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Project Optimus

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



Paradigm shifting from MTD to OBD
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Cytotoxic Chemotherapy

• Safety alone is not sufficient to
inform optimal RP2D

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

Targeted Therapies

Narrow Therapeutic Index Wide Therapeutic Index

MTD: maximum tolerated dose.        OBD: optimal biological dose



Design strategies to find OBD

(A) Efficacy-integrated dose-finding strategy

Examples: EffTox/Lo-EffTox (model-based), BOIN12 (model-assisted), among others.



Design strategies to find OBD
(B) Two-stage dose-finding strategy

• MTD-based dose finding 
design is often appropriate



FDA guidance

January 2023



FDA guidance

FDA (2023) Guidance for Optimizing the Dosage of Human Prescription Drugs and Biological Products for the Treatment of Oncologic Diseases. 



Two-stage decision-making paradigm
Determination of OBD admissible set

• The objective is to identify a dose set that satisfy certain safety and efficacy 
requirements (i.e., OBD admissible set A) based on prespecified toxicity 
and efficacy endpoints.

• In the subsequent step, the OBD will be selected from A based on the 
totality of activity, safety and tolerability data.

Identification of the OBD

• “Relevant nonclinical and clinical data, as well as the dose- and exposure-
response relationships for safety and efficacy should be evaluated to select 
a dosage(s) for clinical trial(s)” (FDA guidance)

• Unlikely/impossible to formulate statistical decision rules to capture all
quantitative and qualitative considerations relevant to the final OBD 
selection



Two-stage decision-making paradigm
Determination of OBD admissible set

• The objective is to identify a dose set that satisfy certain safety and efficacy 
requirements (i.e., OBD admissible set A) based on prespecified toxicity 
and efficacy endpoints.

• In the subsequent step, the OBD will be selected from A based on the 
totality of activity, safety and tolerability data.

Identification of the OBD

• Based on the totality of benefit and risk data: “Relevant nonclinical and 
clinical data, as well as the dose- and exposure-response relationships for 
safety and efficacy should be evaluated to select a dosage(s) for clinical 
trial(s)” (FDA guidance)

• Unlikely/impossible to formulate statistical decision rules to capture all
quantitative and qualitative considerations relevant to the OBD selection



Goal
Determination of OBD admissible set

• The objective is to identify a dose set that satisfy certain safety and efficacy 
requirements (i.e., OBD admissible set A) based on prespecified toxicity 
and efficacy endpoints.

• In the subsequent step, the OBD will be selected from A based on the 
totality of activity, safety and tolerability data.

Goal:  formalize the design of this step to ensure that the 
trial satisfies certain statistical properties, including type I 
error and power.



Setup
n Consider a multiple-dose randomized trial, where a total 

of 𝐽×𝑛 patients are equally randomized to J doses, 𝑑! <
𝑑" < ⋯ < 𝑑#. 
l In most applications, 𝐽 = 2 or 3, and the highest dose 𝑑! is often 

the MTD or maximum administered dose 

n Let 𝑌$ and 𝑌% denote binary toxicity and efficacy 
endpoints, respectively. 
l Example of 𝑌": dose-limiting toxicity, dichotomized total toxicity 

burden, dose tolerability (i.e., discontinuation/reduction/
interruption) 

l Examples of 𝑌# : objective response, efficacy surrogate 
endpoints (e.g., pharmacodynamics (PD) endpoints and target 
receptor occupancy) 



Setup
n Let 𝜋$,' = Pr (𝑌$ = 1|𝑑') and 𝜋%,' = Pr (𝑌% = 1|𝑑')

denote the probability of toxicity and efficacy, 
respectively, for 𝑑'.

n We assume that 𝜋$,' and 𝜋%,' are non-decreasing with 
respect to the dose, while noting that this assumption is 
not required by our methodology.

n Let 𝜙$,( denote the null toxicity rate that is high and 
deemed unacceptable, and 𝜙$,! denote the alternative 
toxicity rate that is low and deemed acceptable. 

n Similarly, let 𝜙%,( and 𝜙%,! denote the null and 
alternative efficacy rates that are deemed unacceptable 
and acceptable, respectively.



OBD admissible

n For a given dose,
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Hypotheses
n Consider 

𝐻(: None of the doses is the OBD,
𝐻!: At least one dose is OBD admissible.

n We first consider type I error and then power.
n Challenge: 𝐻( consists of multiple hypotheses:

𝒅𝟏 𝒅𝟐 𝒅𝟏 𝒅𝟐
𝐻$(0,0) tox 𝝓𝑻,𝟎 𝝓𝑻,𝟎 𝐻$(1,1) tox 𝝓𝑻,𝟏 𝝓𝑻,𝟎

eff 𝝓𝑬,𝟏 𝝓𝑬,𝟏 eff 𝝓𝑬,𝟎 𝝓𝑬,𝟏

𝐻$(0,1) tox 𝝓𝑻,𝟎 𝝓𝑻,𝟎 𝐻$(1,2) tox 𝝓𝑻,𝟏 𝝓𝑻,𝟎

eff 𝝓𝑬,𝟎 𝝓𝑬,𝟏 eff 𝝓𝑬,𝟎 𝝓𝑬,𝟎

𝐻$(0,2) tox 𝝓𝑻,𝟎 𝝓𝑻,𝟎 𝐻$(2,2) tox 𝝓𝑻,𝟏 𝝓𝑻,𝟏

eff 𝝓𝑬,𝟎 𝝓𝑬,𝟎 eff 𝝓𝑬,𝟎 𝝓𝑬,𝟎



Global type I error

n 𝐻( consists of 𝐾 = ∑'*!
#+! 𝑗 hypotheses:

n Define global type I error to encompass all 𝐻((𝑠, 𝑘)

𝛼 = Pr 𝑟𝑒𝑗𝑒𝑐𝑡 𝐻( 𝐻( = max
(-,.)

{𝛼 𝑠, 𝑘 }

where 𝛼 𝑠, 𝑘 = Pr(𝑟𝑒𝑗𝑒𝑐𝑡 𝐻(|𝐻( 𝑠, 𝑘 )



Generalized power
n Similarly, 𝐻$ encompasses a collection of ∑&'$

( 𝑗
hypotheses

𝒅𝟏 𝒅𝟐
𝐻*(0,1) eff 𝝓𝑬,𝟏 𝝓𝑬,𝟏

tox 𝝓𝑻,𝟏 𝝓𝑻,𝟎

𝐻*(0,2) eff 𝝓𝑬,𝟏 𝝓𝑬,𝟏

tox 𝝓𝑻,𝟏 𝝓𝑻,𝟏

𝐻*(1,2) eff 𝝓𝑬,𝟎 𝝓𝑬,𝟏

tox 𝝓𝑻,𝟏 𝝓𝑻,𝟏



Generalized power
n Additional challenge: the standard definition of power, 

i.e., Pr(𝑟𝑒𝑗𝑒𝑐𝑡 𝐻(|𝐻! 𝑢, 𝑣 ), is not sufficient to 
characterize dose optimization.

n Example: 𝑑! is safe but futile and 𝑑" is safe and 
efficacious. The decision that only 𝑑! is OBD admissible 
leads to reject 𝐻(, but is incorrect.

n It is important to account for the quality of the 
admissible dose selection!



Generalized power
n Generalized power I

𝛽! 𝑢, 𝑣 = Pr(𝑟𝑒𝑗𝑒𝑐𝑡 𝐻( & 𝑎𝑙𝑙 𝑑𝑜𝑠𝑒𝑠 𝑖𝑛 𝐴 𝑎𝑟𝑒 𝑡𝑟𝑢𝑙𝑦
𝑠𝑎𝑓𝑒 𝑎𝑛𝑑 𝑒𝑓𝑓𝑖𝑐𝑎𝑐𝑖𝑜𝑢𝑠 | 𝐻! 𝑢, 𝑣 )

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

n Generalized power II
𝛽" 𝑢, 𝑣 = Pr(𝑟𝑒𝑗𝑒𝑐𝑡 𝐻( & 𝑎𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑑𝑜𝑠𝑒 𝑖𝑛 𝐴 𝑖𝑠 𝑡𝑟𝑢𝑙𝑦

𝑠𝑎𝑓𝑒 𝑎𝑛𝑑 𝑒𝑓𝑓𝑖𝑐𝑎𝑐𝑖𝑜𝑢𝑠 | 𝐻! 𝑢, 𝑣 )
n Accordingly, define global power I and II to encompass 

all 𝐻!(𝑢, 𝑣)
𝛽0 = 𝑚𝑖𝑛1,2 { 𝛽0 𝑢, 𝑣 } for 𝑖 = 1, 2.



Generalized power
n Both generalized powers are stricter than the standard 

power. 
n The additional requirement is to ensure the quality of 

subsequent final OBD selection (i.e., step 2).
n Generalized power I is stricter than generalized power II.
n The choice of which power depends on the trial 

characteristics and the user’s tolerability of false positives. 
n Under the two-stage decision-making paradigm, a false 

positive is of less concern than standard hypothesis testing 
because the false positive (made in step 1) could be 
identified and corrected later in step 2 based on more data. 
Thus, generalized power II may be a good option when 
reducing the sample size is of top priority. 



Least favorable set

n Thus, the global power can be simplified as

𝛽0 = 𝑚𝑖𝑛' 𝛽0 𝑗 for 𝑖 = 1, 2, 𝑗 = 1,… , 𝐽



MERIT design

*𝑛#,% and 𝑛&,% are the total number of patients who experience efficacy and 
toxicity in dose arm 𝑑%.

MERIT (Multiple-dosE RandomIzed phase II Trial) 
design

1. Specify target global type I error and power 𝛼∗ and 𝛽∗;
2. Randomize 𝐽×𝑛 patients equally to 𝐽 doses; 
3. 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. 



Calculation of 𝛼 and 𝛽
n (𝑛,𝑚% , 𝑚$) are determined by numerical search such at 

the design controls the global type I error and global 
power at nominal values 𝛼∗ and 𝛽∗

n Type I error

n Power



N and decision boundaries
n Sample size and decision boundaries of MERIT when 

𝜙$,(, 𝜙$,! = (0.4, 0.2) and 𝜙%,(, 𝜙%,! = (0.2, 0.4). 
𝑱 𝜷∗ 𝜶∗ = 𝟎. 𝟏 𝜶∗ = 𝟎. 𝟐 𝜶∗ = 𝟎. 𝟑

𝑛 𝑚& 𝑚# 𝑛 𝑚& 𝑚# 𝑛 𝑚& 𝑚#

2 0.6 26 7 9 18 5 6 18 5 6

0.7 34 9 11 25 7 8 20 6 6

0.8 45 12 14 35 10 10 24 7 7

3 0.6 27 7 9 19 5 6 18 5 6

0.7 36 10 12 26 7 8 23 7 7

0.8 47 13 15 37 11 11 24 7 7



Practical consideration
n In small samples, isotonic transformed {𝑛$,'} and {𝑛%,'}

should be used to compare with boundaries (𝑚$, 𝑚%)
when the non-decreasing assumption is sound for 
toxicity and efficacy.

n In some trials, it may be desirable to add futility and 
safety interim monitoring:
l Stop arm 𝑗 for safety if Pr 𝜋$,' > 𝜙$,! 𝑑𝑎𝑡𝑎 > 𝐶$,
l Stop arm 𝑗 for futility if Pr 𝜋%,' < 𝜙%,! 𝑑𝑎𝑡𝑎 > 𝐶%, 

where 𝐶$ and 𝐶% are probability cutoffs (e.g., 0.95).
n Whether to include interim monitoring depends on the 

availability of 𝑌$ and 𝑌%, logistics, and other 
considerations. Typically, 1 or 2 interims are sufficient.



Simulation
n Type I error and power of MERIT when 𝜙$,(, 𝜙$,! =

(0.4, 0.2) and 𝜙%,(, 𝜙%,! = (0.2, 0.4). 



Simulation
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Discussion
n Adaptive randomization is not particularly helpful here.

l Requires real-time efficacy readout and a more 
complicated randomization system, and introduce 
higher variation and potential biased estimates.

l Equal randomization with 1 or 2 interim monitoring is 
often sufficient for small sample sizes.

n MERIT can be used with any phase I MTD-finding 
designs (e.g., CRM/BOIN) or OBD-finding designs (e.g., 
BOIN12).

n MERIT can used to construct phase II/III designs.
n Continuous and survival endpoints are topics of 

ongoing research. 



References
n Yang, P., Li, D., Lin, R., Huang, Bo., & Yuan, Y. (2023). Design and 

Sample Size Determination for Multiple-dose Randomized Phase II Trials 
for Dose Optimization. https://arxiv.org/abs/2302.09612

n Lin R, Zhou Y, Yan F, Li D, Yuan Y. BOIN12 (2020) Bayesian Optimal 
Interval Phase I/II Trial Design for Utility-Based Dose Finding in 
Immunotherapy and Targeted Therapies. JCO Precis Oncol., 
4:PO.20.00257. doi: 10.1200/PO.20.00257.

n Zhou Y, Lin R, Lee JJ, Li D, Wang L, Li R, Yuan Y. (2022) TITE-BOIN12: A 
Bayesian phase I/II trial design to find the optimal biological dose with late-
onset toxicity and efficacy. Stat Med., 41(11):1918-1931.

n Jiang, L., Yuan, Y. (2022) Seamless Phase 2-3 Design: A Useful Strategy 
to Reduce the Sample Size for Dose Optimization, 
https://doi.org/10.48550/arXiv.2211.02046 

https://arxiv.org/abs/2302.09612



