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Hybrid Bayesian/frequentist design of a superiority phase |1l trial
0 is the treatment effect (e.g., mean treatment difference between T and R)
Success is defined as rejecting Hy (e.g., Hp : 0 < 0)

qo(0) is the prior distribution of the treatment effect

= used to compute the Probability of Success (PoS)
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PoS in a one-stage clinical trial

Final
analysis

PoS = P(trial success) = /P(é > Osuclf) qo(0)do
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PoS in a two-stage clinical trial

Trial
continues

Interim
analysis

analysis

Failure

PoS = P(early stop for efficacy) + P(no early stop and success at final analysis)

— /P(émt > Oy rl0) qo(0)do + /P(@fut <Oy < Ocsy, éfin > Oyucl0) qo(0)dO
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Incorporating DMC recommendation to continue the trial

BefO re PRIOR = = = = s PROBABILITY OF TRIAL SUCCESS
the trial I
DMC recommendation
to continue the trial
v v
After the PROBABILITY OF TRIAL SUCCESS

. . POSTERIOR = = = = >
interim AFTER THE INTERIM
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PoS post interim

PoS is updated using the information 0,; < Oint < Ocpr

PoS,0st = / PO pin > Osucl0pur < Oiny < 0crr,0) q1(0)d0

where ¢1(0) is the posterior:

q1(9) — P(efut < éint < aeff“g) qO(Q)
fp(efut < éint < eeffw/) QO(H/)del
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Relationship between PoS and PoS,,

POSpost = /P(éfm > 95uc|9fut < éint < 96ff79) Q1(9)d9

_ / P(efut < éint < eeffa éfm > 95u0’0> P(efut < ); =~ eff’e) q0(0) do
P(9 < Aznt < effw) fP(Hfut < Qint < Heff’9,> q0(0l)d9/

_ P(no early stop and success at final analysis)
P(no early stop)

_ PoS — P(early stop for efficacy)
N P(no early stop)
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Fictive case study

Parallel group trial (2 arms: T and R)

Continuous response (treatment effect assessed as mean difference T vs. R)
Power = 0.9

Alpha = 0.025 (one-sided)

Standardized treatment effect of interest A = 0.3

2
PoS is evaluated over 3 different priors of the form 6 ~ N (90, n_>
0

Pessimistic Realistic Optimistic

no = 10 0= A —0.2 0 = A o= A+ 0.2
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Case with no early stop for efficacy (6.5 = +00)

.lit b u d 0 /( = \
I|ade0 n tleCIOIce OI the Iut|| ounda f t

No early stop for efficacy
C: Optimistic prior

—+— PoS

Probability

Probability

—+— PoS_post

Probability

PoS
Pospost = m: Pospast > PoS (nOt true for aeff < +OO)
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Case with an efficacy boundary

O’Brien-Fleming efficacy boundary

B: Realistic prior

A: Pessimistic prior

—+— PoS

—— PoS_post

Probability
3

For some values of 0y,
PoSp0st < PoS

Pocock efficacy boundary
B: Realistic prior

100

A: Pessimistic prior

100

Probability
8

00
Ot
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PoS and PoS,, trade-off

No early stop for efficacy
1.00

oo PoS reduced by a small amount with 6,
o = PoSp,st increased by a large amount
0.50
0.40
0.30
0.20 m PoS without futility m PoS_post without futility
0.10 m PoS_post when PoS is reduced by 0.01 m PoS_post when PoS is reduced by 0.02
0.00

Pessimistic prior Realistic prior Optimistic prior

O’Brien-Fleming efficacy boundary Pocock efficacy boundary

1.00 1.00
0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.20 0.20
0.10 I I 0.10 . . I
0.00 i 0.00
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Take-home messages

With an efficacy stopping rule, continuing after the interim may reduce the probability of success.

PoS N\,

Tradeoff in the choi f the futility boundary:0 —
radeoff in the choice of the futility Y0t PoSy0st /'

An appropriate choice of 0¢,; may lead to a significantly larger PoSy,s:, with minimal losses in PoS.
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