Novel Approaches in Phase I
Nicola Little BSc, Mphil
Chief Statistical Officer
Aptus Clinical

11

Example of an adaptive
trial: Osimertinib Phase I design (AURA)

Designed to be Flexible &
Adaptive
• Protocol written flexibly
• Pre-defined triggers for
multiple cohort
expansions

From: Osimertinib (AZD9291)—a science-driven, collaborative approach to rapid drug design and development Ann Oncol. 2016;27(6):1165-1170. doi:10.1093/annonc/mdw129
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Benefits of this design
• Within the parameters of the protocol, the study could adapt
in a flexible way to emerging data
• A lot of questions could be addressed in one trial
• Time was saved through parallel exploration of dose;
efficacy/safety by mutation status; paired biopsies; earlier
lines
• This enabled osimertinib to accelerate past rociletinib
• Adopted Bayesian principles of learning from prior data
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Right dose:
why do Bayesian principles make sense in Phase I?
• Small dose-escalation studies
• We want to adapt based on the emerging data
• There is lots of uncertainty during the trial
• Frequentist approach of hypothesis tests and p-values
makes little sense
• Phase 1 escalations studies are not pivotal studies where
statistically convincing evidence is a requirement for the
registration of a drug
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A more formal Bayesian design:
modelling the dose-toxicity relationship in Phase I
• Key Q: what is the risk of dose
limiting toxicity (DLT) at each dose?
• The goal is to estimate the MTD
• The highest dose that does not
cause unacceptable side-effects
• More statistically: the highest dose
with probability of DLT less than
some pre-speciﬁed cut-off
(e.g. 20 or 33%)
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Popular ‘3+3’ rule-based design

• Rules: depend on how many
toxicities are seen in 3 pts
• 0/3 –escalate; 1/3 – expand to 6
pts; 2/3 – de-escalate
• Stopping rule: e.g. 2/6 =not
tolerated

• A very popular design
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• BUT, 3+3 declares an incorrect MTD
too often! (Thall & Lee 2003)
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Limitations of the ‘3+3’ design
It is imprecise:
• The rules ignore information from the previous cohorts
• – 0/3, 0/3, 0/3, 0/3, 2/6 provides more information than 0/3, 2/6

• Uncertainty is not considered
• e.g. even if true DLT rate is 16% (i.e. 1/6 DLTs), there is a 26%
probability we will observe at least 2/6 DLTs and declare a nontolerated dose, by chance

• Simulations have shown the 3+3 selects the true MTD in as
low as 30% of trials (Reiner 1999)

Reiner E, Paoletti X, O’Quigley J. Operating characteristics of the standard phase I clinical trial design. Comput Stat Data Anal. 1999;30(3):303-31
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Model-based methods
• Used to estimate the probability of DLT for each dose using standard
Bayesian method
• Not reliant on rules such as 1/3 or 1/6 DLTs

• The continual reassessment method (CRM) was the ﬁrst Bayesian
adaptive Phase 1 design (O’Quigley, Pepe and Fisher, 1990)
• Uses available information from doses to guide assignment of the next dose
• Limitations reported include aggressive recommendations for dose
escalations

• A Bayesian Logistic regression Model (BLRM) is one of the models fitted
in CRM
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Bayesian Modelling
• Target toxicity level is defined at
baseline
• Dose-response models are simulated
• Models are updated after each cohort
• Dose recommendations guided by the
probability that the true DLT rate lies in
specified categories; e.g.:
• [0,16%) under-dosing
• [16%,33%) targeted toxicity – we aim
to maximise this probability
• [33%,100%] excessive toxicity
• EWOC: the dose for the next cohort must
have less than say a 2% chance of excessive
toxicity
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Excessive
toxicity

Advantages & disadvantages
• Advantages
• In general, model-based methods are more likely to ﬁnd the true
MTD than 3+3
• Model-based methods use all data to model the dose-toxicity
curve
• Treats more patients with doses close to the MTD (i.e. patients
more likely to receive efﬁcacious dose)
• Can be used to guide safety review committees in their dose
recommendations

• Disadvantages
• More complicated - a statistician can help
• Sometimes perceived as a “black box”
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Regulatory Guidance
• EMA/CHMP
• “A variation of response-adaptive designs is those used for dose-finding –
they are typically referred to “continual-reassessment” methods. They are
sometimes, but rarely used. The properties of such methods far outstrip
those of conventional ‘up and down’ dose-findings designs. They tend to find
the optimum (however defined) dose quicker…”

• FDA Guidance (Clinical Considerations for Therapeutic Cancer Vaccines)
• “Therefore, this ‘3+3’ design may not be the most suitable approach to
gathering information from early phase trials…”
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