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Bayesian adaptive designs
e MDACC (> 300 trials)

e Device companies (> 25 PMASs)*

e Drug companies (Most of
top 40; many biotechs)**

*http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/ucm071072.htm

**http://www.fda.gov/downloads/DrugsGuidanceCompliance
Regulatorylnformation/Guidances/UCM201790.pdf




Some areas of application of
Bayesian adaptive drug trials

Oncology
Migraine
Rh Arthritis

Lupus
Sepsis
e Diabetes
e Obesity
e Stroke
e Gastroparesis

Spinal Cord Injury
HIV

Hepatitis C
Pre-term labor

e Constipation

e Overactive bladder
e Libido

e Alzheimer’s

e Parkinson’s




Some areas of application of
Bayesian adaptive device trials

e Orthopedics
e Diagnostics
e Screening

e Stents

e Shunts

e Bronchial
thermoplasty

e Ablation catheters
e PFO closure

e Left atrial appendage
closure

e Contraceptives
e Defibrillators
e Neurostimulation




Two Recent High Profile
Bayesian Trials

e Bayesian predictive
probabilities

e Longitudinal modeling
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Adjuvant Chemotherapy in Older Women
with Early-Stage Breast Cancer

Hyman B. Muss, M.D., Donald A. Berry, Ph.D., Constance T. Cirrincione, M.S., Maria Theodoulou, M.D.,
Ann M. Mauer, M.D., Alice B. Kornblith, Ph.D., Ann H. Partridge, M.D., M.P.H., Lynn G. Dressler, Ph.D.,

Harvey J. Cohen, M.D., Heather P. Becker, Patricia A. Kartcheske, B.S., Judith D. Wheeler, M.P.H., Edith A. Perez, M.D.,

A Bayesian statistical design was used with a
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Older women with breast cancer are underrepresented in clinical trials, and data on  From the University,af{ Vermont, Buring-
the effects of adjuvant chemotherapy in such patients are scant. We tested for the

noninferiority of capecitabine as compared with standard chemotherapy in women
with breast cancer who were 65 years of age or older.
METHODS

ton (H.B.M.); the M.D. Andersop“Cancer
Center, Houston/D.A.B.); the Cancer and
Leukemia Group B (CALGH) Statistical
Center, Duke University’Medical Center
(CT.C, BA.K.) and Duke University Med-
We randomly assigned patients with stage I, II, IITA, or IIIB breast cancer to standard

ical Ceptter {H.J.C/.,szD.W., A.A.M.) — both
in Durham, N@ Memorial Sloan-Ketter-
chemotherapy (either cyclophosphamide, methotrexate, and fluorouracil or cyclophos-

ing’Cancer;’enter, New York (M.T,, L.N.,
. .. o . £.AH.); CALGB, Chicago (A.M.M,, H.P.B.);
phamide plus doxorubicin) or capecitabine. Endocrine therapy was recommended 'ye parfa_Farber Cancer Institute. Boston
. . * . * / !

after chemotherapy in patients with hormone-receptor—positive tumors. A Bayesian

(ABK., A.H.P., HJ.B, E.PW.); the Uni-
Nersity of North Carolina, Chapel Hill

statistical design was used with a range in sample size from 600 to 1800 patients.|, (L.G.D ) the North Central Cance

The nrimarv end noint was relanse-free snirvival.
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Comparison of Antiarrhythmic Drug Therapy
and Radiofrequency Catheter Ablation

In Patients With Paroxysmal Atrial Fibrillation
A Randomized Controlled Trial

David J. Wilber, MD

Context Antiarrhythmic drugs are commonly used for prevention of recurrent atrial

Carlo Pappone, MD, PhD fibrillation (AF) despite inconsistent efficacy and frequent adverse effects. Catheter
Petr Neuzil. MD ablation has been proposed as an alternative treatment for paroxysmal AF.
Angelo De Paola, MD Objective To determine the efficacy of catheter ablation compared with antiarrhyth-

mic drug therapy (ADT) in treating symptomatic paroxysmal AF.

Frank Marchlinski, MD
Andrea Natale, MD

Laurent Macle, MD -7 P “ did not respond to at least 1 antiarrhythmic drug and who experienced at least 3 AF \
| q == P episodes within 6 months before randomization. Enroliment occurred between Octo- ! \
Emile G. Daoud _Mb 2 ber 25, 2004, and October 11, 2007, with the last follow-up on January 19, 2009. \ \
- ’
Hugh C'c;lkms,’MD s Intervention Catheter ablation (n=106) or ADT (n=61), with assessment for ef- ! \
Bug Hal, MD .~ fectiveness in a comparable 9-month follow-up period. 1 \
-~ Vivek Redgy,/lﬁD Main Outcome Measures Time to protocol-defined treatment failure. The pro- “

Design, Setting, and Participants A prospective, multicenter, randomized (2:1),

unb_l_i_rlgi_e_q,___ﬁazeaian—deaigned atudx conducted at 19 hﬂagitals of 167 Eatients who

Christine Y. Liu, MPH compared with 16% of patients treated with ADT. The hazard ratio of catheter abla-
tion to ADT was 0.30 (95% confidence interval, 0.19-0.47; P+ .001). Major 30-day
Scott M. Berry, PhD treatment-related adverse events occurredin 5 of 57 patients (8.8%) treated with ADT
Donald A. Berry, PhD and 5 of 103 patients (4.9%) treated with catheter ablation. Mean quality of life scores
for the ThermoCool AF Trial improved S_ignificantly in patients_ tregted by c_atheter ablation compared with ADT at
Investigators 3 months; improvement was maintained during the course of the study.

Cfanclhhicinn Amaonn natiante with narnvacmal AF wihna had nnt racnandad to at laact




Time to Chronic Failure by
Randomization Group (Updated)
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Bayes and Comparative
Effectiveness Research




COMPARATIVE EFFECTIVEMESS

Bayesian Meta-analyses for Comparative Effectiveness and
Informing Coverage Decisions

Scott M. Berry, PRD, * K. Jack Ishak, PhD [ Bryas B Luce, PhD.} and Donald 4. Berry, PRID*E

Background: Evidence-based medicine is inareasingly expected in
health vare decsion-making. The Centers for Medicars and Medic-
aid have initiated efforts to understand the spplimbility of Baresin
techniques for syntheszing evidence. As o omse study, o Bavesian
amalysis of climoal trials of implnmble cardioverter defibrillators
was nderinken using potient-level daln not cepically avmilable for
aralysis.

Purpoes : Conduct Bayesinn metn-analyss of the defibrillator trials
uang publ hed resulis to demorstmibe o Bavesan approach uss ful to

time. The Bayesimn approach used in a sequential manner over time
con predict results and belp assess the utility of future climical triak.

Key Wards: Bayesimn onnlysis, compamtive effectivensss, metn-
analysis. covernges deocisions
(Med Care 2001004 8: 000)

Application to Implantable Cardioverter Defibrillators



Hazard Rates & Survival: Models 1 & 2

Hazard rates Survival probabilities
g, 2
g °
S Control
...... SR g °
i ; —— T k-] l;.
E o T e === EE=== g
- s
ICD
8. o 1 2 3 4 8
e . Yeers
0 1 2 3 4 5
Years Model 1

Model 2 ------




Relative Risk

1.5 2.0 25 3.0

1.0

0.0 0.5

Predictive Probabilities over

Ime

|

Predicted Model 3 Predicted Model 1
Observed RR /
____________ S |1 | F | S | L T . N
s [ B r b
. :
= - £ Ezeh
=) Eg 0 5 Q- Q E% <5
< S < 0 « < < = wo Z£0
= < 0O O 0O = 0O < oo aw
1997 1999 2001 2003 2005

Year of Analysis




FDA/NIH Grant for
Bayesian Adaptive
Designs in Neurology




Sciencelnsider

Breaking news and analysis from the world of science policy

FDA's $25 Million Pitch for Improvmg Drug Regulation

by Jennifer Couzin-Frankel on 7 October 2010, 3:17 PM |

"Our current approach [to trlals] IS horribly
Inefficient, and we need to do something better,"
says Roger Lewis, an emergency medicine
physician at Harbor-University of California, Los
Angeles, Medical Center. Lewis helps advise a
company called Berry Consultants

| conjunctlon wﬂh the National Institutes of Health {NIH} . , totaling $9.4 million, in [
| regulatory science. (FDA contributed just under $1 million and NIH gave the rest.) They include support for a I
I| heart-lung system that can test potential drugs and an effort to dramatically streamline clinical trials. |I

1 "Our current approach [to trials] is horribly inefficient, and we need to do something better," says Roger Lewis, an

emergency medicine physician at Harbor-University of California, Los Angeles, Medical Center. Lewis helps
advise a company called Berry Consultants founded by Donald Berry, a biostatistician at M.D. Anderson Cancer
Center in Houston, Texas. He and Berry, along with emergency medicine physician William Barsan at the




Sciencelnsider

Breaking news and analysis from the world of science policy

FDA's $25 Million Pitch for Improvmg Drug Regulation

by Jennifer Couzin-Frankel on 7 October 2010, 3:17 PM |

Lewis and Berry, along with emergency
medicine physician William Barsan at the
University of Michigan, will be studying whether
"adaptive" trial designs that incorporate new
Information in midcourse can answer medical
guestions. They also want to learn what
concerns researchers might have about this

|| "Our current approach [to trials] is horribly inefficient, and we need to do something better," says Roger Lewis, an |l
|| emergency medicine physician at Harbor-University of California, Los Angeles, Medical Center. Lewis helps ||
|| advise a company called Berry Consultants founded by Donald Berry, a biostatistician at M.D. Anderson Cancer ﬂ

N Center in Houston, Texas. He and Berry, along with emergency medicine physician William Barsan at the |



A NATIONAL CANCER
CLINICAL TRIALS SYSTEM
FOR THE 2 1st CENTURY

Reinvigorating the NCI Cooperative Group Program

Committee on Cancer Clinical Trials and the
NCI Cooperative Group Program

Board on Health Care Services

Sharyl J. Nass, Harold L. Moses, and John Mendelsohn, Editors

INSTITUTE OF MEDICINE
OF THE NATIONAL ACADEMIES



94 A NATIONAL CANCER CLINICAL TRIALS SYSTEM
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Interim analyses to drop arms Confirmatory stage

and possibly stop the trial

Most clinical trials are designed to employ classical “frequentist” sta-

lity distribution rather than as an unknown
constant that the investigator wishes to estimate. FDA has issued draft



Example from
BB2009

e Type Il diabetes
e Seamless phase ll/lll: dose

finding plus confirmation
e Active comparator & placebo

e Primary endpoint:
clinical utility index (12 months)




Some Detalls

e Longitudinal modeling
e Phase ll: 7 doses experimental drug
e Phase Il

m]1lor 2doses experimental drug

m Sample size via predictive power
considering available phase Il data

m Adaptive transition: Bayesian
predictive probabilities

e Both phases driven by CUI




Clinical Utility Index

12 mos 12 mos

Efficacy e Efficacy e Safety e Safety

e Dose-response modeling
e Longitudinal modeling




Example from BB2009
I-SPY 2

e Neoadjuvant breast cancer

e Longitudinal modeling
e Biomarker subsets

e Many arms: adaptive
randomization
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A New Rx fot Med

Fed up with slow drug trials, cd
treatments. /

By RON WIN@LOW

o 1 cube =10 patients PHASEII

Traditional

clinical trial

Takes essentially a}f
patients with a gfsease 7/
being studievnd is 7/
typically injended to /
eliminate differences in
patient tharacteristics
that dbuld hias measures
offrug effectiveness.

/

/

/ Randomized or non-randomized trial:
ahout 60 patients are put in two groups: Off
drug and the other serves as a control | grou
about 40 patients receive the expyrnenta

New trial design
Uses genetic profiles to

highlight ‘biomarker’

differences among

PERSONALIZED/MEDICINE | How{Patients and to match
drugs to patients with
hiomarkers that predict

a benefit.

New trial design
Uses genetic profiles to
highlight 'biomarker” 4
differences amon

patients and o match &5
drugs togeatients with
biomdftkers that predict
-
enefit. -~
PHASEII
Patients are placed in groups
Mote: Inall clinical trials, phase | randomly assigned to either will be assigned to a drug

consists of testing on human subjects
to determine toxicity levels.

standard therapy or one of
five ditferent drugs plus

Craphic by Maryanne Murray/W5J standard care.

Early results increase chances that
based on genetic profiles and are patients entering the trial later

showing benefit against tumors
with their genetic profile.

ack to personalized

rug development
PHASE Il

If a drug graduates to phase |ll, it
typically takes 3,000 patients
and about three years to
determine if it is safe and
effective enough for approval.

(B

HISTORIC SUCCESS RATE

3040%

drugs move on
tophaselll.

Less
successful

~ More successful

drugs are
eliminated.

It will take up to 120 patients
for each drug to determine
which ones graduate to
phase lll studies.

PHASE Il

Researchers expect that drugs
graduating from l-Spy 2 to phase Il
can be tested with 300 patients
selected according to genetic profiles
found to respond to the drug in phase
Il. Itis hoped that this will shorten the
time to approval.

D

PROBABILTY OF SUCCESS
85%

Source: Donald Berry, M.D. Anderson Cancer Center
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A New Rx for Medicine

Fed up with slow drug trials, cancer patients and doctors are testing a fast track to personalized
treatments.

By RON WINSLOW

PERSONALIZED MEDICINE | How redesigning a clinical trial can speed drug development
@ 1 cube= 10patints PHASE Il — PHASE Il

Traditional Randnmlzet.lnr nnn-rar!dnmlzd trial:Ina rar!domizedtrial,: Ifa.druggraduateslnphaselll, it
. . = about 60 patients are put in two groups: One receives the experimental typically takes 3,000 patients

clinical trial drug and the other serves as a control group. In a non-randomized trial, and about three years to
TelemeasmieMael about 40 patients receive the experimental drug. determine if it is safe and

) . y. effective enough for approval.
patients with a disease
being studied and is
typically intended to
eliminate differences in

HISTORIC SUCCESS RATE

patient characteristics
that could bias measures
of drug effectiveness.

3040%

New trial design PHASEII

Uses genetic profiles to Researchers expect that drugs

hiahlight "bi ker’ graduating from l-Spy 2 to phase Il
S ol el can be tested with 300 patients

differences among
patients and to match
drugs to patients with
biomarkers that predict

selected according to genetic profiles
found to respond to the drug in phase
II. It is hoped that this will shorten the
time to approval.

‘More successful
drugs move on
tophaselll.

Less
successful
drugs are
eliminated.

a benefit.
PHASEII
Patients are placed in groups Early results increase chances that It will take up to 120 patients 4
based on genetic profiles and are patients entering the trial later for each drug to determine 5 PROBABILTY OF SUCCESS
Mote: Inall clinical trials, phase | randomly assigned to either will be assigned to a drug which ones graduate to o
:"T;:E of tef::f!! ""lh"'rﬂ" subjects standard therapy or one of showing benefit against tumors phase |ll studies. 5 85 Io
o determine toxiciy levels. five ditferent drugs plus with their genetic profile.

Graphic by Maryanne Murray/WSJ standard care. Source: Donald Berry, M.D. Anderson Cancer Center




