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Immunotherapy in Phase | clinical trials

Phase | conventional paradigm: the more the better

Important exceptions: molecularly targeted agents (e.g. immunotherapy).
* Immune system can regulate/eliminate tumours

* Low toxicity profile
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Immunotherapy in Phase | clinical trials

Phase | conventional paradigm: the more the better

Important exceptions: molecularly targeted agents (e.g. immunotherapy).
* Immune system can regulate/eliminate tumours

* Low toxicity profile

Example:
immune-checkpoint proteins blocker anti-programmed-death-receptor-1 (PD1)
Pembrolizumab

* None of the trials reached MTD
* Plateau found. Same toxicity/activity probability for 2 and 10 mg/kg

* FDA requested to focus on a lower dose level %
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Combinations with immunotherapy

Immunotherapy is enough not efficacious in cancer treatment by itself

Current investigations:

* the added value of immune checkpoint blockers to backbone therapy
* the added value of a new drug to an immune checkpoint blocker.

One drug is administered at full dose while the other is escalated.
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* To find the maximum tolerated combination (MTC)
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Combinations with immunotherapy

Immunotherapy is enough not efficacious in cancer treatment by itself

Current investigations:

* the added value of immune checkpoint blockers to backbone therapy
* the added value of a new drug to an immune checkpoint blocker.

One drug is administered at full dose while the other is escalated.

Objectives of the trial:

* To find the maximum tolerated combination (MTC)

* To detect clinically significant difference between the MTC and standard
therapy alone (required by EMA)

* To detect a possible dose effect in the combination %
IDEAS
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Current approach

Current design: one parameter CRM design for single agent trial
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Current approach

Current design: one parameter CRM design for single agent trial

Advantages:

* Ability to find MTC with high probability
* Well-known properties
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Current approach

Current design: one parameter CRM design for single agent trial

Advantages:

* Ability to find MTC with high probability
* Well-known properties

Disadvantages:

* Strong monotonicity assumption
* No possibility of a plateau detection

* Does not allow a statistical comparison of toxicities
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Proposals

Flexible model:

* Eax model
* A plateau in a dose-toxicity relation

* Ability to model the toxicity probability on the single agent alone
independently

%ms

P. Mozgunov, T.Jaki and X.Paoletti WDE-based approaches to dose-escalation 5/ 20



Proposals

Flexible model:

* Eax model
* A plateau in a dose-toxicity relation

* Ability to model the toxicity probability on the single agent alone
independently

Randomization between a control and an investigation arm
* control is standard therapy
* prevents a selection bias
* allows statistical comparison of the toxicity

* ethical

%ms

P. Mozgunov, T.Jaki and X.Paoletti WDE-based approaches to dose-escalation 5 /20



|
Bayesian CRM

Combination of A (fixed) and B: dy = {a, by}, dy = {a, b1}, ..., dm = {a, b}

Model p; = ¥(d;, 0); d; is a unit-less amount of drug
0 is a vector of parameters
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|
Bayesian CRM

Combination of A (fixed) and B: dy = {a, by}, dy = {a, b1}, ..., dm = {a, b}

Model p; = ¥(d;, 0); d; is a unit-less amount of drug
0 is a vector of parameters

Given binary outcomes, the CRM updates the posterior f;()

_ fa(0)L(d.y.0)
O = L.y, ) g

The posterior mean (1)
pY = E(u(dk, a)[Y)) = [ w(dk, u)fi(u)du (2)
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|
Bayesian CRM

Combination of A (fixed) and B: dy = {a, by}, dy = {a, b1}, ..., dm = {a, b}

Model p; = ¥(d;, 0); d; is a unit-less amount of drug
0 is a vector of parameters

Given binary outcomes, the CRM updates the posterior f;()

fi-1(0)L(d, y,0)
f:(0) = = .
0= Jra fi—1(v)L(d, y, u)du (1)
The posterior mean (1)
ﬁl(;’) — E(1/)(dk, 3)|YJ) = ) 'L/)(dk, U)fj(u)du (2)
R
Main debate: choice of model ¥(dx, a) %ms

P. Mozgunov, T.Jaki and X.Paoletti WDE-based approaches to dose-escalation 6 /20



-
E,..x model
d)\ Emax

di, Eo, Emaxs A, EDsg) = 0(dj, 0) = Ep 4+ —oi —max_ 3
W( 0 50) = U ) o+ & + EDZ, (3)

*

Ey is the probability of toxicity on the control

*

Enax + Eo is the maximum probability of toxicity

EDsy is the combination which produces Eo + £z

*

* A >0 is the slope factor
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E,..x model

d E,
U)(dﬁ E07 Em X 5 )\7 EDSO) = 'l/)(d,‘, 0) — EO + G Emax (3)
| d? + ED2,

* Ep is the probability of toxicity on the control
* Emax + Ep is the maximum probability of toxicity
* EDsg is the combination which produces Eq -+ £g=

* A >0 is the slope factor
Skeleton construction:

s £(0) X0
~ (0) pi(0) — E,
d,':ED5O X <"(O) ) OA
Emax + E() - P:(O)
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E,..x model

d E,
U)(dﬁ E07 Em X 5 )\7 EDSO) = 'l/)(d,‘, 0) — EO + G Emax (3)
| d? + ED2,

* Ep is the probability of toxicity on the control
* Emax + Ep is the maximum probability of toxicity
* EDsg is the combination which produces Eq -+ £g=

* A >0 is the slope factor
Skeleton construction:

5 £(0) 30
4 (0) pi(0) — E
d,':ED5O X <"(0) ~(0) 0,\
Emax + E() - P:(O)

- A (0 %
By definition, po(0) = Eé ) 5 di=0 logas
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Randomization

Assignment cohort-by-cohort
c=c+ 0o

* ¢ be the number of patients assigned to the current best combination

* ¢ be the number of patients assigned to the control, dp.
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Randomization

Assignment cohort-by-cohort
c=c+ 0o

* ¢ be the number of patients assigned to the current best combination

* ¢ be the number of patients assigned to the control, dp.

For instance, taking c; = 3 and ¢, = 1, one will end up with 25% of the total

sample size being assigned to the control.
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Randomization

Assignment cohort-by-cohort
c=c+ 0o

* ¢ be the number of patients assigned to the current best combination

* ¢ be the number of patients assigned to the control, dp.

For instance, taking c; = 3 and ¢, = 1, one will end up with 25% of the total

sample size being assigned to the control.

CRM with randomization results in the majority of patients on two

combinations: control and MTC.
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Simulations setting

*

Sample size n = 48

* m = 7 combinations

*

Target probability v = 0.25;

*

Clinically significant difference 7 = 0.05
* Confidence level o = 0.9

* ¢ =3, & =1 — 25% on the control treatment.
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Characteristics

(i) Proportion of correct recommendations

(i) Proportion of times the clinically significant difference is found

P=P (P (pMTC — Peontrol = T) > Oé) (4)

(iii) Goodness of fit measure

Py 1
NMSE = /\/Z\/

P. Mozgunov, T.Jaki and X.Paoletti
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I
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Prior and comparators

Skeleton
Py = [0.08,0.25,0.35,0.45,0.55, 0.65,0.70,0.75]*

Information to construct prior distributions for model parameters:
(i) Control: upper bound of the 95% credibility interval is 0.25.
(ii) Prior MTC: upper bound of the 95% credibility interval is 0.80.

Eo ~ B(0.8,10—0.8); A ~ [(1,1); Emax|Eo ~ U[0,1—FEo]; EDso ~ (0.4,0.4);
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Comparators

(P1) One-parameter power model (no randomization):
¥(d;, z) = d?.
(L2) Two-parameter logistic models

. _ exp(log(B1) + Badi)
1/J(d,,ﬂ1; 52) 1 + exp(|0g(51) + 62di)

with (R) and without randomization.
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Scenarios

Toxicity
0.2

Toxicity
0.2
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Results (1)

do d  ds d ds  ds d | TR

Sc1|0.08 010 012 0.15 025 040 045 047
Emax(R) | 00 21 87 229 451 136 3.8 3.7 | 191
[2(R)| 0.0 1.8 83 265 446 138 3.1 2.0 | 19.2
2| 04 0.1 33 249 526 164 2.1 1.3 ] 251
P1| 00 1.0 42 165 51.4 204 55 1.0 | 29.2

Sc2|0.08 009 0.095 010 0.10 0.11 0.11 0.11
Enax(R) | 00 03 05 09 05 16 19 94.4 102
[2(R) | 00 062 075 150 3.00 213 1.75 90.2 | 10.6
2| 03 0.1 03 05 18 10 05 956|114
P1| 00 00 00 00 00 06 08 987|113
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Results (I1)

do d s dy ds dg dr| TR

Scenario 4 | 0.08 025 050 051 052 052 053 0.54
Emax(R) | 51 821 115 09 03 01 00 00244
[2(R)| 41 86.4 84 09 03 00 00 00]246
[21209 750 40 01 00 00 00 00]269
P1|202 717 74 07 00 00 00 00]310

Scenario5 | 0.08 0.09 009 010 05 05 05 05
Enax(R) | 00 19 77 571 312 16 01 04188
[2(R)| 00 15 95 56.4 302 14 08 03] 182
2| 01 01 14 627 355 02 01 00251
P1| 00 00 00 549 364 70 12 05]332
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Results (I1I)

Sc1l Sc 2 Sc 3 Sc 4 Sch Sc 6

c P 747% 163% 66.7% 71.5% 67.9% 24.2%
(R NMSE 1.7 2.0 2.2 3.5 3.1 15

) P 718% 14.4% 59.7% 64.1%  74.9%  20.9%
(R NMSE 1.9 22 7.2 4.4 3.4 15

I P 615% 15.7% 50.1% 50.2% 64.7 % 18.1%
NMSE 2.0 25 7.7 5.8 3.6 16

Py P 99.9% 93.7% 99.7% 99.7%  99.4% 95.3%
NMSE 2.1 26 7.8 6.1 3.8 2.1
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Fitted curves

Scenario 1. Logit
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Sensitivity analysis

Prior distributions:
Eo ~ B(O, 8, 10—08), A~ r(Cl, C2), Emax‘EO ~ U[O, 1—E0], ED5() ~ r(Cg, C4).

* Recommendation: An informative for A and an uninformative for EDsq

Randomization proportion

* Recommendation: 20%-25% on the control arm
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Conclusions

* Randomization and E,,.x model allow to identify clinically significant
differences with higher probability than alternatives.

* The cost of randomization: a small reduction in the proportion of

correct recommendations in some scenarios.
* The randomization helps to overcome problems with fitting

* This design should be considered if not only MTC identification is of
interest
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P. Mozgunov, T.Jaki and X.Paoletti WDE-based approaches to dose-escalation 19 /20



Further work

* Large variance of number of patients on the MTC.
* Further investigation on the fitting problem

* Phase Il trials: a statistical comparison of the optimal combination and
control effectivenesses
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