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Figure 1. Two cases: new trial with historical co-data (left panel), and with historical and concurrent co-data (right panel).
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Table |. Key Regulatory References.

(Lim et al. 2018)

Reference Document

Key Message(s)

ICH E4: Dose Response Information to Support Drug I'-hegistratit::nIa
ICH E9: Statistical Principles for Clinical Trials'®

ICH EI0: Choice of Control Group and Related Issues in Clinical
Trials''

FDA: The Use of Bayesian Statistics in Medical Device Clinical
Trials'?

EMA: Concept Paper on Extrapolation of Efficacy and Safety in
Medicine Development'*

EMA: Guideline on Clinical Trials in Small Populations'*

European Commission: Echical Considerations for Clinical Trials on
Medicinal Products Conducted with the Paediatric Population'®

“Agencies should also be open to the use of various statistical and
pharmacometric techniques such as Bayesian and population methods,
modeling, and pharmacokinetic-pharmacodynamic approaches.”

“The use of Bayesian and other approaches may be considered when the
reasons for their use are clear and when the resulting conclusions are
sufficiently robust.”

Guideline expresses a major concern about only using historical controls
(ie, the inability to control bias), but also describes the usefulness of
such controls under certain scenarios. Guideline describes situations
where appropriately and carefully chosen historical controls are more
persuasive and potentially less biased.

Guidance states that in some circumstances “the prior information for a
device may be a justification for a smaller-sized or shorter-duration
pivotal trial.”

Paper proposes a framework to establish a systematic approach for
extrapolation of efficacy and safety data from a source populationtoa
target population.

A Bayesian methodology with an informative prior built on historical data
may be suitable.

Recommends sensitivity analyses for the choice of prior.

“Under exceptional circumstances,” historical controls with no
concurrent control may be acceptable.

“Adaptive, Bayesian, or other designs may be used to minimize the size of
the trial.”
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Table 2. Options for Specifying a Prior Based on Historical Data.

Assumed Relationship
Between puy & p

Details

|. Equal

2. Functional Dependence

3. Equal but Discounted

4. Biased

5. Exchangeable

Assumes differences between observed historical & concurrent control response rates are solely attributable to
sampling variation.

Equivalent to pocling historical & concurrent controls.

Assumes differences between historical and concurrent control response rates can be explained by known
covariates.

Requires estimate of covariate-response relationship (eg, from historical data) which can be used to construct a
predicted prior distribution for p based on historical control response rate and observed covariates for historical
and concurrent controls.

Assumes py = p as in option |, but discounts the historical information by inflating the variance of the historical
prior (eg, using power prit}r].z'

Can also be thought of as reducing the effective sample size of the historical controls on which the prior is based.

Amount of discounting is subjective and has no operational interpretation.

Assumes concurrent control response is a biased (shifted or rescaled) version of the historical response (ie, p = pu
4+ dorp=pu = d).

Similar to functional dependence (option 2), except that the precise form of dependence is unknown. Therefore,
the dependence is captured by a generic bias term &.

Prior for p is constructed by combining the historical prior for py with a prior for & which is tyflcalry chosen to reflect
judgments about the relevance and quality of the historical study to the current settng.

Assumes py; and p are “similar” (ie, assumes a distribution across studies with parameter * that reflects
heterogeneity between historical and concurrent control response rates).

Equivalent to a random effects meta-analysis of the historical and current trials.




RA X

A CHITDENNER7J0—F

(Lim et al. 2018, FEEAt 2015)

FiE EES
Commensurate | EXNIBIT—HEFTFREERT —FDHE S (commensurability) (CEDWTER
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Power priors

EXNIAINT—HDLEEZREE/SX—4 (power parameter) a° € [0. 1]T
REFFBRLICED EANIDILT—ADEEREZZNDSIKTE

BEIRDOEEZESFE (conditional power prior) ENZFE/SA—H(CEH]
NZRTEI75:E (joint power prior. modified power prior) H'é&3.

Meta-analytic-
predictive priors
(MAP priors)
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1Bk B9 IRE (FFREREIDAIE N (heterogeneity) (CfkTF

Robust MAP
priors
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Table I'V. Data of mortality from MERIT-HF.

Sample size Number of events

Country Meto CR/XL Placebo Meto CR/XL Placebo
Belgium 68 06 3 13
Czech Republic 123 124 9 17
Denmark/Finland 141/20 150/14 11/0 11/2
Germany 252 247 19 31
Hungary 211 212 16 29
[celand 19 22 2 2
Norway 97 105 6 11
Poland 102 102 8 8
Sweden 39 46 2 9
The Netherland/Switzerland 278/21 270/21 14/0 25/1
UK 87 83 4 9
USA 532 539 51 49

Quan et al. (2013)
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« PRERITERINITEERNE : 0.66 [0.53, 0.81]

e [E-taSBBEXNEDOIZE/ERA : pfE =0.22, t2 = 0.04

Table V. Results on mortality for MERIT-HFE.

Country e% (95% CI) 5 52 e % (95% CI) e (95% C)
Belgium 0.21 (0.06, 0.72) 1.58 0.41 0.57 (0.43, 0.76) 0.47 (0.35, 0.63)
Czech Republic 0.52 (0.23, 1.16) 0.66 0.17 0.61 (0.44, 0.83) 0.59 (0.43, 0.81)
Denmark/Finland 0.86 (0.38, 1.91) 0.15 0.17 0.68 (0.49, 0.93) 0.71 (0.51, 0.97)
Germany 0.58 (0.33, 1.03) 0.54 0.08 0.62 (0.44, 0.87) 0.61 (0.43, 0.86)
Hungary 0.54 (0. ”9. 0.99) 0.62 0.10 0.60 (0.43, 0.84) 0.59 (0.42, 0.83)
Iceland 1.17 (0.16, 8.28) —0.15 1.00 0.65 (0.50, 0.86) 0.72 (0.55, 0.95)
Norway 0.58 (0.21, 1.56) 0.55 0.26 0.63 (0.46, 0.85) 0.62 (0.46, 0.83)
Poland 1.00 (0.38, 2.66) 0.00 0.25 0.68 (0.50, 0.92) 0.73 (0.54, 0.99)
Sweden 0.24 (0.05, 1.12) 1.42 0.61 0.60 (0.45, 0.79) 0.51 (0.38, 0.67)
The Netherland/Switzerland 0.51 (0. "7. 0.98) 0.67 0.11 0.60 (0.43, 0.83) 0.58 (0.42, 0.81)
UK 0.41(0.13, 1.33) 0.89 0.36 0.61 (0.45, 0.81) 0.56 (0.42, 0.76)
USA 1.06 (0. 71. 1.56) —0.06 0.04 0.83 (0.57, 1.20) 0.87 (0.60, 1.26)

12

Quan et al. (2013)
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Belgium

Czech Republic
Denmark/Finland
Germany
Hungary

Iceland

Norway

Poland

Sweden

The Netherland/Switzerland
United Kingdong
United States

All countries

0.21
0.52
0.86
0.58
0.54
117
0.58
1.00
0.24
0.51
041
1.06

0.66

Regular estimate

S

0.47
0.59
0.71
0.61
0.59

0.62
0.73
0.51
0.58
0.56

0.87

0.64

Shrinkage estimate

o
[
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Quan et al. (2013)
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EIITHHEERICH T Dt
(Neuenschwander et al. (2016))

1 fE]

Table 1. Interim futility analyses for phase Il trials A and B: estimates of hazard
ratio (95% probability interval) and log-hazard-ratio (standard deviation), probabil-
ity that hazard ratio is less than 1, probability of phase lll success (PoS), and effective
sample size (ESS). For trials A and B, the required final number of events is 379.

Study Deaths HR (95%-int) log(HR) (sd) pr(HR <1) PoS ESS RAERT —HDIE
r i)
tARNJAIL Stratified analyses oIS
>—4 1. Proof-of-concept 8 0.70 (0.18,2.80) —0.36 (0.71) 0.69 8
2. Phase I 85 0./5(0.49,1.15) —0.29(0.22) 0.91 85
3.Phaselll study A} 162 0.83(0.61,1.13) —0.19 (0.16) 0.88 045 162
i —% 4. Phase lll study B J 150 0.78 (0.57,1.07) —0.25(0.16) 0.94 0.64 150 Co_data.:é\
Co-data analysis MALKEZS
3.Phaselllstudy A} 162 0.80(0.63,1.04) —0.22(0.13) 0.95 0.51 254
4. Phase lll studyB J 150  0.79(0.61,1.01) —0.24 (0.13) 0.97 0.65 252

21
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Table 1. Interim futility analyses for phase Il trials A and B: estimates of hazard
ratio (95% probability interval) and log-hazard-ratio (standard deviation), probabil-
ity that hazard ratio is less than 1, probability of phase lll success (PoS), and effective
sample size (ESS). For trials A and B, the required final number of events is 379.

Study Deaths HR (95%-int) log(HR) (sd) pr(HR <1) PoS ESS
EBEHHREK

Stratified analyses

1. Proof-of-concept 8  0.70(0.18,2.80) —0.36 A\ 8

2.Phase Il 85 0.75(0.49,1.15) —0.2970.27] " 85

3.Phaselll] o5opxpan V.84 (0.61,1.13)] —0.19 (0.16) 162

4. Phase lll ST (0.57,1.07)] —0.25(0.16) 150
Co-data analysis

3.Phaselllstudy A 162 0B0(0.63,1.04)] —0.22(0.13) 254

4. Phase lll studyB 150  0.79(0.61,1.01)] —0.24 (0.13) 252

FHH ]

FFHT2T—
HNEMEX T
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Table 2. Sensitivity analyses for probability of success (%) for trial A, trial B, and
both trials, for three co-data models and three hazard ratio scenarios for trial A and
B (HRA. HRB) at interim.

EIITHHEERICH T Dt
(Neuenschwander et al. (2016))

Interim hazard ratios for trial A and B: HR, = 0.83, HR; = 0.78

trial A trial B trials Aand B

Full exchangeability 51 65 36
Differential heterogeneity 49 64 34
Exchangeability-nonexchangeability mixture 49 65 34

Interim hazard ratios for trial A and B: HR, = 1.00, HR; = 0.78

trial A trial B trials Aand B

Full exchangeability 8 57 6
Differential heterogeneity 7 57 5
Exchangeability—nonexchangeability mixture 7 60 5

Interim hazard ratios for trial A and B: HR, = 0.50, HR; = 0.78

trial A trial B trials Aand B

Full exchangeability 100 78 78
Differential heterogeneity 100 76 76
Exchangeability—nonexchangeability mixture 100 72 72

1 fE]

« £558HR<1D5E (L)
« Full exchangeabilityh'gttrial
A/trial B/A and BOPoSH'EL
. 1?&%5%0)5'#75%"SED‘EBNHD‘DH%./E\
(|

e mixtureh'ggbtrial BODPOSD‘

« Trial AOBIIMENES OIS (_F)

e Full exchangeabllltyb‘E—Btrial
B/A and BOPoSHh&EL (trial AD%E
R((B5RAENTE ?)
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