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Motivation

* Introduction of new immune therapies that may have a delayed
treatment effect necessitates re-evaluation of traditional clinical trial
designs in oncology:.

» A key feature of RCT Is interim futility monitoring which protects
patients and resources if the experimental treatment is detrimental or
unlikely to be shown superior to the standard treatment.

 The appropriateness of futility monitoring is frequently questioned
when the effect of the experimental treatment may be delayed, e.g., in
trials of iImmune agents.
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Crossing hazards, crossing survival curves
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Selecting a futility rule requires balancing patient safety and public
health considerations:

* |If the experimental therapy is ineffective, one would want to minimize
the number of patients exposed to the therapy.

* |If the new therapy Is beneficial one would want to maximize the
probability of detecting the benefit.



Aside: Delayed treatment effect built into trial design
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Goals

« Examine benefits and risks of using common futility monitoring
approaches when there is a delayed treatment effect.

 Develop a new futility monitoring rule for use when there is a
potential delayed treatment effect in an immunotherapy trial



Common futility approaches considered.

1) Wieand rule (Wieand Stat Med 1994).
First interim analysis (50% of total expected events): stop if observed HR >1
Second interim_analysis (75% of total expected events): stop if observed HR >1

2) O’Brien-Fleming B-spending function (power family, Wang-Tsiatis,
Pampallona-Tsiatis):
First interim analysis (33% of total expected events): stop If Z<0.011

Second interim analysis (66% of total expected events): stop If Z<0.864
(Tremelimumab in melanoma, Ribas et al NEJM 2013)




The proposed approach

A modification of the Wieand approach stop if observed HR>1: (expected
treatment effect delay Is 3-6 months)*

First interim analysis: when at least 50% of the expected events have
occurred AND at least two-thirds of the observed events have occurred later
than 3 months from randomization.

Second interim analysis: when at least 75% of the expected events have
occurred AND at least two-thirds of the observed events have occurred later
than 3 months from randomization

* The rule is easily adjusted for longer expected delay periods

Reference: Korn and Freidlin, Journal of Clinical Oncology, 2018 p 2444-9



Simulated settings, 90% power without futility monitoring

680 patients randomized over 34 months; the final analysis at 512
events.

680 patients randomized over 12 months; the final analysis at 512
events.

Cure model (20% cure rate on the control arm)

« 800 patients randomized over 34 months; the final analysis at 512
events.

« 800 patients randomized over 12 months; the final analysis at 512
events.
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680 patients accrued over 34 months

No mterim Standard Standard Proposed
Setting analyses Wieand O’Brien-Fleming approach
Power | Duration | Power | Duration | Power | Duration | Power | Duration
SS SS SS SS
HR=0.75 900 47 .4 898 47.1 879 46.2 898 47.1
(no delay) 680 678.6 671.7 678.6
HR=1.00 0247 439 0245 34.1 0226 28.2 0245 34.3
(no delay) 680 602.6 529.1 605.3
HR=1.30 0 41.3 0 25.2 0 19.9 0 26.1
(no delay) 680 504.4 3993 526.1
3 m delay 901 47 .8 894 47.3 846 454 895 47.4
680 676.7 661.2 677.4
6 m delay 903 48.3 881 47.2 786 439 885 47.4
680 673.1 644.3 674.4
Crossing .899 48.3 872 47.0 762 432 891 47.8
hazards 680 671.7 638.0 677.8




680 patients accrued over 12 months

No mterim Standard Standard Proposed
Setting analyses Wieand O’Brien-Fleming approach
Power | Duration | Power | Duration | Power | Duration | Power | Duration

SS SS SS SS
HR=0.75 899 34.3 897 34.1 879 33.3 898 34.2
(no delay) 680 680 679.7 680
HR=1.00 0246 30.5 0243 21.5 0223 16.9 0245 233
(no delay) 680 680 660.5 680
HR=1.30 0 27.7 0 13.7 0 10.9 0 19.7
(no delay) 680 680 607.5 680
3 m delay 901 34.8 882 33.9 794 31.1 898 34.5
680 680 677.3 680
6 m delay 903 354 804 32.1 626 27.1 879 34.3
680 680 670.4 680
Crossing 899 354 781 31.6 537 247 895 35.1
hazards 680 680 665.1 680




20% cure rate: 800 patients accrued over 34 months

No mtermm Standard Standard Proposed
Settmng analyses Wieand O’Brien-Flemmg approach
Power | Duration | Power | Duration | Power | Duration | Power | Duration

SS SS SS SS
HR=0.75 900 41.3 .898 41.1 879 40.3 .898 41.1
(no delay) 800 797.5 787.0 797.7
HR=1.00 0246 38.1 .0243 30.2 023 25.2 0244 30.7
(no delay) 800 673.2 576.8 682.3
HR=1.30 0 35.9 0 22.8 0 18.1 0 25.3
(no delay) 800 535.7 426.0 592.0
3 m delay 902 41.7 .895 41.3 850 39.8 .899 41.4
800 795.0 773.4 796.9
6 m delay 902 42.2 .883 41.4 198 38.7 891 41.6
800 790.1 751.2 793.7
Crossing 901 42.2 878 41.3 178 38.3 .898 42.1
hazards 800 788.3 743.4 798.8




20% cure rate: 800 patients accrued over 12 months

No mtermm Standard Standard Proposed
Settng analyses Wieand O’Brien-Fleming approach
Power | Duration | Power | Duration | Power | Duration | Power | Duration

SS SS SS SS
HR=0.75 900 26.7 898 26.6 879 26.0 900 26.6
(no delay) 800 800 797.9 800
HR=1.00 0249 24.0 0244 17.9 0225 14.5 .0249 21.5
(no delay) 800 800 744.8 800
HR=1.30 0 21.9 0 12.3 0 10.0 0 21.3
(no delay) 800 796.1 655.9 800
3 m delay 901 27.0 875 26.2 786 24.3 901 27.0
800 800 787.2 800
6 m delay 901 27.4 T8 24.7 587 21.0 .894 27.1
800 800 765.7 800
Crossing .899 27.4 731 24.0 506 194 .899 27.4
hazards 800 800 751.5 800




Conclusions

« Commonly used futility rules are optimized for settings with no delay in the
treatment effect.

* If the treatment effect Is delayed, the application of many commonly used
futility rules may result in loss of power because interim results are
dominated by the early events.

 The proposed futility monitoring rule results in a very small loss of power
regardless of whether the treatment effect is delayed (even with rapid
accrual), but offers considerable savings in time and patients treated when
the experimental treatment is no better than, or worse than, the standard
treatment.
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