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Phase I Clinical Trials

• The primary objective of a Phase I clinical trial is to identify the maximum 

tolerated dose (MTD) of a new drug, typically defined as the dose with a 

toxicity probability closest to the target toxicity rate.



Phase I Trial Designs

• Algorithm-based: 3 + 3 design 

➢simple to implement but has poor operating characteristics.

• Model-based: CRM (O’Quigley, Pepe and Fisher,1990) 

➢produce good operating characteristics but are challenging to implement.

 

• Model-assisted: BOIN (Liu and Yuan, 2015)

➢combine the simplicity of algorithm-based designs with the superior 

performance of model-based designs.



Limitations of One-Patient-One-Dose Designs

• Each patient receives only one dose and therefore contributes a single data 

point.

• A minimum number of patients is required to adequately explore the dose 

space and reliably identify the MTD.

• Patients receiving subtherapeutic doses, particularly at the low dose levels, 

may experience reduced potential treatment benefits.  



Intra-patient Dose Escalation

•  Improves patient benefit

• Patients can receive higher, more effective doses during the trial

•  Generates richer data

• Each patient contributes multiple data points at different dose levels

• More information gained with the same sample size

•  Supports small sample size trials

• Particularly useful in rare cancers or pediatric populations

• Accelerates dose-finding and drug development



Tial Example

• FDA Accelerated Approval (June 15, 2023)

• Agent: Glofitamab-gxbm

• Indication: Relapsed/refractory DLBCL or LBCL after ≥2 prior therapies

• Step-Up Dosing Schedule

• Cycle 1 Day 8: 2.5 mg

• Cycle 1 Day 15: 10 mg

• Subsequent cycles (Day 1): 30 mg, up to 12 cycles



IP-CRM: Intra-patient Dose Escalation with the 

Continual Reassessment Method

• Dose-toxicity modeled with logistic regression

• MTD estimated at each interim decision

• Initial titration dose for each new cohort adaptively updated using accumulated 

patient data

• Intra-patient escalation by cycles:

o Toxicity → halt titration

o No toxicity → escalate dose (unless above current MTD estimate)



IP-CRM: Toxicity Model

• J doses with corresponding toxicity probabilities 𝜋1 < 𝜋2 < ⋯ < 𝜋J

                                                                           

• the effective dose 

• pj is the prior estimate or “skeleton" of the toxicity probability at dose level j

• Prior: 𝛽1~𝑒𝑥𝑝. 1 , 𝛽0 ~𝑁(3, 0.52)

• Given interim data                                         ,  possible 



IP-CRM: Notations

• Target toxicity rate: ∅ 

• Each patient is allowed up to K − 1 intra-patient dose escalations.

• Based on the interim data,

➢ Estimate toxicity probability at dose level j: the posterior mean, ෤𝜋𝑗

➢ Estimated MTD is the dose level j, denoted as jMTD :

➢ Let the currently highest tried dose level to be jH , and the current starting dose 

level to be jS 



IP-CRM Dose-Finding Algorithm

Once the maximum sample 

size is reached, we choose 

the MTD as the dose 

among all tried doses with 
෤𝜋𝑗  closest to ∅ .  

(highest tried dose),



Simulations

• N=9, ∅ = 0.3, 5 dose levels

• skeleton toxicity: (0.02, 0.12, 0.3, 0.5, 0.65)

• cohort size: 3 patients 

• 2000 simulation trials per scenario

• compare to:

o CRM cohort size 1 and 3

o BOIN cohort size 1 and 3

o 3+3 design



Simulation

Results



Sensitivity Analysis

• Maximum sample size: N=6, 9, 12, and 24

• When carryover effects and intra-patient correlations existed: 𝛾 = 0.2, 0.4

𝜋𝑗+1
𝑐 = min(𝜋𝑗+1 + 𝛾𝜋𝑗

𝑐 , 1)

For example, if a patient escalates from dose level 1 to 2 to 3.

    At dose level 1: 𝜋1
𝑐 = 𝜋1

    At dose level 2: 𝜋2
𝑐 = min(𝜋2 + 𝛾𝜋1

𝑐 , 1)

    At dose level 3: 𝜋3
𝑐 = min(𝜋3 + 𝛾𝜋2

𝑐 , 1)

• Alternative initial toxicity skeleton: (0.05, 0.08, 0.35, 0.55, 0.7)



Sample size (ss) = 6, 9, 12, 24



𝛾 = 0.2, 0.4



Initial toxicity skeleton: (0.05, 0.08, 0.35, 0.55, 0.7)



Extensions to Address Carryover & Correlation

• same the dose-finding algorithm as for the IP-CRM design

• but different toxicity models



IP-CRM-RF Design



IP-CRM-CO Design



IP-CRM-CO-RF Design



IP-CRM-RF



IP-CRM-CO



IP-CRM-CO-RF



Conclusions

• This initiative is motivated by the practical need for trial designs that can reliably 

determine the MTD with very small sample sizes while improving patients’ 

chances of treatment success.

• Throughout the trial, the starting dose for each incoming cohort is adaptively 

updated based on accumulated data. Decisions on intra-patient dose escalation 

are informed by both the patient’s current outcome and prior trial data.

• Simulation study shows that the IP-CRM design works reasonably well and is 

generally robust.

Guo B, Liu S. A Phase I Dose-Finding Design Incorporating Intra-Patient Dose Escalation. Pharm Stat. 2025 Mar-

Apr;24(2):e2461. doi: 10.1002/pst.2461. Epub 2024 Dec 25. PMID: 39722206.



Thank You !
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