88.0%) were IND or IDE

applications; 2577 (24.2%) of these contained protocols

and/or statistical analysis plans for confirmatory phase III or

IV studies. For 1225 (11.5%) IND and IDE proposals, statisti-

cal comments were conveyed to the CBER review committees

and/or the IND or IDE sponsor via formal statistical review

memos. Of those 1225 applications, 140 (11.4%) submissions

contained protocols for phase II, III, or IV studies with adaptive

design features.

The characteristics of these 140 IND and IDE applications

involving adaptive designs are summarized in Table 1. Forty-

one (29.3%) were for blood products; 83 (59.3%) were for

cellular, tissue, or gene therapies; and 16 (11.4%) were for vac-

cines or allergenic products. Fifty-three (37.9%) of the 140 sub-

missions were early-phase studies (phase II), 83 (59.3%) were

confirmatory (phase III) trials, and 4 (2.9%) were postmarket-

ing (phase IV) studies. Most submissions were IND applica-

tions (130 of 140; 92.9%) and most were from industry

sponsors (96 of 140; 68.6%). Since we reviewed only 4 phase

IV studies with adaptive features and these are reviewed simi-

larly to phase III studies, for subsequent tables we combined

these two categories.

The number of adaptive design submissions varied consid-

erably over the 6 years from 2008 through 2013 (Figure 1). The

highest number of applications (40 of 140; 28.6%) was

recorded in 2011 and the lowest number (10 of 140; 7.1%) was

seen in 2008. For confirmatory phase III&IV trials, the number

of adaptive design applications increased from 2008 to 2011

and decreased after 2011 (Figure 1). The Drug Information

Association’s (DIA’s) Adaptive Design Scientific Working

Group (ADSWG) published the results of a survey on the use

of adaptive designs with 2008-2011 data from 18 participating

institutions.20 Their results showed that industry and academia

were more willing to propose adaptive designs, including

designs classified as less well understood by the FDA draft

Guidance, compared to the earlier results of a previous

ADSWG survey conducted in 2008.21 In contrast, our survey

showed that, despite the release of the FDA adaptive design

draft Guidance,5 there was no clear trend of increase in regard

to the total number of regulatory IND and IDE submissions

using adaptive design approaches in the 6-year period. This

could be because the term ‘‘less well understood’’ has been

interpreted by some to mean not acceptable to FDA when that

was not the intent.

Figure 2 displays the frequency of different types of

adaptive design proposals seen at CBER by study phase, and

Table 2 shows trial characteristics by study phase. Most of the

53 phase II trials (34 of 53; 64.1%) were open-label studies,

Table 1. Characteristics of adaptive design submissions by product
offices.

Product Office

OBRR
(n ¼ 41)

OCTGT
(n ¼ 83)

OVRR
(n ¼ 16)

Overall
(N ¼ 140)

Study phase
II 10 (24.4%) 39 (47.0%) 4 (25.0%) 53 (37.9%)
III 30 (73.2%) 43 (51.8%) 10 (62.5%) 83 (59.3%)
IV 1 (2.4%) 1 (1.2%) 2 (12.5%) 4 (2.8%)

Submission type
IND 39 (95.1%) 75 (90.4%) 16 (100%) 130 (92.9%)
IDE 2 (4.9%) 8(9.6%) 0 (0%) 10 (7.1%)

Sponsor type
Academia 14 (34.2%) 27 (32.5%) 3 (18.7%) 44 (31.4%)
Industry 27 (65.8%) 56 (67.5%) 13 (81.3%) 96 (68.6%)

Abbreviations: IDE, investigational device exemption; IND, investigational new
drug; OBRR, Office of Blood Research and Review; OCTGT, Office of Cellular,
Tissue, and Gene Therapies; OVRR, Office of Vaccine Research and Review.

Figure 1. Adaptive design submissions by trial phases in years
2008-2013.
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approximately half (28 of 53; 52.8%) were single arm trials,

and 36 (of 53; 67.9%) used well-understood adaptive design

methods. Simon’s two-stage designs7 were employed in

43.4% (23 of 53) of the phase II proposals.

The overwhelming majority of confirmatory (phase

III&IV) adaptive design submissions (84 of 87; 96.6%) were

parallel controlled studies. This is in large part due to the fact

that many of the products CBER regulates are not conducive

to crossover designs because they have permanent effects or

long carryover effects. Table 2 also shows that 66.7% (58 of

87) of phase III and IV studies were designed as either singly

or doubly blinded, 95.4% (83 of 87) were randomized, and

94.3% (82 of 87) were superiority trials. With respect to pri-

mary endpoints, 43.7% (38 of 87) of the phase III and IV

applications used time-to-event endpoints, and most of these

(33 of 38; 86.8%) were from the Office of Cellular, Tissue and

Gene Therapies, and includes many oncology products.

Thirty-four (39.1%) phase III and IV trials had binary primary

endpoints (eg, response or no response); these were most

commonly seen in blood product submissions (24 of 34;

70.6%) (Figure 3).

Of the 87 confirmatory studies, 2 (2.3%) used adaptive ran-

domization approaches, 41 (47.1%) employed classical group

sequential designs,10,11 20 (23.0%) used sample size re-estimation

(SSR), and 11 (12.6%) combined group sequential design with

SSR. In some submissions, a more conventional group sequen-

tial designwasmodified to considermore than one primary end-

point. Thirteen (14.9%) submissions were seamless phase II/III

studies, including 3 (3.4%) operationally seamless but inferen-

tially distinct phase II/III applications and 4 (4.6%) seamless

phase II/III trials with SSR incorporated in the confirmatory

(phase III) stage (Figure 2). Overall, 56.3% (49 of 87) of the

adaptive methods proposed in the phase III and IV trials were

categorized as well-understood (Table 2), as defined in the

FDA draft Guidance. Of the 35 confirmatory submissions

involving SSR methods, 13 (37.1%) used unblinded SSR meth-

ods, which are classified as less well-understood approaches in

the draft Guidance, 7 (20.0%) proposed blinded SSR methods,

which are considered to be well-understood approaches, and

more than 40% of the submissions (15 of 35) did not provide

adequate information in the study protocol to determine how

SSR would be performed (Figure 4). We counted as ‘‘Bayesian’’

any trial in which a Bayesian analysis formed the basis for

either an interim or a final decision rule. Although many phase

I adaptive submissions include proposed Bayesian adaptive

design methods, the majority of phase II, III, and IV studies

used frequentist adaptive design approaches only (115 of

140; 82.1%) (Table 2).

Figure 3. Adaptive design submissions by study endpoints in phase III
and IV trials.

Table 2. Characteristics of adaptive design submissions by study
phases.

Study Phases

II III and IV Overall
(n ¼ 53) (n ¼ 87) (N ¼ 140)

Trial design
Blinded 19 (35.8%) 58 (66.7%) 77 (55.0%)
Open label 34 (64.2%) 29 (33.3%) 63 (45.0%)

Parallel controlled 25 (47.2%) 84 (96.6%) 109 (77.9%)
Single arm 28 (52.8%) 3 (3.4%) 31 (22.1%)

Randomized 25 (47.2%) 83 (95.4%) 108 (77.1%)
Nonrandomized 28 (52.8%) 4 (4.6%) 32 (22.9%)

Method types
Frequentist 45 (84.9%) 70 (80.5%) 115 (82.1%)
Bayesian 2 (3.8%) 2 (2.3%) 4 (2.9%)
Unclear 6 (11.3%) 15 (17.2%) 21 (15.0%)

Method categories
Well understood 36 (67.9%) 49 (56.3%) 85 (60.7%)
Less well understood 10 (18.9%) 22 (25.3%) 32 (22.9%)
Unclear 7 (13.2%) 16 (18.4%) 23 (16.4%)

Review decisions
No comments 29 (54.7%) 23 (26.4%) 52 (37.1%)
Need clarification 24 (45.3%) 64 (73.6%) 88 (62.9%)

Figure 2. Types of adaptive design submissions by study phases.
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Over 50% (29 of 53; 54.7%) of the phase II trials were

allowed to proceed without major statistical comments, while

further clarifications were requested in most (64 of 87;

73.6%) of the confirmatory adaptive design trials (Table 2).

A common issue in these submissions is insufficient detail in

protocols and statistical analysis plans about the proposed

adaptations to permit the Agency’s determination of whether

study objectives could be achieved while maintaining the study

integrity and type I error control. In these cases, sponsors were

always encouraged to submit revised protocols and/or statisti-

cal analysis plans.

Lessons from Our Review Experiences

Appropriateness of an Adaptive Design

The use of adaptive design in product development may or may

not be appropriate depending upon a number of factors. Adap-

tive designs require clinical trials to be long enough to learn

and adapt. Factors likely to determine a choice of an adaptive

approach could include what is known at the planning stage:

objectives and populations, proposed disease indications,

accrual rate, choice of endpoints, scientific nature of the inves-

tigational products, financial resources, and others. The FDA

review of a submission with adaptive design features will focus

not only on its statistical robustness but also on its clinical

appropriateness, and both clinicians and statisticians will weigh

in on the appropriateness of a design and analysis plan. We

recommend carefully assessing the potential advantages and

disadvantages of an adaptive design over a traditional design

at the study planning stage, especially for phase III confirma-

tory trials. Furthermore, sponsors should consider if simple,

conventional adaptive designs, such as group sequential meth-

ods, will meet their needs. For example, complex adaptive

designs may not be cost- or time-efficient for sponsors as they

often require detailed design justification, extensive simulation

studies, and multiple regulatory review cycles. This process

can significantly delay the start of a study.

In practice, an adaptive design with too early an interim look

may not be useful because there is too little information to

properly adapt. Also, studies that stop too early for success may

have inadequate safety data accrued, and both safety and effi-

cacy are considerations for a pre-market approval. In addition,

having sufficient sample size to assess secondary endpoints

may need to be taken into consideration when planning to stop

early, particularly if the secondary endpoint has less frequency

(eg, mortality). Another issue arises with international trials:

regulators may require a certain amount of in-country data

prior to making an approval decision, especially when there are

substantial differences in standard of care between countries or

regions. Stopping a multiregional trial early without accounting

for this issue could adversely affect a development program.

Similarly, heterogeneity in the patient population can also raise

concerns if one sees particular subgroups that are problematic

at the time of regulatory review of premarket applications.

Early-Phase Studies

Early-phase studies often have largely descriptive analyses, but

adaptive early-phase studies in which dose escalation is cap-

tured in a formula such as with continual reassessment methods

(CRM)22 sometimes require a formal statistical review at

CBER. Statistical reviewers need to work with clinicians in

evaluating the appropriateness of sponsors’ proposals so that

the pace of dose escalation is transparent, since phase I studies

are largely about safety. However, adaptive designs may be

especially appropriate in early-phase studies aimed at choosing

among multiple doses, dose schedules, and perhaps other ele-

ments of product formulation.

In general, for early-phase adaptive design trials, the statis-

tical reviews will mainly focus on whether or not the safety

concerns were appropriately addressed in the study protocol.

To this end, issues regarding initial dose selection, dose escala-

tion algorithms, and safety monitoring plans will be carefully

evaluated. In CBER, two-stage designs23-25 are often seen in

phase II cancer studies. However, as discussed in the CBER

Guidance—Clinical Considerations for Therapeutic Cancer

Vaccines,26 phase II studies with the aim of gaining efficacy

signals for the investigational products are suggested to mimic

the future phase III confirmatory studies to its utmost extent,

such as using clinical endpoints instead of surrogate endpoints.

For preventive vaccines, phase II studies often enroll a few

hundred participants and may consider multiple treatment

groups with varying dose, formulation, and perhaps regimen.

Adaptive design approaches may be useful in such trials, and

may also provide more preliminary data with regard to both

efficacy and safety.

Bayesian Approaches

Our survey indicated Bayesian methods were proposed more

often for early-phase than for late-phase adaptive studies. Many

Figure 4. Adaptive design categories for sample size re-estimation
methods in Phase III and IV submissions.

Lin et al 199



of these proposals were for CRM22 dose-finding studies or var-

iants thereof. This result supports findings of the DIA Bayesian

Scientific Working Group (BSWG), which reported that there

are more opportunities for statisticians to implement Bayesian

adaptive design approaches in early phase than in late phase clin-

ical development.27 In very general terms, the chief advantages

of Bayesian approaches are the ability to easily incorporate

external information into an analysis and mathematical flexibil-

ity in fitting certain complicated models that may be intractable

in a classical framework. The fact that CBER primarily receives

Bayesian proposals for dose-finding models in early-phase trials

suggests that it is the latter rather than the former factor spurring

Bayesian applications in regulatory submissions to CBER. As

discussed in the CDRH/CBERGuidance for the Use of Bayesian

Statistics in Medical Device Trials,28 we recommend that any

Bayesian design for a confirmatory trial include an evaluation

of type I error. This may limit the usefulness of incorporating

external information in analyses in some cases, as incorporating

such information can lead to type I error inflation.29

Sample Size Re-estimation

Our survey showed that SSR was the second-most frequently

used adaptive design method in confirmatory trials, after clas-

sical group sequential designs. A similar result was reported

based on a survey of scientific advice letters from the European

Medicines Agency,30 in which classical group sequential

designs were excluded. The usefulness of interim SSR is

mainly due to uncertainty about the true effect size during the

planning stage of the study. In general, SSR based on blinded

interim analyses of aggregate/overall data are considered not

to be problematic, as those approaches have very limited poten-

tial to introduce bias or impair the validity and interpretability

of study results. SSR based on unblinded knowledge of interim

treatment effects, on the other hand, can raise issues related to

type I error inflation and/or operational biases, and has to be

approached with greater caution. An unblinded SSR may be

conducted with or without a group sequential framework, or

at the end of the first stage of a seamless phase II/III study.

In planning any of the above unblinded SSRs, clear analytical

derivations or statistical justifications to demonstrate no type I

error inflation are expected, as well as strategies/plans to miti-

gate operational bias.5,14,15,17,18 For example, CBER reviewers

have agreed to multiple proposals using the conditional power

approach described by Chen et al.14

It should be noted that SSR approaches can lead to changing

the minimum effect size for which a statistically significant

result will occur. We recommend clearly pre-specifying the

decision rules with respect to sample size increase to ensure

statistically significant results are also clinically meaningful.

In addition, the timing of an SSR is also critical. An early SSR

(eg, 30% of information) may result in an unreliable new sam-

ple size because of limited accrued data. A late SSR (eg, 80%
information) may be pointless as planned accrual may be com-

pleted by this time. Study simulations under different scenarios

may help to select an optimal timing for interim analyses. As

with any adaptive approach, the timing and the rules for any

SSR should be clearly prespecified.

Simulations

Trial simulations play an important role in adaptive design

studies, especially in confirmatory trials. For less well-

understood adaptive approaches, the major design properties

(eg, type I error rate and power) often cannot be assessed

through analytical derivations. Trial simulations may greatly

facilitate the evaluation of the type I error rate and power, the

average sample size that may be required, and timing of interim

analysis under various realistic settings. In submissions to

CBER, simulations have variously been used to support novel

analytical methods, to verify the applicability of asymptotic

tests (ie, tests that assume large numbers of patients) to a

smaller anticipated study sample size, and to show how the

type I error rate is preserved in cases where an analytic solution

was not available. We strongly recommend extensive simula-

tion studies for complex adaptive design proposals. However,

trial simulations require a variety of assumptions that may be

difficult to justify and may well turn out to be wrong in prac-

tice. In any case where a final study outcome is out of the range

of simulated scenarios at the planning stage, interpreting the

results of the trial might be complicated, and this could affect

FDA review of a marketing application.

Preventive Vaccine Trials

Preventive vaccine trials based on disease endpoints differ

from therapeutic trials in that they are usually conducted in

large numbers of healthy subjects, not within a sick population.

Therefore, for vaccines to be successful, they need to be

regarded as safe, with little tolerance for rare but serious

adverse events, and their efficacy usually needs to be consider-

ably better than a placebo.

The most popular adaptive design for phase III vaccine clin-

ical trials that we have seen is the classic group sequential

design. Some examples include Prevnar (pneumococcal conju-

gate vaccine for prevention of invasive pneumococcal disease),

Gardasil (human papilloma virus vaccine, types 6, 11, 16, 18),

and RotaTeq rotavirus vaccine evaluated in the REST trial. The

former vaccine trials used the group-sequential design to eval-

uate efficacy, while the RotaTeq trial used it mainly to monitor

for the serious adverse event (SAE) intussusception, an intest-

inal obstructive disorder in young children that can be fatal.31

However, we have seen some group sequential designs that

are not classic in that more than one hypothesis were proposed.

For example, for both a therapeutic and a preventive vaccine

trial, we have seen proposals for studying a subgroup within

a group sequential framework, but the plans entailed continu-

ing to accrue from a subgroup after the primary goal was

achieved. Such a design posed an equipoise problem, however,

if the overall trial demonstrated efficacy.
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Example of a Successful Vaccine Trial

We have seen a successful seamless phase II/III adaptive

design trial of a vaccine. This design was implemented in the

study of Merck’s recently licensed 9-valent human papilloma-

virus vaccine (HPV-9).32,33 In this trial, the phase II part rando-

mized subjects in equal numbers to one of 3 HPV-9 vaccine

doses or the comparator Gardasil in a 3-dose regimen. The best

HPV-9 vaccine dose, among those doses tested, was to be

selected for phase III after all post–dose 2 immunogenicity and

safety data were analyzed. Following selection of the HPV-9

vaccine dose in phase II, a phase III efficacy study including

those subjects enrolled under phase II who received the

selected HPV-9 vaccine dose or the control vaccine (Gardasil),

and an additional 13,380 subjects enrolled under phase III was

to be conducted to assess the efficacy and safety.

Although the FDA Guidance does not encourage seamless

phase II/III adaptive designs, partly because they effectively

eliminate the end-of-phase-II meeting with the FDA, we

believed that there were several characteristics of the setting

that supported its use for this trial. First, the HPV-9 vaccine

is a higher valent, second-generation version of Gardasil,

the 4-valent HPV vaccine licensed in the United States in

2006.32,33 Thus, limited learning was needed, and there were

clear criteria for dose selection. A sponsor internal committee,

not involved in the study, was responsible for dose selection

based only on immunogenicity data for the 4 original serotypes

(6/11/16/18) common to both the HPV-9 vaccine and Gardasil.

An external Data Monitoring Committee (DMC) was to con-

firm the selected dose based on both immunogenicity and

safety, and this committee would have no access to efficacy

data. Efficacy assessment in phase III was to be based on clin-

ical endpoints related to the 5 new serotypes in HPV-9. More-

over, low statistical correlation was expected between the

immune responses for the original 4 serotypes and the efficacy

outcomes for the 5 new serotypes. Thus, type I error inflation

due to data-driven dose selection was expected to be small.

However, to compensate for any minimal type I error inflation

that might occur, a conservative statistical approach was to be

used to estimate vaccine efficacy (an exact method applied to a

discrete distribution).34 Because of our experience with Garda-

sil, a high level of efficacy was expected. All relevant details of

the trial were prespecified, and blinding and firewalls were in

place to protect the integrity of the trial. For all the above rea-

sons, there was little concern about bias or type I error, and

CBER concluded that an end-of-phase II meeting was not

needed.

After the trial ended, simulation results performed by the

applicant confirmed that the empirical type I error rate for the

phase II/III adaptive design trial was likely below the nominal

0.025 level, and the immune response and efficacy endpoints

indeed appeared to have low statistical correlation. Relative

vaccine efficacy of HPV-9 compared to the 4-valent Gardasil

was estimated to be 96%-97%, depending on case definition,

with high lower confidence limits, which further confirmed the

lack of need for concern about type I error.32

Although the above HPV-9 trial may be considered a suc-

cessful implementation of a seamless phase II/III adaptive

design, each trial protocol will need to be evaluated on its own

merits. In particular, if CBER review committee concludes that

an end-of-phase-II meeting is essential prior to the sponsor

advancing to phase III because of concerns about type I error,

trial integrity, or interpretability of results, then this type of

adaptive design would not likely be practical. We would expect

the sponsor of a trial to discuss the possibility of a seamless

phase II/III study and its advantages and disadvantages when

planning a confirmatory trial.

Adaptive designs could be of particular interest in vaccine

development when looking at unmet public health needs, for

example, HIV, TB, or malaria. In such cases, the high levels

of efficacy seen for many preventive vaccines for childhood

immunization may not be expected because of the challenges

presented by the disease pathogens and natural history of the

diseases. Thus, many phase III trials could be unsuccessful.

Seamless phase II/III adaptive design trials could be useful in

such settings to eliminate unpromising vaccine candidates

early, while carrying forward to phase III only those candidates

that demonstrate potential public health benefit.

Stopping for Futility

One of the most useful adaptations in clinical trials is consider-

ation of a study termination for futility. CBER regulates many

advanced biotechnology products with unknown mechanisms

of action and uncertain efficacy. If it is apparent early on that

a trial is unlikely to succeed, it may be ethical and financially

prudent to stop the trial. There have been various adaptive

design proposals over the years that have attempted to ‘‘borrow

alpha’’ from a binding futility analysis, most often to increase

the frequency or nominal significance level of interim efficacy

analyses. Because we have encountered multiple cases in

which supposedly binding futility boundaries have been crossed

and ignored, it has been our practice to ask sponsors to evaluate

type I error without accounting for any futility analyses.

Other Considerations

The quality and thoroughness of documentation are critical

factors in our evaluation of any adaptive design proposal.

A detailed study protocol with careful clinical and statistical

considerations/justifications greatly facilitates communica-

tion between the FDA and a sponsor. We suggest that submis-

sions provide the rationale for using an adaptive design, the

logistics associated with each planned adaptation (eg, SSR,

early stopping due to efficacy or futility), the distribution and

parameter assumptions made for sample size calculations, the

software used for sample size calculations, stopping rules,

timing and methods of interim analyses, statistical analysis

plan (SAP) for the primary and major secondary endpoints,

analytical derivations or sufficient simulation studies along
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with well-documented computer programs evaluating study-

wise type I error rate, plans to minimize operational bias (eg,

who conducts the interim analysis, who becomes aware of the

interim results, and how to ensure data quality), Data Monitor-

ing Committee (DMC) charter with details (eg, how DMC con-

veys the interim findings to the sponsor for decision making),

and statistical references cited as part of the documentation.

It is also important to maintain documentation regarding

operational compliance, especially in adaptive design trials.

For example, autologous cancer vaccine trials are complex,

as vaccines are made from each patient’s own cells. The dosing

time may significantly deviate from the scheduled time frames

because cell harvest time and cell amounts may vary from

patient to patient. Missing data and protocol compliance are

often not scrutinized in detail until after a study is completed.

However, adequate documentation during the conduct of a trial

may encourage better monitoring of compliance and promote

greater study and data quality. So, while we encourage spon-

sors to pick the best possible design for their objectives, we also

caution that study quality and data quality are important fac-

tors. With adaptive designs that stop early for success, there

may not be a ‘‘cushion’’ of excess positive information to over-

come problems that are determined once the study is complete.

We realize that our experiences do not span all types of

adaptive designs. For example, in spite of a growing literature

on adaptive enrichment designs and the release of draft Gui-

dance for Enrichment Strategies for Clinical Trials to Support

Approval of Human Drugs and Biological Products,35 none

have been submitted to CBER to date. Incorporating multiple

objectives or multiple endpoints into an adaptive design can

be particularly challenging and we have not seen many thus far.

As noted earlier, we have seen a group sequential design with

multiple stated objectives, but the sponsor needed longer term

data to answer one of the objectives. So if the first objective of

overall treatment efficacy is met and the sponsor decides to

extend the study to evaluate some attribute of a particular sub-

group, equipoise may no longer hold and it may be unethical to

continue to randomize patients to a less effective therapy. So

the fact that there is statistical theory to answer a question does

not always equate into an appropriate design to meet the objec-

tives. A dialog among an interdisciplinary team including sta-

tisticians and clinicians is just as important on the sponsor side

as it is on the FDA side.

Conclusions

Our motivation in writing this article was to encourage the best

study design proposals to be submitted to CBER. Sometimes

these can be adaptive, and sometimes a simpler design is most

efficient.

Our retrospective survey summarized our experience with

adaptive design submissions in CBER over the past 6 years.

The results showed that the number of applications involving

adaptive designs did not continue to increase after the release

of the FDA draft Guidance.5 Our experience suggests that

whether or not an adaptive feature can actually benefit a study

may depend on a number of factors. Early-phase studies with

adaptive design elements are generally encouraged, while more

deliberation occurs for confirmatory studies. We give submis-

sions with adaptive design elements careful attention because

of the potential of inflated type I error rate and, in some cases,

the need to verify simulations. Providing awell-written and suffi-

ciently detailed study protocol in the regulatory submission will

greatly assist the review process.We particularly suggest the fol-

lowing points for sponsors to consider if they intend to conduct

adaptive design clinical trials for confirmatory purposes:

1. Why use an adaptive design instead of a conventional

one?

2. What features does the proposed design have and are

details related to timing and execution clearly spelled

out in the protocol?

3. Is the study-wise type I error rate controlled?

4. Are the included simulation studies adequate?

5. Are steps being taken to avoid or minimize operational

bias?

6. Are study success criteria and stopping rules explicitly

specified?

We encourage sponsors to propose adaptive design clinical

trials when appropriate for their development. It is often

productive, however, to discuss such proposals prior to formal

submission, using regulatory meeting mechanisms such as pre-

IND or Q-submissions36 to start the dialog.

In summary, the FDA draft guidance offered a taxonomy for

clinical trial design that may have been subject to misunder-

standing. By labeling some studies as less well-understood,

sponsors were discouraged from actually asking if such designs

were options. Only through experience can designs move from

a less well-understood to well-understood category. Another

systematic survey of our submissions could be warranted in the

future if our experiences change.
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