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Primary Goals for Clinical Trials

Find safe and efficacious agents

Provide better treatments to patients enrolled 

in the trials

Identify prognostic and predictive markers

Make accurate and efficient inference

How to do it better? 

Adaptive Designs
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Adaptive Clinical Trials
Trials that use interim data to guide the study conduct

Test the safety and efficacy of agents
ïAdaptive dose finding 

ïAdaptive estimation of treatment effect

Provide better trtms to patients enrolled in the trials
ïAdaptive randomization

ïAdaptive drop/graduate treatments due to toxicity, futility, 

and/or efficacy

Identify prognostic and predictive markers

ïAdaptive marker identification and validation

Make accurate and efficient inference
ïAdaptive add/drop treatments

ïAdaptive decision making
Utility-based 3



Class of Adaptive Designs
Rule-based

ïAd-doc, straightforward, simple to implement

ïNo special software needed

Model-based

ïGood statistical properties

ïMore complex and difficult to implement

ïRequire special software for the design and analysis

Model-assisted

ïBased on the underlying statistical model

ïStraightforward, simple to implement

ïGet the best of the two worlds: When simplicity meets 

superiority

ïThe new KISS principle: Keep it Simple and Smart!
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Phase I and Phase II Trial Designs

1. Phase I Designs
ï3+3 Design

ïCRM, BMA-CRM

ïmTPI, mTPI-2, Keyboard, BOIN, BOIN-COMB, TITE-BOIN

2. Phase II Designs
ïSimonôs 2-stage

ïPredictive probability Phase II design

ïBOP2
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Model-Assisted Design: Modified Toxicity 

Probability Interval (mTPI), mTPI-2 Design
Underlying Bayesian models

ïMiddle ground between 3+3 design and model based 

designs, e.g. CRM design

Posterior toxicity probability space is partitioned into 

3 intervals: high, acceptable, low toxicity probability. 

Dose assignment rules determined for all possible 

outcomes before the trial begins

Good operating characteristics (mTPI-2)

Software (R and Excel) are available and easy to 

implement
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Compare mTPI and Keyboard (mTPI-2) Designs
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Keyboard Design
Define a series of equal-width dosing intervals (or 

keys) to guide the dose escalation and de-escalation

E.g,: For targeting 20% DLT

Target key of (0.15, 0.25)

(cyan)

Current dose (orange)

ïToo high ­ de-escalate

ïToo low ­ escalate

ïSame ­ stay

Overdose control

If the observed data shows > 95%

prob that current dose is above the

MTD, eliminate for further considerations 
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Keyboard Design

Dose Escalation/De-escalation Rule 
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http://trialdesign.org
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Dose Escalation/De-escalation Rule
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Protocol Template
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Operating Characteristics



Bayesian Optimal Interval (BOIN) Design

With the target probability of toxicity ‰, an interval 

design makes decision of dose escalation, stay, or 

de-escalation by comparing the estimated probability 

of toxicity ǶὴὮat dose j with a pre-specified toxicity 

interval.

The interval boundaries l1j and l2j are selected to 

minimize the decision error of dosing.

Liu S, Yuan Y. Bayesian optimal interval designs for phase I clinical trials. 

Appl. Statist. (2015) 64, 507ï523
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Optimal Interval Boundaries

Assume the prior probability of the 3 decisions are 

equal ïA simple, yet, powerful result:
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BOIN Design with ‰= 0.2 

The operating characteristics is much better than the 3+3 design 

and comparable to the continual reassessment method (CRM) 

design
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Video 1: Illustrating BOIN Design
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Bayesian Optimal Interval (BOIN) Design 

for Drug Combination Trials: BOIN-COMB 

Similar to the BOIN design but allow two-

dimensional dose escalation/stay/de-escalation.

Treat the 1st cohort at the lowest dose (1, 1).

To determine the next dose combination: Maximizing 

the posterior probability that the toxicity rate of the 

next dose falls inside a pre-specified probability 

interval based on the cumulative data.

After the trial is completed, perform an isotonic 

regression to estimate toxicity rates satisfy the 

monotonicity assumption when fixing one drug at a 

certain dose level.

Lin R. and Yin, G. (2015). Bayesian Optimal Interval Design for Dose Finding 

in Drug-combination Trials, Statistical Methods in Medical Research 27



BOIN for Drug Combination Trials
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MTD contour in drug combination trials. Curved lines indicated the toxicity contours with true toxicity rates of 

0.1, 0.2, 0.3, 0.4 and 0.5, respectively. Combinations located along the rows and columns are ordered in 

toxicity, but in other directions of the dose matrix (e.g., along the diagonals from the upper left corner to the 

lower right corner), the toxicity order is unknown due to unknown drug-drug interactions.



Bayesian Optimal Interval (BOIN) Design 

for Time-To-Event Endpoints: TITE-BOIN

Enroll the first patient cohort at the lowest or 

prespecified starting dose.

Based on the data observed at the current dose, make 

the dose-escalation/deescalation decision according to 

the pregenerated decision table for treating the next 

patient cohort.

Repeat step 2 until the prespecified maximum sample 

size is reached and select the MTD using the 

statistical method isotonic regression.

Yuan, Y., Lin, R., Li, D., Nie, L. and Warren, K.E. (2018). Time-to-event 

Bayesian Optimal Interval Design to Accelerate Phase I Trials. Clinical 

Cancer Research, 24(20): 4921-4930. 30


