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Outline 

•Background and motivation 

•What is adaptive design? 

•Type of adaptive designs 

•Regulatory perspectives 

•Statistical perspectives 

•Possible benefits 

•Remarks 



Background 

• Increasing spending of biomedical 

research does not reflect an increase 

of the success rate of pharmaceutical 

development. 

• Many drug products were withdrawn 

or recalled due to safety issues after 

regulatory approval. 



The causes – Woodcock (2004) 

• A diminished margin for improvement that 
escalates the level of difficulty in proving drug 
benefits. 

• Genomics and other new science have not yet 
reached their full potential. 

• Mergers and other business arrangements have 
decreased candidates. 

• Easy targets are the focus as chronic diseases 
are harder to study. 

• Failure rates have not improved. 

• Rapidly escalating costs and complexity 
decrease willingness/ability to bring many 
candidates forward into the clinic. 



Critical Path Initiative 

• In its 2004 Critical Path Report, the FDA 
presented its diagnosis of the scientific 
challenges underlying the medical product 
pipeline problems. 

• On March 16, 2006, the FDA released a 
Critical Path Opportunities List that outlines 
– 76 initial projects (six broad topic areas)  

 to bridge the gap between the quick pace of 
new biomedical discoveries and the slower 
pace at which those discoveries are 
currently developed into therapies. 



Critical path opportunities list 

1. Better evaluation tools 

2. Streamlining clinical Trials 
– Advancing innovative trial designs 

3. Harnessing bioinformatics 

4. Moving manufacturing into the 21st  

    century 

5. Developing products to address urgent  

    public health needs 

6. Specific at-risk populations - pediatrics 



Advancing innovative trial 

designs 

• Design of active controlled trials 

• Enrichment designs 

• Use of prior experience or accumulated 
information in trial design 

• Development of best practices for handling 
missing data 

• Development of trial protocols for specific 
therapeutic areas 

• Analysis of multiple endpoints 



   Use of prior experience or  
accumulated information in  
trial design 
 

• The use of Bayesian approach in clinical 

trial design 
– CDRH has published a guidance on Bayesian 

approach in devices 

• The use of adaptive design methods in 

clinical trials 

• The use of Bayesian adaptive design in 

clinical trials 
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Motivation 

• The use of adaptive design is to give the 

investigator(s) the flexibility for identifying 

any signal, possible trend/pattern, and 

ideally optimal benefit regarding 

safety/efficacy of the test treatment under 

investigation 

• The use of adaptive design is to speed up 

the development process in a more 

efficient way without undermining the 

scientific validity of the development 
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An example  

– the development of Velcade  
 
• Indication 

– Multiple myeloma (accelerated track for orphan drug) 

– Approved by the FDA on June 23, 2008 

• Flexibility 

– Modified clinical trial design during the conduct of the trials 

such as change primary study endpoint , change 

hypotheses, and two-stage adaptive design 

• Efficiency (speed up development process) 

– It only took 2 years and 4 months (from first patient in to the 

last patient out) to receive approvable letter from FDA 

based on a phase II study. 
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What do we learn from this 

example? 

• If the drug is promising and/or no alternative 

treatments are available, FDA is willing to help the 

sponsor to identify clinical benefits of the drug under 

investigation. 

• New methodology is acceptable to the FDA as long 

as the sponsor can demonstrate the following 

– Statistical/scientific validity and integrity of the 

proposed method 

– Integrity of the data collected from the trial  
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What is adaptive design? 

• There is no universal definition. 

– Adaptive randomization, group sequential, 

and sample size re-estimation, etc. 

– Chow, Chang, and Pong (2005) 

– US PhRMA (2006) 

– US FDA (2010) 

• Adaptive design is also known as 

– Flexible design (EMEA, 2002, 2006) 

– Attractive design (Uchida, 2006) 

  



Chow, Chang, and Pong’s 

definition 

 Chow SC, Chang M, Pong A (2005).  

    J. Biopharm. Stat., 15 (4), 575-591. 

 

 An adaptive design is a design that allows 

modification (adaptation) to some aspects 

(e.g., trial and/or statistical procedures) of 

on-going trials after initiation without 

undermining the validity and integrity of the 

trials. 



Trial procedures 

• Eligibility criteria 

• Study dose/regimen and duration 

• Study endpoints 

• Laboratory testing procedures 

• Diagnostic procedures 

• Criteria for evaluability and/or 
assessment of clinical responses 

• Deletion/addition of treatment groups 

 etc. 



Statistical procedures 

• Randomization procedures in treatment 
allocation 

• Study objectives/hypotheses 

• Study design 

• Sample size re-assessment/adjustment 

• Data monitoring and/or interim analysis 

• Statistical analysis plan 

• Methods for data analysis 

 etc. 



Chow-Chang-Pong’s definition 

•  Characteristics 

– Adaptation is not limited to a design feature 

– Changes can be made prospectively, 

concurrently, and/or retrospectively. 

• Comments 

– It reflects real clinical practice (e.g., concurrent 

protocol amendments and/or SAP). 

– It is flexible and attractive. 



PhRMA’s definition 

 PhRMA (2006), J. Biopharm. Stat., 16 (3), 275-283. 

 

 An adaptive design is referred to as a clinical 

trial design that uses accumulating data to 

decide on how to modify aspects of the study 

as it continues, without undermining the 

validity and integrity of the trial. 

    

     

 
 



PhRMA’s definition 

• Characteristics 

– Adaptation is a design feature. 

– Changes are made by design not on an ad 

hoc basis. 

• Comments 

– It does not reflect real practice 

• Ad hoc protocol amendments  

– It may not be flexible as it means to be 

• Adaption is by design only 

 



FDA’s definition 

 FDA Guidance for Industry – Adaptive Design 

Clinical Trials for Drugs and Biologics  Feb, 2010 

 

 An adaptive design clinical study is defined 

as a study that includes a prospectively 

planned opportunity for modification of one 

or more specified aspects of the study 

design and hypotheses based on analysis 

of data (usually interim data) from subjects 

in the study 



FDA’s definition 
 

• Characteristics 
– Adaptation is a prospectively planned 

opportunity. 

– Changes are made based on analysis of data 
(usually interim data). 

• Comments 
– It is not flexible because only prospective 

adaptations are allowed  

– It does not reflect real practice (e.g., protocol 
amendments)  

– It does not mention validity and integrity? 



FDA’s definition 
 

• Comments 
– The interpretations vary from statistical reviewer 

(and/or medical reviewer) to statistical reviewer 
(and/or medical reviewer) 

– FDA encourages the sponsors consulting with 
statistical/medical reviewers when utilizing 
adaptive design in the intended clinical trials 

– It classifies adaptive designs into  

• well-understood designs and  

• less well-understood designs 

– It is general guidance not a design-specific 
guidance. 



FDA’s definition 
 

• Well-understood design 

– Has been in practice for years 

– Statistical methods are well established 

– FDA is familiar with the study design 

• Less well-understood design 

– Relative merits and limitations have not yet 
been fully evaluated 

– Valid statistical methods have not yet been 
developed/established 

– FDA does not have sufficient experience for 
submissions utilizing such study design  



Adaptation 

• An adaptation is defined as a change or 

modification made to a clinical trial before 

and during the conduct of the study. 

• Examples include 

– Relax inclusion/exclusion criteria 

– Change study endpoints 

– Modify dose and treatment duration 

 etc.  



Types of adaptations 

• Prospective adaptations 
– Adaptive randomization 

– Interim analysis 

– Stopping trial early due to safety, futility, or 
efficacy 

– Sample size re-estimation, etc. 

• Concurrent adaptations 
– Trial procedures  

• Retrospective adaptations 
– Statistical procedures 



Implementation of adaptations 

• Prospective adaptations 
– Design features 

– Implemented by study protocol 

• Concurrent adaptations 

– Changes made during the conduct of the study 

– Implemented by protocol amendments 

• Retrospective adaptations 

– Changes made after the conduct of the study 

– Implemented by statistical analysis plan prior to 
database lock and/or data unblinding  



 Ten adaptive designs 

• Adaptive randomization design 

• Group sequential design 

• Flexible sample size re-estimation design 

• Drop-the-losers (pick-the-winner) design 

• Adaptive dose-finding design 

• Biomarker-adaptive design 

• Adaptive treatment-switching design 

• Adaptive-hypotheses design 

• Adaptive seamless design 
– Two-stage phase I/II (or II/III) adaptive design  

• Multiple adaptive design (any combinations of 
the above designs) 



Most popular adaptive designs 

• Adaptive randomization design 

• Group sequential design 

• Flexible sample size re-estimation design 

• Drop-the-losers (pick-the-winner) design 

• Adaptive dose finding design 

• Biomarker-adaptive design 

• Adaptive treatment-switching design 

• Adaptive-hypotheses design 

• Two-stage phase I/II (or II/III) adaptive design  

• Multiple adaptive design 



Adaptive randomization design 

• A design that allows modification of 

randomization schedules (during the 

conduct of the trial) 

– Increase the probability of success 

• Type of adaptive randomization 

– Treatment-adaptive 

– Covariate-adaptive 

– Response-adaptive 

 



Comments 

• Randomization schedule may not be 

available prior to the conduct of the 

study. 

• It may not be feasible for a large trial 

or a trial with a relatively long  

treatment duration. 

• Statistical inference on treatment 

effect is often difficult to obtain if it is 

not impossible. 

 



Group sequential design 

• An adaptive design that allows for (i) 

prematurely stopping a trial due to  

– safety, 

– futility/efficacy, or 

– both 

based on interim analysis results, and  (ii) 

sample size re-estimation either in a blinded 

fashion or a unblinded fashion, which often 

conducted by an independent data monitoring 

committee (IDMC) 



Comments 

• FDA considers group sequential design is 

a well-understood design 

• What is adaptive group sequential design? 

– Other adaptations 

• Overall type I error rate may not be 

preserved when 

– there are changes in hypotheses and/or study 

endpoints 

– there is a shift in target patient population due 

to protocol amendments 



Flexible sample size  

re-estimation  design 

• An adaptive design that allows for sample size 
adjustment or re-estimation based on the 
observed data at interim 

• Sample size adjustment or re-estimation is 
usually performed based on the following 
criteria 

– Controlling variability 

– Maintaining treatment effect 

– Achieving conditional power 

– Reaching desired reproducibility probability 

– Other criteria such as probability statement 

 



Comments 

• Question to regulatory agency 

– Can we always start with a small number 

and perform sample size re-estimation at 

interim? 

• It should be noted sample size re-estimation 

is performed based on estimates from the 

interim analysis. 

– Should account for the variability 

associated with the estimates  

• This design is also known as an N-adjustable 

design. 



Drop-the-losers design 

• Drop-the-losers design is a multiple 

stage adaptive design that allows 

dropping the inferior treatment groups 

– drop the inferior arms  

– retain the control arm 

– may modify current treatment arms 

– may add additional arms 

• It is useful where there are uncertainties 

regarding the dose levels. 



Comments 

• The selection criteria and decision rules 
play important role for drop-the-losers 
designs. 

• Dose groups that are dropped may 
contain valuable information regarding 
dose response of the treatment under 
study. 

• How to utilize all of the data for a final 
analysis? 

• Some people prefer pick-the-winner. 

 



Adaptive dose finding design 

• Often used in early phase clinical 
development to identify the maximum 
tolerable dose (MTD), which is usually 
considered the optimal dose for later 
phase clinical trials 

• Adaptive dose finding designs often 
used in cancer clinical trials 
– Dose escalation designs 

– Bayesian sequential designs 

 



Adaptive dose finding design 

• Algorithm-based design 
– Traditional dose escalation rule (TER) 

design 

– Strict TER design 

– Extended TER design 

• Model-based design 
– Continued re-assessment method (CRM) 

– Based on dose-toxicity model 

– CRM may be used in conjunction with 
Bayesian approach 



An example  

– the “3+3” TER design 

 The traditional escalation rule is to enter 
three patients at a new dose level and 
then enter another three patients when a 
DLT is observed 

 The assessment of the six patients is then 
performed to determine whether the trial 
should be stopped at the level or to 
escalate to the next dose level  
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Comments 

 Traditional escalation rule (TER) design is 
considered standard dose escalation design 

 Drawbacks of the standard dose escalation 
design 

 No room for dose de-escalation 

 No sample size justification 

 No further analysis of data 

 No objective estimation of MTD with 
statistical model 

 No sampling error and no confidence interval 
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Comments 

 Continued re-assessment method (CRM) design 
is considered Bayesian sequential design 

 Concerns of Bayesian sequential design 

 Validation of dose-toxicity model 

 Sensitivity for selection of prior distribution 

 Safety concern for possible of dose jump 

 The probability of overdosing 

 The probability of correctly achieving the 
MTD (maximum tolerable dose)  
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Comments 

• How to select the initial dose? 

• How to select the dose range under 
study? 

• How to achieve statistical significance 
with a desired power with a limited 
number of subjects? 

• What are the selection criteria and 
decision rules? 

• What is the probability of achieving 
the optimal dose? 

 



Biomarker- adaptive design 

• A design that allows for adaptation 

based on the responses of biomarkers 

such as pharmacokinetic (PK) and 

pharmacodynamics (PD) markers and 

genomic markers 

• Types of biomarker 

– Classifier marker 

– Prognostic marker 

– Predictive marker 



Type of biomarkers 

• A classifier marker usually does not change 

over the course of study and can be used to 

identify patient  population who would benefit 

from the treatment from those do not. 

– DNA marker and other baseline marker for 

population selection 

• A prognostic marker informs the clinical 

outcomes, independent of treatment. 

• A predictive marker informs the treatment effect 

on the clinical endpoint. 

– Predictive marker can be population-specific. 

That is, a marker can be predictive for 

population A but not population B.  
 



Enrichment strategies with 

classifier biomarkers 

 

 

Population 

Size 

Response 

(Treatment A) 

Response 

(Treatment B)      

Sample size 

(90% power ) 

Biomarker 

(+) 

10M 50% 25% 160* 

Biomarker 

(-) 

40M 30% 25% 

Total 50M 34% 25% 1800 

* 800 subjects for screening. 



Comments 

• Classifier marker is commonly used in 
enrichment process of target clinical trials 

• Prognostic vs. predictive markers  

– Correlation between biomarker and true 
endpoint make a prognostic marker 

– Correlation between biomarker and true 
endpoint does not make a predictive 
biomarker 

• There is a gap between identifying genes that 
associated with clinical outcomes and 
establishing a predictive model between 
relevant genes and clinical outcomes 

 
  

 



Adaptive treatment-switching 

design 

• A design that allows the investigator 

to switch a patient’s treatment from an 

initial assignment to an alternative 

treatment if there is evidence of lack 

of efficacy or safety of the initial 

treatment 

– commonly employed in cancer trials 



Comments 

• Estimation of survival is a challenge to 
biostatistician. 

• A high percentage of subjects who 
switched could lead to a change in 
hypotheses to be tested. 

• Sample size adjustment for achieving 
a desired power is critical to the 
success of the study. 



Adaptive-hypotheses design 

• A design that allows change in 

hypotheses based on interim 

analysis results 

– often considered before database lock 

and/or prior to data unblinding 

• Examples 

– switch from a superiority hypothesis to 

a non-inferiority hypothesis 

– change in study endpoints (e.g., switch 

primary and secondary endpoints) 



Comments 

• Switch between non-inferiority and 

superiority 

– The selection of non-inferiority margin 

– Sample size calculation 

• Switch between the primary endpoint and 

the secondary endpoints 

– Perhaps, should consider the switch from the 

primary endpoint to a co-primary endpoint or a 

composite endpoint 



Adaptive seamless design 

 • An adaptive seamless design is a trial design 

that combines two separate independent 

trials into one single study 

• The single study would be able to address 

study objectives of individual studies 

• This design usually consists of two phases 

(stages) 

– Learning (exploratory) phase 

– Confirmatory phase 

• This design is known as a two-stage adaptive 

seamless design 

  



Examples 

• A two-stage phase I/II design 

– First stage is for a phase I study for dose 

finding 

– Second stage is phase II study for early 

efficacy confirmation 

• A two-stage phase II/III design 

– First stage is a phase IIb study for treatment 

selection 

– Second stage is a phase III study for efficacy 

confirmation 
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Comments 

• Characteristics 
– Will be able to address study objectives of 

individual phase IIb and phase III studies 

– Will utilize data collected from phase IIb and 
phase III for final analysis 

• Commonly asked questions/concerns 
– Is it valid? 

– Is it efficient? 

– How to perform a combined analysis if the 
study objectives/endpoints are different at 
different phases? 

– How to perform sample size calculation? 



Multiple adaptive design 

• A multiple adaptive design is any 

combinations of the above adaptive 

designs 

– very flexible 

– very attractive 

– very complicated 

– statistical inference is often difficult, if not 

impossible to obtain 



Regulatory perspectives 

• May introduce operational bias. 

• May not be able to preserve type I error 

rate. 

• P-values may not be correct. 

• Confidence intervals may not be reliable. 

• May result in a totally different trial that is 

unable to address the medical questions 

the original study intended to answer. 

 



Operational bias 

• Operational bias results when 

information from an ongoing trial causes 

changes to the participant pool, 

investigator behavior, or other clinical 

aspects that affect the conduct of the 

trial in such a way that conclusions about 

important efficacy or safety parameters 

are biased. 
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An example   

– questions from FDA 

• Provide strategy for preventing operational biases 

• Provide detailed description of power analysis for 

sample size calculation 

• Provide detailed information as to how the overall 

type I error is controlled 

• Provide justification for the validity of the statistical 

methods for data analysis 

• Provide justification for stopping boundaries based 

on the proposed alpha spending function 
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Statistical perspectives 

• Major (or significant) adaptations (e.g., 

modifications or changes) to trial and/or 

statistical procedures could 

– introduce bias/variation to data collection 

– change in target patient population 

– lead to inconsistency between hypotheses to 

be tested and the corresponding statistical 

tests  



Sources of bias/variation 

• Expected and controllable 
– e.g., changes in laboratory testing procedures 

and/or diagnostic procedures 

• Expected but not controllable 
– e.g., change in study dose and/or treatment 

duration 

• Unexpected but controllable 
– e.g., patient non-compliance 

• Unexpected and uncontrollable 
– random error 



Possible benefits 

• Correct wrong assumptions 
– e.g., sample size re-estimation 

• Select the most promising option early 
– e.g., stop trial early; drop inferior 

treatments, etc. 

• Make use of emerging external 
information to the trial 
– e.g., modification of dose or treatment 

duration 

• React earlier to surprises  (positive 
and/or negative) 
– e.g., stop trial early 



Possible benefits 

• May have a second chance to re-design 

(modify) the trial after seeing data from 

the trial itself at interim (or externally) 

• Sample size 

– may start out with a smaller sample size with 

up-front commitment of sample size  

• Speed up development process 

• More flexible but more problematic 

operationally due to potential bias 

 

 

 



Obstacles  

protocol amendments 

• On average, for a given clinical trial, we may 

have 2-3 protocol amendments during the 

conduct of the trial. 

• It is not uncommon to have 5-10 protocol 

amendments regardless the size of the trial 

• Some protocols may have up to 12 protocol 

amendments  

• There are no regulations on the number of 

protocol amendments that one can have  

 

 

 

 



Obstacles  

Data Safety Monitoring Committee 

• DSMB is responsible for the quality and 

integrity of the conduct of the trial 

• DSMB may not have experience in 

monitoring clinical trials utilizing adaptive 

designs 

• The independence of DSMB is a concern 

• Role and responsibility of usual DSMB 

need to be well-defined 

 

 

 

 



Future perspectives  

• Design-specific guidances are necessarily 
developed 
– Misuse 

– Abuse 

• Statistical methods need to be derived 
– Validity 

– Reliability/reproducibility 

• Monitoring of adaptive trial design 
– Quality  

–  Integrity 

 



Concluding remarks 

• Clinical 
– Adaptive design reflects real clinical 

practice in clinical development. 

– Adaptive design is very attractive due to its 
flexibility and efficiency. 

– Potential use in early clinical development. 

• Statistical 
– The use of adaptive methods in clinical 

development will make current good 
statistics practice even more complicated. 

– The validity of adaptive methods is not well 
established. 



Concluding remarks 

• Regulatory  

– Regulatory agencies may not realize but the 

adaptive methods for review/approval of 

regulatory submissions have been employed 

for years. 

– Specific guidelines regarding different types 

of less-well-understood adaptive designs are 

necessary developed. 
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