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Introduction Thesis subject

Dose-finding step is fundamental for phase III in clinical research

Adaptive designs have already been used in the past and recently in
order to select doses

Optimizing phase II by optimizing the allocation of patients to doses
has been poorly explored

Several utility functions were proposed and explored through simulations
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Expected goals and objectives of this thesis

1 Phase II objectives / Phase II designs
2 Optimal Design approach
3 Utility Approach

1) Phase II Designs / Objectives

proof of concept study
1 dose, several doses ?

if several doses
which design: balanced ? or not ?
which method of analysis
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Expected goals and objectives of this thesis

2) Optimal Design approach

D-optimality / C-optimality / Probability of success (POS)
Multiple doses case and design performance depends of dose response
profile, dose of interest

Balanced vs optimal design
Simulations

3) Utility approach

More flexible than "Optimal designs"
enables to account for: safety issues, economical/financial aspects,
penalties, ...

Example of utility functions
several doses and a placebo
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Mathematical formalization-Notations

Yd ,i ∼ N(m(d ; θ), σ2), i = 1, ..., nd , nd number of patients per dose
group

Sigmoid-Emax model: m(d ; θ) = θ1.dθ3

θθ3
2 + dθ3

d is the dose
m(d ; θ) is the true effect for dose d
θ1 = Emax is the maximum effect compared with placebo
θ2 = ED50 is the dose with half of the maximum effect
θ3 = g (or Hill exponent) is a parameter reflecting the shape of the
dose-effect curve

δ is the relative effect: δ = m(d ; θ)
Emax

= dg

dg + EDg
50

fixed total sample size: n2 + N3 = Ntotal = constant = 2000
f parameter representing patients distribution between phase II and
phase III
n2 = f × Ntotal and N3 = (1− f )× Ntotal

Jihane AOUNI Thesis Committee 14 December 2017 12 / 40



Utility function example

Utility function example

Jihane AOUNI Thesis Committee 14 December 2017 13 / 40



Utility function example

U5 = 1(success)× (1− c × δ)

U9 = 1(success)× (1− c × ( dk
dmax

)2) (where dk is the dose and dmax

is the highest dose)

Sponsor’s strategy:

after phase II:
compute E(U(d)|phaseII) for each dose d
compute d∗ = argmaxd E(U(d)|phaseII)
decide if worth going into phase III: if POS(d∗) ≥ 0.30

before phase II:
choose n2(= f × Ntot) sample size of phase II
choose the design w

(w∗) = argmaxE(phaseII)
w ,f E(U(d∗)|phaseII)

or

(f∗) = argmaxE(phaseII)
w ,f E(U(d∗)|phaseII)
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Utility function example

Probability of success

success means1 ∆̄(d) ≥ 1.96×
√
2SE 2 (with

SE 2 = s2/(N3/2) = 2s2/N3 and ∆̄(d) is the difference between the
dose and the placebo after phase III)
true POS:
POS = P(∆̄(d) ≥ 1.96×

√
2SE 2) = Φ

(
m(d ; θ0)− 1.96×

√
2SE 2

√
2SE 2

)
POS computed by sponsor for dose selection; uses the point estimate:
POS = Φ

((
m(d ; θ̂)− 1.96×

√
2SE 2

)
/
√
2SE 2

)

1the residual variability,s, is assumed to be known and is set to 0.5 in the simulations
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Utility function example

Computation of expectation

E(U(d∗)|phaseII) is a function, U , of θ̂ ⇒
E(phaseII)

w ,f E(U(d∗)|phaseII) = E(θ̂)U(θ̂) with θ̂ ∼ N(θ0, I−1
θ0

)

Then E(phaseII)
w ,f E(U(d∗)|phaseII) estimated by:

1
Nsim

Nsim∑
r=1
U(θ̂r )

where the θ̂r are sampled from N(θ0, I−1
θ0

)
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Utility function example

"Theoretical" Utility 5 depends on the size of the phase III:
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Utility function example

U9 = 1(success) × (1 − c × (dk/dmax )2)
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Utility function example

⇒ Remove the ’Hill’ exponent g :
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Utility function example

According to the 15000 simulations with the two parameter model
(Emax ,ED50):

Prob(go)=0.77
Prob(choosing dose 2)=7.4%
Prob(choosing dose 4)=59.40%
Prob(choosing dose 6)=27.34%
Prob(choosing dose 8)=5.82%
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Utility function example
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Utility function example

Effects are not very well estimated when "Hill" exponent was removed

However, ’theta’ is fairly well estimated, we have:

Theta.true: log(Em) = −1.514128 and log(ED50) = 1.791759

Mean estimate: log(Em)→ −1.52357 and log(ED50)→ 1.780353
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New Steps

Global patient allocation between phase II and phase III optimization,
rather than dose allocation optimization

Focus on U9 = 1(success)× (1− c × ( dk
dmax

)2)

3-parameter model (E0, log(ED50) and log(Em))
Include a second constraint in the decision rule: the POS must be
> 0.3 and the effect difference between placebo and the recommended
dose must be > 0.04

Jihane AOUNI Thesis Committee 14 December 2017 27 / 40



New Steps New results

New results

Jihane AOUNI Thesis Committee 14 December 2017 28 / 40



New Steps New results

Jihane AOUNI Thesis Committee 14 December 2017 29 / 40



New Steps New results

Probability results of selecting each dose, as well as the probability of ’Go’:

Prob(Go)=0.7352667
Prob(choosing dose 2)=32.13347
Prob(choosing dose 4)=40.39351
Prob(choosing dose 6)=20.93571
Prob(choosing dose 8)=6.537311
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New Steps New results

Descriptive statistics of the estimates (E0, log(Em) and log(ED50)):
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New Steps New results

Descriptive statistics of the dose effects (dose d versus placebo):
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New Steps New results
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Conclusion and Perspectives

Main findings:

Optimizing the dose allocation ratio in stage 2 of the dose-finding
study offers very little improvement in regard of significantly increased
operational complexity and consequently, this optimization part was
removed from the scope of this thesis
Utility functions depending on the parameters of the dose-response
function make things complicated → increase in uncertainty and bad
choices after phase II, therefore it is better to reduce the number of
parameters in the model
The sample size of phase II is vital: it is better to have quite enough
patients in phase II to make a better choice
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Conclusion and Perspectives

Perspectives:

Put uncertainty on the penalty of toxicity and rework it properly
c coefficient mustn’t be constant
c coefficient should become a prior law on the tolerance percentage of
a given dose by patients, where tolerance is defined by following the
treatment to the end

So the idea here is to put efficacy and safety at the same level and
avoid arbitrary choices for toxicity:

Characterize subject’s safety by using a binary safety outcome
mimicking the drug limiting toxicity (DLT) concept
Penalty considered for each subject would depend on the expected
probability of DLT / treatment discontinuation at the given dose
Optimizing the patient allocation ratio between phase II and phase III
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Appendices

Mathematical formalization of a Phase II clinical trial I

Yd ,t data represeting patients treated with dose d for different stages,
where t ∈ {1, 2, 3}
Dose0 and Doset the set of selected doses
D is the decision rule
F is the data probabilistic model given the parameters
θd → parameter (efficacy of dose d)
Yd ,t ∼ F (θd , d) where d ∈ Doset

Xt = {Yd ,1, ...,Yd ,t ,Dose0, ...,Doset} set of observed data and doses
Dt : χ −→ w
We select the allocation ratio for the next group according to the D
function
In other words, we have two main steps:

Decision step: Xt −→ wt = Dt(Xt), where t ∈ {1, 2}
Hazard step: Xt+1 = Ut(Xt ,Dt(Xt),Yd,t), where Yd,t ∼ F (θd , d)
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Appendices

Examples of utility functions I

1 U1 = −γNT + 1(success)× (R − c(dg/(EDg
50 + dg )− 0.95)2)

2 U2 = −γNT + 1(success)× Rmax (1− δ)
3 U3 = −γNT + 1(success)× Rmax (1− δ)2

4 U4 = 1(success)× (1− c(dg/(EDg
50 + dg )− 0.95)2) (without −γNT

and R)
5 U5 = 1(success)× (1− c × δ)
6 U6 = 1(success)× (1− c × δ)2 (without −γNT and R)
7 U7 = −γNT + 1(success)× (R − 1.c(dg/(EDg

50 + dg )− 0.95)2)
(where 1. is an indicator which doesn’t allow to take into account the
quantity "c(dg/(EDg

50 + dg )− 0.95)2" unless we exceed ED95)
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Appendices

Examples of utility functions II
8 U8 = 1(success)× (1− 1.c(dg/(EDg

50 + dg )− 0.95)2) (without
−γNT and R, where 1. is an indicator which doesn’t allow to take into
account the quantity "c(dg/(EDg

50 + dg )− 0.95)2" unless we exceed
ED95)

9 U9 = 1(success)× (1− c × ( dk
dmax

)2) (where dk is the dose and dmax

is the highest dose)

Reminder: δ = dg/(EDg
50 + dg ) and the 1. indicator is mathematically

translated by 1( dg

EDg
50 + dg > 0.95) = 1 if dg

EDg
50 + dg > 0.95 and = 0 if

dg

EDg
50 + dg ≤ 0.95.
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Appendices

Examples of utility functions III

Focus on two utility functions: U5 and U9
Computational and optimization problems → move away from
Bayesian context
Analyse phase II with a parametric model (Emax with a parameter θ)
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Appendices

U5 = 1(success)× (1− c × δ)
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Appendices

Probability to go to phase III = 63.2%
Probality of choosing dose 2, if go, = 46.6078916%
Probality of choosing dose 4, if go, = 20.9224815%
Probality of choosing dose 6, if go, = 18.9657026%
Probality of choosing dose 8, if go, = 13.5039243%
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Appendices

By increasing the phase II, by taking n2 = 2000 patients, and keeping
N3 = 1500 patients, we obtain:

Prob(dose 2) = 17%
Prob(dose 4) = 36%
Prob(dose 6) = 41%
Prob(dose 8) = 9%
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Appendices

"Theoretical" utility depends on the size of the phase III:
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Appendices

With no modeling approach (simulate the stage 1 of phase II, without
simulating all the patients, one can simulate a mean and a variance per
dose group, for example x̄ ∼ N(µ2,

s
n2

), where µ2 is the empirical mean for
the dose 2 group, s is the residual variance, and n2 is the number of
patients for this dose 2 group), we have the following results:

Prob(go)=0.96
Prob(choosing dose 2)=38.6%
Prob(choosing dose 4)=38.5%
Prob(choosing dose 6)=18.3%
Prob(choosing dose 8)=4.7%
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Appendices

Simulated means are consistent with theoretical means:

Jihane AOUNI Thesis Committee 14 December 2017 39 / 40



Appendices

Jihane AOUNI Thesis Committee 14 December 2017 39 / 40



Appendices

Jihane AOUNI Thesis Committee 14 December 2017 39 / 40



Appendices

By considering w = c(0.06, 0.52, 0.01, 0.03, 0.38) as a starting value for the
algorithm:
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Appendices

Utility definitions

With or without economic consideration (i.e. costs, phase II & phase
III, potential gains if success)
This type of utility, U = 1× Penalty , if successful, 0, otherwise, was
privileged:
- The dose that maximizes the average utility is the one that maximizes
E1(success)× Penalty(dose, θ) = POS(dose, θ,N3)× Penalty(dose, θ)
- The sponsor chooses, after phase II, the dose with the average utility
estimation: POS(dose, θ̂,N3)× Penalty(dose, θ̂)
It is better to avoid a penalty depending on the model (on θ)
- Moreover, if the sponsor has a constant total number, as soon as the
molecule is a little efficient, the sponsor has an interest in putting as
many patients as possible in phase III so that the low dose has a POS
close to 1 (even if the effect is very small), and since the penalty is
minimal for the low dose ⇒ the low dose will be optimal
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