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Adaptive Designs

Schematic of a traditional clinical trial design with fixed sample size, 

and an adaptive design with pre-specified review(s) and adaptation(s)



Why use Adaptive Designs?

❑Higher flexibility

Other benefits (depending on the adaptive features) 

can include: 

❑ Higher accuracy

❑ Optimal allocation of patients 

❑ Shorter trial duration 

❑ Lower sample size

Design performance could be assessed by simulations. 
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(Simon et al 1985)

Simon, R., Wittes, R. E., Ellenberg, S. S. (1985). Randomized phase II  linical trials. Cancer Treatment Reports 69(12), 1375–1381.

Adopted in 

Phase I/II ACE 

Trial 

[NCT03177187]
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Thall, P. F., Wathen, J. K. (2007). Practical Bayesian adaptive randomisation in clinical trials. European Journal of Cancer 43(5), 859–866

Yap C and Cheung YK (2018). Sequential elimination in multi-arm multi-stage selection trials. Wiley StatsRef: Statistics Reference Online. 

https://doi.org/10.1002/9781118445112.stat08024

Yap, C., Lin, X., & Cheung, Y. K. K. (2015). Sequential Elimination in Multi-Arm Selection Trials. Modern Adaptive Randomized Clinical Trials: 

Statistical and Practical Aspects, 81, 411-426, edited by Sverdlov, A (ed).

Early Phase Randomised Selection Designs

https://doi.org/10.1002/9781118445112.stat08024


Classes of Phase I Trial Designs
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Rule-based 
(e.g., 3+3, 

Rolling 6)

Model-based 
(e.g., CRM, TITE-CRM, 

EWOC, BLRM, EffTox)

Model-assisted
(e.g., BOIN, mTPI, 

Keyboard)

• Simple - based on a 

pre-specified set of rules

• Inefficient/Inflexible -

Decisions are based on 

DLT rate at current dose 

only.

• “Complex” – statistical 

model to model relationship 

between dose and 

outcomes (toxicity/activity)

• Efficient/Flexible - Decisions 

are based on DLT rates at 

ALL tested dose levels; can 

target any DLT rate. 

• Hybrid of the two – rules 

+ statistical models.

• Efficient/Flexible -

Decisions are based 

primarily at DLT rates at 

current dose; can target 

any DLT rate



Implementation of Advanced Designs in Oncology Trials
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5.4% 
(2009-2014)

8.6% 
(2014-2019)

19.0% 
(2017-2023)

Trial Results Publications Trial Protocols

Model-assisted 

&

Model-based 

Designs
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Model-based designs 
• chose dose levels higher than the published MTD in 40% of the trials
• assigned fewer patients to suboptimal doses
• permitted faster dose escalation.
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What if …. Activity does not increase with dose? 

Activity 2

Dose level

RP2D ≠ MTD
PK, PD, 

immune-based biomarkers,

Clinical efficacy outcomes 
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Trial ResultsDesign Paper

EffTox: A Bayesian design which jointly models 

toxicity and activity (response) and uses a efficacy-

toxicity trade off criterion, to inform dose decisions

Thall and Cook 2004, “Dose-Finding based on Efficacy-Toxicity Trade-Offs”, Biometrics

CASE STUDY: EFFTOX IN MATCHPOINT TRIAL
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EFFTOX IN MATCHPOINT TRIAL

• 4 dose levels; start at dose level 3. 

• EffTox design recommended the 
same dose (30mg) throughout, 
taking into account both efficacy 
and toxicity outcomes.

• At recommended dose, posterior 
mean estimate of: 

➢ Activity: 68%

(95% credible interval 47–84%) 

➢ Toxicity: 25%

(95% credible interval 8–41%)

Patient 

Number

Activity Toxicity (DLT)

1 No No
2 No Yes
3 Yes Yes
4 Yes No
5 No No
6 No No
7 Yes No
8 Yes No
9 Yes No

10 Yes No
11 Yes Yes
13 No Yes
14 Yes No
15 Yes No
16 Yes No
17 Yes No

Copland et al, Lancet Haem 2022
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EFFTOX IN MATCHPOINT TRIAL
Patient 

Number

Activity Toxicity (DLT)

1 No No
2 No Yes
3 Yes Yes
4 Yes No
5 No No
6 No No
7 Yes No
8 Yes No
9 Yes No

10 Yes No
11 Yes Yes
13 No Yes
14 Yes No
15 Yes No
16 Yes No
17 Yes No

Copland et al, Lancet Haem 2022

2/3 DLTs at 30mg, de-escalate to 
15mg

0/3 DLT at 15mg, stay at 15mg

0/3 DLT at 15mg.
A 3+3 design would have stopped 
with MTD declared at 15mg. 

EffTox: recommended dose 
at 30mg

What would a 3+3 design 
have recommended? 



Incorporating other outcomes
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Tolerability 

(e.g., DLT)

Dose-decisions and 

final dose 

recommendation

Patient Reported 

Outcomes (PROs)

Only 5.3%
of trials 
had PRO 
endpoints

Activity

PK, PD



Conduct, Analysis and Reporting (All Designs)

Trial 

Protocol

Trial 

Analysis

Trial 

Reporting

BMJ 2022

Parallel 

Group 

Randomised 

Trials
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SPIRIT 2013
(Standard Protocol Items: 

Recommendations for 

Interventional Trials)

CONSORT 2010
(Consolidated Standards of 

Reporting Trials)



Conduct, Analysis and Reporting (All Designs)

Trial 

Protocol

Trial 

Analysis

Trial 

Reporting

? ?

BMJ 2022
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Guidance 

for Dose-

finding Trials 



Quality of Dose-finding Clinical Trial Protocols

Randomised selection 

of 106 protocols from 

2017-2023 

registered on 

ClinicalTrials.gov
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Rationale for 

starting dose (69%)

Definition of dose-

escalation analysis 

population (34%)



Quality of Dose-finding Clinical Trial Protocols

Inadequate 

reporting in trial 

protocols
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and trial reports

Randomised selection 

of 106 protocols from 

2017-2023 

registered on 

ClinicalTrials.gov



I can’t 

find it! 

Adapted from https://tinyurl.com/mr46t77k

Reported Poorly ?

OR
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https://tinyurl.com/mr46t77k


Clear need for international consensus-driven 

guidelines to recommend essential items that should be 

presented in dose-finding trial protocols and reports, to 

promote greater clarity, reproducibility, 

informativeness and utility of results.

→ DEFINE (Dose-finding Extension) Project
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https://www.icr.ac.uk/DEFINEstudy

Yap et al 2022

https://www.icr.ac.uk/DEFINEstudy


Conduct, Analysis and Reporting (All Designs)

Trial 

Protocol

Trial 

Analysis

Trial 

Reporting

SPIRIT-DEFINE
(Standard Protocol Items: 

Recommendations for 

Interventional Trials –

Dose-finding Extension)

The BMJ, in press

CONSORT-DEFINE
(Consolidated Standards of 

Reporting Trials –

Dose-finding Extension)

The BMJ, in press

BMJ 2022International 

consensus-driven 

guidance
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Lay

Summary

BMC Medicine 2023

https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-023-02937-0
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Comments

• The opportunities afforded by innovative trial designs are enormous. 

• Such designs (including basket, umbrella, platform trials) are infrequently 

implemented but are expected to increase due to focus on genomic 

medicine and to do smarter and quicker trials

• Innovative design elements can help ensure that maximum information is 

obtained from the research effort.

• Undoubtedly, it requires increased resources, specialist expertise, 

planning and coordination, but the gain in efficiencies can last for many 

years. 

• Need for further methodology development and evidence of effective 

implementation
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Comments (cont..)

“To maximise the benefit to society, 

you need to not just do research, 

but do it well”.

Doug Altman (1948-2018), statistician, 

pioneer, luminary.

Effective reporting is NOT OPTIONAL –

it is a FUNDAMENTAL aspect of 

conducting high-quality research 
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Prior

Email: christina.yap@icr.ac.uk

Thank You

@ChristinaBYap
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