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Definitions

Phase I trials: formerly referred to as “first-in-man studies” but the field 
generally moved to the gender-neutral language phrase "first-in-humans" 
in the 1990s; these trials are the first stage of testing in human 
subjects. They are designed to test the safety, side effects, best dose, and 
formulation method for the drug. Phase I trials are not randomized, and 
thus are vulnerable to selection bias. (Wikipedia)

Dose-limiting toxicity (DLT): Toxicity that is considered unacceptable 
(due to severity and/or irreversibility) and limits further dose escalation.

Maximum Tolerable Dose (MTD): The highest dose of a drug or 
treatment that does not cause unacceptable side effects. The maximum 
tolerated dose is determined in clinical trials by testing increasing doses 
on different groups of people until the highest dose with acceptable side 
effects is found. Also called MTD.

Recommended phase II dose (RP2D, RD)
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Classification-1

Rule-based: 3+3, up & down method, 
accelerated titration design, mTPI, BOIN, keyboard

Model-based: Continual Reassessment Method(CRM) & its extension

Algorithm-based: a class of conventional design that uses a set of simple, 
prespecified rules to determine the dose escalation and de-escalation. (3+3, 
up&down,  ATD)
Model-based: a class of novel adaptive designs that uses a statistical model 
(eg, a logistic model) to describe the dose-toxicity curve and guide dose 
transition. (CRM & extension)
Model-assisted: developed to combine the advantages of algorithm-based 
designs and model-based designs. Similar to the model-based design, the 
model-assisted design uses a statistical model (eg, the binomial model) to 
derive the design for efficient decision making; however, like the algorithm-
based design, its dose escalation and de-escalation rule can be 
predetermined before the onset of the trial and, thus, can be implemented. 
in as simple a way as the algorithm-based designs. (mTPI, BOIN, Keyboard)

(Yuan et al, 2019, JCO) 



Classification-2



Comparison

Zhou et al.(2018, CCR)



Model-based:

CRM



Continual Reassessment Model (CRM)

This model-based Bayesian method was introduced by 
J. O’Quigley Biometrics 1990. 

A working model is specified for the dose-outcome 
relationship 

Prior information is required 

Then the study begins by dosing the first person at 
the ”best” dose 

The analysis is updated given the data obtained 

For the next patient pick the ”best” dose and continue 

Sample size generally fixed at the outset (20-30 pts)



Parameters to Set Up

Target Toxicity Rate: The acceptable chance of a patient 
experiencing a DLT

# of Doses (K): Statistical and practical considerations underlie the 
choice of how many and which doses to study. 

Wheeler et al.(2019, BMC MRM)



Parameters to Set Up

Dose-Toxicity Model: Relationship between dose and the risk of 
observing a DLT. The dose-toxicity model describes the 
probability of a patient experiencing a DLT at a given dose 



Update-1

The dose-response curve:  parameterized with slope β, 

Pr(Toxicity at level dk) = F(dk , β)

The current dose dn is chosen such that 

F(dn , β) ≤ p and F(dk , β) > p
for all k > n,

where p is the toxicity level 

which defines the MTD.

(skeleton, initial guess) 



Update-2



Example

Initial Step



Example

1st Dose



Example

2nd Dose



Practical Issues

Clinical Parameters

Initial Guess of Toxicity Probability

Prior MTD, Starting Dose

Prior Distribution

Dose-Toxicity Model

Initial Design

Sample Size

Stopping Rule

Calibration of Indifferent Interval

etc



Model-assisted:

mTPI & Keyboard

(cf: mTPI-2)



TPI & mTPI (Ji et al. 2007, 2010)

Toxicity Probability Interval (TPI) method consists of two 
components: a beta/binomial model and a dose-assignment rule 
based on posterior toxicity probabilities.

First, we adapt a conjugate beta/binomial Bayesian model that 
gives us closed-form beta posterior distributions for the dose 
toxicity probabilities. 



TPI

Secondly, using the beta posteriors, we compute posterior 
probabilities of three toxicity intervals that are associated with 
high, acceptable, and low toxicity for the dose at which patients 
are being treated; we associate each interval with a different 
dose-assignment action for treating future patients



mTPI

mTPI introudced a set of penalty functions for choosing a proper 
decision from among D, S, or E.

The mTPI is based on a new statistics called the unit probability 
mass. 

The mTPI improves the TPI on two aspects: 

mTPI is calibration free – does not require tuning of parameters 

mTPI is safer – treats fewer patients at over-toxic doses while 
maintaining other good performance properties of the TPI.



At MD Anderson 



Keyboard Design (Yan et al, 2017, CCR)

The keyboard design retains the simplicity of the mTPI design, but 
yields better overdose control and higher accuracy to identify the 
true MTD. 

Similar to the mTPI design, the keyboard design is a Bayesian model-
based design that relies on the posterior distribution of the toxicity 
probability to guide dose escalation and de-escalation.

The innovation is that the keyboard design defines a series of equal-
width dosing intervals (or keys) to present the potential locations of 
the true toxicity of a dose and guide the dose escalation and de-
escalation, whereas the mTPI design uses the UPMs of three dosing 
intervals (i.e., underdosing, proper dosing, and overdosing) to 
determine the dose transition

CF: “strongest” key that has the highest posterior probability.



If the strongest key (red) is 
on the right side of the 
target key (blue), de-
escalate the dose (top); 

if the strongest key is on 
the left side of the target 
key, escalate the dose 
(middle); 

if the strongest key is the 
target key, retain the 
current dose (bottom). 



Implement-1

1.
Start the trial by treating the first patient or the first cohort of p
atients at the lowest dose.

2.

To choose a dose for treating the next new patient, count the n
umber of DLTs observed at the current dose and conduct dose 
escalation and de-escalation based on the pretabulated decisio
n rules.

3.
Repeat step 2 until the prespecified maximum sample size is rea
ched or the trial is terminated early for safety.

4.
On the basis of all the observed data, select the MTD using a st
atistical technique called isotonic regression (16).



Implement-2



Implement-3



BOIN

Refer Dr Gil's Talk



Summary: mTPI, Keyboard & BOIN



Comparison-1 (Yan et al. 2017, CCR)
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Comparison-2 (Zhou et al. 2018, CCR)

Relative difference of 
3+3

For A,B Larger=better

For C,D Smaller=better



Comparison-3 (Zhou et al. 2018, CCR)

Relative difference 
of 3+3

Smaller=better



Comparsion-4
Zhu et al. (2019, Cont. Clincial Trials)

In many cases CRM performs as well as or better than BOIN and 
Keyboard designs

CRM is sensitive to the choice of prior toxicity probabilitie.

The poor performance of CRM due to a misspecified prior may 
not be improved by simply increasing the sample size. 

Model-assisted designs performs well as the CRM, and also offer 
similar simplicity in implementation to the traditional 3+3 
design.The advantage of the CRM is that it can be more efficient 
than the BOIN and Keyboard because it utilizes all available 
information.



Issues in Conducting

Computational Resources including human resources

Operational Burdens: not cohort of pts, but fully sequential

Data Management

Advantages of Model-assisted methods in case of small dose 
levels (3-4 doses) (typical in Korea, not newly developed drugs)



Thank you!!

jungboklee@amc.seoul.kr


