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1. Introduction (1)

» Classical paradigm in clinical trials:

Confirmatory statistical analysis without utilizing external (historical) data

* EXxceptions:

Early phases of drug development

High urgency

Rare diseases

paediatric clinical trials
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1. Introduction (2)

e Patients with venous thromboembolism

Favours interventional treatment E Favours standard
! treatment

i . Adult trial 1 e
* Interventional treatment: fqana ? — ey
I Adult trial 3 | - : |
le_ed dose sgbcutaneous low molecular Aault tial 3 .
weight heparins Adult trial 5 ————
Adult trial 6 I - i
Standard treatment: Adult trial 7 : . ; :
. . . Adult trial 8 N
Adjusted dose unfractionated heparin Adult trial 9 : . ; |
Adult trial 10 l—-——i
« Qutcome: Incidence of recurrent venous e R
thromboembolism at the end of follow up Adult trial 13 — =
Adult trial 14 e
i Adult trial 15 ——
) _ Adult trial 17 F + ; !
» Cochrane-Review: 18 adult trials, 8122 pat.  Adutwial18 e
All Adult trials pooled 2ol
ORaduIt:O'68 (95% Cl 055'084) Paediatric trial t - E !
| | | | |
e 1 paediatric trial, 76 patients 0.1 05 1.0 20 50
ORpaed=O'53 (95% ClI 009-308) Odds Ratio (log scale)
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2. Extrapolating historical data
(1) Suboptimal Approach Goodman und Slatky 2005

« Statistical analysis of the paediatric trial utilizing historical data of adult trials

« Normal-Normal-Model

[ Data model:  IN(OR o) |6 ~ N(6,62)  with fixed c2
y Prior distribution: 0 ~ N(MpTe?) With gy =In(OR 4,1)
\ and 1,2 = Var[In(OR 4]

« => Posterior distribution: 0 | observed In(OR ,,q) ~ N(y,7,2)

Prior weight  Data weight
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2. Extrapolating historical data

() Suboptimal Approach sooaman und Siafioy 2089
Original Data
_ OR=0.68
Adult data (prior) (0.55-0.84)
Prior weight 99%
OR=0.53
Paed. data OR (0.09-3.08)
Paed. data weight 1%
_ OR=0.68
Pooled posterior OR (0.55-0.84)
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2. Extrapolating historical data

(1) Suboptimal Approach Goodman und Slatky 2005
. Varlanc_e Ieilion Restriction of Prior mean OR
Original Data of prior data fior weight et o 1
(factor 10) P g
Adult data (prior) OR=0.68 OR=0.68 OR=0.68 OR=1
P (0.55-0.84) (0.35-1.33) (0.12-3.96) (0.81-1.24)
Prior weight 99% 87% 50% 99%
OR=0.53 OR=0.53 OR=0.53 OR=0.53
FER, CEE O (0.09-3.08) (0.09-3.08) (0.09-3.08) (0.09-3.08)
Paed. data weight 1% 13% 50% 1%
el e OR=0.68 OR=0.66 OR=0.60 OR=0.99
P (0.55-0.84) (0.35-1.23) (0.17-2.08) (0.80-1.22)
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2. Extrapolating historical data
(1) Suboptimal Approach

. ) )
Favours interventional treatment ' Favours standard

! treatment

Adult trial 1 ;

Adult trial 2 e

Adult trial 3} * ; {

Adult trial 4 P

Adult trial 5 F———

Adult trial 6 I - i

Adult trial 7 F - i /
Adult trial 8 e

Adult trial 9 * ; {

Adult trial 10 —e——

Adult trial 11 —e—

Adult trial 12 | - 5 i

Adult trial 13 I — i
Adult trial 14 P

Adult trial 15 F——

Adult trial 16 e

Adult trial 17 = — =

Adult trial 18 F—e—

All Adult trials pooled

Paediatric trial

J. Gerf3

0.1 05 1.0 20 5.0

Odds Ratio (log scale)

BAYES 2012, 11.5.2012

Goodman und Slatky 2005

Limitation
Use of pooled historical data

Improvement

Account for the variation between
single trials

=> Transferability of historic trial
results to a future trial
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2. Extrapolating historical data

(i) Planning a new adult trial

Result; Posterior mean =* standard deviation
7: 0.16£0.13, 6*: -0.38%£0.24, i.e. V_=0.0564

Meta-analytic predictive approach

( .
» | Data model: IN(OR}) | 6, ~ N(6,,0,2) log Odds Ratio in study h=1,...,H
with study-specific effect 6,

{ and fixed c,,2

Parameter model: 6,,...,0, | L,T ~ N(u@ (historic adult trials) t2: Between-trial
variation of study-

specific effects

\ Prior of hyperparameters p (“Noninformative” Normal distribution)

T (Half-normal / Gamma distribution)

» => Posterior predictive distribution of a future trial:

0* | observed In(OR,),...,In(OR,)
« MCMC sampling: Posterior predictive mean and variance V_: Posterior predictive variance

= Present knowledge on the
study-specific effect 6* in a

future trial

J. Gerf3 BAYES 2012, 11.5.2012 11/22



2. Extrapolating historical data
(i) Planning a new adult trial

Result; Posterior mean =* standard deviation
7: 0.16£0.13, 6*: -0.38%£0.24, i.e. V_=0.0564

Meta-analytic predictive approach

« Posterior predictive variance V,
= Present knowledge on the study-specific effect 6* in a future trial

« This knowledge/information is collected from N,= 8122 historical patients
... Extrapolating the historical information to future: discount historical information.

* Question: Discount factor of historical information?
(i) Key parameter: Between-trial variation of study-specific effects 12
(i) Cf. Normal-Normal-Model:
Information content is represented by the inverse variance (=precision).

Full historical information: N,is—=8122

Discounted historical information: Precision ——  corresponds to Ney=?

T
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2. Extrapolating historical data
(i) Planning a new adult trial

Result: Posterior mean =* standard deviation
7: 0.16£0.13, 6*: -0.38%£0.24, i.e. V_=0.0564
Prior t==0 => 6* -0.36%0.11, i.e. V,=0.0127

Meta-analytic predictive approach

« Posterior predictive variance V,
= Present knowledge on the study-specific effect 6* in a future trial

« This knowledge/information is collected from N,= 8122 historical patients
... Extrapolating the historical information to future: discount historical information.

* Question: Discount factor of historical information?
(i) Key parameter: Between-trial variation of study-specific effects 12
(i) Cf. Normal-Normal-Model:
Information content is represented by the inverse variance (=precision).

Full historical information: Precision Vi corresponds to N,;,;=8122
0

Discounted historical information: Precision 7\corresponds to Nz=7

T

\

V,: Fictitious posterior predictive variance,
that results, if the historic information
would not be discounted: set t=0




2. Extrapolating historical data

(i) Planning a new adult trial

Meta-analytic predictive approach

Result; Posterior mean =* standard deviation
7: 0.16£0.13, 6*: -0.38%£0.24, i.e. V_=0.0564
Prior t==0 => 6* -0.36%0.11, i.e. V,=0.0127

« Posterior predictive variance V,

= Present knowledge on the study-specific effect 6* in a future trial

« This knowledge/information is collected from N,= 8122 historical patients
... Extrapolating the historical information to future: discount historical information.

e Question: Discount factor of historical information?
(i) Key parameter: Between-trial variation of study-specific effects 12

(i) Cf. Normal-Normal-Model:

Information content is represented by the inverse variance (=precision).

. . . . . . 1
Full historical information: Precision o
0

Discounted historical information: Precision o

T

corresponds to Np;=8122 | (V)™ Npiq
-1 —
\corresponds to Ngg=" (V) Nerr

o => Prior effective sample size
Neff = I\Ihist ' (Vr)_l / (VO)_1
= 8122 - 0.2244 = 1822.

\

V,: Fictitious posterior predictive variance,
that results, if the historic information
would not be discounted: set t=0




2. Extrapolating historical data

(i) Planning a new adult trial
Neuenschwander et al. 2010

Meta-analytic predictive approach

=> Prior effective sample size N = 1822
e |.e., in a future trial the number of patients can be reduced by 1822 ...?

e Simulation

A:. Normal-Normal-Model with informative prior
(Prior = Posterior predictive distribution of the full model);

B: Normal-Normal-Model with noninformative prior
A,B => Determine the required sample size for a future trial with 80% “power"

- Bayesian “significance test" Interventional treatment: p, = 3.45%
Postert Standard treatment: Py = 5.32%
osterior
distribution
Result
975% N A: 2 - 985 = 1970 patients
0.1 0.2 0.5 10 15 B: 2 -1865 =3730 = 1970+1760 patients

Odds Ratio
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Results: Posterior mean £ standard deviation

3. Combining adult and paediatric trials

« [ Data model: IN(OR,) | 6, ~ N(0,,6,2) log Odds Ratio in trial h=1,...,H+1
with study-specific effect 6,
and fixed ¢,

Parameter models: 6,,...,60,, | 1,t ~ N(u,t?) (historic adult trials)

Ot | WoMahieT ~ N(M+Ughin,t2) (historic paediatric trial)

| Prior of hyperparameters W, Ug, (‘Noninformative” Normal distributi pi..: -0.27+=0.92

T (Half-normal / Gamma distribution) o 0.16+0.12

« => Posterior predictive distribution of a future trial: 6* | observed In(OR,),...,In(OR,,)

() inadults  6*_, . -0.38+0.24

(i) in children gx__: -0.6540.94) [V, , = (0.94)2 = 0.8785
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Results: Posterior mean = standard deviation

3. Combining adult and paediatric trials

« [ Data model: IN(OR,) | 6, ~ N(0,,6,2) log Odds Ratio in trial h=1,...,H+1
with study-specific effect 6,
and fixed ¢,
Parameter models: 6,,...,60,, | 1,t ~ N(u,t?) (historic adult trials)
Ot | WoMahieT ~ N(M+Ughin,t2) (historic paediatric trial)

| Prior of hyperparameters [, (‘Noninformative” Normal distribution) .. = -0.27

T (Half-normal / Gamma distribution) =0

« => Posterior predictive distribution of a future trial: 6* | observed In(OR,),...,In(OR,,)
() in adults

(i) in children g __:-0.6340.11) [V, , g = (0.94)2 = 0.8785

Vo, i shifi=-0.27 = (0.11)? = 0.0125

Discount factor = (V. , sni)™* / (Vo,027)* = 0.0142
=> Prior eff. sample size N.z=8198-0.0142=116
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3. Combining adult and paediatric trials

Meta-analytic predictive approach
=> Prior effective sample size N = 116

* |.e., in a future trial the number of patients can be reduced by 116 ...?

e Simulation

A: Normal-Normal-Model with informative prior
(Prior = Posterior predictive distribution of the full model);

B: Normal-Normal-Model with noninformative prior
A,B => Determine the required sample size for a future trial with 80% “power"

* Bayesian “significance test" Interventional treatment: p, = 2/36 = 5.6%
Standard treatment: Py = 4/40 = 10%

Posterior
distribution
Result
97.5% | A: 2 - 520 = 1040 patients

0.1 0.2 0.5 10 15 B:2-570 = 1140 = 1040+100 patients

Odds Ratio
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4. Results

Required sample size for 80% ,power*
Interventional Standard
Total
treatment treatment
No use of historical data 570 570 1140
Use historical data of both treatment groups -58 -58 -116 (-10%)
Use hist. data of Standard treatment group -47 -47 (-4%)
Use hist. data of Interventional treatmnt group -40 -40 (-4%))

,Power” in a trial with 500 patients per group

No use of historical data

74.8%

Use historical data of both treatment groups

78.5% (+5%)

Use hist. data of Standard treatment group

76.6% (+2%)

Use hist. data of Interventional treatmnt group

76.5% (+2%)
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5. Summary

... use only information on the standard treatment or on both treatment groups?

« Empirical quantification of the discount factor that results if historical data are

extrapolated to future
* Improvement in efficiency:
- Reduced sample size (minus 4-10%)
- Increased ,Power* (plus 2-5%)

 Relative stable results
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Fundamental decision: Are we willing to use external data in the statistical analysis?
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