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CHMP QGuideline on Flexible Trials

CHMP (2006), Section 4.2.1

“[...] the applicant must pre-plan methods to ensure that
results from different stages of the trial can be justifiably com-
bined. In this respect, studies with adaptive designs need at
least the same careful investigation of heterogeneity and justi-
fication to combine the results of different stages as is usually
required for the combination of individual trials in a metaanal-

ysis."”
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Heterogeneity across Design Stages

e two-stage design considered

e model: independent responses with Y; ~ N(u;, 02)

w1+ m 1; before IA

Hi =
uo + 1 15 after IA

with treatment group indicator 7;

e assumptions

— variance homogeneity across design stages
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Testing for Heterogeneity across Design Stages
e hypotheses: Hy. 7 =7 VvSs. Hy .1 #=1

e hypothesis test: likelihood ratio test (LRT)

(F1 — T2)?
o2 (3 + )

ny ' no

— test statistic: —21logA\ =

— if 2 unknown, estimated by MLE

— critical value from x? distribution with 1 df (exact if o2 known)
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Power of Heterogeneity Test

Power

1.0
: e example

08 // — 100 patients per stage
j — one-sided sign.level 0.025

0.6 — std. treatment effect of 0.5
| (0.4)

0.4 — power of test for treatment
| effect 95% (80%)

2 e in MA usually o« > .05 used

O_OO‘:S:SE_O'” — e.g. Cochrane Handbook
0.00 0.25 0.50 0.75 1.00 suggests a = 0.10
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Heterogeneity Test Confounded by Calendar Time
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A Simulated Trial: Motivating the Use of CP Methods
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Significant LRT in red.

e considered situation
— 100 patients per stage
— step change at kK = 50
— %) =0.25 % =075
e heterogeneity test: p = 0.01
e changepoint methods
— search for maximum over
LRT stats
— correct critical value / p-
value (e.g. Hansen 1997)
— calendar time confounding
in studies with historic con-
trols (Heuer & Abel 1998)
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Alternative Testing Procedure
e initial heterogeneity test at level «q: if significant, then ...

e Considering only data of first stage: search for a changepoint and
test whether it is significant at level as 4.

— if not, then conclude “change due to IA”

— if yes, then ...

e Carry out a test comparing treatment effects in the first stage
after k and the second stage at level as 5.

— if (not) significant, then conclude ‘“change (not) due to IA”
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Simulation Study
e number of replications: 10,000 trials per situation
e 200 patients in total with IA after 100 patients

e step change at x of size A = TQ(S) — rl(s)
— treatment effect 7 = (T](_S> + 72(5))/2 = 0.5
— change in treatment effect A = 0,0.125,...,0.5

— changepoint kK = 50,75,100, 125
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Simulated Probability of “Change due to IA” Conclusion
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Estimating the treatment effect as a function of calendar time

Tmt effect
0 1
| |
00 o
8 e}
o
e} o o
0
%
©
e © %Cp
o\ ®
(@] o)
OQ%) ©
° 5

Cum Residual tmt effect

0 20 40 60

Block

Smoother

80 100

-10

-15

0O 20 40 60 80 100

Block

Cum. Residuals

¢ Simulated example

as above

e sSmoother:

— heterogeneity test
at IA: p=0.01

— cp test: significant
with k = 50

treatment

effect estimated in
blocks of 2, then
smoothed
conclusion: difficult
to pick up trends in
estimated treatment
effect
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Discussion

e optimal choice of as 1 (as > might be set to aq)

e gradual change (rather than step change)

e designs with more than 2 stages

e adaptations create dependence: ignored here

e two-sided heterogeneity tests used, but problem is one-sided

— problematic: effect of stage 2 larger than of stage 1
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Conclusions

e heterogeneity test approach wasteful (therefore unethical)

— even with no change over time: studies reduced in size / discarded with
probability «

— calendar time effects unrelated to IA lead to far higher probabilities

e alternative approach favourable, but doesn’'t solve the issues

e estimation seems difficult given limited data

e design: careful consideration and discussion in planning phase
(like with cary-over effects in crossover trials)
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Two-stage Adaptive Designs

e design stages

— first (second) stage: patients recruited before (after) IA

e INnterim analysis

— hypothesis test

— adaptations: sample size adjustment, treatment selection, ...

e final analysis: combining information across design stages

MCP Vienna 2007

16



Meta-Analysis: Testing for Heterogeneity across Studies
(Whitehead, 2002)

e fixed effect model (r studies): §; ~ N(Q,w[l), i=1,...,r

o _ w0
o test statistic: Q = 3 w;(9; — 0)2 with § = 2 wibi
U )
for r = 2 studies: Q = W12 (01 — 05)?
w1 + wo

e reference distribution: if £(§;) = 0 for all 4, then Q ~ x?_;

e note: variance of §; estimated = large-sample test
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Heterogeneity across Design Stages

e model: independent responses with Y; ~ N(u;, 02)

w1+ m 1; before IA

Hi =
uo + m™ 1;  after IA

with treatment group indicator 7;

e assumptions

— variance homogeneity across design stages
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Simulated Probability of “Change due to IA” Conclusion
— Gradual Change up to x (A =0.5) —

P(D)
a2 87%939) K — 25 K — 50
Heterog. 0.224 0.425
0.1 0.1 0.157 0.217
0.1 0.5 0.195 0.312
0.5 0.1 0.087 0.101
0.5 0.5 0.167 0.258
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