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1. Introduction ABEADERITR

2. Foreword

2.1 What is Bayesian statistics?

2.2 Why use Bayesian statistics for medical devices?

2.3 Why are Bayesian methods more commonly used now?

2.4 When should FDA participate in the planning of a Bayesian trial?

2.5 The Bayesian approach is not a substitute for sound science

2.6 What are potential benefits of using Bayesian methods?

2.7 What are potential challenges using the Bayesian approach?

2.8 What software programs are available that can perform Bayesian analyses?

2.9 What resources are available to learn more about Bayesian statistics?
. Bayesian Statistics

3.1 Outcomes and Parameters

3.3 What is a prior distribution?.

3.4 What is the likelihood of the observed data?

3.5 What is the posterior distribution?

3.6 What is a predictive distribution?

3.7 What is exchangeability?

3.8 What is the Likelihood Principle?

4. Planning a Bayesian Clinical Trial

4.1 Bayesian trials start with a sound clinical trial design

4.2 Selecting the relevant endpoints

4.3 Collecting other important information: covariates

4.4 Choosing a comparison: controls

4.5 Initial information about the endpoints: prior distributions
4.6 Borrowing strength from other studies: hierarchical models
4.7 Determining the sample size

4.8 Assessing the operating characteristics of a Bayesian design
5. Analyzing a Bayesian Clinical Trial

5.1 Summaries of the posterior distribution

5.2 Hypothesis testing

5.3 Interval estimation

5.4 Predictive probabilities

5.5 Interim analyses

5.6 Model Checking

5.7 Sensitivity Analysis

5.8 Decision analysis



6. Post-Market Surveillance

7. Technical Details

7.1 Suggested Information to Include in Your Protocol.

7.2 Simulations to Obtain Operating Characteristics.

7.3 Model Selection

7.4 Checking Exchangeability using the Posterior Predictive Distribution
7.5 Calculations

8. References



2.2 Why use Bayesian statistics for medical
devices?

-With prior information

e When good prior information on clinical use of a device exists, the
Bayesian approach may enable this information to be incorporated
into the statistical analysis of a trial.

* In some circumstances, the prior information for a device may be a
justification for a smaller-sized or shorter-duration pivotal trial.
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2.2 Why use Bayesian statistics for medical
devices?

-With prior information

e Good prior information is often available for medical devices because
of their mechanism of action and evolutionary development.
 The mechanism of action of medical devices is typically physical. As a result,

device effects are typically local, not systemic.

» Local effects can sometimes be predictable from prior information on the previous
generations of a device when modifications to the device are minor.

e Good prior information can also be available from studies of the
device overseas.

* In a randomized controlled trial, prior information on the control can
be available from historical control data.

$aE F—HYA IR - ST RT-DIL =&

(2017/03/09) H



2.2 Why use Bayesian statistics for medical

devices?

-With prior information

e Our experience is that Bayesian methods are usually less controversial
when the prior information is based on empirical evidence such as
data from clinical trials.

 However, Bayesian methods can be controversial when the prior
information is based mainly on personal opinion (often derived by
elicitation from “experts”).

A —SFHYA TR - TIORF=TILaE
(2017/03/09)

12



sl | N XRETFDEA EFDAD
ERMBRHA I ANSERD L
[ 1 & Ram DG R]



[(GRm1] A Xt OF FRIEE

s FDAHA A ADFERZE—BREDIE LT, UTORBRICDWLWTERL
T<ZE0,

nﬂﬂlfi“]. 1
o EEM - BEEIEEDT, RAXMETEZRAVWBIRICERBERDZEDSRREREITFTLIEE0
. %%E:sﬁrﬁ%f, EEEZR S LR U TARA XHETEDOBERAN#H LW EEZEX SNBIEBRZEX T
cc L)
F1-2
s EEMEEBREIROENCEREULDD, UTOIRKRDEKINZZNETNEZ TS ZEWL
« EERART, JANERZAVERA ZRETENMEZ Z SR DH
s EEGAFRT, FANBHRZHWERA Rt EMEZ RS TSR OH

FaE F—HPYA IR - ST RTFT-DIL =&

(2017/03/09) L



GERmOMER : =11, 1-2)

- NA XFDAEE, THERGTERAL, HMCIERLRN] B,
[l (CE1ER ?%J%ATWMHEBZt%th5 MEIZZFA
NSNSVD TR

. SRREABESB

- EFREARRIIBFANICII< , FAEFEMENDXDBRAEEMELI
- [BF] &EWD Bﬁ(d:*ﬁt(tt*(, EROBRENEENE LN

- EEREGHBIRMJEEIONIERTESSIHhELNEL
« BFRNIREDDEHFREULPTVDT, BRIENSVVSHTS
o BAANREDIXIESDOESHIIRNCE E%b\b‘ﬁ LN
« EEMDIESDODETDY—RIE, ADMEEZSOEAZEDHEHLNS D
- BRASENSESRMEREUT, EEXIE, 90 R CHRBDEAD) SEFESH?
e HoDLSCEMBEETE, (ES5OTOEELSZVESICES

- fEREFENICHTS 3BRBIVUTICHTLS B3EDTHNE, FHFDRESNTLNIES
TlIHPI LY

* [Note] BEBEFIILZRBWEERDMICDOWTIE, HA145>R45, 46808

gabl F—AFPYA IR - T RF-TI)L&
(2017/03/09)

15



s amODfToR & 6 fa 1-2]

« ZR2MEDT—ITHNIIEWNLTVHE LN, ZLILE—DE

7:13:.(1 {EREFEI2BI(CHELUTWNBDT,
£ UNEL

- BRINRHZIERES < {FDDIIEEL LY

2B THEXSIH

o ;?%@ﬁ%@ EFHRILNRERDNRRD C &
- BEL—ETRVEBEWNC L.

55 DIGDDTIIRL

« BRERTERULZLTHERULTELILDE LN,
- EAVBERODZERPCEDIFRVDRERMES, I\A P XAZECTTREE

D
- BHERMEZIEBX D LB E T Dbl

[FaIRIR(ICIBHT

MUMSHZERSE, (I5DSHolCRo Tz IRETONRA XjHDLEE,

ERRIRTERND 2

A —SFHYA TR - TIORF=TILaE
(2017/03/09)

16



EamODFEER - Es1-2]
 (EAYDBBEE-> T 5N3 ELLDE LN
- fEARFEDIBERIT ?

« IETREDIEELALBNWEEIC, BHIOFEREFEHMEUTNS/ENED
ZESDE?

c ISARUDESHMCHIOSY, BIDFEDHERFEREEZED
CHRERETEZ I D CLFLL<HBD. ThiEHI3EHKT, [FHals
mREBAVEETE] EEXDIHEULNKN.

 BDEEBIDRFKR EINRA AFDHETELINWIELNZWN. &
FROPINERIIFEER/RTITS C EMSBL. PHIETARAL AT CITD

C &, RIRTEEE. REBEDOFIERICNAA X ZESDITHL W




=0 AN - . =A
nFo .O)ﬁ?n;é . D .,"\I—\__'\l-Z]
« IS5t /REE
« TSTREIT—IDNTRICHDIRREZVNERIH, JSEREICHWUT, E
FHCEXDFMDMIWETERWH?

o JESSEER
. ﬁlﬁg‘?ﬁ(:fﬁ U TTRIBERIBRVHDBEIFREICE, Z<DBHIEFEEIDICEEHD
=9.
« IIBUI—SUEF—EDITSIV—EEEASNSDIH?
- BRIRIRZEEZEEU TR I DS

o FDA@%‘F%’Eﬁ‘f RS54 2 TlE, WIEREHCERBIREHMMIAALICTEIDHZAEL)
JeRA XD EICDUNT alternative approach” CH 3 EDEH N H D

* [Note] iZRE3S IR
« BB EY >IN A ADBRKRELBROTUERSOT, MRS ICEHEEHRE
tHIHALC &ET, EHIEFZERSEBIIELNZL

. B ENA ZSEEDBTVZDTIZ ?
- BHIRIDENZWMESIIC, EOEEZIDSIWVTAWVWSD, 6EE

A —SFHYA TR - TIORF=TILaE
(2017/03/09)

18



ramODfEoR | amml-2]

« R ADFEFITEHD, EDOSBSVHEEERICESUTVSINE
DHSIRLN.

« WEREDIGER(CERIRIRZHEAHAAL LT, MWIRIEEFDIEHIEN
ZiR59 ZLFagEreLnaan. UL, A#rERET, #18
THAULTEDOTZO ESHHHOHhSHE LG

o« AEPIE A S BITIRS, HEEDIEISDOE(IIZKIT S, [Fd
5k & SEIDRENMS/EESNICRER] BEUURWARERESEHDEE
BN 36DEEXISNITY, FEHBETHD



i3 | N XfRETF ORGSR (CES
ITHRRBRRETDFIBICDOWNT



FDA D

X EEREZRD Bayes 145 > R

Guidance e 5.2 Hypothesis testing

for Industry and FDA Staff . s Bayesian hypothesis testing,

you may use the posterior distribution to

G:lidan.ce fg!‘ tl}e_ _US‘? of calculate the probability that a
bayesian dtatistics 1n particular hypothesis is true, given the
Medical Device Clinical Trials observed data.

Document issued on: February 5, 2010

The draft of this document was issued on 5/23/2006
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. . o o e 3. Can prior information or other data (e.g., studies of
NOH-Infel‘lorlty Cllnlcal related drugs, pharmacologic effects) be considered

statistically in choosing the NI margins or in deciding

Tl‘ialS tO EStabliSh whether the NI study has demonstrated its objective?

Effectiveness - Bayesian methods that incorporate historical
information from past active control

. studies through the use of prior
Guidance for Industry distributions of model parameters

provide an @lternative approach

evaluating non-inferiority in the NI trial itself.

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)

November 2016
Clinical/Medical
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