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Recent progresses

* 96 percentile of the ~0.5Mio tracked articles of a similar age in all journals
+ 88t percentile (ranked 7th) of the 53 tracked articles of a similar age in Nature Reviews Drug Discovery
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PDUFA REAUTHORIZATION PERFORMANCE
GOALS AND PROCEDURES FISCAL YEARS 2023
THROUGH 2027

L. ENHANCING REGULATORY DECISION TOOLS TO SUPPORT DRUG

Openness to different thinking

DEVELOPMENT AND REVIEW

Delivering new medicines to patients through biomedical innovation requires advances in
regulatory decision tools to support drug development and review. FDA will build on the
successes of its efforts on Patient Focused Drug Development (PFDD), benefit-1isk assessment
H H H in regulatory decision-making, and the drug development tools qualification pathway for
E p I Ste mo I Og ICa I & I n te r p retatl on biomarkers. FDA will also continue to advance modern approaches to enhance the efficiency of
b en ef Its the drug development and review processes. such as complex adaptive, Bayesian. and other
novel clinical trial designs and model-informed drug development (MIDD).

How to pursue the journey from early
to more late application?

https://www.fda.gov/media/151712/download

e.

wLoLE L.

By the end of 2nd Quarter FY 2024, FDA will convene a public workshop to
discuss aspects of complex adaptive, Bayesian, and other novel clinical trial
designs. Discussion topics will include considerations for exfernal data sources,
Bayesian statistical methods, simulations. and clinical trial implementation (e.g.
examples of defining and mitigating bias when using select trial design methods)
and will be based on FDA accumulated experience both within and outside of the
paired meeting program.

By the end of FY 2025, FDA will publish draft guidance on the Use of Bayesian
Methodology in Clinical Trials of Drugs and Biologics. FDA will work towards
the goal of publishing final guidance within 18 months after the close of the
public comment period on the draft guidance. If, after receiving comments on the
draft guidance, FDA determines that the guidance requires substantive changes on
which further public comments are warranted, FDA will issue a revised draft
guidance within those 18 months instead. It then will work towards publishing a
final guidance within 18 months after the close of the public comment period on
the revised draft guidance.



Motivation

* PDUFA

* Openness to different thinking

* Epistemological & Interpretation benefits
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* Closer to the way scientists and decision

makers are thinking
* Probabilistic statements about the biological

process
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Why are There not More Bayesian Clinical Trials? Ability to Interpret
Bayesian and Conventional Statistics Among Medical Researchers
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Jennifer Clark”
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Abstract
Objective and Background We assessed curment unde rtandings in interpretation of Bayesian and traditional statistical nesults
within the clinical msearcher (non-statistician ) commumnity.
Methods Within a 22-question survey, including demographics and experience and comfort levels with Bayesian analyses,
we incleded questions on how 1o interpnet both Bayesian and treditional statistical outputs. We also assessed whether Bayes-
ian or traditional inte tions ane considersd mone useful.
Results Among the 323 mspondent clinicians, 42.47%. and 36.5% chose the cormect interpretations of the posterior probability
and 93%: credible interval, espectively. Only 11.5% of respondents imerpreted the p-valee correctly and 23.5% interpreted
the B5% confidence interval cormectly.

st survey results, we conclude : s clinicians face uncertainty when atempling
to interpret results from both Bayesian and traditional statistical outputs. When presented with sccurake interpretations,
clinicians generally conclude that Bayesian results are mone useful than comventional ones. We believe there is a need for
edocation of clinicians in statistical interpretation in ways that are customized to this asdience.

Keywords Bayesian methods - Clinical trisls - Bayesian perceptions - Bayesisn education - Medical school training
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Motivation: A useful illustrative example

-]
BN | - o * Rare condition, enrolment was of concern (8 years)
Effect of Therapeutic Hypothermia Initiated After

6 Hours of Age on Death or Disability Among Newborns * To estimate the probability that hypothermia initiated at 6 to 24 hours
With Hypoxic-Ischemic Encephalopathy after birth reduces the risk of death or disability at 18 months among
ARandomized Clinical Trial infants with hypoxic-ischemic encephalopathy.

Abbot R, Laptook, MD; Sestha Shankarsn, MD; Jon E Tyson, MO, MPH: Brada Munoz, Phil: Edward F B8, MO; Ronaid N Goldberg, MD:
Mehal A Parikh, DO, MS: Namasivayam Amibalavanan, MD; Claudia Pedroza, POk Athina Pappas, MD: Abhik Das, PhD: Aasma 5. Chaudhary, BS. RRT:

Richard A Ehrenkranz, MD: Angalita M, Hansman, MS. ANC-NIC: Krisa P, Vian Mears, MD; Lina F, Chaksk, MDD, MSCS; Amir M. Khan, MO; (] BayeSian approaCh W|th 3 p”ors: Scept|ca|’ neutral’ enth USiaSt|C

Shannen E. G. Hamrick, MD: Gregrey M. Sodol, MD; Micheds C Walsh, MD, MS: Branda B. Poindesxter, MD, M5; Roger G. Faie, MI;
Kristi L. Watterbeng, MD; hean D. Frantz [, MD; Ronnie Guillet. M, PhD; Uday Devaskar, MD; William E Truog, MO; Valerie Y. Chock, MD, M5-Egi;
Myra H. Wydkoff, MO; Eisabeth C. MoGowan, MO David P. Casiton, MD; Heidi M. Harmon, MO, M5; lane E. Brumbaugh, MD: C. Michae! Cotten, MO, MHS;

Eﬁmimmﬁﬂ;‘:;‘;mt‘” D Higgins. MD: for the Eunice Kannesty Shrivar National Instiute of Child Hesith and Human / Therapeutlc Hypothermla ~

IMPORTANCE Hypotharmia infiated at bess than & hours after birth reduces death or disabiity Supplemants contant

= Refated artide page 1605
for Infants with hypoxic-ischemic encephalopathy at 36 weeks' or later gestation. To our \ N on-coo I i ng Sta n d a rd of care /

knowledge, hypothermia trials have not been performed in Infants presenting after & hours. ,EMEQ"EE' )
jamanetwork com/leaming

OBIECTIVE Toestimate the probabiiy that hypothermia iInltiatedat & to24 hours after birth redices

thie risk of death or disabiiity at 18 months among Infants with hypoxic-tschemic encephalopatiy. ° Group Ievel Summary: RR

DESIGN, SETTING, AND PARTICIPANTS A randomized dinlcal trial was conducted between Apail
2008 and June 208 among infants at 35 weeks' or later gestation with moderate or severs

E@cﬂﬁ?eml;ﬁﬁe{phalﬁpﬂ?emdﬁ;t[sectlo;:ygsu;rs;ﬁer;blrth.ms;;eﬁ!; b Frequentlst. RRf = 0.81 [0.44 - 1.51, 95% COI]
* Bayesian :RRb=0.86[0.58—-1.29, 95% Crl]

the anticipated limited sample size,

INTERVENTIONS Targeted esophageal temperature was usad in 162 Infanis. Eighty-threa

¥ ermic infants were malntalned at 33.5°C (a able ra 24" DUTS 1 - 1 ~ [o)
S e ety e et W a7 et Pr(TH Improves outcome vs non cooling | data] ~76%
(A s Pr[2% reduction in outcome | data] ~ 64%

MAIN OUTCOMES AND MEASURES The compaosite of death or disability (moderate or severe)
at 18 to 22 months adjusted for level of encephalopathy and age at randomitzation.

RESULTS Hypothermic and noncooled infants were term (mean [SD], 39 [2] and 32 1] weeks® .

gestation, respectively), and 47 of 83 (57%) and 55 of 85 (65%) wera male, respectively. N Ote o R Rf < R R b

Both groups were acidemic at birth, predominantly transfermed tothe treating center with

moderate encephalopathy, and were randomized at a mean (5D} of 16 (5) and 15 {5) hours for Bayes | ann Ot a Iways p r0V| d e more ”favo ra b I e" estl m ate

ypothermic and noncooled groups. respectively. The primary outcome ocamredin 19.0f 78 ceee

hypothermic infants {24.4%) and 22 of 72 noncooled infants (27.9%) (absolute difference, https://jamanetwork.com/journals/jama/fullarticle/2658322
3.5%; 95% Cl, -196t0 1796). Bayeslan analysts using a neutral prior indicated a 76% postarior

probability of reduced death or diszbility with hypothermia relative to the noncooted group
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Motivation

* PDUFA

* Openness to different thinking

When Frequentist & Bayesian dance together

* Epistemological benefits

Before Study When Study Results
Results are available are available

o o [

Prob of different Prob of the effect

outcomes in light  size to be at a
of Go/NoGo certain level, given e
relevant effects the data
v Finalize Study 2 planning:
Help to Predictive Prob of Success of Study 2
taking into account the confidence in

understand the ¢ -
level of risk the the effect size given Study 1

next study will
carry forward

Is it worth the new investment?
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Barriers to widespread adoption

1. Computational power

2. Appetite to innovate
* Lack of acceptance and familiarity

* Lack of experience & guidance
* Prior
* Posterior Probability threshold for decision making

3. Education

sanofi
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Barriers to widespread adoption

Why are not There More Bayesian Clinical Trials? Perceived Barriers
and Educational Preferences Among Medical Researchers Involved

1. Computational power in Drug Development
. . The Medical Qutreach Subteam of the Drug Information Assoclation Bayesian Sclentific Working Group -
2 . A p p et |te to NN Ovate Jennifer Clark, PhD"D - Natalla Muhlemann® - Fannl Natanegara® - Andrew Hartiey® - Deborah Wenkert® .

FelWang® - Frank E. Harrell Jr." - Ross Bray®
* Lack of acceptance and familiarity

* Lack of experience & guidance

Recetved: 23 June 2021 / Acceptad: 8 Novernber 3021 / Published online: 3 January 2022
This tsa L5, gowernment wark and not under copyright protection inthe LS. forelon copynght protection may apply 2021

. Abstract
3 . Ed ucation Objective and Background The clinical triaks community has been hesitant to adopt Bayesian statistical methods, which are
often more fexible and efficient with mone naturally interpretzble results than frequentist methods. We aimed to identify
1Nt 1 . 1 11 H H H- ricd barriers to imple) ting Bayesi thods and prefe 5 for be i fortable with the
* Training biases: statisticians, scientists R TR SR, il K e W g coni st el ey

Methods We developed a 22-guestion survey submitted to medical researchers (non-statisticians) from industry, scademia,
. and regulatory o ies. Question arcas included demo ics, experience, comifort kevels with Bayesian analby ses, perceived
° N ) I on ge ra bo Ut th eo ry b Ut p ra Ct Ice ha.rricijiu t!mg:::lym and preferences for lﬁcmuiﬁmiljaﬁ?wiﬂl Bayesian methods.
Results O the 323 respomdents, most wene affiliated with pharmacewtical companies (33 4% ), clinical research organizations
{29.7%), and regulatory agencies {18.6%). The mst mpresented scademia, medical practice, or other. Over 367, of espond-
ents cxpressed litthe 1o no comfort in interpreting B ayesian analyses. “Insufficient knowledge of Bayesian approaches" was
ranked the most important perceived barrier to implementing Bayesian methods by a plurality (48% ). Of the approaches
listed, in-person training wus the most preferred for gaining comfort with Bavesian methods.

We d | | knOW the Concluslons B ased on these survey results, we recommend that introductory kevel training on Bayesian statistics be presented
. & in an in-person workshop that coutd also be broadeast online with live O&A. Other approaches such as online training or
70/20/10 Lea rni ng collaborative projects may be better suited for higher-level trainings whemr instructors may asspme a baseline understanding

DeVE|O ment of Bayesian statistics. Increased coverage of Bay esian methods al medical conferences and medical school trainings would
p help improve comfort and overcome the substantial knowlbedge barriers medical rescarchers face when implementing these

Model...same here! methods.
sanofi
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Recommendation for action

1. Increase communication & knowledge exchange

e Publish findings and learnings: the good, the bad and the ugly
* Promote the practice

2. Create transparency
* Pre-specified decision framework
* Principles & Standards for reporting Bayesian design and analysis (build up Lee et al, 2021)
e Publicly sharing algorithms <> “black-box”

3. Create structure that build confidence

e Specific Guidance on how to
* determine relevant prior distribution (build up Med Device)
* build the decision criteria (build up NI margins)

e Stakeholders' agreement on when and how

4. Build and maintain capabilities
* Education in the practice

5. Foster open mindset
sanofi



Framework to guide use

) Existing data
Research Question P &

Decision rule
Totality of evidence \
New data

Consider totality Considar the
of evidence axtant to which

needed to support relewant extamal
decision-making information exists
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Considar
information
integration for
unbiased inference

Fig. 4| Recommended stepwlse process for declding whether a frequenciscor
Bayveslan approach 1s most applicable for deslgn, analysis and interprecadon
for the testof an experimencal hypochesis. Information may consist of

Risk of bias
Decision risks

guantktative data, qualltative knowledge such astheorles about a blological
miechanism, or ather subjective Inputs such as expert oplinkon.

Benefit
Efficiency

sanofi
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Recent Progresses

* Learning development
* Bayesian model-based design (CRM, EWQC,...)
* Platform Trial Design(s)
* PoC leveraging prior knowledge
* Bayesian borrowing from earlier trials
* “Posterior Probability of Success to Confirm”

* Confirming development
* Rebyota
e Covid-19

* Life Cycle Management
* Extrapolation in Pediatric Population
* Belilumab (descriptive, retrospective Bayesian in Lupus)
* Ofatumumab (<10 years, prospective Bayesian NI in MS, FDA CID Pilot Meeting Program)
* Geographical Bridging
sanofi  dTaP vaccine US label extension
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Recent Progresses

* Rebyota nov 30, 2022)
* Fecal transplant treatment for C. difficile

* Treatment options for rCDI are limited, and the current standard of care (SoC) antibiotic
treatment regimens can be complex and prolonged

* Bayesian hierarchical model leveraging the Phase 2 results

e Bayesian analysis provided the primary evidence of effectiveness
* model-estimated difference in treatment success rates: 0.13 [0.02-0.24, 95% Crl]

* Posterior probability that RBX2660 was superior to placebo was 0.991 vs

” . . .
>0.9750338... equwalent toa frequenUSt one-sided Table 25. Posterior Probability for Superiority and Posterior Estimates from the Bayesian

Type 1 error rate <0.025” Hierarchical Model With Study 2017-01 Analysis Population Definitions Applied to Study
(pre-defined second threshold) 2014-01 -
Placebo RBX2660 (blinded)
<0.9993275... “equivalent to a frequentist one-sided P'IJ#lation Success Rate Success Rate Treatment Effect
” m = = =
Type 1 error rate <0.00125 oy 5ET 57 e
95% Credible Interval 0.48, 0.67 0.64, 0.77 0.02, 0.24
Posterior Probability -- - 0.991
ITT = = =
Mean 0.57 0.69 0.12
95% Credible Interval 0.47, 0.67 0.62, 0.76 0.01,0.23
Posterior Probability 0.986
PP = = =
Mean 0.56 0.72 0.15
95% Credible Interval 0.47,0.66 0.65,0.78 0.04,0.26
= Posterior Probability -- - 0.997
sanOﬁ https://www.fda.gov/vaccines-blood-biologics/vaccines/rebyota ,i'f#f,jdﬂgfﬁzf?nfg’n?tf?egﬁﬁf&@:ﬂ"zgf’r’:‘eﬂg%,';gf_';ftﬁ‘f pet Tapect

MNote: This statistical analysis includes data from Phase 2 study (Protocol 2014-01) and Phase 3 (2017-01) studies



Conclusions

* Need to pursue the educational switch and expand use in
early development

* While regulators are clearly more open to the use of
Bayesian methods, we need to pursue engagement and
promote use:

* As complementary analysis to support benefits evaluation

* As a mechanism to address unmet needs, especially where:

* Sample size is a challenge (significant public need) in
efficacy evaluation

* Prior evidences can help being more efficient
(incl. subgroup analyses)

* Sensitivity analyses are always of value
* ...and ultimately gain efficiency where it makes sense
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Using Bayesian statistical approaches to
advance our ability to evaluate drug products

CDER Small Business and Industry Assistance (SBIA) Chronicles

f share | XPost in Linkedin | @5 Email | & Print

Content currer
09/18/2023
On this page
* Podcast and newsletter
® Resources

Podcast and newsletter

o [ e |

Bayesian Statistics is a particular approach of applying probability to statistical problems.
This approach starts with a summary of our prior beliefs based on the relevant, available
information. When we collect new data, for example in the course of a clinical trial,
information from these data is combined with our prior beliefs to provide our current
beliefs in terms of probabilities. In contrast, traditional or classical statistical approaches
to decision-making are based on only the new data and do not incorporate any prior
beliefs. Bayesian statistics can be used in practically all situations in which traditional

sa n o fl https://www.fda.gov/drugs/cder-small-business-industry-assistance-sbia/using-bayesian-statistical-approaches-advance-our-ability-evaluate-drug-products
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