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Draft Guidance for Industry
and FDA Staff
Guidance for the Use of Bayesian Statistics

in Medical Device Clinical Trials
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This draft guidance, when finalized, will represent the Food and Drug Administration’s
(FDA’s) current thinking on this topic. It does not create or confer any rights for or on
any person and does not operate to bind FDA or the public. You can use an alternative
approach if the approach satisfies the requirements of the applicable statutes and
regulations. If you want to discuss an alternative approach, contact the FDA staff
responsible for implementing this guidance. If you cannot identify the appropriate FDA
staff, call the appropriate number listed on the title page of this guidance.
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1. Introduction

1. [ZL®IC

This document provides guidance on statistical aspects of the design and analysis of clinical
trials for medical devices that use Bayesian statistical methods.

AEL, A ZHEEHEE AW ERBE OBRRRBROT VA B L UITICRIT 5
HEHEARIIIC DWW TOFF X LB bDTH D,

The purpose of this guidance is to discuss important statistical issues in Bayesian clinical
trials for medical devices and not to describe the content of a medical device submission.
Further, while this document provides guidance on many of the statistical issues that arise
in Bayesian clinical trials, it is not intended to be all-inclusive. The statistical literature is
rich with books and papers on Bayesian theory and methods; a selected bibliography has



been included for further discussion of specific topics.

AREQ BT, A ZAFREHEER AW EFRES O RRRRICR T 2 BERFEFE
FEERFTHI L THY . ERFBOPFENELTLRT DI LTI, i,
FETHEAA XEEZAVEERRRTEL 2% < OREHFHBEIC O W TE# &
AT, THUTEFEARFES X LRDbDO TR, MEFTIEINA XOERB X
VFHEIETEESRILBIZHH D, Z I T, ZOFNLBRSAZ L D%,
BEOFBZOWTEREZRED DD DBELIE LTHET B,

FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the Agency’s current thinking on a topic and
should be viewed only as recommendations, unless specific regulatory or statutory
requirements are cited. The use of the word should in Agency guidances means that
something is suggested or recommended, but not required.
AEEZEUFDAOFF & EIL, EXHRAOH L|BELED D LO TRV,
NODOFF EFTL LA, HOWBICET SFDADOKRHO REBEZB~T LD THY,
BRI S TR E B A ER TVWRWRY | HEEEHEIE L L COHMRETT
RETHDH, FDAOFF| EEITRBIT Hshould (TRETHD) "L ) AEER A
DERBELTHET I ARERT 200 THY | IPZERTHZ L2EKT
5HD TR,

2. The Least Burdensome Approach
2. XBABODIRNFiE

This draft guidance document reflects our careful review of what we believe are the

relevant issues related to the use of Bayesian statistics in medical device clinical trials and
what we believe would be the least burdensome way of addressing these issues. If you have
comments on whether there is a less burdensome approach, however, please submit your
comments as indicated on the cover of this document.

AEL, EREROBERRBRIIBIT 54 et OERICEET 5 L Bbh &,
BIOFENLOMBIST TR LAEDODRNE BN EY A HECET S
bhbhOBEELRBRFERB LTS, LdL, KVEHEODRVEIRY A G
HENEIDIONWTIRA Y FRHIE, FERRITTRT LBV TOa A bt
HT5Z &,



3. Foreword

3. X

3.1 What is Bayesian statistics?
3.1 A XHFEHE X

Bayesian statistics is a statistical theory and approach to data analysis that provides
a coherent method for learning from evidence as it accumulates. Traditional
(frequentist) statistical methods formally use prior information only in the design of
a clinical trial. In the data analysis stage, prior information 1s considered only
informally, as a complement to, but not part of the analysis. In contrast, the
Bayesian approach uses a consistent, mathematically formal method called Bayes’
Theorem for combining prior information with current informaticn on a quantity of
interest. This is done throughout both the design and analysis stages of a trial.

A XEH LT, T ET CADOERICE bRV ET VARLEREE DS
ERFERRTRT D, TN ET 5 REFFHERB L OFETH D,
kD (BEERAYR) BEEHFE TR, AL BRREROT V1 v
TOHZFRATANT WD, T —F T OBRPETIL, FRIAMFIL S AT O
—EBTIT A< MERL2bD L L THERNITRF EN DL TH S, TR
W, A ZETIE XA XDFEH] LTINS —8 LY., BRXWFEE
ZRWTEEOBLFRCET 2 FRHHSRE RARERET 5, Zhid. &
RBRO T A 21 X UEET OB 258 L TiThh 5,

3.2 Why use Bayesian statistics for medical devices?
3.2 REAA ARFHEEFREAICEH T 5 D)

When good prior information on clinical use of a device exists, the Bayesian
approach may enable FDA to reach the same decision on a device with a
smaller-sized or shorter-duration pivotal trial.

0% EFREAS OBRKRERICE L TRELFFNFEL L D56, ~( XEeH
WHZ kY, FDATIE, BRIV /IEELIZESROERRICI > T
YR L EREOFER I UHIRORR L R Ume 8 < Z L2576
L%,

The Bayesian approach may also be useful in the absence of informative prior
information. First, the approach can provide flexible methods for handling interim
analyses and other modifications to trials in midcourse (e.g., changes to the sample
size or changes in the randomization scheme). Second, the Bayesian approach can
be useful in complex modeling situations where a frequentist analysis is difficult to
implement or does not exist.
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Good prior information is often available for a medical device; for example, from
earlier studies on previous generations of the device or from studies overseas. These
studies can often be used as prior information because the mechanism of action of
medical devices is typically physical, making the effects local and not systemic.
Local effects are often predictable from prior information when modifications to a
device are minor.

EFRBEAR IS OV T, A TIR0 Bz B3 5 LRI o R BR0Mst 0
BRI 8 b B RERIASESE LN DHENE L, ERESROERBFILE
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" Bayesian methods may be controversial when the prior information is based mainly

on personal opinion (often derived by elicitation methods). The methods are often
not controversial when the prior information is based on empirical evidence such as
prior clinical trials. Since sample sizes are typically small for device trials, good
prior information can have greater impact on the analysis of the trial and thus on the
FDA decision process.
NA R, FFABSECEANER (LIXUIEEHEICE Y AF) &
DLBETITER IS Liv7any, A ZETHEFTEHES L eifThi
HEARRBR 2 £ OKFEFEHIUZE-S< HE T, BENRWZ E3%0n, ER
BRBROBKBRBRTIDBE Y v T A XDVNEWe e BREFRFRTETRITE
REBROENT, OV CIE, FDAOIRE 7 1 £ AT K & 28 % ST whett
ASIAN

The FDA Modernization Act of 1997 mandates that FDA shall consider the least
burdensome means of demonstrating effectiveness or substantial equivalence of a
device (Section 513(2)(3)(D)(i1) and Section 513()(1)(D)). The Bayesian approach,
when correctly employed, may be less burdensome than a frequentist approach.i
1997 DFDAIZ & D31k (Modemization Act) Tk, FDAIL. EMRHLE
DR ETIIERENREELZ AT 200K BABOLLRNFREER
L T2 60wy, & ENTWAD (Section 513(2)3)D)()I X UlSection
SB3OHMMD)) « A ZEFIEL K AV, BEERMFIEL Y bARENDR
WwWEEZLNS, !



3.3 Why are Bayesian methods more commonly used now?

3.3 NA JREREHEILS R L THDOHh
Bayesian analyses are often computationally intense. However, recent
breakthroughs in computational algorithms and many-fold increases in computing
speed have made it possible to carry out calculations for virtually any Bayesian
analysis. These advances have resulted in a tremendous increase in the use of
Bayesian methods over the last decade. See Malakoff (1999). The basic tool that
enabled the advances is a method called Markov Chain Monte Carlo (MCMC). For
a technical overview of MCMC methods, see Gamerman (1997).
A ZFEITIZE S DFAFEMARBICERTWS, LivL, BEostE T v
VX LDOFERSLHEREORBEN R EFIC LY EENICRHLPDE A X
T O DOREBRETHREL 7o TVD, TO L) REHOFER, BEI10
FRTAA XEOFEAPEROITEM L2, (Malakoff (1999) ) Z o
X OB EFRRIT LT BEARY —)LE, v /v a 7 EEE T h L uik
(MCMC) &MHIN D FHETH D, MCMCIEDEFAIEIZ 2V Ci
Gamerman (1997) &,

1 . . - .
Two examples of successful use of Bayesian methods in device trials are:

TRANSCAN (SSE: http://www.fda. gov/cdrh/pdf/p970033b.pdf). Prior information
was used to incorporate results from previous studies, resulting in a reduced sample
size for demonstration of effectiveness.

INTERFIX (SSE: http://www.fda.gov/cdrh/pdf/p970015b.pdf). An interim analysis
was performed; based on Bayesian predictive modeling of the future success rate,
the trial was stopped early. No prior information was used.

' ERS R OBERRBRICS T B~ REOERRSE R LTI 2 5% B,
TRANSCAN (SSE: http://www.fda.gov/cdrh/pdf/p970033b.pdf) : ZER40:%%
WCLIET OB SERE R B AAA TR R, A2 IS 572003 73
A RXERINT B LB TE,

INTERFIX (SSE: http://www.fda.gov/cdri/pdf/p970015b.pdf) : HRIfEAT % SZHE
Uiz, A ZBIC L BDFRARSIFROTFRAITT Y I kS5&  RBRIZEHIC
BT Uiz, EREEIIER SN o7,




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

3.4 FDAIZW oA XiEZ AW ERRBROSHE IS4 X H»

For any Bayesian trial, we recommend you schedule meetings to discuss
experimental design, models, and acceptable prior information with FDA before the
study begins. If an investigational device exemption (IDE) is required, we
recommend you meet with FDA before you submit the IDE.

A RERZROWICBRRABRIC W T, BRBRT YA v, T 0, BFRARER
FHETERRIZ OV T, HERBARTICFDA L ORFRZEHET5 2 L #8245,
R RAERBSRIC T 5—HERIOEARE (Investigational Device
Exemption: IDE) 230 E72ZE 1L, IDEFFERICFDAL ORNEET5 2 L %
R 5,

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

35 ~A AR EEFCEDY 7 ho =7 7 s 5 A

Currently, the only commonly available computer program dedicated to making
Bayesian calculations is called WinBUGS: (Bayesian Inference Using Gibbs
Sampling). It is non-commercial software. FDA expects other software packages to
become available in the future. FDA recommends that you consult with FDA
statisticians regarding your choice of software prior to analyzing your data.

BIE, A ABECLPFEERTAOa Y a—2 7’ u /T A T—HRIZAFET]
HE72 b DIE, WinBUGS (Bayesian Inference Using Gibbs Sampling) & FEIEHL
DLDDHTHDH, ZHFEBTHATIERY 7 U =7 Tho, FDATIE
SRMDY T b =T RNy =S FIATREL R D L EHFL TV S,
FDAIL, 7—# TR Y 7 b U = 7 OBIUCE L TFDADKEEHE M F 41
HTDIOHERELTWS,

’ The WinBUGS program can be downloaded from the website of the Medical
Research Center, Cambridge: www.mrc-bsu.cam.ac.uk. Other open-source
2Bayesian software packages are also under development.

WinBUGS 7w 7' Z Ao 7 U v POEFENISEY o % — (Medical Research
Center, www.mre-bsu.cam.acuk) b & 7 — RTE& A, FOMODRA Rk
FHEY 7 MLBRERRTTH D,




