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Project Optimus – Paradigm Shift

• “More is better” paradigm characterized the development of 
cytotoxic agents due to the life-threatening nature of cancer 
that patients need maximum efficacy with maximum tolerated 
dose (MTD), quickly within just a few cycles of treatment.

• Advances in targeted therapies have extended survival among 
patients, with months or years of drug usage. 

• Severe toxicities may occur after multiple treatment cycles, 
leading to undesirable dose reduction or drug discontinuation, 
thus affecting continued benefit from the drug.

• Dose optimization paradigm across oncology should 
emphasize selection of a dose or doses that maximizes not 
only the efficacy of a drug but the long-term safety and 
tolerability as well.
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Design Strategies

• Aim to identify several candidate dosages or a dosage range to further evaluate after dose escalation and initial dose 
expansion.

• Incorporate safety information beyond DLTs, such as dose modifications and low-grade but persistent toxicities which 
may affect ability to take a drug.

• Dose optimization can occur within a seamless development program with sufficient planning.
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Efficacy and Toxicity Endpoints

• The concept of finding the optimal dose based on both efficacy and toxicity is not a new one.

➢ Thall & Russell, 1998; O’Quigley et al., 2001; Braun, 2002

• More comprehensive toxicity endpoints that account for low-grade or cumulative toxicity may be preferred.

➢ E.g., rate of dose modification, total toxicity burden, equivalent toxicity score.

• Benefit-risk tradeoff (BRT) should be explicitly defined to guide dose selection.

➢ Eg1. EffTox design (Thall & Cook, 2004) uses 𝜋𝐸 − 𝜔𝜋𝑇  as the BRT, where 𝜔 is a penalty for an increase in the toxicity 
rate.

➢ Eg2. BOIN12 design (Lin et al. 2020) uses utility-based BRT to identify the optimal biologic dose (OBD).
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Phase 1/2 Designs

• Efficacy-integrated approach is more efficient to identify 
the optimal dose and requires smaller sample sizes.
• Various designs have been proposed, e.g., EffTox, BOIN12, etc.
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Yuan, Zhou and Liu. (2024) Statistical and practical considerations in planning and conduct of dose-optimization trials.

• Two-stage approach follows conventional develop-by-stage 
practices and is more well-aligned with Project Optimus to 
test on multiple candidate doses.
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Two-stage Design Strategies

• Standard dose-finding designs are used in the dose escalation stage and usually MTD/RP2D and MTD/RP2D-1 are 
selected for randomization stage.

• FDA draft guidance on dose optimization: “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.”

• Yang et al. (2023) proposed a MERIT design to optimize the sample size with clear power definition based on both 
efficacy and safety boundaries for decision-making in dose optimization.

• To collect more data to evaluate safety and preliminary efficacy, backfilling is encouraged in the dose escalation stage. 

➢ Multiple dose levels could be open for backfilling, either before or after MTD is determined. 

➢ Zhao et al. (2024) proposed rigorous rules for backfilling with BOIN design in dose escalation (BF-BOIN).
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Practical Considerations of Backfilling

• Backfilling after dose escalation phase is clean and easy to implement, while is time-consuming.

• Backfilling during dose escalation phase requires operational guidance from the following perspectives:

➢What is the criterion to open/close a dose for backfilling?

➢ How to allocate patients between dose escalation and backfilling components?

➢ How to incorporate backfilling data into dose escalation? How to reconcile the potential conflict observed between the 
data from dose escalation and backfilling components?

• Be clear AND flexible!
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Case Example: Ifinatamab deruxtecan (I-DXd, DS-7300), 
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RDE

Part 1: dose escalation
• DS-7300 IV Q3W 

monotherapy for advanced 

solid tumors

Part 2: dose expansion 
DS-7300 IV Q3W monotherapy for 

selected advanced solid tumors

4.8 mg/kg

6.4 mg/kg

8.0 mg/kg

12.0 mg/kg

Cohort 1: SCLC (n=40), 12 mg/kg16.0 mg/kg

Patients with 
advanced/unresectable 

or metastatic solid 

tumors (unselected for 
B7-H3 expression)

DS7300-A-J101: A Multicenter, Open-Label, 2-Part, Multiple-Dose, First-in-Human, Phase 1/2 Study of DS-7300 in Patients With Advanced Solid 

Malignant Tumors

DS-7300 is an investigational B7-H3-targeting antibody-drug conjugate (ADC). 

……

…
…
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IDeate-Lung01: I-DXd Dose Randomization in ES-SCLC
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I-DXd has been granted Breakthrough Therapy Designation for ES-SCLC with disease progression on or after platinum-
based chemotherapy
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Phase 2/3 Designs

11Chen (2023) To go or not to go in phase 2/3 oncology trials, a critical question with a unified answer. 

• The gap between Phase 2 and Phase 3 in a sequential approach may be shortened to make it operationally seamless. 
• Adaptive phase 2/3 design combines traditional Phase 2 and Phase 3 trials into one study for the primary analysis (i.e., 

inferentially seamless).
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Practical Considerations of Phase 2/3 Designs

• A sequential design has the greatest flexibility to optimize the dose and study population.

• An inferentially adaptive design has the smallest sample size overall and is the fastest to finish.

• The sponsor has full access to the Phase 2 data in an operationally adaptive trial while an external DMC is needed to 
make interim decision in an inferentially adaptive trial.

• Due to the complexity of inferentially adaptive design, sponsors and regulatory agencies should engage in discussions 
early and closely.

• A case example: Cediranib (a VEGFR TKI) with mFOLFOX6 versus Bevacizumab with mFOLFOX6 as first-line treatment for 
patients with advanced colorectal cancer, a double-blinded phase II/III study (HORIZON III)

➢ Patients were randomly assigned 1:1:1 to receive Cediranib 20 or 30mg per day or Bevacizumab 5 mg/kg IV every two weeks, each 
combined with mFOLFOX6.

➢ After 225 patients had 3-month follow-up in the phase II part, the independent DMC concluded that Cediranib 20mg met all 
predefined criteria for continuation.
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An Emerging Trend of Phase 2/3 Adaptive Design with Dose Optimization

• BNT327 (PD-L1/VEGFA bispecific): the two doses are 1400 and 2000 mg flat

– A phase 2/3, randomized, open-label trial of BNT327 in combination with chemo in 1L NSCLC (NCT06712316) – 
sequential dose randomization followed with Phase 3

– A phase 3, double-blind, randomized trial of BNT327 plus chemo compared to Atezo plus chemo in 1L ES-SCLC 
(NCT06712355) – unclear about mid-trial dose selection

• BMS-986507 (EGFR/HER3 ADC): doses are undisclosed and unclear about mid-trial dose selection

– A Phase 3 Study of BMS-986507 Versus Platinum-Pemetrexed for EGFR-mutated NSCLC After Failure of EGFR TKI 
Therapy (IZABRIGHT-Lung01) (NCT07100080) 

– A Phase 3 Study of BMS-986507 Versus Chemotherapy in 1L TNBC Participants Ineligible for Anti-PD-(L)1 Drugs 
(IZABRIGHT-Breast01) (NCT06926868) 

– A Phase 2/​3 Trial of  BMS-986507 vs Platinum-based Chemotherapy for Metastatic Urothelial Cancer With 
Disease Progression on or After Immunotherapy (NCT07106762) 
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2-in-1 Design Framework

• Under the conventional approach, a decision on whether to conduct 
a Phase 2 to establish a more solid PoC or Phase 3 is usually based on 
limited single-arm Phase 1 efficacy data. 

• In comparison, the 2-in-1 approach starts the study as a Phase 2 trial 
and postpones the decision on whether to expand to Phase 3 until 
after an interim analysis in Phase 2.

➢ When properly planned, Phase 2 data can be included in Phase 3 analysis 
with the Go decision to Phase 3.

➢ A positive outcome from Phase 2 after a No-Go decision holds the same 
value as for a standalone Phase 2 and may be used to help expedite the 
drug approval

➢ Either a win in Phase 2 after No-Go or a win in Phase 3 after Go is a win, 
and both can often be tested at full alpha level
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The 2-in-1 design is an adaptive 
design strategy that allows a study to 
choose the optimal path to success

Chen C, Anderson K, Mehrotra DV, Rubin EH and Tse A. A 2-in-1 

Adaptive Phase 2/3 Design for Expedited Oncology Drug Development. 

Contemporary Clinical Trials 2018; 64:238-242.
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A Generic 2-in-1 Adaptive Phase 2/3 Design

• The 3 endpoints that the standardized test statistics are based upon can be different

• No penalty for multiplicity control as long as ρXY≥ρXZ (i.e., w=1.96 to control at 2.5%)

– Automatically holds when Phase 2 endpoint is used for expansion decision-making

– A direct consequence of Slepian’s lemma, that the probability mass of a bivariate normal variable increases with 
the correlation.

15

Keep as a 
Phase 2 trial

X>C? 

Expand to 
Phase 3

Y>w?

Z>w?

Phase 2 trial 
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2-in-1 Dose Selection Design

Zhang et al. (2022) A 2-in-1 Adaptive Design to Seamlessly Expand a Selected Dose from a Phase 2 Trial to a Phase 3 Trial for Oncology Drug Development. 
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BOP2-TE Design

https://trialdesign.org/

• The Bayesian optimal phase 2 (BOP2) design is a unified framework for phase II clinical trials, which can be 

applied on various types of endpoints (e.g., binary, ordinal, TTE, co-primary, etc), including jointly monitoring 

efficacy and toxicity, i.e., BOP2-TE (Chen et al. 2024). 

➢ Go/no-go decisions are made based on adaptive Bayesian posterior probability cutoffs at interim analyses and final 

analysis.

➢ Shiny app is available at https://trialdesign.org/ 

• BOP2-TE design incorporates one global null hypothesis and two partial null hypotheses.

➢ 𝐻00: the treatment is futile and toxic; 𝐻01: the treatment is safe but futile; 𝐻10: the treatment is efficacious but toxic. 

• BOP2-TE design maximizes the power with type I error rates under three hypotheses are controlled at desirable levels 
simultaneously. 
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BOP2-TE in Dose Optimization

• FDA’s dose optimization guidance suggested that “the use of an adaptive design to stop enrollment of patients to one or 
more dosage arms of a clinical trial following an interim assessment of efficacy and/or safety could be considered”.

• For each dosage arm in dose optimization, interim monitoring could be performed with BOP2-TE and the dosage arms 
which cross the stopping boundaries will be stopped.

➢ Early stopping by comparing efficacy and toxicity between dosage arms is not needed, as given a typical maximum sample size of 20-
40 per dosage arm, there is little power at the interims to establish that one dose is better than another.

• At the end of the trial, the optimal dose could be selected based on a certain risk-benefit criteria from the doses that 
never cross the stopping boundaries.

• Simulation shows the BOP2-TE could achieve high percentage of selecting the true optimal dose in multiple dose 
optimization trials.
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