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Background – Project Op3mus

§ In 2022, FDA initiated Project Optimus “to reform the dose optimization 
and dose selection paradigm in oncology drug development.”

§ Paradigm shifting from maximum tolerated dose (MTD) to optimal 
biological dose (OBD).

Conventional Chemotherapy

Efficacy
Toxicity

Targeted Therapies

Efficacy

Toxicity

MTD ≈ OBD

Dose level Dose level

OBD MTD

§ MTD-based dose finding is often 
appropriate to inform RP2D 

§ Safety alone is not sufficient to 
inform optimal RP2D



Design and Sample Size Determination for Multi-Dose Randomized Trial

Peng Yang (Rice University)

Background – Design strategies to find OBD

§ Trial designs to compare multiple dosages (FDA, 2023)
§ The trial should be sized to allow for sufficient assessment of activity, safety, 

and tolerability for each dosage. 
§ The trial does not need to be powered to demonstrate statistical superiority 

of a dosage or statistical non-inferiority among the dosages 

§ MTD-based dose finding is 
often appropriate
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Background – Two-stage decision-making paradigm

Determination of OBD admissible dose set
• The objective is to identify a dose set that satisfy certain safety 

and efficacy requirements (i.e., OBD admissible set A). 

Iden3fica3on of the OBD
• The OBD will be selected from A based on the totality of ac3vity, 

safety and tolerability data.
• “Relevant nonclinical and clinical data, as well as the dose- and

exposure- response relaLonships for safety and efficacy should be
evaluated to select a dosage(s) for clinical trial(s)” (FDA guidance)

• Unlikely/impossible to formulate staLsLcal decision rules to
capture all quanLtaLve and qualitaLve consideraLons relevant to
the final OBD selecLon

1
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Background – Two-stage decision-making paradigm

Determination of OBD admissible dose set
• The objective is to identify a dose set that satisfy certain safety 

and efficacy requirements (i.e., OBD admissible set A). 
1

Goal: formulize the deign in this step to ensure the 
trial sa5sfies certain sta5s5cal proper5es, including 
type I error and power. 
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Statistical modelling – set ups 

§ Consider a multiple-dose randomized trial, where a total of 𝐽×𝑛
patients are equally randomized to 𝐽 doses, 𝑑! < 𝑑" < ⋯ < 𝑑#.
§ In most applications, 𝐽 = 2 or 3, and 𝑑! is often the MTD or maximum

administered dose.

𝑑" 𝑑#

Dose arm 1 Dose arm 2 Dose arm 𝐽

𝑑!

…

…

§ Let 𝑌$ and 𝑌% denote the binary toxicity and efficacy endpoints,
respectively.
§ Example of 𝑌$: dose-limiting toxicity, dichotomized total toxicity burden.
§ Example of 𝑌%: objective responses, efficacy surrogate endpoints.
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Statistical modelling – assumptions

§ Let 𝜋$,' = Pr(𝑌$ = 1|𝑑') and 𝜋%,' = Pr(𝑌% = 1|𝑑') denotes the
probability of the occurrence of toxicity and efficacy events.

§ Assuming that 𝜋$,' and 𝜋%,' are non-decreasing with respect to the
increasing of dose levels.
§ Randomized dose optimization trials have the same drug but with

ordered doses
§ For toxicity endpoint, we assume

§ 𝜙$,': the null toxicity rate that is high
and deemed unacceptable;

§ 𝜙$,": the alternative toxicity rate that
is low and deemed acceptable;

§ For efficacy endpoint, we let
§ 𝜙%,': the null efficacy rate that is low

and deemed unacceptable;
§ 𝜙%," : the alternative efficacy rate

that is high and deemed acceptable

𝜋$,(
𝜋𝑬,(

𝜙$,' 𝜙$,"

𝜙%,'

𝜙%," ✔

OBD admissible 
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Statistical modelling – global type I error

§ Consider 𝐻(: None of the doses is the OBD.
§ Challenge: consists of multiple hypotheses (∑(*"

!+" 𝑗).

where 𝑠, 𝑘 ∈ {0,1, … , 𝐽} with 𝑠 ≤ 𝑘.

𝑑! 𝑑" 𝑑! 𝑑"

𝐻#(0,0)
Tox 𝜙$,# 𝜙$,#

𝐻#(0,0)
Tox 𝜙$,! 𝜙$,#

Eff 𝜙&,! 𝜙&,! Eff 𝜙&,# 𝜙&,!

𝐻#(0,1)
Tox 𝜙$,# 𝜙$,#

𝐻#(0,1)
Tox 𝜙$,! 𝜙$,#

Eff 𝜙&,# 𝜙&,! Eff 𝜙&,# 𝜙&,#

𝐻#(0,2)
Tox 𝜙$,# 𝜙$,#

𝐻#(0,2)
Tox 𝜙$,! 𝜙$,!

Eff 𝜙&,# 𝜙&,# Eff 𝜙&,# 𝜙&,#
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Statistical modelling – global type I error

§ Consider 𝐻(: None of the doses is the OBD.
§ Challenge: consists of multiple hypotheses (∑(*"

!+" 𝑗).

where 𝑠, 𝑘 ∈ {0,1, … , 𝐽} with 𝑠 ≤ 𝑘.

§ Define global type I error that encompasses all 𝐻((𝑠, 𝑘) as follows:

where α 𝑠, 𝑘 = Pr reject 𝐻' 𝑠, 𝑘 𝐻'(𝑠, 𝑘)).
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Statistical modelling – generalized powers

§ Consider 𝐻!: At lease one does is the OBD admissible.
§ Challenge: consists of multiple hypotheses ( ∑(*"

! 𝑗).

where 𝑢, 𝑣 ∈ {0,1, … , 𝐽} with 𝑢 < 𝑣.

𝑑! 𝑑"

𝐻!(0,1)
Tox 𝜙$,! 𝜙$,#
Eff 𝜙&,! 𝜙&,!

𝐻!(0,2)
Tox 𝜙$,! 𝜙$,!
Eff 𝜙&,! 𝜙&,!

𝐻!(1,2)
Tox 𝜙$,! 𝜙$,!
Eff 𝜙&,# 𝜙&,!

: OBD admissible
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Statistical modelling – generalized powers

§ Consider 𝐻!: At lease one does is the OBD admissible.
§ Challenge: consists of multiple hypotheses ( ∑(*"

! 𝑗).
§ Additional challenge: the standard definition of power, which reject the
𝐻', is not sufficient to account for the characteristics of dose optimization.

𝑑! 𝑑"

𝐻!(0,1)
Tox 𝜙$,! 𝜙$,#
Eff 𝜙&,! 𝜙&,!

Selection

✔

✔

✔ ✔

§ It is important to account for the quality of the admissible dose
selection!
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Statistical modelling – generalized powers

§ Generalized power I:

§ Generalized power II:

𝛽" 𝑢, 𝑣 = Pr reject 𝐻' and all dose in 𝐴 are truly
safe and efLicacious

𝐻"(𝑢, 𝑣)).

𝛽# 𝑢, 𝑣 = Pr reject 𝐻' and at leaset one dose in 𝐴 are truly
safe and efLicacious

𝐻"(𝑢, 𝑣)).

where A denotes the admissible dose set selected by the design.

𝛽! 𝛽"
Tolerate false 

positive ❌ ✔

§ Both generalized powers are stricter than the standard power.
§ The choice of power depends on the characteristics of the trial and user’s

tolerability of false positive.
§ Power II is a good option when reducing the sample size is of top priority.
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Statistical modelling – generalized powers

§ Consider 𝐻!: At lease one does is the OBD admissible.
§ Challenge: consists of multiple hypotheses ( ∑(*"

! 𝑗).

where 𝑢, 𝑣 ∈ {0,1, … , 𝐽} with 𝑢 < 𝑣.

§ We define global power I and power II that encompasses all 𝐻!(𝑢, 𝑣) as
follows
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Sta3s3cal modelling – least favorable set

§ The global power can be equivalently defined as follows
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MERIT Design

§ MERIT (Multiple-dosE RandomIzed Phase-II Trial)

§ Specify target global type I error 𝛼∗ and power 𝛽∗;

§ Randomize 𝐽×𝑛 patients equally to 𝐽 dosing arm;

§ In any dose arm 𝑑(, if 𝑛%,( ≥ 𝑚% and 𝑛$,( ≤ 𝑚$, we reject 𝐻' and claim

that 𝑑( is OBD admissible, where 𝑚$ and 𝑚% are decision boundaries for

toxicity and efficacy, respectively.

*𝑛%,( and 𝑛$,( are the total number of paLents who experience efficacy and 
toxicity events in dose arm 𝑑(. 
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Optimal Design Parameters

§ The optimal design parameters (𝑛,𝑚$, 𝑚%) are determined through
numerical search such that the design controls the global type I error
and power at nominal values 𝛼∗ and 𝛽∗.

§ Type I error

§ Power
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Practice Consideration

§ In small samples, isotonic transformed { ;𝑛$,', ;𝑛%,'} should be applied
before comparing with boundaries (𝑚$, 𝑚%) when non-decreasing
assump3on is sound for toxicity and efficacy.

§ In some trials, it maybe desirable to add futility and safety interim
monitoring
§ Stop arm 𝑗 for safety if Pr(𝜋$,' > 𝜙$,!|data) > 𝐶$,
§ Stop arm 𝑗 for futility if Pr(𝜋%,' < 𝜙%,!|data) > 𝐶%,
where 𝐶$ and 𝐶% are probability cutoffs (e.g. 0.95).

§ Whether to including interim monitoring depends on the availability of
𝑌$ and 𝑌%, and other considerations. Typically, one or two interims are
sufficient.
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Optimal Design Parameters

§ Op3mal design parameters (𝑛,𝑚$, 𝑚%) of MERIT design, when 𝐽 =
2, 𝜙$,(, 𝜙$,! = (0.4, 0.2), and 𝜙%,', 𝜙%," = (0.2, 0.4).

𝛽∗
𝛽! 𝛽"

𝛼∗ = 0.1 𝛼∗ = 0.2 𝛼∗ = 0.1 𝛼∗ = 0.2

𝑛 𝑚$ 𝑚& 𝑛 𝑚$ 𝑚& 𝑛 𝑚$ 𝑚& 𝑛 𝑚$ 𝑚&

0.6 26 7 6 23 6 26 25 6 5 18 5 4

0.7 33 9 7 30 8 33 33 8 6 24 7 5

0.8 44 12 8 39 11 44 39 11 8 30 8 5
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Operating Characteristics – under power I

§ Type I error and power of MERIT design when 𝜙$,(, 𝜙$,! = (0.4, 0.2),
and 𝜙%,', 𝜙%," = (0.2, 0.4).
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Operating Characteristics – under power II

§ Type I error and power of MERIT design when 𝜙$,(, 𝜙$,! = (0.4, 0.2),
and 𝜙%,', 𝜙%," = (0.2, 0.4).
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www.trialdesign.org
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Discussion

§ In this project, we proposed a MERIT design
for dose optimization by controlling
generalized type I error and power while
optimizing the sample size.

§ The implementation of MERIT is simple,
which only involve comparison of the
observed number of toxicity and efficacy
with prespecified decision boundaries.

§ We have developed R shiny app on
www.trialdesign.org to facilitate the
application of MERIT design.

http://www.trialdesign.org/
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Thank you


