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PROCEEDI NGS

DR. PRICE: Good norning. W're going to go
ahead and get started, realizing that there are many
attendees that are trying to get through the | obby
security right now But we'll go ahead and get
started, realizing that in the afternoon we'll have to
keep a check on the weat her.

So we'll -- I'"lIl ask Dr. Aloka Chakravarty,
who's the acting director of the O fice of
Biostatistics in CDER to begin with wel com ng renmarks.
VELCOME, OPENI NG REMARKS AND | NTRODUCTI ONS

DR. CHAKRAVARTY: Good norning, everyone. |'m
Al oka Chakravarty, acting director of the Ofice of
Bi ostatistics, CDER, FDA.

Wel come to the FDA public workshop, public
meeting on pronoting the use of conplex innovative
designs in clinical trials, which is being convened by
the Center for Drug Eval uation and Research, and the
Center for Biologics Evaluation and Research.

We're pleased to be joined for these
di scussions by | eadi ng experts across governnent,

academ a, industry, and care delivery for a productive
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exchange on the issues on-hand.

Qur purpose today is to facilitate discussion
and information sharing about the use of conplex
i nnovative designs in drug devel opnment and regul atory
deci si on- maki ng.

This meeting fulfills obligations under both
21st Century Cures Act and PDUFA-VI to convene a public
meeting to discuss various conpl ex adaptive, Bayesian
and ot her novel clinical trial designs with particular
focus on clinical trial designs for which simulations
are necessary to valid operating characteristics.

We have seen exanples of innovative designs at
various stages of developnent. But its use can be
i nproved by consistent acceptance in regul atory
deci si on process of such designs and clarity may be
needed to -- how to proceed with such a design.

Today's neeting is nmeant to be the beginning
of an ongoing effort to discuss and explore the use of
conpl ex innovative designs in drugs and biologics. And
it will be a chance for the | eading experts to discuss
their experiences with these techniques and to provide

i nput as FDA devel ops a pilot programfor conplex
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i nnovati ve designs.

Thr oughout the day, we encourage neeting
partici pants to consider opportunities for increased
col | aborati on, both across industry and with agency to
support these efforts.

In a few nonments, we will hear fromthe
speakers about their thoughts on conpl ex innovative
desi gns and where they'I|l see potential for additional
wor k.

We will be specifically tal king about four
topi cs: a session on conpl ex adaptive clinical trial
desi gns, a session focused on other innovative designs
i ncluding external or historical control subjects,
Bayesi an desi gns and master protocols, a session
| ooking at clinical trial simulation for confirmatory
trial design and planning and a session where
st akehol ders share their thoughts about the upcom ng
pil ot program for conplex innovative design.

Before we get started, a few housekeeping
notes. As you'll note in the agenda, each session w ||
begin with 15-m nute presentations, followed by panel

di scussion. W also have tine set aside for broader
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di scussi on with audi ence participants.

For those in attendance, we have m crophones
setup in the room in the aisle, for you to use during
t he question-and-answer during the day. Formal
comments can be sent to the open docket. The link is
listed on the agenda.

| want to rem nd everyone that this is a
public neeting, and the event is being broadcast
online. So everything you say will be part of the
record. For those in the roomtoday, if you need to
purchase a |unch, please be sure to order and pay for
it at the Sodexho ki osk before the end of the first
br eak.

Finally, a rem nder that although this neeting
is being convened by the FDA, it's not a federal
advisory conmttee. The neeting will be a success if
there is a robust discussion of ideas and open
di scussi on.

So with that, | would like to thank all the
panelists and the audi ence for participation, and we
wel cone and | ook forward to an active discussion.

Thank you.
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DR. PRICE: Thank you, Dr. Chakravarty.
Before we being our first presentation, | would like to
thank all of our panelists for traveling near and far
to be with us today. We |ook forward to a very
interesting and robust discussion.

I would ask that you each introduce yourself,
gi ving your nanme and affiliation, and we have further

information at the desk about your actual biography.

So I'll start with Ivan.

DR. CHAN: Hi. M nane's Ivan Chan. | work
at AbbVi e.

DR. LEWS: M nane is Roger Lewis. |'mthe

chair of enmergency nedicine at Harbor-UCLA Medi cal
Center, and the senior nedical scientist at Barry
Consul tant s.

DR. ZHONG MW nane is John Zhong and |'m from
Bi ogen.

DR. LEE: H . M nane is Jack Lee. |I'mfrom
Uni versity of Texas, MD Anderson Cancer Center. I|I'ma
prof essor of biostatistics and associ ate vice president
of -- president of quantitative sciences.

DR. MARCHENKO: |I'm O ga Marchenko from Bayer.
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DR. PRICE: H . |I'mKaren Price fromEli
Lilly and Conpany.
DR. HARRELL: |I'm Frank Harrell. I1'mwth the

O fice of Biostatistics, FDA, CDER and w th Vanderbilt
Uni versity, Departnent of Biostatistics.

DR. TOERNER: Hi. 1'm Joe Toerner. |[|'m at
FDA, CDER, in the Division of Anti-Infective Products.

DR. SCOTT: [|'mJohn Scott. [I'min the Ofice
of Biostatistics and Epi dem ol ogy in FDA, CBER.

MS. BENT: |'m Robyn Bent. 1'min the Ofice
of Biostatistics CDER

DR. PRICE: | am Dionne Price. | amthe
acting deputy director of the Office of Biostatistics,
CDER.

DR. LEVIN. H . Greg Levin, statistician.
O fice of Biostatistics, CDER

DR. CHOW This is Shein Chow fromthe Office
of Biostatistics, CDER

DR. LAVANGE: Good norning. |'mLisa LaVange.
| ' m associ ate chair and professor in biostatistics at
University of North Carolina, Chapel HII.

DR. ASHBY: Hello. |'m Deborah Ashby from

www.Capital ReportingCompany.com
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| rperial Coll ege London, statistician.

DR. BRETZ: Frank Bretz, Novartis.

DR. EMERSON: Scott Enerson, professor
eneritus, biostatistics, University of Washington,
Seattl e.

MS. LI EBERMAN:  Good norning. |'m G acie
Li eberman from Genent ech.

DR. BERRY: Scott Berry, biostatistician,
Berry Consul tants.

DR. MEHTA: Good nmorning. |'m Cyrus Mehta,
presi dent and cof ounder of Cytel Corporation and
adj unct professor of biostatistics at Harvard
Uni versity.

DR. PRICE: And if | could ask ny coll eague,
Lauren Sucher, to stand in the audience. She is our
representative fromthe press office today. Thank you.
And one m nor correction: The bios are online.

They' re not outside on the table.

So without further ado, our first presenter,
Dr. Geg Levin, will begin.

SESSI ON | : GENERAL CONSI DERATI ONS FOR COWPLEX ADAPTI VE

CLI NI CAL TRI AL DESI GNS TO SUPPORT THE EFFECTI VENESS AND

www.Capital ReportingCompany.com
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SAFETY OF DRUGS OR BI OLOG CS
PRESENTATI ON
DR. LEVIN. Hi. Good norning. I'mgoing to

provide a brief presentation to introduce and hopefully
stimulate a good discussion in session one.

Sessi on one focuses on general considerations
for conpl ex adaptive designs. The primary focus of
this session is on adaptive designs that will be used
to support the effectiveness and safety of a drug or
bi ol ogi ¢, al though we expect that sone of the
consi derations discussed will also be useful for early
phase exploratory trials.

I'"'mgoing to provide a brief overview of
adaptive clinical trial designs, including a definition
to outline the scope of today's discussion. And then
"' m going to discuss sone inportant considerations for
adaptive designs that | expect will be discussed in the
session this nmorning, and I'lIl conclude by briefly
goi ng through the questions that we're going to ask the
panel to discuss this norning.

So our definition -- our working definition of

an adaptive design for today's discussion is a clinical

www.Capital ReportingCompany.com
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trial design that allows for prospectively planned
nodi fications to one or nore aspects of the design,
based on accunul ati ng data from subjects in the study.

I mportantly, there are two scenarios that are
therefore not within the scope of today's discussion.
The first is when there are unplanned changes based on
conparative interimresults. For exanple, dropping of
a dose because of unexpected toxicity.

The second is when there is information from
sources external to the study. For exanple, results
froma different study of a different drug that m ght
noti vate changes to the ongoing study in the formof a
pr ot ocol anmendnent.

These are inportant scenari os that cone up
t hat coul d warrant another discussion. But today's
session is focusing on adaptive designs that are
prospectively pl anned.

One way to classify adaptive designs is by the
type of adaptation that is being nade at an interim
anal ysis. For exanple, there can be adaptati ons based
on baseline characteristics, such as a covariate

adaptive design that attenpts to reduce inbal ance
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bet ween treat ment arns.

There can be adaptati ons based on pool ed
outcome data, often called blinded adaptati ons. For
example, to nodify the sanple size at an interim
anal ysi s based on pool ed blinded estinmates of the
variants or the event rate, or there can be adaptations
based on conparative interimresults, often called
unbl ended adaptati ons, such as group sequential designs
that all ow stopping for efficacy or futility, or
designs that all ow adaptations to the sanple size, to
the patient population, to the treatnment arns included
inthe trial, et cetera.

Anot her way to classify adaptive designs is
according to whether there are adaptations to
statistical aspects of the design, such as the sanple
size, or whether there are adaptations to scientific
aspects of the design, such as the patient popul ation,
the treatment arns in the trial, the endpoints.

When there are adaptations to scientific
aspects of the design, the primary estimand, i.e., the
primary measure of drug effect that we are trying to

estimate in the clinical trial, wll change

www.Capital ReportingCompany.com
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accordingly.

One of the notivations for adaptation is that
in sone cases, an adaptive design can provide
advantages in statistical efficiency over a non-
adaptive design, such as a greater chance of detecting
a drug effect at a given expected sanple size.

In some cases an adaptive design can al so
provi de et hical advantages. For exanple, the
opportunity to stop a trial for futility or efficacy
can help ensure that patients inside the trial are not
exposed to unnecessary risks, and that patients outside
the trial are provided prom sing therapeutic
alternatives as soon as possible.

And in sonme cases, adaptive designs can also
provi de advantages in the understandi ng of drug
ef fects, such as an inmproved estination of the dose
response relationship.

On the other hand, there are sonme limtations
and chal | enges of adaptive designs. There are
met hodol ogy chal l enges in ensuring the control of the
chance of erroneous conclusions and ensuring the

reliability of treatnment effect estimtes. There can
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be added operational chall enges in naintaining
confidentiality to conparative interimresults and
ensuring trial integrity, and there can be potenti al
challenges in interpretability and generalizability due
to changes in the estimnd of interest during the
trial.

In some cases, adaptive designs can be quite
conplex in that they may include nultiple types of
adapt ations such as an interim analysis that allows
adaptations to both the treatment arnms in the trial and
the sanple size that will be accrued before the next
anal ysi s.

They could include adaptations to scientific
aspects of the design, and many often involve
sinmul ations to eval uate operating characteristics at
t he pl anni ng stage.

A coupl e exanpl es of adaptive designs that
have been carried out that have sonme conpl ex
adaptations involved include PREVAIL Il, which was a
trial to evaluate ZMapp for Ebol avirus di sease, and
i ncluded frequent interimanalyses with decision rules

based on Bayesi an posterior probabilities and all owed
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the opportunity to add experinental agents as treatnent
arms during the trial if they becane avail abl e.

And anot her exanple is |I-Spy 2, which was a
Phase Il trial to screen breast cancer treatnents and
i ncluded potential adaptations to the sanple size, the
random zation ratio, and the treatnent arns.

This slide lists a nunmber of inportant
consi derations for adaptive designs that | expect w |
be di scussed in the panel discussion this norning. |I'm
going to go into these in a little nore detail on the
com ng slides.

The first is the control of a chance of
erroneous conclusions. W also have the extent of
reliability of estimation of treatnment effects, the
extent of pre-specification of details of design, the
mai nt enance of confidentiality to conparative interim
results and the extent of docunmentation, both prior to
and during the trial.

One i nportant consideration is the extent to
whi ch the chance of erroneous conclusions is controlled
in the trial, and this includes the control of

i ncorrect conclusion -- the chance of incorrect
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concl usions of safety or effectiveness, of incorrect
conclusions of a lack of safety or effectiveness and of
incorrect benefit-risk evaluations due to m sl eadi ng
esti mat es.

One i nportant conponent of the eval uation of
effectiveness is typically the test of a nul
hypothesis in a clinical trial. And it is well-known
that the use of adaptations in a trial can inflate this
type one error probability w thout appropriate use of
adaptive testing nethods that have been supported by
t heory or conprehensive sinulation.

Anot her inmportant consideration is the
reliability of treatnment effect estimtes. The
availability of accurate and precise estinmtes help
facilitate a reliable benefit-risk evaluation and
appropriate | abeling and reporting of results to enable
evi dence- based nedi ci ne.

Adapt ati ons can induce bias in estimtes, and
sone net hods have been devel oped to have nore desirable
properties. An inportant topic for today's discussion
is the extent to which this bias should be eval uated

and the extent to which nethods, where avail abl e,
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shoul d be used for reporting.

Anot her inmportant consideration is the extent
of pre-specification. This can vary and could incl ude
t hi ngs such as the anticipated nunber and tim ng of
interi manal yses, the type of adaptation, the
statistical methods for interimand final analyses and
the al gorithm governing the adaptation deci sion.

Possi bl e notivation for pre-specification
include that it facilitates the use of appropriate
inferential methods for many types of adaptations. It
can help increase confidence that adaptati ons are not
based on accunul ati ng know edge i n an unpl anned way,
and it can help notivate careful planning and
noni t ori ng.

As | nmentioned previously, the scope of
today's discussion is on prospectively planned adaptive
designs. But one inportant topic within that scope is
the extent to which that should all be flushed out and
docunented at the design stage.

Anot her inportant consideration is the
preservation of trial integrity. It is recommended in

| CH E9 gui dance that access to conparative interim

www.Capital ReportingCompany.com
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results in all trials is limted to individuals
i ndependent of personnel conducting or managi ng the
trial. And there are sone added | ogi stical challenges
in maintaining confidentiality to interimresults when
you have an adaptive design.

Speci al considerations include whether there's
use of a dedicated adaptation conmttee or whether the
DMC is instead tasked with inplenenting the adaptive
design, the use of confidentiality agreenents,
firewalls, data access plans and whether steps are
taken to mnimze know edge that can be inferred
t hrough the adaptive deci sions.

The docunentation for an adaptive design can
al so be nore conprehensive than is typical, and may
i nclude things such as the rationale for the design,
the eval uation of inportant operating characteristics,
t he adaptation, nonitoring and data access plans and,
in sone cases, a conprehensive sinulation report.

There are al so a nunber of other
consi derations that | have listed here, but am not
going to go through in too nmuch detail, but that nay

conme up during the discussion this norning: the use of
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sinmulations in planning and the role of Bayesian
adaptive designs are parts of sessions that will cone
| ater today and will generate a | ot of discussion.

There are sonme special considerations for
adaptations in time-to-event settings, such as the role
of nui sance paraneters, such as the enrollnent rate or
the censoring distribution in trial planning.

There are special considerations for
adapt ati ons based on potential surrogate or
i nter medi ate endpoi nts, such as the nodeling of the
relati onship and the assunptions about the relationship
bet ween the internmedi ate endpoint and the clinical
outcome of interest.

And the final consideration that 1'll nention
is the inmportance of the evaluation of safety in
adaptive clinical trials. For exanple, there may be a
m ni mum nunber of patients or a m ninum duration of
follow-up that is expected for a reliable safety
eval uation, and this can certainly inpact the nature
and timng of interimanalyses that will be appropriate
in an adaptive design.

Wth that, I"'mgoing to briefly read through
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the three questions that we're going to ask the panel
to discuss this norning. The first question is the
follow ng: What are the two to three nost inportant
principals for sharing the appropriate and effective
use of conpl ex adaptive designs.

Qur second question for discussion is the
foll owi ng: Discuss the extent to which conpl ex adaptive
desi gns shoul d be pre-specified. For exanple, discuss
t he i nportance of pre-specifications of the specific
algorithmthat will be used to determ ne adaptive
deci si on- maki ng.

And finally, bias and treatnment effect
estimation is currently less well studied that type one
error probability control in the context of conplex
adaptive designs. How inportant is the eval uation of
the properties of point and interval estimtes? Should
adj usted estimates be included in | abeling and
reporting of results?

That concludes ny presentation. |I'mreally
| ooking forward to just a great discussion this
norning. |'mgoing to turn the m crophone over to our

two primary discussants for session one, who are going
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to provide reaction to my presentation and any
i ntroductory coments to get the discussion started.
So | think we'll start with Dr. Bretz, who has a slide
here to present to you all.
DI SCUSSI ON

DR. BRETZ: Good. Okay. Good norning, and
t hanks to the organizers for inviting ne to this very
i nportant panel. And congratulations to Greg for this
very conprehensive overview.

I would |ike just to add one perspective
before we go into the actual discussions, with respect
to the three questions that Greg had posed, and ny
comment is about the usability of adaptive clinical
trials and that it really depends on the specific
application.

And in order to illustrate nmy point, | wanted
to bring one analogy. Since |I'mbased in Switzerl and,
| thought 1'd introduce the Swiss Arny knife. And
t hi nk about you have a very well-defined task about
cutting a piece of paper. And, if you' d please click
once, then which of the tools you would Iike to use?

And probably everybody woul d use a sinple scissor
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because it is the optimal tool for a very specific
task, nanely to cut the piece of paper.

Now i f you'd click once nore please, you may
recogni ze this is a Swiss Arny knife, which is a
versatile tool that conbines several individual
functions within a single unit, one for every
percei vabl e need. So these knives are often used in
t he general -- as a general phrase to -- as an anal ogy
or as a netaphor for useful ness and adaptability.

And the point I"'mtrying to make is that with
a Swiss Arny knife, you can still cut a piece of paper.
You see the little scissor toward the bottomright.
However, the scissor is not optiml because it's small
in size, but you can still do a reasonabl e job.

Now, if you think about doing sone other task,
you can still use the Swiss Arny knife reasonably well,
so that if you really don’t know what -- you want to do
it in advance or you only have a rough idea, then you
can do nultiple things with this tool, and then the
Swiss Arny knife is probably a good tool to use.

However, you can al so overdo the things, and

if you click once nore, you see the picture of a real
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knife that you can actually buy. It has about 200
functions, one for any need that you can inmagi ne, and
it weighs about two pounds.

Now, i magine there is sonmewhere anong these
200 functions, there is also a little knife. Now,
i mgi ne you really want to cut the piece of paper with
this little knife. You can inmagine that this becones
conplex. It becones really difficult.

So while this tool really | ooks very, very
i npressive and probably -- well, it's expensive, but
still you would like to have it. Once you have it, |
can tell you |l tried to cut a piece of paper and it
doesn’t work very well. So you can spend a | ot of
nmoney, but in the end, you just put it into the shelf.

So be careful. And that's ny real point, is
that in applying adaptive design, do pl ease consi der
al so sinple tools, such as a scissor, as they're very
appropriate in many cases. But definitely avoid the
so-called giant Swiss Arny knives in clinical trial
practice, | guess. So thank you.

DR. EMERSON: So first, thanks for presenting

the issues. There's a couple points that | just want
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to nmake for enphasis on the things. | guess the -- |
al ways put it under a category of it's very inportant
as we talk about any clinical trial design is what's
t he burden of proof.

And very often | find the biggest mstake is
trying to use one clinical trial to answer every
guestion, when you could nore efficiently answer al
the different questions of safety, efficacy and
effectivess, perhaps by focusing on sone different
trials.

| also like to always think about, you know,
what do we need at the end and then, what we need at
the end is we need an indication for the drug, which
i nvol ves what's the di sease, the definition of the
di sease that we're using, what's the popul ation that we
think we'll use it in, what's the exact treatnent that
we think we would have, which is a conpl ete treatnent
regi mren and then, what's the outconme we're | ooking for?

And any of those that change, you've really
changed the indication. But at the end of the day, we
al so need to wite a |abel. And what do we need on the

| abel that the physicians can use this treatnent,
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recogni zing that the clinical trial always has a
conparator that is generally not the conparator that
t he physicians are considering.

That is to say, they' re not always just
considering this drug versus placebo. They're
considering this drug versus another drug or another
sort of treatnent, whatever the standard of care is.
And so, being able to wite a | abel so that people can
understand what's there is very inportant.

And then the last part, I am you know, nerely
cl oset Bayesian. But it's the Bayesian questions that
are the nost inportant. W want the treatnent that is
approved to be one that we think there's a high
probability that it works. And so, always thinking
back to the fact that as we start on drug devel opnent,
the vast majority of drugs that we think work don’t.

And so, it's very inportant to renenber that
as we go through this process, confirmation is very,
very inportant because the positive predictive val ue
after a Phase Il study is necessarily much | ess than
one after a Phase Il study.

And the problens that we have as we cone to
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adaptation, if you start off with a drug that truly

works at the level that you think in your Phase ||

protocol, all Phase |1l studies would be positive,
right? | nmean if you really -- if you have 90 percent
power, 90 percent of Phase IIl studies would work, and

they don’t. And that's just because the prior
probability is |l ess than a hundred percent.

And so, just making certain that we focus, as
we tal k about adaptation, of what of these adaptations
are very, very appropriate at the early stage, and a
huge 1 nprovenent.

And | like the Swiss Arny knife anal ogy. |
often remark to ny hiking conpanions that what if you
really know that the only tool you need is a corkscrew.
Do | approve you bringing just the corkscrew on the
hi ke? And no, | want the Swiss Arny knife. | want it
to have a few nore tools, but not too much

And ny point would be even at the confirmatory
Phase 111 study, limted flexibility is still within
the confirmatory aspect. But it's going to be very
inportant to tal k about what's the prior know edge that

you have that you're contributing the confirmation to.
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DR. PRICE: So thank you both for those, for

your reactions to the presentation. | wll ask Dr.
Meurer -- and | apologize if |I'm m spronouncing your
| ast name -- to please introduce yourself, just giving

your affiliation. And if we have any other panelists
t hat may have joined us, feel free to conme up to the
panel .

DR. MEURER: That was an excel |l ent
pronunciation. I'mWIIliam Meurer. |'m an associ ate
pr of essor of enmergency nedici ne and neurol ogy at the
Uni versity of M chigan.

DR. PRICE: Thank you. And Dr. Goodman, as
you are getting settled, if you'd like to introduce
yourself as well?

DR. GOODMAN: Sure. Thanks. |'ve been here
listening, so | mssed it. Steve Goodnman. |'ma
prof essor of medicine and epi dem ol ogy at
St anf or d.

DI SCUSSI ON

DR. PRICE: Thank you. So we are going to

nove into our first discussion. W plan to do this by

-- this is not an AC. It's a scientific discussion.
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But we're going to use a simlar nethod. |If you could
just kind of raise your hand, Robyn and I will | ook,
and we will acknow edge. We will keep a running |i st

of those people that would Iike to answer a question.

So we're going to start now. Again, the first
guestion is what are the two to three nost inportant
principles for ensuring the appropriate and effective
use of conplex adaptive designs. And | see Dr. Mehta.

DR. MEHTA: | think there are three really
i nportant issues that nust be addressed in adaptive
designs. The first | think nost inportant is not to
di sturb the equi poise of the investigators because they
-- as long as they feel confortable random zi ng
patients, they will participate. But in an interactive
desi gn, changes are made in a mdcourse. And so, there
has to be a | ot of care not to disturb equipoise.

My second inportant point is to keep the
interimdata very secure and auditable so that you know
at the end of the trial, if there is to be a final
analysis, it should be possible to actually docunent in
an auditable matter what was the state of the data at

the interimanalysis because the data fromthe interim
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analysis will be conmbined with the data fromthe second
st age.

And the third point is perhaps, everyone would
agree, that you nust sinmulate the operating
characteristics of the design.

DR. PRICE: Dr. Lew s?

DR. LEWS: Thank you, Cyrus. | think one of
the first comments, which has already been partially
alluded to, is that we need to be very careful to match
the adaptive design to the true threats to tri al
success, where success is defined by getting the right
answer, whatever that turns out to be.

| consider a trial to have failed if, at the
end of the day, you don’t have a clear and correct
answer to the primary question that notivated that
trial.

| think there's a tendency to go the other
direction, which is try to pretend that the real
guestions are the ones for which you have a solution as
opposed to letting the true threats to the success
drive the selection of the design.

The second point 1'd nmake is that the design
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choi ces that we make, that affect the bal ance of
various conplex goals -- and |I'mthinking of things
i ke bias and variance tradeoffs, the dual purpose of
controlling error rates, traditional type one/type two
error rates versus bias correction -- really should be
gui ded by what we anticipate to be the actual use of
the result of the trial, either to drive regul atory
deci si on-maki ng or clinical decisions at the bedside.

And as a practicing clinician, it's ny
observation that clinicians tend to use the overal
qualitative result of trials in making treatnent
decisions. They very rarely look in any detail at the
preci se estinmate of the treatnment effect and that, at
| east in that context, the overall error rate is a nuch
nore inportant in consideration than the accuracy or
| ack of bias in estimates of treatnment effect.

And then, if | will, I'd just say in ternms of
t he equi poi se comment, which I wasn’'t going to coment
on until you brought it up, Alex London at Pittsburgh
has witten sone really nice phil osophical work on the
concept of equipoise as it applies to adaptive trials

t hat use response adaptive random zation. So | just
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want to nake sure that people know that there's a

really good resource on that particular topic.

DR. LEE: Ckay. | just want to add a little
bit on what's been said. | think that we all want to
make the correct -- quote, unquote, "correct" or

"accurate" decision. And from FDA's point of view, FDA
woul d |Ii ke to approve safe and efficacious treatnent.

And regarding the inference, | think as a
statistician, we all know that they are two main
di fferent ways of making inference into the inference
framewor k, you know, the frequentists and the Bayesi an.

l"d like to say that in the past, these two
approaches has been very conpetitive. They fight with
each other. Currently, it's nore conpetitive, okay?
And we are here today to tal k about conpl ex, novel
design. And again, you can |ook at fromthe Bayesian
poi nt of view or frequentist point of view

And | think the future, | think it would be
nore col |l aborative in the sense that type one -- yes,
type one/type two error rate are inportant, but not the
only thing. We will also need to | ook at the posterior

probability of how effective a treatnent is, okay?
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So | think fromthe inferential point of view,
it's not just a traditional point estimte or
confidence interval estimte, you know? Yes, that's
i mportant, but also we need to | ook at what's the
probability of success in a sense, right?

And | want to say a little bit nmore on this.
That is, | think, you know, Steve worked a lot -- Steve
Goodman, on these conpared two different phil osophy or
t he frameworKk.

But one really limted approach in frequenti st
approach is this non-significant hypothesis testing,
you know? That's kind of a -- you know, it has its
role, but it's a very limted role. So let ne just
poi nt that out, and | think we can have nore
di scussi on.

But through all this, | think three things are
very inportant. One is education. Oay. The second
one is innovation. The third one is inplenentation,
okay? So | think we really need to do better in al
t hree aspects.

DR. PRICE: So we have Dr. Ashby, followed by

Dr. Marchenko, followed by Dr. Goodnman.
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DR. ASHBY: Thank you. Firstly, thank you for
very clear presentations. | nean, to ne the single
nost inportant thing is that you need to think really
carefully what you're trying to do. Now, that's true
for any study. And the whol e debate on esti mands
actually says to nme that you have to think really
clearly what the purpose of the trial is.

But when you begin to think adapting, you have
to think why are you adapting because that drives the
design. It drives all of your decisions. So just in a
dose response trial, are you trying to hone in on the
best dose to take forward to the next stage or are you
trying to | earn about the dose-response curve because
that will, to sone extent, influence what the best
adaptation algorithmis.

Secondly, it is plan, plan, plan, and again
that's true for all trials. But for adaptive studies,
you're generally doing it because you want to be really
efficient. You' ve got one shot at it. And so the
simul ation, the discussions, maybe the rehearsals, you
know, the decision-nmaking processes can't overenphasize

it.
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My third point is really nore of a question
because | think when we're flipping around between sone
thi ngs which are really kind of nore appropriate to
early stage studies and sone which are nore
confirmatory studies. So the third question we've got
about what you put in the |abeling would be very
appropriate if you're doing sone adaptation in a
confirmatory study.

Actually, it seens to be alnpbst irrelevant if
you're doi ng an adaptation of dose on a first-in-denmand
study with a limted endpoint. And I just wonder
whet her just passing out some of those general
consi derations m ght actually help clarify the debate.

DR. LEVIN. Yeah. This is Geg Levin. Yeah.
Thanks for that point. | nmean, |1'd say that our
primary focus, what we're hoping is that we primarily
focus the discussion on trials that would be intended
to support determ nation of safety and effectiveness,
so at the confirmatory stage.

But we expect that nmany of those
consi derations, |ike getting the question right and

pl anni ng al so have a role in early phase exploratory
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trials. But that is our primary focus, and that is why
that very question is focusing, for exanple, on
reporting results.

DR. ASHBY: Ckay. That's very hel pful.

DR. MARCHENKO: Okay. Yeah. | just wanted to
add a little bit. | think I'"ma big proponent of
adaptive designs. And | think even if in the end we
don’t use adaptive designs, they allow us to
understand, or at |east evaluate it, quantify sone
uncertainties and then definitely help with planning
better designs.

But | do want to tell -- or at |east rem nd
everyone that, in the end, what we want to do, we want
to inprove patient care. So we shouldn't just think in
terns of specific adaptive designs for specific trial.
We need to think in ternms of prograns and go even
further because | did have an experience previously
when t he program went very quickly through Phase I, 11
11 and got approved. But then payers did not actually
want to pay for the drug.

And in the end, we didn't inprove patient care

because we didn’t have enough information on specific
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endpoint of interest, |like overall survival. So we do
need to think in terms of progress rather than
i ndi vidual trials.

DR. PRICE: If I could ask if you're not
speaki ng, please turn your mc off. That may help with
sone of the projection of sound problens that we're
havi ng towards the back of the room So if you' re not
speaking, if you could turn -- push the red button.
Turn your mc off. Thank you.

DR. GOODMAN: So, oh, that sounds | oud enough.
| mssed the introduction unfortunately. So | don’t
know if there's like a dividing |ine between conpl ex
and adaptive. | hope there is because there's sinple
adaptive, too. W should not have conplex inalterably
next to adaptive because current trials are adaptive,
just having sanples -- you know, stopping rules is
adaptive. So there are all sorts of things that --
forns of adaptation, stopping for futility in one arm
that we do all the tine.

So let's not always say conpl ex adapti ve.
Complex is a choice and, as has al ready been nade

clear, many of these trials, particularly in the
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confirmatory phase, don’t have to be that conplex. W
m ght adapt on one thing or two things, and usually
we' re adapting for one of two reasons, either ethics,
or efficacy -- or efficiency.

And the efficiency is either that we don't
experinment in areas where we don’t -- where the
conclusion is clear, or we're borrowi ng strength
internally fromthings that are nutually informative.
We don’t want to ignore that,

So in the confirmatory stage, usually the
di nensi ons of adaptation are nuch nore limted. So
let's say adaptive, and then only invoke conplex -- and
| love Dr. Bretz's -- the Swiss knife analogy. That is
a very appropriate.

On the issue of equipoise, we have to be
pretty careful here. You know, there's individual
i nvesti gator equipoise. And then, there's sort of
popul ati on equi poi se, which is really the nost
i nportant thing. That was the innovation that Friedman
brought to the concept, which was it's disagreenent in
the treating community and not just in the individual

investigator. |It's epistemc. |It's ethically
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i nportant.

And we al ways have to think about whether the
trial will be convincing to that comunity. |If it's
not, then it doesn’'t matter what the investigators
think. So we always are shielding investigators to the
extent that we can fromthe ongoing results.

And this is a technical conplexity, but the

overriding issue is always how convincing is it going

to be to the community? And often, if -- literally
everybody knew what the DSMB knew or what -- their
equi poi se woul d be disturbed in a trial. That's al nost

al ways the case.

But it's not the case that those sane results
at a distance will be so convincing to the comrunity.
So you can disturb the investigator equipoise and not
disturb -- and still be in an ethically tenable
situation. | just want to say that, which is not to

say that this issue of not letting the adaptations be

informative is not an issue. It is, but it's not that
fragile.

And the last thing I'll say is very often the
adaptation is done on safety. |'msorry, on advocacy.
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But the clinical decisions have -- and | agree with
Roger's point that the physicians are not that
sensitive to the size of the effect. But what we're
all sensitive to, and they are actually sensitive
whet her they explicitly put it this way, is the effect
in conparison to the safety.

And the safety often does not conme into their
random zation -- into the adaptation. So it mght, it
m ght not. So we always have to keep in mnd that, in
the end, the therapeutic decision is going to be based
on sonme sense of what we're buying for the degree of
safety risk. And the safety risk may or nay not have
anything to do with the adaptation.

If it is going to be a critical factor, then
it should be brought in if they're on equivalent tinme
scal es. But the challenge, of course, is adaptation
has to -- you have to adapt on the basis of accruing
informati on and safety nmay be on a totally different
timescal e than the efficacy information, and it can go
in both directions.

So it may not be possible to adapt on safety,

and yet that m ght be the determ ning factor at the end
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of the day. So we have to always keep in -- understand
where we're getting the conplexity from which is very
typically fromthe -- on the efficacy side, but know
that the therapeutic balance is being judged with
anot her paranmeter that nmay or may not be incorporated
into the design.

DR. PRI CE: Dr. Chan?

DR. CHAN:. Al right.

DR. PRICE: And please cut your mc off, Dr.
Goodman?

DR. GOODMAN:  Onh.

DR. PRI CE: Thank you.

DR. CHAN: Okay. Thank you. Just wanted to
add a couple points, and obviously |I really |iked the
exanmpl e of being sort of practical and not too
conplicated if it's really not needed.

For exanple, in many of the trials we conduct
nowadays, we try to use just a sinple futility rules as
limting -- or synthesize re-estimation. [It's a very
sinmple tool. And those typically could address maybe
70, 80 percent of the adaptation that we do to try to

help us to be nore efficient in running our clinical
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trials. So that's number one.

Nunmber two is based on the questions that was
asked. | think a couple of the principles, one is that
definitely we want to try to see if there's a sound
statistical principle that's behind the adaptation
rules, and that would be the best.

And if we get too conplicated, the designs, a
| ot of tines we may not have the theoretical results
and then we have to rely on conprehensive sinulations,
| ook at different scenari os.

So having those sort of really workout is
critical to ensure that people will be convinced about
t he adaptive designs that we put in place and review us
in the scientific community and even ultimtely when we
try to report the results in the [abel and to the
physi ci ans, how you characterize the trials and how you
adj ust the potential bias due to the adaptation. Those
are really critical elements that we need to spell out
in the protocol.

And so, and |I know that there's a second
gquestion that I'll touch on a little bit. 1It's the

pre-specification is extrenely inportant interface so
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that we can have perhaps an i ndependent commttee to
review the interimdata and to help the sponsors or the
institutions to make adaptation. So the rules of
adaptation and what's the inplication, those I think
need to be very clearly laid out in the protocol. So
|'"d leave it at that, those two additional conments.

DR. PRICE: We have a list. This is great.
So I'"'mgoing to say who we've seen. Dr. Lieberman, Dr.
Harrell, Dr. Toerner, Dr. Chau, Dr. Zhong, Dr. Price,
Dr. Emerson, Dr. Barry.

So we will try to get through as nmany as we
can, realizing we want to get feedback on questions two
and three as well. And I can -- | can say those again
slower. So we're going to nove to Dr. Lieberman now.

DR. LI EBERMAN: Okay. Okay. Thank you. Just
a quick coment. So we talk about the need to pre-
specify, but | think we have to think about it. Are
there pre-specifications and the adaptation that woul d
eventual ly un-blind the teamto the interimresults?

Because even if it's a different group doing
the interimanalysis, the inplenmentations of the

adaptations will be inplenmented by the team And if
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it's really pre-specified and very detailed, all of a
sudden we say, oh, this is where we're going if we're
doing this adaptation. So |I think there has to be sone
t hought about that. Thank you.

DR. PRICE: Dr. Harrell?

DR. HARRELL: Yeah, and | have two points.
First point is whenever soneone uses the phrase
operating characteristics, | hope what's not in
everyone's mnd is just frequent, just operating
characteristics.

Type one and type two errors are actually not
even errors. It's not even the right termfor them
They're probabilities of assertions. And so, what we
need, at |east as inportant as those, is the
probability that the posterior probability will be
definitive at sonme point, either definitive for
futility or efficacy or harm And we need to cal cul ate
the probability of inefficacy, which is a lot different
fromthe idea type one and type two errors.

Second point is what | think is fundanental to
any sort of clinical trial, but especially when you' re

usi ng response adaptive clinical trials, is to have a
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preci se high-resolution response vari abl e.

So |'ve seen investigator after investigator
struggle to -- in a uncommon di sease, to get 60
patients in a study, and then do a responder anal ysis
whi ch makes the sanple size effectively 30 or 20. And
so, to collect 60 and analyze the information as if it
was 30 patients is really statistical mal practice in ny
Vi ew.

And so the choice of the response variable is
all inportant. You have to be able to adapt on the
basis of high information. And that usually calls for
a continuous variable or sonmething that's ordinal with
lots and lots of categories and the neasurenents are
reliable.

So a variable |ike bone mneral density is a
hi gh-resol uti on, high accuracy variable that you can
learn fromvery quickly, just as an exanpl e.

So the net effect of not doing that is that
peopl e are | earning about things in adaptive clinical
trials where the signal is very strong in a binary
response situation. So the signal has to be very

strong. In many cases, it has to be super clinical.
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It's nore than a clinically interesting or clinically
useful effect. So just renmenmber whenever you're using
a binary variable, the chance of m ssing a real
clinically meaningful effect is really huge and the
adaptation may not be very reliable.

DR. TOERNER: Yeah. Thanks for the discussion
so far. As deputy director for safety in the Division
of Anti-Infective Products, | think the nost inportant
principle is safety. And Dr. Goodman and ot hers,

t hanks for introducing the topic of safety.

But | wanted to highlight what Dr. Ashby had
tal ked about in the context of first in-human adaptive
trial designs, and we're seeing this in our pre-IND
consul tati on program where sponsors are increasingly
interested in a seanl ess Phase | to Phase |
devel opnment programw thin the context of one study.

And Dr. Enerson, in contrast to, you know,
efficiency in having multiple trials, we're hearing the
opposite, that it's nore efficient to have one Phase
|/ Phase Il trial design.

But when conpani es describe this to us,

invariably the Phase Il portion in patients with the
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di sease for which the drug is intended to treat,
there's a question mark about the dose and duration of
t herapy because that's derived fromthe Phase | studies
of multiple -- of single ascending dose and mnultiple
ascendi ng dose in healthy vol unteers.

So we would view that second portion to fal
within a category that we would characterize as
i nsufficient evidence to support safety of patients
enrolling in the trial. So we actually would consider
that to be a clinical hold, where we just don’t have
information to support safety and efficacy.

And so, while we have no trouble at al
enbraci ng a seanl ess Phase | devel opnent program of
singl e ascending dose to multiple ascendi ng dose, where
you have pre-specified stopping criteria based upon the
observations of adverse events, that type of adaptive
trial design is acceptable.

We do have a significant concern when novi ng
into patients with the disease for which the drug is
treating where we don’t have enough information yet on
the dose, duration of therapy and observati ons of

safety in the Phase | portion of the drug devel opnent
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program

DR. PRICE: 1'mgoing to take noderator's
prerogative. Dr. Goodman, did you want to respond to
Dr. Toerner?

DR. GOODMAN:  Well, 1'd be -- yes.

DR. PRICE: Ckay.

DR. GOODMAN: This may be nore of a question.
Are you saying that the Phase | portion in this
conti nuous, seanl ess elusion is going to be shorter
than if they conducted two separate trials? 1|s that
why you're not informed? |Is that the concern?

DR. TOERNER: The concept that's being
presented to us is a nore streanlined and faster
devel opnent reaching Phase Il drug devel opnent.

So that's the concept that's being presented
to us, that's it's nore straightforward to have | RB
approval, for exanple, for one trial, instead of having
multiple trials in order to reach Phase 111
devel opnent .

But what we're saying is we don’t have
information to support dose and duration of therapy for

patients with the disease in a Phase Il evaluation. So
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that's the concern we have with an adaptive trial
design, nmoving from Phase | in healthy volunteers into
Phase |1 in patients.

DR. GOODMAN: Phase | in healthy volunteers,
not Phase | in patients. That's the critical
difference, right? That's why you're objecting to the
transition?

DR. TOERNER: That's correct.

DR. GOODVMAN:  Oh, | see.

DR. TOERNRE: In our world, Phase | is
conducted in healthy volunteers. W are gathering

phar macoki neti ¢ and safety information --

DR. GOODMAN: | see.

DR. TOERNER: -- on the drug itself before you
nove into Phase Il in patients.

DR. GOODMAN: | call that phase zero. So we

have a phase shift here.

DR. CHOWN It seens to ne | guess we are
al ready beyond that question. Nunber one, | think that
| would like to take this opportunity to share with you
sone of ny experience on the adaptive trial design.

"' m not speaking for the FDA. | mean, this is just ny
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personal experience before |I joined the FDA

At Duke University, basically ny experience
that we pretty much followed the follow ng steps for
the clinical trial studies that have been utilizing the
adaptive trial design.

The step one is that we will first ask the PI
the principal investigator, of the comm ssion to cone
up with a so-called wish list. In other words | think
that we woul d ask conm ssion exactly what's on your
m nd. What do you want to do?

| mean, usually | think that basically ny
experience in communicating with the comm ssion, they
have sone hi dden agenda. They would |like to answer al
of the questions, and then with [imted data, some nore
clinical trials, sonething |like that.

So really, this is a way of forcing themto
come up with sone kind of a wish |ist, exactly, | nean,
what's on their mnd. And then after that, the step
two, based on that wish list, then we can determ ne
what ki nd of adaptations should be pre-specified.
mean, the list is very inportant because, | mean, based

on this one, we cannot propose sone kind of very
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conplicated adaptive trial design with sone pre-
speci fied adaptation, also as Geg nentioned in his
tal k.

And the step nunmber three, and then after all
this is all said and done, | think that we will devel op
t he plan for assurance of the data quality because |
t hi nk that analysis based on the clinical data
collected fromthe conplex adaptive trial design is
al ready i nportant.

After all this is done, | think that step
number four, because | think usually with a ot of the
adaptation, we nmay not have the statistical methodol ogy
fully developed in order to reflect the |ast
adaptation. So |I think that we would conduct the
clinical trial sinmulation to evaluate the operating --
| nmean, the characteristics, as Dr. Harrell nmentioned.
This is under the condition that if the statistical --
| nmean, the methods of full data analysis are not fully
est abl i shed.

This is pretty nmuch what's ny experience for
the clinical trial study utilizing the adaptive trial

design. Along this line, | think that I would go back
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to the question nunmber one. Pretty nmuch | think in ny
opi nion there are three principles, | think, for the
adaptive trial design.

Principle nunber is that | think, in ny
personal opinion, the principle investigator should be
in the driver seat, not a statistician.

But | think in the past maybe 10 years, |
think that nmy experience working with a conm ssion,
usually | think the statisticians are all in the
driver's seat to tell the conmm ssion what can be done,
what is things that can be done, what cannot be done or
sonething |ike that.

So I think that the first principle | would
like to offer is the PI should be in the driver's seat,
not the biostatistician.

The second principle has to relate to the
quality and the validity and the integrity of the
adaptive trial design. The principle nunber three, |
think that this is extrenely inportant, in nmy opinion.
We never m suse and abuse adaptive trial design. In
t he past many, many years, |'ve seen this. | think

people at | east m sused and al so abused adaptive tri al
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design. We have to avoid that from happening. Thank
you.

DR. PRICE: So before noving onto two, we'l
cover Dr. Zhong. You're next. Dr. Price, Dr. Enerson
and then Dr. Barry, and we'll nove on to question two
and three, which we m ght have touched on already a
bit.

DR. ZHONG | really like idea that a Sw ss
knife, don’t nmake the adaptive too conplicated and to
be practical. And | also like Dr. Chow s comment on
the scientific validity and on what you have in
deci si on-making to guide the decision rule on adaptive
design and that's very inportant.

But | would like to just comment on Dr. Chow
about who's in the driver seat. | think that for
adaptive design, it's not who's on the driver's seat,
it's the conplete collaboration. |t should be
statisticians, the scientists at the conpany, as well
as the PI and the independent data conm ttee.

So this is conplete collaboration. It require
education, right? And it's not just let the PI to join

it. I'ma statistician by training. And | would |ike
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to allow ny counterparts -- allow to coll aborate,
under stand what the adaptation is, what the purpose is.

So | think we're not in the driver's seat.
But we all should be in the driver's seat. It's not
just one person in driver's seat. It's we all should
be in the driver's seat, right? So I think it's very
critical.

Now, to get back to the questions and
di scussion, | think the decision rule is very
important. We have to set up a decision rule. Sone is
critical. It used to be pre-specified, and sone nay

not be able to pre-specify. W nay discuss that |ater,

but I'"mnot going to talk about it now. But please be
acceptable to sonme unpl anned adaptation that will not

j eopardi ze integrity of study. | think it is

i nportant.

And the education part is also very inportant
because -- | nmean, even with one SI, right, sonetines
it is alot of enotional factor there. People outside
the statistical comunity do not quite understand what
t he decision rule neans.

And a |l ot of enotional factors there, and the
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conpany coul d make an undesired deci si on when they
enotionally |look at the data and went to regulatory and
sai d, okay, we have a fantastic drug, give us approval.
O they could, | nmean, prematurely term nate the trial
So we really have to educate all the stakeholders in
this process.

And | would |ike to add a couple coments on
Dr. Mehta and Dr. Goodnman's comments. Regarding the
safety in adaptation, in ny experience | believe we can
build the safety criteria into adaptation. | just
speak for nyself. So that's nunber one.

And nunber two, in terns of whether or not --
| mean, it can relate to who drives what? | nean, the
Pls -- like that's not -- don’t make a coment. Don't
interrupt when the Pls get confortable. | think that
it kind of depends. | nean, if we educate the Pls well
-- | nean, reasonable investigators well, then we are
on this comopn page. And even though they are very
confortable, which they know the patient n, but
remenber one thing. | nean, our drug devel opnment is to
improve their care and health, the care of the

patients, provide the care options, treatnent options
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to the patients as soon as possible. And therefore, |
nmean we have a common goal there. And if we educate
the Pls well, even though they can enroll tons of
patients in, but we are kind of obligated to the
public, that we may want to think about adaptation to
all ow us the opportunity to bring the drug to the
patients. | will stop here.

DR. CHOW Dr. Zhong, | would like to clarify

one thing. It's what | nean that | think we are in the
driver's seat, | nean it's the project |ead.
Definitely this is teamvrk. | nmean, the conmm ssion,

wi t hout the statisticians, they wouldn't be able to do
it. So | nean, this is definitely teamwrk. So the
driver's seat, that neans the project |lead. Thank you.

DR. K. PRICE: Geat. Thank you. As it turns
out, I'll be restating or reenphasizing a few points
that | think have al ready been nenti oned.

But a couple of the things | think are really
inportant to ensure that the appropriate and effective
use of these designs and one of those is that there
shoul d be the holistic planning of the drug devel opnment

-- of the devel opnment of the drug. So it should be the
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exception that we arrive in the confirmatory setting
and go, oh, oops, we need to do sone adaptation here.
These things should be thought about well in advance
and part of the drug program

And as part of that, thinking about what other
studies m ght need to be acconpanying it, if the
adaptations that woul d be necessary would require sone
| ongi tudi nal nodeling or we've tal ked about natural
hi story studies or other things that m ght need to be
happening in the meantinme prior to the confirmatory
portion of an adaptive design, those should be part of
this holistic drug devel opnment paradigm so that we are
nost effective in that confirmatory setting.

The other point | wanted to enphasize is it is
in fact a very cross-functional and cross-stakehol der
activity. So those points have been nentioned. But
it's very inportant we keep in mnd that through the
pil ot program and as we are proposing these designs
and havi ng conversations with FDA and industry and
others, that there are cross-functional representatives
as part of those discussions and that we are able to

bring to bear patient perspectives and ot her

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 62
st akehol ders' perspectives, and then thirdly, that as
has been nentioned, | think to ensure these are nost
appropriate and effective is keeping the patient first,
and what information do they need to nake well-infornmed
deci si ons about whether or not to take a specific
t herapy. Thank you.

DR. PRICE: Dr. Enmerson?

DR. EMERSON: So just a couple of comments,
just to focus on what we're tal king about. Clinical
trial devel opnent has al ways been a sequenti al adaptive
process. What we're trying to do is speed it up now.
We're trying not to go through wildly separating tines
of Phase 11, Phase II1I.

However, that is largely the sponsor's view,
not public health's view in the sense that we have lots
of treatnments being tried and if you study one and then
there's the white space that's dreaded, you go on to
study sonething else at the sane tinme. And trying to
optim ze that is a very inportant thing.

So | understand Dr. Toerner's point. The
sponsors all want to hurry it up, but |I'm saying, you

know, we don’'t necessarily want to help them w t hout
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being certain that we're doing the sane things that we
could do, which is how many people review Phase 11
results as they then decide to put patients on Phase
1l currently? And are we trying to shift it that only
t hree people know those results, rather than it's been
published in the literature and peopl e have thought
about it and it's reviewi ng the thing?

There's no question that going through 70
different IRBs is a slow process, and don’t want to
unnecessarily go through that. But we need to nake
certain that we're keeping the population preem nent in
my mnd, not just the patients who are on the clinical
trial, but how fast we can adapt things.

And then | will note -- and speaking to your
guestion of we can't pre-specify everything. And the
FDA is of course well-aware of that because they al
the tinme reduce, restrict indications at the end, you
know, that they -- w thout gathering nore data on that,
t hey suddenly say, well, we don't feel confortable in
the really light patients or the really old patients,
or people with renal failure, and you have to do

sonet hi ng.
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And of course that | justify with saying it's
the game theory, you know. The sponsor has nore of an
interest in getting this drug approved, whereas the FDA
soneti nes steps back and says we'd rather go with
errors of om ssion rather than comm ssion sonetines.
And so, again, it's how can we -- vast inprovenents can
be made. We just don’t want to throw out everything.

DR. BERRY: So | struggle with -- and maybe
it's why | live along this, that -- let's not be too
conplex. | nean that statement is a tautology. Too
conplex is too conplex. The question is what's the
ri ght conplexity.

Many of our adaptive designs, for exanple,
Scott, are you need to slow down. We need nore
exposure. We don’'t know the answer. And it's getting
it just right, what's the right sanple size, what's the
right time, what's the right conplexity.

VWhile you may do just futility, there are
situations where nmuch nore conplexity is the right
answer for the particular situation. So I think it
does go back to Dr. Ashby's point, that what are the

ri ght questions for the population, for this drug, for
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the whole class? What is the right design that fits
this?

In order to answer that, it's about sinulation
and pre-specification. The Swiss Arnmy knife is nice.
But | take it as a incredibly different point that I
think it was presented. That's for sonebody who hasn’t
pre-specified what tools | actually need. | bring
everything with because | don't really know what |'m
doi ng and I m ght need 200 different things.

If I know | need a screwdriver and | need a
sci ssors and a toothpick because |I've pre-specified and
that's the right conplexity for this, we're going to
run better trials. W're going to get better answers.

And | think that's part of what we're here
today, is in situations where the trial needs nore
conplexity than we're used to, how do we do that well?
And | think that's critical, is the pre-specification,
si mul ati on and understandi ng the questions and the
threats to those questions that Roger brought up.

DR. PRICE: Thank you, Dr. Berry. That's a
very nice segue into question nunmber two, which deals

with pre-specification. So we will ask you to formally
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di scuss the extent to which conpl ex adaptive design
shoul d be pre-specified. And | see Dr. Mehta, foll owed
by Dr. Lew s.

DR. MEHTA: | think that what's inportant to
pre-specify in an adaptive trial is the nethod that
you're going to use at the end of the trial for a final
analysis. As an exanple, if you're going to drop a
dose or increase the sanple size, you specify in the
statistical analysis plan that I1'mgoing to use this
type of nmethod, control of error rate or conbination or
closed test. This is what |'mgoing to use at the tine
of the final analysis. That's all you need to specify.

At the tinme of the interimanalysis, the
actual decisions rule that you use to drop the dose or
to increase the sanple size, there can be flexibility
in that. That will not affect the type one error, as
| ong as you have specified the manner in which you wll
conduct the final analysis at the end.

I know that the regulatory agency wants you to
al so specify the decision rule that you will use. All
|'"'m saying is that may not be the optinmal thing to do

because you m ght see things -- the DMC m ght see
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things that make it a better idea to adapt in a
different way. And as long as you keep the principle
of how you're going to do the final analysis properly
| ocked up, then | think that should be all owed.

DR. PRI CE: Dr. Lew s?

DR. LEWS: So | now regret putting nyself
right after you because |I'mgoing to unfortunately
contradict you. So in ny view, the discussion that we
are going to have about sinulation is critically
| nportant because sinulation often yields trenendous
I nsights into the strengths and the liabilities of a
proposed trial design.

And | find that people's intuition about the
way a trial design may m sbehave is actually not very
good. And sonetines, in fact if you sinulate
tradi tional group sequential designs with sone things
| i ke biased coin random zation, you can actually get
operating characteristics, with apologies to Dr.
Harrell, that are actually quite different than you
were prom sed when you were taught these techni ques
early in your training.

So | think that sinulation is a key thing we
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need to be able to do well if we're going to be honest
with oursel ves about whether we under the behavior of
the trials we're proposing.

To sinmul ate, you have to pre-specify. So if
you're one who's going to simulate, you have to be able
to wite code that sinulates the trial. You can't
sinmulate the trial w thout pre-specification. That
pre-specification should enable sinulation that
includes realistic effects that nay affect perfornmance,
such as tinme to information, m ssing data patterns and
the |ike.

So in ny view, for the context of this
di scussion which is conpl ex, adaptive designs, ny
under st andi ng, that sinulation is necessary al nost
al ways. It's eye-opening when you do it on designs you
t hought you understood, but you were wong, and to
simul ate, you nust pre-specify. Thank you.

DR. PRICE: Dr. Bretz? And if |I could rem nd
everyone to please turn your mc off when not speaking.
Thank you.

DR. BRETZ: Actually |I think I can agree to

both statenments, in the sense that | would also like to
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make the point that we should avoid pre-specifying
specific algorithms and put themupfront in the study
pr ot ocol .

We need to specify the type of adaptations,
t he met hodol ogy we're using to integrate the data and
for the fine analysis. But that's probably about it,
because at interim analysis we would |ike the decision-
makers to be able to integrate the data they see and
possi bly nove away from any pre-specified algorithns.
Thi s does not exclude the need for running
si mul ati ons and under standi ng the operating
characteristics for some foreseeable outconmes at the
interimanalysis. So | would certainly like to
advocate, if the teanms cone to ne and ask for advice.
| always tell them so what is the interimdecision you
want to nake and please think in advance what exactly.
So for exanple, in a treatnment sel ection
design, you tell nme, yeah, we want to sel ect the best
dose. So what do you nmean by the best dose? You have
totell that to ne, right, because the DMC or whoever
t he decision-maker is will have the make the deci sions.

And if it's an independent DMC, quite |ikely
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they will have to make the decisions on our behalf, on
the responder’'s behalf. So nore inportantly, we wll

have to understand the operating characteristics. At
the same time -- and this will have to be communi cat ed
wi t h DMC.

But at the sane tine, it allows the DMC to
have the flexibility if unforeseen safety patterns cone
up, that they can read the bal ance, efficacy and safety
and, you know, nmke the right decision, so to speak.

So in that sense, | think | can agree to both of the
previ ous panelists.

DR. PRICE: Dr. Meurer, followed by Dr. Ashby.

DR. MEURER: When | was first looking at this
question, | thought that answer was quite sinple, in
short, which would be discuss the extent to which
conpl ex adaptive design should be pre-specified. And I
woul d say fully.

There is nuance to this. But | think, you
know, going to the |ast point, yes, data and safety --
an external data and safety nonitoring board does have
rights and obligations. But | guess the roadmap for

t he conpl ex adaptive trial and the algorithnms that are
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pre-specified, | would sort of challenge, you know -- |

t hi nk one of the things before was |ike we need to, you

know, sort of respect the Pls. You know, |I'ma PI
I"'ma clinician. [|I'mkind of dunb. | nean, like |
don’t know the -- you know, and | think this --

DR. BERRY: You're so hard on yourself.

DR. MEURER: But | think that if we have a
dunb question, we need to be told we have a dunb
question. And if we have a dunb way of fram ng things,
and that, you know, we have a | ot of other concerns
that aren’t encapsulated in our primry endpoint, then
maybe we need to have sone ot her endpoints so that we
can properly value those things in ternms of whether
they' re inportant safety outconmes or not.

So and | think, you know, potentially if this
was something like, you know, the consort statenent, it
woul d probably have simlar things, |like at |east for a
fixed design in terns of making sure all of those at
| east interimstopping rules are very pre-specified.

So I think pre-specification is inportant for
the transparency and the, you know, reproducibility of

the research. But that's not to say that data
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nmonitoring commttees shouldn’t have rights as well to
per haps do things that are pre-specified. But | think
that's different fromthe performance of the design and
the protocol as intended.

DR. ASHBY: Thank you. | nean, WIIliamjust
used the word that, to ne, is the absolutely guiding
principle here, which is transparency. That's what |I'm
nost concerned about. And so, in that context, | would
be very nmuch in favor of trying to pre-specify the
algorithm | think that has benefits when one's
working up the trial because it's only when you
actually pre-specify it that you really have those
conversations about what is the Pl trying to do, what's
the overriding goal, how are the statisticians
interpreting that, if you' ve got patient input.

|"ve had sonme very good input fromthose in
sone of these discussions. It may well be when the
trial is live that sone other characteristics happen as
well, and so that may change it. But it should be
compl etely transparent what was pre-specified, what
were the additional factors and why. And certainly --

and |'ve spent ny time on UK advisory conmmittees,
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Eur opean advisory commttees. What you want to know at
that stage is what was pre-specified, what else
happened and why? But it's got to be conpletely
transparent. And if you get that right, | think the
rest falls into place.

DR. PRICE: Dr. Lews, did you have your hand
up? And then we'll go to Dr. Goodman.

DR. LEWS: So this is a discussion that's
interesting that I was having yesterday at the Wellcone
Trust. We were discussing E6 and sone issues that have
to do with protocol anendnents.

And | think the concept of what is and is not
a protocol anmendnent is helpful in clarifying the
di scussion. When | state that a trial design should be
pre-specified, in my mnd that is the trial as you
intend to conduct it if nothing unexpected happens.

And that ought to be pre-specified, and it ought -- you
ought to be able to sinmulate it.

I f something comes up and the DMC sees a
safety signal that was unanticipated, there was
external information, which I know was excluded from

this discussion, and they, in their infinite wi sdom --
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| use that term guardedly. |'mon many DMCs -- chooses
to drop a dose or change an allocation reginen, that's
a protocol anendnent. That's a change from what you
pre-specified. And it needs to be reviewed through the
appropri ate nmechani sns assure that that anendnent, that
un-pre-specified change is appropriate fromscientific,
ethical and regul atory points of view.

So | think that we need to be very careful
about being clear when we tal k about things that you
m ght do partway through a trial to distinguish those
things that are pre-specified and are not protocol
anmendnment s versus those things that are post hoc
unanti ci pated changes that are nmaybe appropriate, but
need to be clearly identified as such.

DR. PRICE: Dr. Goodman?

DR. GOODMAN:  Thanks. That was -- that
elimnated 90 percent of what | had to say, and said a
ot of things I wouldn't have thought of saying.

The only thing I will add is that it's also
possi ble to explore through the initial sinulations the
effect of deviations fromthe witten protocol and

that's as inportant. So you can say, well, what
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happens if we don’t adapt on, you know, the
random zati on or what happens if the surrogate is not
i nformati ve about the final endpoint.

I mean, all of the sensitivity to the
assunptions can be explored. And in fact, many of the
operating characteristics, however we define them
frequenti st or Bayesian, are pretty resistant to, you
know, commonsense nodifications as you go al ong,
whet her they be uni ntended or even in response to
t hi ngs that you shoul d' ve predicted.

So |l think it's very inportant to build into
the pre-specification what happens if we're wong and
if we made different choices. And even you can do that
to sone extent ahead of time and find out that, you
know, things won't change that nmuch. And if they are
exqui sitely sensitive, you need to know that.

DR. PRICE: Dr. Chan, Dr. Meurer and then we
will nmove to question three very quickly before opening
up for public questions and answers.

DR. CHAN: Okay. Thank you. Just a couple
things to add. | think -- and | fully support sort of

in terms of, in the conplex design, do we really need

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 76
to pre-specify the general algorithms as a guideline
for the DSMB or independent review body to understand
how t he potential inplications. And a lot of tines
when we work with our DMCs, we try to mark up different
scenari os of what woul d've happened if the trial go
this way or that way, according to how the adaptation
rules were witten

And then when -- and the DMC will make their
reconmmendati on. But there are certain aspects that the
sponsor woul d have sonme additional information outside
fromthe protocol that could help the sponsors nmake a
deci sion after taking the recomrendati on fromthe DMC

So this is really critical, as nmuch as
possible, to let the DMC through the DMC charter or the
strategi c analysis plan specific to the adaptation
rul es.

So then -- and that goes with sonething that
we haven't really talk about, is the conmunication
aspect under Greg, in his slides, tal ked about the
i nportance of how you're going to maintain the
integrity and comruni cation and firewall, who actually

have access to the blinded -- un-blinded data and who's
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the DMC communi cating to the sponsor's personnel. So
those need to be sort of also pre-specified to really
ensure acceptance of the adaptive trials in the
scientific comunity.

DR. PRICE: Dr. Meurer?

DR. MEURER: One other thing that | forgot to
mention, one thing that one has to be careful about --
and again, | ama fan of transparency and openness.

But at tines, you may need to not have your enrolling
investigators in say like an un-blinded study with
multiple arms, there may be sone details of the

al gorithmthat need to be held back fromthem so that
they're not reading too nuch into they have three
people in a row in one treatnent.

Not that they should read too nmuch into that,
but that could be the transm ssion of information about
the algorithm in terns of like if it's response
adaptive random zations. That could lead to
operati onal biases and that should all be pre-
specified. But it may not need to be public. And we
do have one exanple of a trial where we know t hat

response adaptive random zation is occurring. But the
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enrolling investigators don’t know the precise ratio
that it can go to. But obviously the un-blinded
statistician knows that and has codified that prior to
the initiation in the study.

DR. PRICE: Thank you. So we were overly
anmbitious in our questions, which is a good thing,
whi ch neans we've had a | ot of discussion, and it's
been very informative.

We're going to be a little bit adaptive.

We're going to go to question three, but we're only

going to take two responses -- whoever feels nobst --

oh, wow. This is not going to work. | saw Dr. Harrel

and Dr. Enerson. So they’ll respond to question three.
We'll then nove to public questions and

answers. And we have a | ot nore discussion, so |I'm
sure you will have opportunities to speak as the day
goes on.

So question three: Bias and treatnment effect
estimation is currently |l ess well-studied that type one
error probability control in the context of conplex
adaptive designs. How inportant is the evaluation of

the properties appointed in interval estimtes? And

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 79
shoul d adjusted estimates be included in | abeling and
reporting of results? So Dr. Harrell first, followed
by Dr. Emerson.

DR. HARRELL: | want to just steal a nmonment to
celebrate two things. The first is |I've been on a | ot
of panels w thout enough gender diversity, and this is
not one of them

And the second thing to celebrate is we have
sitting, side-by-side each other, the incom ng
president of the Royal Statistical Society and the
i ncom ng president of the Anerican Statistical
Association. That's pretty darn cool.

So ny comment about this question is that when
you use a priority distribution for adapting or for
stopping or for your final evidence for efficacy and
you use that same priority distribution at getting the
posterior mean, the posterior nmean will give you the
right calibration for early stopping then other
adapt ati on.

So we know that if you stop early for
extrenmely high efficacy, the nean woul d be biased. The

posterior nmean will pull that to exactly the right
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t hi ng.

So if you don’t use Bayesi an net hods, Scott
Emer son has the best software for hel ping you derive
the incredibly conplex sanpling distributions if you're
doi ng a conpl ex design or just doing group sequenti al
designs. It's very conplex and it's hard to deal wth,
unli ke the Bayesi an posterior nean.

DR. PRICE: Dr. Enmerson?

DR. EMERSON: So | would not say what Frank
just said about nme. But the thing that | would say is
| do think, thinking about the Bayesian properties is
very, very inportant. But | don't believe you ever get
the right thing unless you take the popul ation of
priors. And so getting a population of priors is very,
very inportant, and | think that's an inportant thing
to | ook at.

| think it is very inportant to do this bias
adj ustnent. But very few people do it. And | have
sone guesses as to why it's not done that nuch. One
aspect is probably the regression to the nean of only
reporting these estimtes when the drug is approved

swanmps everything el se.
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And so, you know, there is this idea. But I
will just note that if you |ook at the nedical
literature, there is sone resistance of people to take
any sequential results. There's sonme papers out saying
if you stop early in a clinical trial, you get reversa
of your results nore often than not.

And | think that's wong. | think that if you
control for the P value that is stated, the sequenti al
trials with properly adjusted P values do better than a
fi xed-sanple study with just a P value, but just
realize that there is that aspect.

And then the last coment |I'd make is interval
estimates are of course very, very inportant if you're
going to go with the frequentist paradigmand you're
interested in non-inferiority and things |ike that.

And they shoul d be proper intervals.

But in the -- probably including it in the
| abeling, I'mgoing to nake the rash statenent that
this would make a material difference really only with
hazard ratios because al nost anything el se you did,
you'd give the raw data, and people would do their own

sinpl e anal yses using fixed-sanple results. So if you
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just give nme the proportion of, you know, people who
had response, people are going to quote those response
rates and not do the adjustnent. And |I'mnot going to
be in favor of withholding the raw data in this case.
So there's going to be a problem

DR PRICE: We will open the floor up now for
public questions and answers, or questions. |'m not
sure about the answers. Could | ask you to please give
your nane and affiliation?

AUDI ENCE Q&A

QUESTION: This is Qng Liu. | used to be at
DB1, FDA a while. And now, |I'm working for Am cus
Therapeutics on rare di sease.

Now | have three points to make. The first
one | think goes with any other designs with which we
follow the KISS principle, K-1-S-S -- keep it as sinple
as possi bl e.

We need to understand actually what it is
actually we're doing, you know, why do we need adaptive
design? Can we find any other approaches to solve the
probl enf? We have to focus on the ball, think about the

problem we're solving and then find a solution to the
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problem Maybe adaptive design is one of the approach
to solve the problem So that's ny nunber one.

Nunmber two, actually this is a responding to
many of the comments and di scussions that we -- you
know, any time we have a novel design, adaptive design,
we need to really have a inferential foundation to the
desi gn.

By that, | nean, for exanple, estimation. The
estimati on probl em has been solved for sinple two stage
adaptive design in 2002 in the JASA paper nme, M ke
Proschan and Gordon Pl edger. And that procedure has
been actually applied to many different other
situations. Now, so that's regarding estimtion.

Now, | read many papers by Scott Enmerson, and
he actually showed in one paper that, you know, there's
really not a whole lot of difference from Bayesi an and
the frequentist. | nmean, if you have a Bayesi an
design, you can actually, you know, do sone
transformati on and convert to a frequentist design and
Vi ce-versa.

So that doesn’t really actually hel p anything.

And | hate to say, actually, you know, Thomas behind nme
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from John Hopkins University, the wording for -- the
problem the fundanental problemin an enpiricist
approach. For exanple, if | have a sanple size of
three, | can do a T test, and I'm going to have al pha
val ue of 0.025, right? One-sided.

What about actually | increase the sanple size
to 1 mllion? 1| can still do an al pha test, 0.025. So
the problemis if you think about science, the |arger
the study -- assuming there's no other bias -- and
then, the probability of making any error should be
goes to zero.

So having said that, the right foundation for
clinical trial and the interest in general also for
adaptive design is really an evidential approach that
can actually include frequentist, Bayesian as well as
Ri chard Royall's |aw of |ikelihood as a special case.
That's has been actually devel oped, and |'ve yet
actually, you know, to nake nore public presentations.

Now, the |ast point | want to make is actually
integrity. And this is based on a real-world evidence,
meani ng a real-world experience, is that, you know, we

tal k about integrity, openness, transparency in terns
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of the process, | nmean, set up the DSMB and t he data
and everythi ng el se.

So what about actually one of the biases is
actually reporting bias. So renmenber, actually,
adaptive design can be a two-edged sword. So you
i ncrease the sanple size. You can drive the overal
statistical significance. But also it gives you the
ability to find out, ah-hah, there is a treatnent by
subgroup interaction where the subgroup is actually
meani ngful ly pre-specified.

Now, here is a question, that when this study
is reported, it's submtted to regulatory agency, |
mean -- well, because this treatnent by subgroup
interaction is not actually pre-specified in the | SAP,
in the agreed framework with the FDA, does the conpany
has the responsibility to say actually in fact we find
sonet hing el se? And al so, does the FDA should go
further to understand you know, well, | nean, there's
sonet hi ng el se negative about this drug, even though
the overall statistical significance is reached.

Now, the next question is that when the

conpany publish the result in nedical journal, should
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conpany di sclose the fact that there is a treatnment by
subgroup interaction. In fact, none of the group -- it
doesn’t seemto be there is any substantial evidence
for efficacy. That's it.

DR. PRICE: Thank you for the comments.
think in the essence of tinme, we'll nove to the next
person at the mc. Thank you.

QUESTION: Hi. Tom Louis, Johns Hopkins. A

couple, just two brief points, one on the nonitoring

plan. | think we have to ook at it relative to
history. | mean, O Brien-Flem ng nonitoring with
nothing else. [It's still advisory. | nean, it's not

as through you're | ocked in.

I think of all these as an aid to navigation,
if I can use a nautical anal ogy, and that we shoul d
study them and explore and be very detailed, as nmuch as
possi bl e, knowi ng that it's always just a navigati onal
ai d.

And t hen, another point having to do with
that, screen, as nuch as I'd |like to reduce the
prom nence of P values, I'd really like to route the

word bi as. It has such enobtional resonance. I'"'m al
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in favor of good estimates. | |ike nean squared error
smal | estimtes.

Any of you who have ever fit a regression
equati on and have stopped short of saturating the
nodel , heaven forbid, are fitting a biased nodel. So
let's get away fromthat enotionally |aden word and
tal k about estimates that are good either with nean
squared error or sonething el se that doesn’t just focus
on that one piece. Thank you.

DR. PRICE: Thank you, Dr. Louis. And the
speaker at the second mc?

QUESTION:  Yeah. H . |1'mRussell Ray (ph),
from Ocuvia (ph). | have a question. These designs
tend to be a little bit nore fragile than the fixed
designs. For instance, if you have a treatnment by
region interaction, that could affect your operating
characteristics, even in sinple cases of a sanple size
re-estimtion.

Is there any thoughts of how we can account
for that and how nuch we have to investigate those sort
of i1ssues that m ght cause the outbreak characteristics

to not be what we want it to be?
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DR. PRICE: Dr. Berry has a response.

DR. BERRY: Sure. So first of all, | think
the whol e idea of the adaptive design it's nuch | ess
fragile than the fixed design. Running a sanple size
to a fixed nunmber, getting to the end and sayi ng, oh,
shoot, | got the wong sanple size. | had these
i ssues, is much nore fragile than sonething that can
recogni ze it.

So there are threats to the trial sanple size,
the conclusions and it m ght be these various nui sance
aspects of it. And as you sinulate the trial and you
sinmul ate these different effects, you can see that, oh,
no, if I do this sanple size re-estimtion and |
actually have a large treatnment effect, ny sanple size
grows enornously because it m sestimtes the nui sance
parameter and you can see that as sinul ated.

So this incredibly thorough sinmulation and the
threats to failure typically bring about adaptive
t hi ngs and better adaptive things to prevent exactly
that for the whole purpose of it being nuch | ess
fragile than just going to a nunber and getting to the

end.
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DR. PRICE: Thank you. And our final conment
or question before heading to break?

QUESTION: Hi. M nane is Smta Asare. |'m
the executive director of the I-SPY trials operations.
And a couple of answers that | can give you for sonme of
your questions, one other thing is in adaptive trials,
whi ch is unusual or different fromyour regular trials,
is that the data has to be avail abl e now because you
are real -time assessing.

And | think a lot of people forget that data
is hard to get in a clinical trial, and you al ways have
to be thinking about your inputs and having a | ot of
control about those inputs.

In the 1-SPY trial, we do a lot with MR s,
pat hol ogy. We have real-tine data inputs with
recruitrment and one of the points | would like to say
is recruitnment has an effect also on your algorithm

If your recruitnment is slow and you don’t get
to those certain endpoints, it can have a big inpact on
your random zation algorithm So things to think about
is data, data collection, quality, review. W have

remote nonitoring on all of those data el enments, the
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number of the inputs and of course tine.

So your sinulations are great. It's just that
they also have to account for reality of the patients
comng into the trial. Thank you.

DR. BEITZ: Can | nmake one coment?

DR. PRICE: A final comment before we head to
br eak.

DR. BEITZ: Wat | find is that some conpanies
cone in and they don’t really have a stat analysis plan
at the time their protocol is in. And for the sake of
doi ng an adaptive design, | would argue that you really
need to see the stat analysis plan to make sense of the
whol e picture. That's ny little punchline.

MS. BENT: Okay. Thank you. So we're going
to nove to break now. We'll be back at 10:30. And for
t hose of you who have not ordered a |unch, please order
a lunch fromthe Sodexho kiosk if you're going to need
one because they need to prepare for that. Thank you.

(Wher eupon, the foregoing went off the record

at 10:15 a.m, and went back on the record at

10: 37 a.m)

DR. PRICEE W wll go ahead and get started
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Wi th session two. The format for session two will be
t he same as that of session one. However, the FDA
panelists will be rotating out throughout the day. So
| would ask ny two col |l eagues to introduce thensel ves
prior to Dr. LaVange begi nni ng.

DR. SRIDHARA: Hi. I'mRaji Sridhara. |I'm
the division director of Division of Bionetrics V. M
di vision covers all of oncol ogy hematol ogy products.
Thank you.

DR. BEITZ: M nane is Julie Beitz. 1'ma
director of Ofice of Drug Evaluation Il1l in FDA, CDER.

DR. PRICE: And our second presenter of the
day really needs no introduction, but I'Il give her a
bri ef one.

Dr. LaVange is professor and associate chair
of the Departnent of Biostatistics in the Gllings
School of Public Health at the University of North
Carolina at Chapel HiIl.

Many of you are well aware that prior to 2018,
Dr. LaVange was the director of the Ofice of
Bi ostatistics in CDER, and as Dr. Harrell nentioned,

she is our 2018 president of the Anerican Statistical
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Associ ati on.

So Dr. LaVange, w thout further ado?

SESSI ON | |1 : GENERAL CONSI DERATI ONS FOR OTHER | NNOVATI VE
DESI GNS | NCLUDI NG EXTERNAL/ HI STORI CAL CONTROL SUBJECTS,
BAYESI AN DESI GNS AND MASTER PROTOCOLS

PRESENTATI ON

DR. LAVANGE: Thank you very nuch. And | am
so excited to be back on canpus in spite of having to
go through security -- worse than the airport. No, and
|'"mvery excited that this neeting is taking place.

How do | start the slides? W can get the slides
goi ng. There we go, okay.

This neeting is the cul mnation of a couple
years of negotiation and work with our pharma and bio
col | eagues, and under the Prescription Drug User Fee
Act, number VI.

There is a project -- the conplex innovative
designs project, was part of the PDUFA VI negotiations.
It was a project that was proposed both by the FDA and
by the pharnmaceutical biotechnol ogy col |l eagues on the
ot her side of the table.

There was a great neeting of the mnds. A
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coupl e peopl e here today, G acie Lieberman, one, was
part of that background negotiation. And it -- the
PDUFA VI project also overlapped very nicely with the
comm tnent under the 21st Century Cures Act, which was
passed by Congress.

And the two together, both called for a public
meeting to discuss conplex innovative or novel trial
designs. And this neeting is in fulfillnment of that.
In addition, they both called for guidance work, and
"Il say sonmething about that in a mnute as well.

Partially to respond to Steve asking why we're
dropping the word conplex in, in front of adaptive, the
project is actually conplex innovative design, of which
conpl ex adaptive designs, but other designs as well are
consi dered a part.

And for purposes of the PDUFA negotiation, we
defined fairly sinply that anything that required
sinmul ations basically was conplex. Anything that
didn’t have a sinple analytical derivation for
hypot hesis testing or sone other way of making
inference. Now that's obviously a sinplistic

definition, but it, you know, helped further their
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negoti ati ons.

And in addition to the public nmeeting which
we' re having today, the guidance conmtnents, there's
al so a pilot program which you'll hear about this
afternoon, which is a very exciting part of the
program

So as nmentioned, the conplex innovative
designs, we broke into two buckets, one, adaptive
designs that nmay be conplex. Not all adaptive designs
are, as was pointed out, because they're either
adapting on nmultiple factors or they require
sinmulations to determine their operating
characteristics, which as Frank Harrell pointed out,
could mean a nunber of things, not just type one error.

And there could be other reasons why the
adaptive designs are conplex, but certainly al
adaptive designs are not conpl ex.

The session we just had this norning, |
consi der that a warnup session, not very controversial.
Everybody was very polite. So with this session, we'l
get into the nore controversial topics, and |'m

expecting a lively discussion. 1'll be disappointed if
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we don’t have one.

Il will just say one thing about the conpl ex
adaptive designs. The FDA CDER and CBER issued a
gui dance in 2010 on adaptive designs, in partial
fulfillnment of both the PDUFA VI and 21st Century Cures
Act. The adaptive design gui dance has been revised
instead of being finalized in its current form It was
revised to make it a little bit nore clear what was
expected of sponsors when they had a conpl ex design.

And this was done by putting the principles to
gui de any adaptive design into the guidance rather than
tal king about this design's okay. This design's not
okay. And that guidance is in clearance. Geg Levin
presented on it this norning. He's one of the primary
authors of it, as is John Scott, who is in -- will be
presenting this afternoon on sinulations.

So this session is on other designs. They may
or may not be adaptive, but they're conplex for another
reason. And there are lots of different types of
conmpl ex designs that we consider under this rubric of
conpl ex innovative designs.

They m ght be conpl ex because they're
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| everagi ng external data sources for one reason or
another. Could be a control group, could be a natural
hi story study to informyour analytic nodel. They
m ght be conpl ex because they want to use anot her
criteria, or they use another criteria for decision-
maki ng.

They m ght base interim adaptive decisions on
probabilities of future success with another endpoint,
for exanple. O they m ght be conpl ex because they
i nvol ve col | aborative efforts, novel ways of sharing
data in sonething that m ght be called a naster
pr ot ocol .

So I'lI'l just roughly touch on each of these
three types to get the conversation started. But they
-- this is not in any way neant to be an exhaustive
list of conplex designs. There's many ot her ways you
can go into conpl ex designs.

And al so, just the purpose of this discussion
is to advise the FDA, to let the FDA hear from
sponsors, academ cs, other governnent regul ators about
the different ways to approach conpl ex designs, not

necessarily to endorse or not endorse any of the
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exanpl es that |I'm about to use.

So why woul d you even need to i nnovate? Well,
you m ght want to innovate because you've got a very
restricted popul ation size.

We had a nmeeting yesterday on rare di seases,
anot her public neeting which was just a terrific
meeti ng where people tal ked about ways that we can
facilitate and accel erate drug devel opnent in even
very, very rare di seases where patients are such a
scare commodity, or a scare resource.

You m ght need to innovate because you want to
try to inprove the decision-making during a trial to
get an answer sooner or to quit the trial sooner if
t hings are not | ooking good, and do this in a
conplicated way by predicting probabilities of success,
for exanple. You m ght want to innovate because you
want to optim ze product devel opnent by getting
sponsors to put their data together.

But -- and this is consistent with what Roger
Lewis said in the first session, that the real reason
to innovate is to make sure you get the answer to the

guestion you're seeking. It's pretty -- it's not
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desirable ever to finish a trial and not have an
answer .

And then why the need for FDA gui dance? Well,
the idea of adding to the guidance is to better
understand if CDER and CBER, CBER being a sign-on to
our 2010 gui dance, whether CDER or CBER accept
i nnovative designs, what innovative designs are
accepted, how do they base that acceptance to better
understand if you are running a conplex design, how you
submt that design, if it involves sinulations, how you
interact with the agency, what about the sinulations
needs to be submtted to the agency. That's the topic
of session three.

And then finally, to try and ensure
consi stency of the advice that's given by FDA and the
acceptance by FDA of conplex trials across the
t herapeutic area, sonething that FDA is sonetines
criticized for.

So I'Il just take the three areas that |
menti oned as exanples, the first being rare di seases.
And really this is nore or less a recap of things that

happened at the public neeting or discussed at the
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public neeting yesterday.

But in rare diseases, when | was at the
agency, even before | cane to the agency, | worked in
rare diseases. There's an interest in several things
to accel erate drug devel opment there.

One is the use of patient registries or
natural history studies, which may exist in rare
di seases sinply because the disease is rare. |It's
often easier to build a nore conprehensive patient
registry. And those are rich data sources that can
informa trial design and possibly even contribute data
to the trial when you can't recruit enough patients to
have a fully powered, random zed trial that you'd |ike
to have.

Al so there m ght be interest in borrow ng
information fromearlier trials of the sane drug or
trials of simlar drugs in the sanme class or with
sim |l ar nmechanisns of action. This could be, for
exanmpl e, borrowi ng control data from an earlier phase
trial in the sane drug to supplenent the recruitnment
that you're able to get in your later trial.

There may be information on di sease prevention
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froma natural history study that you could use to
i nprove your analytical nodel. ['Il allude to an
exanmple of that in a few slides.

There mght -- as |I've already nentioned,

m ght be prior information fromearlier trials, maybe
not just the control arm but maybe the treatnent
effect itself. |Is there information you could borrow
in a formal Bayesian way, for exanple, to help with the
power in a trial if you' re not able to recruit enough
patients to give you adequate power.

And then finally are there ways to work with
the heterogeneity that's so inherent in many rare
di seases and | ook at endpoints that sonmehow maxim ze
the power in the presence of this disease
het er ogenei ty.

So, and I'lIl give an exanple where this was a
recent approval of Brineura in a very rare form of
Batten di sease. This is the announcenent of the
approval. It was a very rare disease. The sponsor was
able to run a single run trial. Mich collaboration and
back-and-forth with the FDA statistical review team and

clinical reviewers about how to get the information
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needed to go in the | abel.

And the | abel of the drug pictured here
actually has conparison of the primry endpoint, and
this is a tine-to-event endpoint for probability of no
decline in notor function. And it's conpared to an
external data source, a patient registry, which is
fairly unusual for the agency to take this as evidence
for approval, and then al so describe the effectiveness
wei ght in the | abel.

So this is an exanple to show that we do have
-- okay, first of all, it's not we. |I'mnot here
anynmore. This is just an exanple to show that FDA does
-- is accepting of innovation. This was an extrenely
rare di sease that canme through Julie Beitz's Ofice of
Drug Eval uati on.

Al right. The second bucket, Bayesi an
applications. Wy would the agency ever want to go
Bayesi an? Well, there have been a nunber of proposals
made to the agency or discussions within the agency,
things we're on record as accepting or at | east
considering. A lot of applications in the area of

safety data, and this m ght seem natural because safety
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data accunul ate over the lifespan of the drug, and
updating the informati on about risk is sonething that
can be done fairly nicely with Bayesi an net hods.

One exanple | cite here is the interest in
using existing control patients for |arge
cardi ovascul ar risk studies to just nake nore efficient
use of the high risk patients that are required in
t hose studi es.

And anot her exanpl e of course in oncol ogy,
early phase dose finding m ght use Bayesi an net hods,
Sone continuous reassessnent nethods enpl oy Bayesi an
met hods, as well| as Bayesi an adaptive trials that m ght
base an interim decision on an accel erated endpoi nt
such as tunor shrinkage or progression-free survival,
for exanple, or response, to basically see if that
treatnment effect can predict the treatnent effect on
the clinical endpoint, which is usually nortality. So
an adaptation m ght take place based on a Bayesi an
cal cul ation of the predicted probability of success on
t he ot her endpoi nt.

And then |'ve already nentioned rare diseases.

There's many innovations in rare diseases that are
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frequentist. There's also innovations that are
Bayesi an. The exanple | just gave you was a
frequenti st nodel - based anal ysis with external
controls. There' ve been other proposals to incorporate
prior information fromearly trials for rare di seases.
There m ght be a use for the informtion about disease
progression in the analytical nodel. |[|'ve already
menti oned both of those.

A third possibility is using shrinkage
estimators, sonme kind of enpirical base estimator in a
rare subset, maybe a rare genotype of a di sease, where
you woul d never be able to get enough patients in your
trial to estimate an effect in that subtype with just
those patients alone. So sone type of borrowing is
usual |y needed.

And then, a very good exanple that was tal ked
about in the rare di sease neeting yesterday, borrow ng
data fromadult trials to help you reduce the nunber of
children you need to study in your pediatric trials,
sonmet hi ng the FDA has tal ked about publicly and has a
case study for that was presented |ast year in a

pedi atric neeting.
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And then, | have an exanple of a Bayesian
adaptive trial. This was a trial in septic shock. It
was a Phase II1/111 trial that had planned enrollnent to
| ook at any of four doses, try to find the -- try to
optim ze the dose to take into the Phase IIl trial,
then run the Phase IIl trial and the final analysis

i ncorporated data, all of the data, on the drug that
was under study.

And this was a fairly innovative design. It
i ncl uded adaptive random zation. It included adaptive
interimdecisions based on predicted probabilities of
success, and it also had the option to end the study
for futility as well.

And then the third bucket is the
col l aboration. So collaborative efforts that would be
consi dered i nnovative, | group these under the rubric
of master protocol, but there are many types. The
general idea is that you study multiple diseases,
mul ti pl e pati ent subgroups that are biomarker-defined
and/ or nmultiple therapies under one overarching
pr ot ocol .

We've actually heard from the audi ence about
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| -SPY 2, which was really a screening trial to come up
with the best treatnment in different genotypes of
adj uvant breast cancer. The Lung-MAP trial, another
exanpl e on the other end of the spectrum this was
setup to give confirmatory evidence of drugs running in
paral |l el under the same protocol but firewall ed agai nst
each other and not conpared to each other.

The DIAN-TU trial in a rare genetic subtype of
Al zhei nmer' s di sease, a very innovative, collaborative
trial with nultiple sponsors contributing their drugs,
| ooking at this rare di sease and use of shared control
pati ents anong the sort of sub-trials in that, as well
as use of a natural history study to informthe
anal yti c nodel .

And then, finally, the ADAPT master protocol
for drug-resistant pathogens and the devel opnent of
anti bacterials, which is hoping to get sponsors to
contribute drugs so that some efficient use of patients
can be made.

Basically or briefly in master protocols,
there's opportunities to i nnovate when you setup the

trial infrastructure. There's also opportunities to
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i nnovate in devel opi ng a conmon protocol and there's
many advant ages, including comon screening platforns,
that identify biomarker profiles and then nove patients
to the appropriate random zation arns.

The ki nds of conplex innovative designs that
we can see in these protocols m ght involve adaptive
random zation or adaptive enrichnment. They may invol ve
use of external and historical control data, possibly
in conjunction with concurrent controls, so that both
control data sources are conbined for the primry
conpari sons, possibly sharing control group across
protocols or across sub-trials within a naster protoco
if it mkes sense for the biomarker categories being
studi ed and then possi bly nodel - based anal ysi s net hods,
hi erarchi cal - based nodel s | ooki ng at subgroups, tunor
types and so forth.

And this is an article that Dr. Wodcock, the
CDER Center director and I, wote on master protocols.
Raji Sridhara, on our panel, has worked with many
mast er protocols in oncology, and she and | both worked
on the Lung- MAP master protocol

FDA has conme out fairly openly endorsing the
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use of these collaborative effort, seeing them as an
efficient way to use patient resources and also really
possibly the only way to go as precision nedicine gets
nore and nore precise. |It's just going to becone
harder and harder, we believe, to run standal one
progranms in sone of these di sease areas.

And then | haven't -- in addition to all the
examples | just nmentioned, FDA worked very closely with
our colleagues in NIAID on an Ebola platformtrial. It
went off with only one drug, but it was setup to have
mul tiple drugs if they were avail abl e.

There was a reason to go to nmamster protocols,
a concern in dealing with this epidem c that the drugs
t hat were available would be in a very limted supply.
We needed to | ook frequently at the results, basically
| ooking after every pair of patients to see if we could
st op.

And the epidemc nicely went away before the
trial made it. Dionne Price, who's noderating today,
was one of the key authors and worked with M chae
Proschan and Lori Dodd at NI AID on the design. It is a

Bayesi an adaptive trial, as | nmentioned, with frequent
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| ooks at the data. It used a non-informative prior, so
it's been called barely Bayesi an.

And | will say interestingly, if you Google
this trial, it's called Prevail 1l. The trial ended
with a posterior -- it stopped early, | think 72
patients. There was a posterior probability that the
drug ZMapp was superior to the control. So it was the
ZMapp plus standard of care contribute -- being
superior to the standard of care.

The posterior probability | think was about
91.2. But if you look at the way the trial was
announced, in al nost every public announcenent the
result was given as not statistically significant, did
not reach statistical significance.

So this was a case where you pre-specified the
analysis in terns of a posterior probability. But
sonmehow t he announcenents always turned it back to
relative statistical significance, which |I thought was
interesting. But anyway, it's an exanple of a conplex
trial.

So those are exanples. There's nmany ot her

ways to be conplex. The topic for today is whether --
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not whet her, but given that FDA under PDUFA VI and the
21st Century Cures Act is accepting of innovating trial
desi gns, what types of these trial designs does the
panel think would facilitate the advancenent of drug
devel opnent, particularly in areas of unnmet need.
cite two here, rare diseases, antim crobial agents
where we're desperately trying to encourage nore drugs
that are good to be devel oped.

And then second, what factors inpact the
percei ved acceptability of innovative designs. There's
a | ot of "anecdotal evidence", quote, unquote, out
t here about what FDA will or won't accept. And it's of
interest to us to hear how we can get a nobre consi stent
message out -- not we again, FDA.

And third, are there other outreach or
research activities, areas for collaboration that m ght
further advance the use and acceptance of these
exampl es that | gave, but also other innovative
designs, with the comon goal in mnd that the idea is
to make drug devel opnment better

So with that, we have two distingui shed

panelists who will react. The first is Roger Lew s,
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who's already introduced hinself, and follow ng Roger
is Frank Harrell.

DI SCUSSI ON

DR. LEWS: Thank you very nmuch. 1've decided
to organize ny initial conments according to each of
the three questions, so the first question about what
type of innovative trial designs which facilitate
advancenent .

In my mnd, the key is the matching of the
design to this scenario, again addressing what the true
threats to success are in the devel opnent scenario or
domain. | think we need to address these threats and
focus again on getting the right answer to the
question, either to informregul atory deci sion-nmaki ng
or clinical adoption of the therapy being investigated.

So to drive this, | believe that we need two
thing. We need a catalog of options that are
relatively small Swi ss Arnmy knives that can be used in
scenari os that commonly cone up, threats, unknown rates
of enrollnment, endpoints, those sorts of things.

But we also need to have an explicit room for

creativity when the relatively better understood of the
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conpl ex designs actually don’t address the real threats
to success or the program And there need to be sone
guardrails around that creativity, many of which were
al ready discussed. But | think they include the need
for rigorous pre-specification of the design, if we're
tal ki ng about a confirmatory space.

And the sinulations that are used to eval uate
t he performance of that pre-specified design need to be
realistic. They need to consider things |ike m ssing
data, tinme to information, potential bias, secular
trends, differences by sites and then also sensitivity
of the design to violations of various assunptions,
very simlar to what Dr. Goodnman pointed out.

| think we need to be explicit in the fact
that there are always tradeoffs that nust be made in
desi gn decisions and all ow for weaker performance in
areas that are less inportant to drive the ulti mte use
of the data and therefore not allow, for exanple,
concern over in some settings, inflammation of type one
error rate or concerns over bias and estimation trunp
really inportant advantages that can be obtai ned

t hrough adaptation that are nore inportant in this
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specific setting.

So we need to be transparent about where we're
maki ng conproni ses in our designs, and what it is that
is driving those conprom ses in ternms of inproved
performance in other areas that are nore inportant.

Secondly, believe it or not, this is the
second point, | think we need to allow the explicit
sharing of information anong subgroups. The point was
made about a rare di sease subtype where you nay never
have enough information in that cell and you nmay want
to borrow information, for exanple, using a Bayesian
hi erarchi cal nodel

| think there are many nore situations in
which we often think we have enough information,
whereas if you use a shrinkage-based estimte, which
think is actually a better estimate, you find out that
that can qualitatively affect the decision you m ght be
able to draw.

And | think we need to further devel op
experi ence, both from a design point of view and a
regul atory point of viewwith the interpretation of

estinmates that are from hi erarchi cal npdel s.
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And lastly for this question, I think the
point that Dr. Harrell nade about endpoints is really
critically inmportant. We need to show greater
flexibility in identifying endpoints that are both
informative and capture what's inportant to patients
and their famlies.

I think there is a trenmendous inertia based on
approved regul atory endpoints that is really stifling
and that we need to consider both endpoints that can be
nmore rapidly informative and therefore help drive
efficient adaptive design, but also frankly drive final
deci si on-maki ng. That was my noncontroversial comment.

For question two, and | may have been a little
sl eep-deprived when | wote down ny thoughts here, what
factors inpact the perceived acceptance of innovative
desi gns?

Well, nmy first two were precedent and runor.
There, precedent | think is self-explanatory. The
nunmber of comments | hear about what the FDA definitely
wi ||l not accept that has never been stated by anybody
who actually hasn’t been enployed or fornmerly enpl oyed

by the FDA, is just phenonenal. And | think it's
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interesting for us to consider what are the actual
human factors or organizational pathology that drives
the incessant repeating of these runors.

First, my next line | wote the reliance on
dat a-free opinions of regulatory affairs specialists.
It is amazing to nme how a teamthat is working
extrenmely hard to cone up with a good design can be
shut down by a regulatory affairs consultant who sinmply
says, based on no information whatsoever, the FDA w ||
never accept that, and then the team says, okay, we're
done.

And if we could do sonething to corral those
people or hold themto some evidentiary standard, |
t hi nk that would be very useful. | wll never be
enpl oyed by anybody who works in that area.

| think a real issue is the variability of

review groups within the agency and disincentives to be

flexible within the agency. It is my opinion that --
or nmy inpression, | should say, that the statisticians
working at the front line within the agency are very

limted in the time that they have available to

under st and conpl ex designs.
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And that leads to a risk, or a perceived ri sk,
in the sense that it's easier to resist a conplex
desi gn when you really haven’t had the tine to truly
understand it. And | think we need to find some way to
support regul atory professionals so they have a tine to
do their job well when their job is necessarily nore
conplex than it m ght otherw se be.

I think another disincentive is a |ack of
skill and experience of statistical personnel in
academ a and industry and within the agency. | think
there is a need for a general effort to increase the
availability of software that allows one to sinulate
slightly nore conpl ex designs so people start to
under stand what affects the perfornmance.

And | do think that within industry there is a
di sincentive to be innovative. And this was explai ned
to me by a statistician who I will not name, who
basically said | don't really think this drug is likely
to be very good. So if | design an innovative design
that m ght actually give it a better chance of success
and it fails because the drug's a dud, ny design wll

be blamed and ny job is at risk. But if |I do exactly
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the last three failed trials that we've done and the
drug fails, my job is secure. And so, | think we need
to understand sone of the organizational incentives
that exist within industry.

For question three, are there additional
outreach or research activities that m ght further
advance the use of these designs, | just want to
endorse the point that these collaborative efforts,
often driven by patient advocacy groups to design
platformtrials to focus on finding the nost effective
treatment for a disease as opposed to exquisitely
pi nni ng down the treatnent effect of each individual
therapy, | think that's a key thing that we need to
enphasi ze and support.

And then finally, as | nentioned earlier, |
think that if we subjected our traditional designs to
the same | evel of scrutiny and sinulation that we do
for conplex designs, we would | earn sone things about
the limtations or |ack of pre-specification of
traditional designs.

The one that junps out at ne is how often

see a trial that uses an O Brien-Flenm ng stopping rule
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and there's nothing in the SAP t

or m ssing data or whether or not they ve worried at
all about what the DSMB is going to do if they're just
close to the stopping boundary on either side, by the
way, or not. And if we require the sane |evel of pre-
specification there, we would be setting a nore equal

playing field for traditional and conplex innovative

designs. Thank you.

DR. HARRELL: Well, those were phenonenal
comrents. My coments are not nearly as interesting

and they're nore focused on purely statistical things.

But | want to start w

hypot hesis is that Bayesi an deci

skeptical priors will ultimtely be shown to work
better than using historical data. And the Ebola trial

nm ght be a case study in that, and I would like to see

sonebody test that hypothesis.
So if you're going to

information, there are a nunber

tend to be nore skeptical about

the average person is. And I'm

when control data only are borrowed and just want to

Page 117

hat tal ks about overrun

th a hypothesis. The

si on- maki ng usi ng

be borrow ng
of concerns. And |
hi storical data than

especi al ly skepti cal
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make a note in passing that anytime you're borrow ng
hi storical data for a control, it has to be covari ate-
adjusted. To get the average for the control fromthe
hi storical data is irrelevant. It has to be conpletely
covari at e- adj ust ed.

So if you're going to borrow information,
there's various approaches to doing it, and | favor the
m xture of priors approach, which is called dynam c
borrowing. But | think that's a really bad nane
because you're setting the ampunt of borrow ng upfront
by the m xi ng proportion.

And this approach has a | ot of advantages.
It's only dynamic in the sense that when you're done
with the study, you can get the posterior probability
that the underlying treatnent efficacy is comng from
whi ch source of the prior. So you can solve for that
after the fact. But otherw se, you're just setting how
much borrow ng to do.

And there's advantages in the interpretation
because the anount of borrow ng, or the m xing
proportion -- you're mxing say a skeptical prior that

you woul d make a study stand on its own with versus
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hi storical data where it mght be an optim stic result
fromadults that you want to use partially for Kkids.

The m xing proportion is the probability of
applicability of the adult data. So you have a very
natural way to state that and interpret it. And you
can actually elicit that, not only as just a single
number, but you could get a whole distribution of
applicability froma variety of experts and factor that
in when you're calculating the posterior. So there are
a lot of issues in ternms of borrow ng.

| also want to nention that if you're
borrowi ng, there's no alternative to Bayes. W just
don’t have the machinery in the frequentist world to
handl e borrowi ng, and so Bayes really becones
necessary.

| want to turn to another sort of conplexity,
which is actually sinple, but nost people think it's
conplex, which is fully sequential designs. That's
sonet hing that hasn’t been nentioned yet. And we don’t
ever see them done except in sequential response-
adaptive random zation, |like the classic ECMO tri al

But |' m speaki ng of sequential non-adaptive trials.
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So if you think about the last tinme you' ve
wor ked on a sanple sized calculation, if you' ve ever
done a sanpl e size calculation, you knowit's not
science. You know it's voodoo nuch nore than science,
and you know it's based on making up things.

And Davi d Spi egel halter has witten about this
very eloquently, that when you' re doing a power
calculation, if it uses unobservables, you're making a
| ot of problens for yourself and you' re usually com ng
up with a very unrealistic power calculation

So he and others show how to do Bayesi an power
cal cul ations that don’t use any unobservabl es, and you
don’t assunme a point for the effect, but you assune a
whol e prior distribution for the efficacy that you
don’t know.

But once you get into the fully sequenti al
ganme, you can get past all of the voodoo and you can be
li ke a physicist. So physicists say we're going to
stop experinenti ng when we have the answer. And so,
with the Bayesian world, the final answer that you get
all ows you to ignore all previous answers that you had

al ong the way.
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So all the previous posterior probabilities
t hat cal cul ated one person ago, three persons ago, four
nmont hs ago, they're all forgettable, and then you get
your final posterior distribution. So there's no way
nor means to factor in the stopping rule or the
schedul e of [ ooks in the data.

So this allows you to | ook after every patient
or | ook every week or every day, doesn’'t matter.
There's no type one error to inflate. There's nothing
that gets nmessed up with the posterior probability.

Soif -- to nme, if sponsors could get into
i ncrenental budgeting, you could be doing increnental
trials all the tinme and not assum ng that you have sone
real notion of what the efficacy is that you don’t want
to mss. So | see tremendous bang for the buck in
fully sequential studies.

The |l ast comment | wanted to make is about the
simulation. | don’t think the sinmulations, if you're
sinmul ating type one error, can ever know all of the
things that you need to know to accurately estimte the
type one error. | think it's futile.

A recent blog by WIliam Briggs discusses the
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| ady tasting tea experinent, the fanmobus one by Fisher.
And he questions that you can actually calculate a P
value fromthe data only given what Fisher gives us
about the way the data were presented to the | ady and
not knowi ng what the stopping rule was. You m ght not
even be able to calculate a P value at all.

And so the idea that you can know the
intentions of the investigators when you're witing the
code, as Roger tal ks about, the code needs to have
everything you know about. But you have to know the
intentions of the investigator. And the chance of your
knowi ng enough of that to wite accurate code is very,
very low. And so, to nme that's a futile exercise,
al though you can get in the right ballpark. 1 wll
grant you that.

If on the other hand, you're sinulation's
gi ving you Bayesi an power, such as the probability that
the credible interval will be somewhere or the
probability that the posterior probability will ever
exceed 0.95 for efficacy or 0.8 for harmor 0.9 for
simlarity, those are the sort of things you can

sinulate really easily w thout hidden assunptions.
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And that really changes the way we think about
t he probl em because the probabilities that you're
sinmulating are prediction node probabilities. Based on
what you know, we're trying to predict what we don’t
know, whereas in the frequentist world, you' re assum ng
what you not only don’t currently know, but you can
never know, which is that the null hypothesis is true
or the alternatives is true with a 20 percent effect
size. The Bayesians really wouldn’t have nuch to do
with that way of thinking.
PANEL DI SCUSSI ON

DR. PRICE: Thank you. So we will nove to
gquestion one. But we'll be sonewhat adaptive again.
So if you would like to respond to question one or
respond to Doctors Lewis or Harrell, please let us
know.

And we have a suggestion to try a different

method. So we will try this for this session and see
how it goes. Instead of notifying Robyn and I, if you
could just place your tent up, we will call on you,

your tent card. So | see Dr. Enerson's tent card.

DR. EMERSON: So | appreciated the coments
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fromboth the speakers. And the things that | would
just like to really applaud is Frank tal king about the
true Bayesi an nmeasures rather than sonething that |
don’t think has very good foundations, which is
predicting -- using Bayesian statistics to predict the
frequentist result.

You know, what | want to do is | want to get
t he Bayesian inference fromthat. And then, to nme, the
the strength of the Bayesian approach is -- and this
|"mgoing to go out on a |linb and state, is that
whenever you're borrowing information from anot her data
set, it better be Bayesi an.

| mean it's very inportant to incorporate your

uncertainty in all of this, and that does far better

than sone of the neasures that will just use a point
estimate and try to advertise -- average that in.
I will say that in the rare disease thing that

| am very nervous about, which is people hiding behind,
oh, this is a rare disease and we can't get enough
patients.

And I'Il just note exanples in the not too

di stant past where one conpany presented a | arge
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clinical trial in the exact sane disease and couldn’t
get approval. And another conpany followed with a much
small clinical trial later and was able to invoke it
was a rare disease, you know, 12 versus hundreds of
patients.

And so, there will always be the notivation to
say we have to go to this data. But | think the
comments that were made about needing to really pull in
all of the data, not selective data, is very inportant
to do that.

That the sinulations that are done, which
those sinulations again are not really in the Bayesian
probability space. They're really in a frequenti st
probability space. But they're useful. You need to
know that as a very inportant aspect to do. And then,
| think the sinmulations that you do are fairly
conpr ehensi ve and are far nore conprehensive than a | ot
of the frequentist approach.

Roger's coment about if you |look at a fixed
sanpl e design that's often done by assum ng
proportional hazards, no tine varying treatnment effect

and things like that, it's not very robust. You've got
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to nodel sonething that's outside that range. And | --
fromwhat |'ve seen of the sinulations you do, you're
far better at incorporating |ots of different
probability nodels than we tend to do with a standard
frequenti st design.

DR. PRI CE: Dr. Goodman?

DR. GOODMAN: A few things. First, you know,
| think it's definitely an advance that, you know, we
get the acceptance of -- particularly in real rare
di seases, of information from other sources that we
m ght not otherw se have used in the past.

On the other hand, we have to keep our eye on
the ball, which is we want to get to the truth. And
t he people at the FDA know better than anybody how
enrollnment in a clinical trial should be actually an
approved therapy because it cures so nany peopl e.

And it's very, very possible in that one, in
Batten di sease, that if you actually could get kids --
if that was kids or adults, | actually don't know
Batten disease -- enrolled in the trial, you would not
see the sane fate as you saw in the historical contro

group, and you know that. But if you can't get them
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you can't get them and you don't want to never approve
dr ugs.

But | think the kinds of activities that could
done to buttress these sorts of approved designs is one
of two things. First of all, to do maybe as exhaustive
net a-research as you can, |ooking at the fate of
control groups or registry prognosis versus the
prognosis in control groups of clinical trials. So
just see a priori how different that often is and how
reliable this can be.

Of course, you always end up arguing it in
each particular case. But it's very useful to have
that on a systematic basis. But perhaps as val uabl e,
and certainly this is gotten a lot of attention in the
saf ety real mwhere there's been a lot of, you know, ink
spilled on |ifecycle approaches where you're | ooking at
safety as it cones in over the lifecycle of the drug,
even after approval.

In this case, you're actually not sure about
efficacy, not just safety. That's what's nore unusual
And if there's any way to continually nonitor the

| andscape and | ook at the natural history -- the,
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guote, unquote, "natural history" of the di sease on or
off the drug and see how that has evolved, it would
i nfformyou both about that drug, but also informyou
about the future, about using these sorts of control
groups because while it's great that the FDA' s
approvi ng these sorts of designs in areas of speci al
need, it doesn't necessarily -- you don't know
actual ly.

They don't escape the |laws that we've | earned
for other diseases. That is, these decisions could be
wrong, which is not to say they didn't use the right
approach. But they could be wong, and they could be
wrong at an unacceptabl e frequency.

So the nore we can | earn prospectively about
- with the experience about the accuracy of these
judgnents, the better. | had sonething else, but I
actually forgot it right now I'Il conme back to you if
| remenber it.

DR. PRI CE: Dr. Chan?

DR. CHAN: | just have a couple coments to
add too. There's lots of discussion already in terns

of the types of innovative trial design that we really
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need.

One is obviously we tal ked a | ot about the
rare disease area in terns of borrow ng data from
whet her it's registry of other types of study. But |
t hi nk the same nmechani sm woul d al so apply when we are
studying a new -- maybe studying a new patient
popul ation or a new conpound where we m ght have Phase
| data. And when we are going into Phase IIl, |ooking
at the proof of concept, how can we incorporate the
prior trial's data into the decision-mking at all.

| know in a | ot of conpanies are already
trying to do those kind of incorporating the data into
t he decision-making. So the framework with the
hi storical borrowing definitely is something that is
really worth a try.

Actually, 1'd like to see nore maybe in the
confirmatory arena, how the historical data borrow ng
can be done because that involves a | ot about how do
you wei ght the control data versus the concurrent data.
And we talked a little bit about the master protocol
exanpl e when you have several new treatnents being

introduced into the trial, but naybe over tine, over a
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l ength of a year or two, and how do you consi der those

ki nd of control data when you -- in the first period of
the trial versus the |last period of the trial. And
sone of those are a nore conplicated issue. | think

those are the things we need to spend a bit nore tine.

The other part is the biomarker. | know here
in the drug maybe really nore specific. W talk about
preci sion nmedi ci nes, but using the biomarker guide in
treatnment trial designs, | think those would al so
involved a | ot of adaptation potentially and could
potentially change the estimte during the course of
the trial. So that would require nore the conpl ex
sinmulation to help us to understand what's the
i nmplication, difference scenario primarily.

So those are the two types | can think of that
woul d be really critical to study a little bit nore of
the potential. Thank you.

DR. PRICE: W'Ill go back to Dr. Goodman, who
remenbered his third point.

DR. GOODMAN:  Yeabh.

DR. PRICE: And I'll just rem nd everyone when

speaki ng, please lean into the mc so our audi ence can
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hear us all. Thank you.

DR. GOODMAN: Yeah. So we all lean in.
Everybody | eans in. Ckay.

So this is actually just to anplify a point
made by Roger, which is the inmportance of communicating
priorities that are appreciated by the | eaders to al
the different review groups.

"Il just give a little anecdote of ny own
experience. Now, this is a long tine ago, and |
recognize it's a conplex organi zation. But there was a
conpany that was devel opi ng a di agnostic device. They
proposed that -- they were in oncol ogy products and
they were told their trial was unacceptable. And they
were literally told to consult with ne. | don't know
why. So they did.

We redesigned it, and all the comments were
right. They were very insightful. They were right.

We redesigned the trial. It was shifted over to

anot her group not within oncology, and not only -- and

in the second group, we were told that the new design,

whi ch was exactly with the prior group had been -- told

us to use, was unacceptabl e.
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They used new i deas that they weren't ready
for, like predictive value. The review groups had
never used predictive value before, and they wanted to
see it in terms of sensitivity and specificity. 1'1lI
just leave it there. And ultimately, the trial that
FDA itself had internally recommended was turned down.

So these can occur anong the | eadership. But
| think the organi zational challenge is how you get --
and | think Roger said this, how you get this
under stood by review groups who are the affected
deci si on- makers.

And we're tal king about |evels of
sophi stication here, one, two, maybe three | evels above
where they m ght have been operating, you know, above
their confort level. And | think this is no small task
for a organization as conplex as this. So that's a
task for the agency.

You know, whatever's deci ded here, you know,
that has to penetrate down, or if it's outside of their
confort level, there has to be procedures internally,
and maybe you' ve devel oped these. | don't know, where

it's kicked up to a level where it is within the
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confort zone. So they don't feel that, you know,
certain kinds of designs are necessarily within their
pur vi ew.

That's an organi zational challenge for you.
But | worry that at the top levels, there's trenendous
anmopunt of -- you know, can be a | ot of sense,
flexibility and wisdom But this nmay or may not
penetrate to the |l evels where the decisions are being
made.

DR. PRI CE: Dr. Lee?

DR. LEE: Yes, thank you. | have three points
to make. First, regarding what type of innovative
trial design will facilitate the advancenent of drug
devel opnment, Dr. LeVange al ready nentioned |ike
pl at form desi gn and the master protocol, et cetera. |
think really we need to do nore of this type of a
design in the sense that there are basically two
conponents in ternms of what we can make of that
advancenent, okay?

And the adaptive design is all about | earning
and confirmation. So there's two steps. You know, we

kind of iterate between the two, and for exanple |ike
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pl at form desi gn or the master protocol, this type of
design can be very efficient in providing initial
screening of the -- you know, the efficacy and toxicity
of the agent, right, or the drug.

So if we do nore of this kind of platform
design and it can be a continual process rather than a
one trial, one drug and one population at a tine, and
it can usually increase the efficiency.

But this, the learning platform and with that
information, then we can nove into a confirmatory
pl atf orm by designing nore specific kind of a smaller
trial to further test the finding.

So what | viewis that we need to do better in
terms of |earning and confirmation, and | earning and
confirmation, and, you know, that if we can provide the
framewor k of that, you know, fromthe FDA's
perspective, it would really help to nove the field
forward.

The second comment is regarding again the
inferential framework. And | would want to enphasize
again that the traditional framework of the nul

hypot hesi s significant testing and the P val ue-based
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approach is very limted.

You know, we assune the fixed effect of a
certain treatnment effect either under the nul
hypot hesi s or under the tested hypothesis, and try to
control type one/type two error rate, et cetera.

You know, we need to nobve beyond that, and
really thinking about the distribution of treatnent
effect and not just the efficacy, but toxicity, et
cetera, okay?

So | think that again much has been said
about, you know, the different approaches, like -- but
| think the right inferential framework is still very
i nportant. And we need to really go beyond our confort
zone in terns of nore fixed kind of a traditional
appr oach.

So that leads to nmy third point is that also
has been nenti oned, |ike Roger nentioned about we need
to have increase in availability of the software tools.
So at MD Anderson, that's one of our goal, is not just
to really derive new nethods, but also provide tools,
you know, to learn and to inplenent those.

So we have two ki nds of tools under
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devel opnent. One is the downl oadabl e software. You
know, you can downl oad to your own PC, and then run the
simul ati on.

But recently, that we devel oped application
using the shining tool, which is all you require is the
browser, okay? So we have two kinds of tool. You can
just Google MD Anderson software, downl oad our software
online, and then, you know, you can kind of -- these
are all freely avail able.

And | know that we have our coll eagues in --
you know, in different areas they devel op tool, you
know, like in academ a or in industry setting. And I
think these are all good. You know, once we -- once we
put the tool in place and then people can just use it,
and learn fromit.

| have nmet sone, quote, unquote, "thought
| eaders”, and all these are the expert in the field.
They have very strong opinion but based on very little
data or based on very little kind of know edge.

You know, | really -- it's a hunbling
experience to nme, okay? So then when we start to

| earni ng about this new nmethod, that they design the
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novel design, okay?

Il would |ike to consider nyself as a student
of this rather than expert of this, okay? Again, you
know, | think you all need to admt that whatever we
do, whatever we know, you know, that there are probably
nore than what we know, what we understand.

And again, you know, if you had the tool
avai l able to people and then we can learn fromit. And
we can kind of debate about what assunption to use and
what kind of result we'll get. | think we'll do
better.

DR. PRICE: Thank you. Dr. Berry?

DR. BERRY: So | really like the coment of
Peter that he's a student of this.

I think to answer this question, all of them
and i nnovations that aren't here, the really wonderf ul
pl ace about where we are is | think after perhaps 70
years of using agricultural experinents in nedical
trials, and we haven't innovated the clinical trial,
but yet we have phenonenal drugs. W have phenonena
under st andi ng of di sease. W have personalized

medi ci ne, that we are now getting into wearables. The
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conplexity of what's conming in the next 25 years are
goi ng to neet designs we don't know about yet.

We may see master protocols the major way in
which this is done. It may be incredibly complex to
better answer the questions. And | think we are al
students in this emerging clinical trial science.

So to limt these innovative trial designs, |
don't think anybody here wants to do that. And every
one of themthat LISA put out | thought was an
incredibly nice solution for the difficult thing that
they were in.

And the hard part is | think exactly Dr.
Goodman's point, is you are the arbiters of that in
sone level, and to be able to spread that within the
FDA to arbitrate what is appropriate and is it
appropriate to answer those questions is a really tough
pl ace. And the FDA is noving incredibly in that, and
that will be one of the challenges to neet that.

So this innovative trial design, to put
shackles on it in any way, or to, as Roger |ikes to
say, to fight the battles of previous that we've seen

failures, when the world is changing so nmuch in terns
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of the innovation, the science, the nedical that we've
got to innovate the clinical trial nmoving it forward.

DR. PRICE: Dr. Sridhara?

DR. SRIDHARA: So | think, you know, Scott
brought this up very nicely, that we have to keep in
m nd that no one clinical trial design fits every type
of hypothesis that we are going to test.

So | don't think we want to corner into any
one particular design. But there are sone aspects that
| think we can keep, you know, think about when we're
doi ng any of these.

One is to have a good know edge of natural
hi story of the disease. |If we can work towards know ng
t hat better, understanding the disease itself is good.
The second thing is we have to have neasurabl e outcones
in reasonable tinme. And what are these neasures and
what woul d make a useful inference and that would
actually benefit the patients.

If we can keep that in mnd, a neasurable
outcone that will directly influence how the patient
can feel or function is very inportant.

Then, you know, if we are tal king about
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preci sion nedicine, then another thing -- another key
thing to keep in mnd is diaghostic assays that are
bei ng used and are they standardi zed. Often we see one
that's used in the |ab of the investigator and then
anot her one coning froma manufacturer who may be
manuf acturing this, et cetera.

So | think standardi zing sonme of these or sone
of the antibodies that are used, et cetera, is very key
thing in sone of these as well. So there are other
external things that we need to think about before we
get into this.

| also appreciate that, you know, this conpl ex
versus adaptive designs because you can think of very
conpl ex designs in, for exanple, henatol ogical
mal i gnanci es where you have induction foll owed by
consolidation and then maintenance. And you could be
i ntroducing new treatnent in any of these three, and
how do you put this all together.

So this kind of a dynam c treatnment strategy,
and how can we test these? And those are very
i nportant questions too. And | think we have not

addressed any of that type of conplex or adaptive
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desi gns.

They are adaptive in the sense that those who
get induction, not necessarily all of themgo into
consolidation. It depends on that they do to respond
to the therapy or go to nmintenance.

So it is by practice of nedicine and taking
care of the patients, you ve got to do this. And |
don't think we have touched on sone of these conpl ex
type of clinical trial designs.

DR. PRI CE: Dr. Bretz?

DR. BRETZ: Yes. \Wien | see the term
i nnovative trial designs, |I wonder whether this is
confined to the discussions we had so far or whether we
can even broaden it.

And maybe it's not the tine today to talk
about digital data and real-world data. But | think
there's a huge field that we as a conmmunity, as a
society are noving towards into digital drug
devel opnent age, and especially the use of data
sci ence, technol ogi es, nethodol ogi es, whatever they
are. But they go well beyond statistics.

And | think that will al so raise sone
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i nportant questions about trial designs and many
i nnovative concepts. |'mnot sure again whether we're
going to discuss these today. But obviously these
anount of technol ogies may bring, or so that's what
they're claimng, bring the trial to the patients,
whi ch obvi ously have many consequences.

We have novel endpoints which can be assessed
based on avail abl e designs or sensors, huge vol unes of
data. And the endpoints could be very different, maybe
i magi ng bei ng anal yzed by al gorithnms rather than by
human readers.

I think that all also has inplications on
trial design aspects, which go well beyond the
di scussions that we're having here. So at |east |
thought I'd nention this, that we don't forget about
this type of innovative trial designs.

DR. PRICE: So just looking at the tinme, this
is a very good discussion, so we're going to continue.
But at any point, if you want to answer any of the
ot her questions, feel free. So we are going to nove to
Dr. Zhong.

DR. ZHONG | conpletely agree with Dr.
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Sridhara's comment there. | think that's the kind of
trial that we should target immedi ately and especially

i ke Roger pointed out early on.

| nean, in the area of |ike not so well-
understood trials, just, | nean, this sonething we have
to target now i mediately. It's kind of bring up the

public | earning and awareness of the FDA s openness to
i nnovation and kind of correct the incorrect perception
in the industry or the consultants there.

At the sanme tinme, | think that | agree with
the last two comments, where we should -- from Scott
and Frank.

We shoul d keep our options open, right?
mean, the technol ogy changes so quickly in this space.
Maybe in |ike a wearable device, a digital or even big
data. And even the statistical nethodol ogy al so
evolves. And we all are students to the new
devel opnent of the technology and statistics.

So | conpletely agree with -- even though we
have sone structural needs that we need to start the
problemw th, but we also have to keep our m nd open on

different type of innovative scientific evolve.
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Al right. So now, | would like to talk about
like the brief point that I nade about rare disease. O
mean, |'mon the bio and al so pharma wor ki ng groups,
and sonetines, | nmean, people kind of think that we al
stick to Iike a rare disease.
But think about in sometinmes, | nean, there's

sonme di sease that not rare, right? For exanple,

Al zhei ner' s di sease and cardi ovascul ar di sease. But
there's some phenotype or subtype of the disease within
t hose kind of conmmon di sease that | think -- | mean, as
a concept, | think we have to think about this is a
smal | popul ation, as LISA correctly pointed out early
on. It's a small population. So | think we should be
aware of that.

And then, in terns of platformtrial design,
there's also |like at the devel opnment in the industry
and also in the technology as well. In this space, |
nmean, there a | ot of collaboration across the industry
within different conpanies. And one conpany coul d own
mul tiple entities.

For exanple, for the treatnment of Alzheiner's

di sease, and | nean one conpany could own different
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entities or markers.

And then, we talk about the platformtrial
designs or master protocols. On the surface, it |ooks
i ke maybe from one conpany, but in fact, | nean, that
one conpany may be working on nmultiple different
conpanies, on nultiple different entities or markers
t here.

So pl ease, one thing to think about is, again,
the worl d kind of changes, not for sonetines things
i ke one conpany but it could be nmultiple conpany
col  aboration within one conpany or nultiple conpanies.

DR. PRICE: Dr. LeVange?

DR. LEVANGE: Yeah. | just wanted to respond.
These are really fabulous comments. And just to make
sure, in case -- | thought | made it clear, but if I
didn't, so that the exanples | gave were things FDA has
al ready reacted to.

And they were not nmeant to be only the things
that we're discussing here. They were just exanples.
The intent of the conplex innovative design project
under PDUFA VI and the 21st Century Cures is to | ook at

ot her conplex designs. What is the future?
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So that m ght include, as Frank said, real-
wor |l d evi dence, not sonething we were particularly
focusing on today. There's another PDUFA VI
comm tment. Aloka's involved in with that on real-
worl d evidence. But it certainly conmes in, the types
of data sources you can cone in, the wearable devices,
the types of designs that Raji's talking about.

Al'l of these are -- you know, this is really
w de open. And you'll hear about this simlar this
afternoon. The purpose of the pilot is to get sponsors
to innovate basically.

The FDA is tied with what they can tal k about.
We can't tal k about designs, we -- the FDA cannot talk
about designs they are reviewing. They're
confidenti al .

So until the drug is approved, which can be
years later, you're not going to know that FDA accepted
t hat design, or FDA can talk about designs that are
presented at an advisory conmttee, but that's pretty
much it.

So the whol e purpose of this pilot is to open

t he door for sponsors to bring in nore innovative
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designs well beyond, you know, the exanples | used,
whi ch are now, you know, a few years old and are
getting stale.

And then the last thing, just in case anybody
is holding back and wants to tal k about this, the
sinmulation part isn't meant to be limted to Bayesi ans.
There have been a couple comments. Yes, Bayes designs
require sinulations if you want to -- well, they always
require sinmulations. And then, they may require
sinmulations for frequentist characteristics if that's
what people think is inportant. But sone people don't.
Looki ng at Frank, there.

But there are other conplex adaptive designs
t hat have nothing to do with Bayes that still require
sinmulations. And there had been up until the time we
were doi ng the PDUFA VI negotiation sone concern that
FDA was not accepting, at |least in sonme therapeutic
areas, an adaptive design that required a simulation
because it's very easy to nake a sinulation space where
there's a point that you exceed al pha 0.05. And so,
it's very easy to ding sinmulation or that particul ar

desi gn.
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So the sinmulation aspect, which we'll talk
about after lunch, isn't tied to Bayesian. That's a
conpl ex adaptation maybe on two or three factors, and
how does FDA vi ew those, and how do sponsors get those
in the door.

That's a possibility for a pilot that you'll
tal k about also this afternoon. Bayesian trials are a
possibility. Oher real-world evidence, all of these
things are open. | just didn't want you to think that

you only could react to the three little exanples |

gave, SO --
DR. PRICE: Dr. Marchenko?
DR. MARCHENKG: Thank you. | don't want to
repeat what everybody said already. | think a |ot of

good desi gns were nentioned.

But goi ng ki nd of back to what Frank said,
It's not just about real-world data, where we see big
data. As sponsors, we collect a wealth of data, and
not to use these data, | think it's not right.

So where | see probably advancenment of drug
devel opnent with regard to designs woul d be, yeah,

Bayesi an desi gns or hybrid designs which can
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i ncorporate the totality of the data and give us a
better decision based on the whol e data because where |
see right now, we | ook at the whol e problemdata only
when we do the subm ssion and the issue change.

Then | just wanted to note with regard to
master protocols, | don't think the hesitation of
sponsors are necessary in conplexity of designs.
think the hesitation of sponsors in the |lack of ful
under st andi ng of the design and what is happening
behind the scenes, specifically nmaybe how fast the data
can be avail abl e.

VWhat are the decision criteria which affect
their specific drug, because we do need to renenber
that their drug, which they give to these naster
protocol, is a part of some kind of devel opnent
program So we do need to nake sure the benefit, even
for sponsors, is greater than the | oss when they
contribute to those master protocols.

But there are no questions. Master protocol
is a great idea and platformfor us to try to cure
di seases.

And with regard to the next question, nmaybe
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|"mjust too blind, but | think that the |lack of final
or revised draft guidance on adaptive designs bring a
| ot of specul ations about what FDA actually accept or
doesn't accept and how | ess wel |l -understood designs are
under st ood by the public.

And with regard to the third one very quickly,
| think we discussed again specific master protocols,
designs which definitely helpful. But then, there are
ot hers opportunities for us to coll aborate through
different scientific working groups which are avail able
under different societies, so we can put together.

DR. PRICE: So, thank you. |'mlooking at the
time and want to allow a couple m nutes for the
audi ence. So we'll take Dr. Lieberman and Dr. Beitz,
and then, 1'lIl do a tine check to see if we need to
nove to the audience.

DR. LI EBERMAN: Ckay. Thank you. So just --

| don't want to repeat, but just again sort of data

source -- different data sources incorporating in
clinical trials. So the real-world data, | think it's
alnost like -- it leads to the topic of can we start

| ooki ng at endpoints and how endpoints in clinical
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trials could actually -- or the real-world endpoints be
reflected in what we collect in clinical trials?

The other one is actually the sharing of the
clinical data for the control arms. And | know there's
alot of initiatives of that. So master protocols are
not al ways available. So if there's a way of really
t hi nki ng what are the right methodologies to really
i ncorporate the control arnms fromthe other studies
that were just conpleted or very recently, so really
there's focus on data sharing.

And as | just tal k about the next points,

t hi nk, you know, sonme of the perceived just operational
conpl exities of these trials m ght be a roadbl ock on
both sides. And then with master protocols, or even
the nmore conpl ex decisions that have to happen, and you
have a DNC and data coordinating center, it's like the
industry. I'mnot in charge of a |ot of these conpl ex
deci sions, so that could be another perceived.

DR. BEITZ: So | was intrigued by the conment
that Dr. Lewis nmade calling for a catalog of options
that can be used in scenarios that commonly cone up

while leaving roomfor creativity and flexibility.
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And | was wondering if any of the panel
menbers had sone i deas about how we all could nove from
i ndi vi dual case exanples to sonmething nore al ong the
lines of a catal og of options.

DR. PRICE: Before we nmoved to the audience,
does anyone have a response to Dr. Beitz? Dr. Lew s
and Dr. Goodman, and then we'll go to the audience.

DR. LEWS: So this is a very partial answer
to the question. | think it's tied to the devel opnment
of software. So software packages have sone defi ned
options, and so the space of options within software
packages essentially creates a de facto catal og.

And if the software has the capability to
sinmul ate the performance of its options under a variety
of assunptions and violations of assunptions, it
creates a natural synergy where you both have defi ned
reproduci bl e options, and a nmechanism for eval uating
t he performance of those options, so | think that's a

partial answer.

DR. GOODMAN:  Well, maybe |I'II give anot her
partial answer. | think so nmuch of this depends -- and
this is going to be repackaging the prior comrent -- on
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know edge, or what you think you know about the
reliability of your data sources and what you think you
know about the natural history of disease.

And the natural history of disease is often
quite different than the natural history of disease
detected through all these different nmeans, whether
it's through sensors, whether it's through nedical
records, the prognosis, the course of that disease is
often quite different than what we neasure, either in
clinical trials or in other settings, and it's
constantly changi ng.

| remenmber the ECMO exanples. [It's a fanous
one | renmenber in the way back when, going to back-to-
back conferences, one where it was di scussed by
statisticians, and literally the next week I went to a
pedi atric conference.

The statisticians were all discussing the
nuances of the trial design, given a background
nortality of 80 percent. The pediatricians weren't
tal king about that at all. They were tal king about
whet her it was optinmal therapy, and the fact that 80

percent wasn't close to what they were observing. They
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were sonewhere |ike 30 percent nortality rate. And
t hat woul d change all the cal cul ati ons.

So | think that the chall enge of new data and
new data sources is that we don't a hundred percent
know what it is the disease that we are detecting
anynore. Measuring blood pressure once a nonth, which
m ght be a given risk factor with well-defined
characteristics, is very different than measuring it,
you know, 50 tinmes a day. That's not the sanme risk
factor.

So the kind of research that woul d make a | ot
of this, these innovative designs nore possible is
continuously either neta-research or the research into
the validity of these neasures and al so the natural
hi story of the diseases or risk factors as measured in
these different ways because it's not the same.

The nore secure we becone in that know edge,
the nore secure we can build the foundation of these
desi gns, which often assunme a |lot nore know edge than
we sonetinmes have with them-- than we need to have
when we design the clinical trials with the concurrent

control group
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And one thing on the sharing of data, which is
sonewhat related, is it's very different if you're
sharing data were you al ready know what the result is
in the control group versus prospective sharing.

So if we're using control groups from --
hi storical control groups or control groups from other
trials where we already know what the answer is, then
t he decision to share by itself is going to be
contingent often on whether the fate of that group was
good or bad. And we can't assunme that that's a stable
property.

So sharing prospectively is profoundly
different than sharing in groups that have already been
observed. And you can be sure that that sharing
decision will be partly based on what will make the
t herapy | ook good.

AUDI ENCE Q&A

DR. PRICE: Let's nove to the audience. W
have tinme for maybe three or four comments or questions
per person -- one per person, please. And if you want
to begin in the back?

QUESTI ON: Thank you. M nane is Cathy
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Collet. 1'man ALS advocate. | can't tell you how
happy | was to see these presentations, especially in
this last session. | think they can be extrenely
hel pful for an extrenely chall enging di sease.

My question, it's a very practical one though.
| see this wonderful enmbracing of innovation. About a
nmont h ago, we got ALS draft guidance fromthe FDA that
really did not enbrace innovation.

What are drug devel opers going to do? What
are sponsors going to do when they have actually
conflicting guidance? And ny fear is that the gui dance
t hat enbraces the innovation that could really help
won't be taken up because there m ght be sone that is
actual | y danpeni ng that.

DR. LAVANGE: So, right. So we are hoping
that the pilot programw || be enbraced. This is
really a case where | think the pilot programcould be
enbraced. And we'll talk about that this afternoon.

But the idea with a conplex innovative design
pilot is that sponsors that have an innovative design
will be able to get additional interaction with the

FDA. And in exchange we, hope to be able to talk a
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little bit nore publicly about the design.

" m | ooking at the |awer who's going to be on
the panel this afternoon to walk us through this. But
that was in fact the intent of the pilot, is to be able
to approach the FDA with a design that's not standard,
that may be something they haven't seen yet and get
reaction.

But the other -- you're comng froma patient
advocacy group, | believe. And so, the other avenue is
t hat patient advocacy groups have worked through the
CPIM the Critical Path Institute. Dr. Chakravarty
could talk a little bit nore about that, and |I'm sure
you're aware of it.

But sonme of these patient advocacy neetings
are exactly what spawns the idea of the collaborative
efforts and master protocol efforts. And one of the
advant ages of those efforts is that the group
organi zing the master protocol can oftentinmes get
regul atory interaction and discussion at a very broad
| evel , even before you know exactly which nol ecul es may
be com ng in the door.

You can get feedback about the coll aboration
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itself, the design, whatever innovations m ght be
there. That's in fact one of the advantages of those
coordinated efforts. So maybe either one of those
m ght help, and I'm sure Di onne, Aloka and others could
talk to you nore at the break

DR. PRICE: And | think Dr. Enmerson wanted to
respond as well.

DR. EMERSON: Yeah. Just a real quick
comment. We talk a |ot about innovation, and really
what we want is we want proven -- innovations that are
proven effective. And you know, we are experinenting a
lot in clinical trials. And it's not true that we're
any better at thinking up sonmething than the nedical
community is.

Alot -- nost treatnents don't work, and so a
| ot of those things that we m ght think work may not.
And so, | think we do need to pay attention to that.
And we do need to start making certain before we go too
far on sonme of these things that then won't pan out.

We don't want to degrade the performance of our
approved drugs.

DR. LAVANGE: Well, and that's a great --
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meant to say this earlier. Thank you, Scott. That's a
great | ead-in.

So what's innovative today is not innovative
tonorrow. What's innovative at the FDA may not be
i nnovative in academi a or industry. [It's beauty's in
the eye of the behol der.

Sonmeti mes what all we need -- sonetines all is
meant by innovation, when | think about it, are just
things that you don't have a precedent for the FDA
havi ng accepted it, that that could be the definition
of innovation in sone eyes, to the regulatory affairs
peopl e that Roger referred to.

If the FDA hasn't been on record as accepting
of this design, which in fact they may have, you just
don't know it because the protocol's still running,
then it's innovative because there -- and there's no
gui dance on it.

| mean, that's the problem is what does
i nnovative nmean here, and we're not necessarily tal king
about the latest cutting-edge design. W could be
tal ki ng about sonething that's not innovative at all in

the eyes of academ a, but may be consi dered
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regul atorily innovative because there's no track record
i nside the agency.

And just to reassure Scott, nobody's talking
about | owering standards here. W only want good
dr ugs.

DR. EMERSON: But in nedicine --

DR. LAVANGE: W only want good drugs.

DR. EMERSON: -- certainly there's been plenty
of innovations that everybody believed that were proven
wrong, and | don't think we're any better in
statistics.

DR. SRIDHARA: So | just want to say that, you
know, for the person who brought up this issue, we hear
you. And we heard fromthe rest of the panel here as
well that there are differences in the way we give
advi ce between divisions, et cetera, and we will strive
hard to make it as uniform as possible. So we hear
you, and we will work on it. Thank you.

DR. PRICE: And there are mechani sns, as Dr.
LeVange nentioned, to still bring in innovative design.
So for time's sake, we'll go to the second m c now.

QUESTI ON:  Good norning. M nanme's Mat Davis
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from Teva Pharmaceuticals. | want to respond to the
very first comment that tal ked about the barrier that
we have to overcone as sponsors to get over the barrier
of precedence and runor that we discussed. And | think
that | egislation such as PDUFA VI and the 21st Century
Cares Act, as well as situations like this help us to
overcone that quite a bit on the sponsor side.

I think the second thing that we need to
overcone is the barrier of the amount of tinme that
these type of innovative statistical designs take. And
| think we're overcom ng that with the advent of new
statistical nmethodol ogy, new software avail able to us.
So | think we're making a | ot of progress.

The third barrier 1'd like to bring up that |
don't know has been di scussed today is the barrier that
we face sonmetinmes in trying to nake sure that once we
do get one of these innovative clinical trial designs
agreed to with the FDA, that that agreenment will hold
t hroughout the lifecycle of that specific design.

Sone of these designs can take years to
acconplish, and you can see that sonetinmes we'll have

statistical reviewers change. W' Il have clinica
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revi ewers change, and then sonme of the opinions on the
appropriate -- and of that type of trial design may
change by the tinme we enmbark on the trial to the tine
that the design end.

So I would be interested, if not conment now,
but to think about |ater, what types of potentially new
avenues we could have to ensure that once we agree on a
trial design at the outset, by the tine the trial
finishes it will still be as appropriate as it was when
we designed it in the first place. Thank you.

DR. PRICE: That is great feedback which we
will take into our thought process. And we do strive
for consistency. And science does evolve, but you're
right. We do need to think about if you come in with a
design over -- it does take tinme, and over tine, the
consi derations that that design started prior to maybe
changes in the science.

And hopefully with the pilot program again, |

hate to sound |li ke a broken record, but we will have
di scussi ons throughout the process. And I'll nove to
the third mc and then the second, and we will then

break for | unch.
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QUESTION: Hello. M nane is Mei Chin (ph)
and I"'mofficially from CDRH, but now |I'mthe detail in
CBER. So I just wanted to echo what Raji said about
the device. VWhen we designed the clinical trial, we
needed to consi der the diagnhostic device which
classified patient marker status.

Because the device neasuring bi omarker are not
all subject to neasurenent error because they are not
particularly for size, or they may not be particularly
accur at e.

So I think the -- so considering the device
early at the design stage is very inportant because
different device may identify different set of what
pati ent publishes, such as biomarker past-through.

So a device which have poor neasurenent
performance could potentially lead to the |oss of
statistical power and also dilute the treatnent effect
factor.

And a maj or chall enge that we haven't been
facing is that sonetinmes in the clinical trial at the
baseline, a |l ab devel oped a test which often is not

perfectly precise or accurate is used to classify the
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patient marker status. So | think we have been seeing
this over and over again in a |lot of statistic issues.
So that's just ny coment. Thank you.

DR. PRICE: Thank you. And our final question
fromthe audi ence?

QUESTI ON:  Actually, that was really spot on,
because, | mean, breast cancer is where we work |-SPY.
And as soneone had nentioned subtypes in rare diseases,
it's sort of becomng difficult to | ook at our trial as
the one fit nodel.

Patients respond differently to drugs and
we're noticing the biomarkers are going to be sonething
that we really need to find a path through the FDA for
regul atory approval of how do we utilize our data in a
trial nmoving forward to get regul atory approval of
t hose bi omarkers in conjunction with those drugs.

And it doesn't seemlike there's a very easy
path to see, as far as |like how do we do this. Two, we
don’t just work with U S. drug makers. W work with
i nternational folks, and how to get these innovative
designs and the data fromthis accepted pretty much

across the worl d.
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How do we, you know, get a little nore, you
know, standardization, talking about the patient-
reported outcones? How do you get these pieces to work
in parallel? How do we utilize this data, and frankly
make it work both in the biomarkers, both in
international? That's the questions we're dealing
with.

DR. SRIDHARA: So we do have col |l aborations
with foreign regulatory agencies. There are MOUs, and
we do discuss with themon topics which are in sone
areas where it is not related to any product, but just
t he met hodol ogy itself as we do with the statisticians.

But within, for exanple, in oncol ogy, we have
regularly nmonthly neetings with six of the regul atory
agenci es where we do discuss with them specific
products and what we are seeing and we do exchange our
Vi ews.

It's not to say that we influence themin
their decisions. W all have our own regul ati ons and
we have to follow them But we certainly exchange our
views and the way we are thinking about a particular

met hod or sone of the data that we are reviewing. So
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it is happening, and we do discuss with regul atory
agenci es.

QUESTI ON:  Thank you.

DR. PRICE: Thank you. This has been a great
norning. We look forward to the afternoon. We will
break now for lunch, and reconvene at 1:00.

(Wher eupon, the foregoing went off the record

at 12:08 p.m, and went back on the record at

1:09 p.m)

DR. PRICE: Good afternoon. We will nove
forward into our first session of the afternoon. W
have two new FDA col | eagues joi ning us on the panel,
and | will begin by asking themto introduce
t hensel ves.

DR. I RONY: Good afternoon. |'m Tel ba Irony.
|"' m deputy director in the Ofice of Biostatistics and
Epi dem ol ogy at CBER, at the FDA

DR. PERMUTT: Tom Permutt, Stanford drug
eval uation and research. |'m associate director for
statistical science and policy in the Ofice of
Bi ostatistics.

DR. PRICE: And our first presentation of the
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afternoon be given by Dr. John Scott, who is the acting
director of the Division of Biostatistics, in CBER
SESSION I11: CLINICAL TRI AL SI MULATI ONS FOR
CONFI RMATORY TRI AL DESI GN AND PLANNI NG
PRESENTATI ON

DR. SCOTT: Thanks, Dionne. It's really a
pl easure to be here today for this workshop that |
think is really inportant and productive.

During the norning, there was a fair amount of
i ncidental discussion about clinical trial sinulations.
In this session, we're really going to focus on that as
a topic in and of itself, and try to hear some opinions
fromour panelists and fromyou the public about this
t opi c.

So ny goal is to give an overvi ew of what
we're tal king about when we tal k about clinical trial
sinmulations in this setting and to rai se sone questions
maybe for di scussion.

So clinical trials have a variety of inportant
operating characteristics and roughly what we nean by
operating characteristics is expected behavi or under

certain clinical, operational or statistical

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 168
assunptions. Those operating characteristics guide
trial design and interpretability. And one way of
estimating trial operating characteristics is to
simul ate | arge nunbers of clinical trials and to
observe their outcones.

So in ternms of when you reduce sinulation for
this purpose or why, it is true that for many clinical
trial designs, including sone conplex designs,
statistical theory is available that provides estinates
of inportant operating characteristics or at |east
bounds on those characteristics.

But you m ght prefer to do sinulations or you
m ght need to do sinulations in at |east a few
di fferent kinds of cases. One, if you're tal king about
conpl ex designs that have nultiple adaptations,
statistical theory mght not invite you with estimtes
that you can really use.

Bayesi an trial designs, as we discussed in the
nor ni ng, often, maybe al ways, require sinulation. And
we also mght want to use sinulations in small sanple
desi gns such as you would use for studying rare

di seases, because the asynptotic theory that tells you
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what happens as sanple sizes get |arge can be
unreliable with small sanple sizes.

So this is a summary of sonme of the kinds of
things we're thinking about or tal king about when we
tal k about operating characteristics. So there's
traditionally a | ot of focus on the type one error
probability of a hypothesis test. That's the
probability of rejecting and null hypothesis that's
actually true.

In addition to the type one error probability
in the sense of nostly concluding the drug is effective
when there's literally zero effect, you m ght also be
interested in falsely concluding it's effective when
there's an effect that's smaller than sonme mnimally,
clinically interesting effect.

Power is very inmportant, expected sanple size
for studies that have vari able sanple size, group
sequential, or other adaptive designs.

Estimati on properties, we don’'t always put in
t he category of operating characteristics. But because
sinmulations can help in this area too, we sort of

grouped it together. So this would be things |ike the

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 170
mean squared error of estimates, maybe the bias, if Tom
will forgive nme for saying bias.

And then, nost of the things | nmentioned above
are primarily for frequentist statistical designs. |If
you're tal king about a true Bayesian clinical trial,
you m ght ook at some alternative operating
characteristics such as the Bayes average error or the
maxi mum posterior probability of the null hypothesis in
a rejection region.

So this is -- | focused on this slide on type
one error probability. This is the |logic of how these
sinmulations work. The logic is pretty nmuch the sane no
matter what you're trying to estimte by sinulation.

So, but for type one error probability, you
woul d start by assuming the null hypothesis is true.
There m ght be many different ways of naking that
assunption. You would generate trial data under that
hypot hesi s according to the design of the trial.

You woul d apply the trial analyses and the
decision rules to that data, repeat that process a
| arge nunber of tines and then the proportion of tines

that that process led to a conclusion of effectiveness
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woul d be an estimate of the type one error probability
of the trial.

So these are several conplications or areas
where questions arise when you're tal king about using
simulations in this way, and | have a slide focusing on
each of these separately afterward.

One is defining the null space, or nore
general ly defining the sinulation space. Two, is the
scope of the sinulations, how detail ed, how many, how
much. The third is -- I'mcalling it nultiple testing
or multiple hypotheses. Really it could just be called
conplexity of decisions is a conplication with
simul ati on.

The fourth is applying these ideas in Bayesian
settings with informative priors, and then finally,
sort of resource issues and review issues.

So in terns of defining the null space, there
are typically many different ways for a drug to be
ineffective. We don't test what, you know,
statisticians call sinple-versus-sinple hypotheses.
There's a lot of different ways for a drug to not work.

So as one contrived exanple, suppose you're
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studying a drug for a very aggressive cancer and
hi storically you know that the nedian survival in this
condition is about a year.

So when you're doing your sinulation, the drug
could be the sane as the control. That would be the
null hypothesis is true. There's no effectiveness.

But the control could have one-year nedi an
survival, as you would expect, or the control could
have five-year nedian survival, which would be
surprising in the disease, or mathematically it could
have a thousand-year nedi an survival, which cannot
happen in human beings. But it's still in the sort of
mat hemati cal null space of the hypothesis.

So when we do these simulations, should we be
sinmulating all possible null configurations or a sanple
of all possible null configurations or just the
clinically plausible or inportant configurations? And
how do we draw the line there?

In terms of the scope of sinulations, in
addition to an assunption about the treatnent effect,
you typically need to nmake assunptions about many ot her

paranmet ers when doing these trial sinulations.
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You make assunptions about clinical
paraneters. What is the true control rate in a trial?
You wi Il make assunptions about statistical nuisance
paranmeters, such as the variance of an estimate. And
you m ght make assunptions about operati onal
paranmeters, such as the accrual rate to the trial or
even the accrual per site in a nultisite trial.

And so when you're tal king about the scope,
the total nunber of conbinations of paranmeters is
obviously infinite. So what kind of exploration of
t hat space do you need to do to be reasonably assured
t hat you have a good estinmate from a sinulation?

And then if you just | ook at one dinmension, if
you just | ook at, for instance, the control rate, you
m ght want to explore control rates between 20 percent
and 50 percent because that represents your uncertainty
in agiven trial. But should you do sinulations at 20
percent, 30, 40, and 50? Should it be every five
percentage points? Al of these are sort of technical
i npl ement ati on questions that need a | ot of work.

In terms of nultiple testing or the conplexity

of decision, when we tal k about sinulations, typically
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the focus is on the primary analysis of a primary
efficacy endpoint.

But as we all know, actual decisions, actual
interpretations of clinical trials are conplicated.
They depend on primary and secondary endpoints,
possibly multiple primary endpoints, and they al so
depend on safety or risk.

And so, as we're tal king about doing a
simulation to get at what we think is our chance of
maki ng an erroneous concl usion, can we nmake sinul ations
t hat enconpass all of those multidi mensi onal
consi derati ons.

| want to talk specifically about Bayesi an
settings. | also want to enphasize, as Lisa said in
t he previous session, when we tal k about sinulations,
we're not only tal king about sinmulations for Bayesian
designs. There are other applications, other very
i nportant applications.

But the sinmulations beconme particularly
i nportant in Bayesian settings. And what we even nean
by Bayesian setting is not always i medi ately cl ear.

There are a lot of trial design proposals that use
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Bayesi an cal cul ations, but rely on decision rules that
are chosen to satisfy frequentist operating
characteristics, to have a fixed type one error
probability, and, you know at |east a rough estinmte of
a type two error probability.

So when we're doing a trial of that kind, if
it doesn't borrow prior information, the considerations
are generally the sane as in a non-Bayesian setting.

But when it does borrow prior information, the
definition of the null space becones really hard to get
your hands on because your conditioning on data that
have al ready been observed.

And if you're tal king about the nul
hypot hesi s being true, you have to ask yourself were
those data that were observed generated m sl eadi ngly
under a null hypothesis or were they generated -- are
they froman entirely different distribution fromthe
new trial. And the way you set up those simulations is
pretty uncl ear.

On the other hand, if you're doing a true
Bayesi an design where you're not |ooking directly at

type one error probability, this would be a design that
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follows the |ikelihood principal where inference is
based on the interpretation of posterior probability
di stributions. These raise entirely different issues.
It's still inportant to do simnulation, but the
interpretation is not the sane.

So in ternms of resource issues, doing
simul ations can be conputationally intensive. They can
be conputationally intensive for manufacturers or
applicants who want to include sinulations in their
poses and al so for FDA doing review of those proposals.

On the conputational front, there has been
over the past 20 years dramatic and constant progress
toward getting nore sophisticated conputati onal
techni ques and hardware. But there are still sone
probl ens that at | east now, who knows in a decade, but
at | east now are essentially inpossible to sinulate.

So if you're doing a conplicated Bayesi an
analysis with a lot of MCMC i nference and you have to
repeat that many thousands of tines in a sinmnulation,

t hat can becone intractable, depending on the
speci fics.

And as | nentioned, review ng sinulations can
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be resource-intensive for FDA, and there are
i nplications for FDA review tinelines, workload,
training reviewers who may not be accustoned to
review ng these types of proposals and also the
software for doing the sinmulations.

One thing to consider, talking about
sinmulations, is how do you report a sinmulation. How do
you convey the findings of a sinulation? And this is
not an area where there's a tenplate. It's an area
where there's best practice sort of actively
devel opi ng.

But some things that would be included in a
simul ation report would be a description of the trial
desi gn, sone exanples of hypothetical trial outcones,
if you ran through the trial a fewtinmes, the scenarios
that are going to be sinulated, the estimtes of
operating characteristics fromeach of those scenarios
and then an overall summary of what this tells us about
the design of the trial.

And in sone cases, it may include sinulation
code, technical details for the sinulation and

statistical derivations.
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So in terns of FDA' s review of sinmulations,
this is another area where we don’t have policy. W
have devel opi ng practices which are not necessarily
exactly the sanme in every review division or for every
revi ewer.

But sonme things that a review may incl ude
woul d be verification with the applicant's own
simul ati on code or the off-the-shelf software that the
applicant used for their sinulations or it could
include verification with code witten by the
statistical reviewer or with other off-the-shelf
software to try to get a kind of second opinion. And
it also may include exploration of additional scenari os
that the applicant didn't consider.

As of now, there's not a standard acceptance
criterion for when operating characteristics are good
enough or when our estinmates are precise enough. This
probably needs to be situation-dependent and certainly
i'S Now.

Al right. So I'mgoing to run through the
guestions that we've setup for the panel to discuss,

and then I'lIl turn it over to our |ead di scussants who
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| think in order on the program were Scott Berry, Cyrus
Mehta and Karen Price.

So question one, regarding the scope of type
one error probability sinulations, should al
mat hemati cal |y possi bl e paraneter values for which the
drug is ineffective be included or only values that are
in some sense clinically plausible? And if the latter,
how do we define what's clinically plausible?

Question two, how should error rate
sinul ati ons be conducted when formally borrow ng prior
information in a Bayesian framework? And what does
type one error nean in that setting, and should we be
consi dering other kinds of error rates nore closely
tied to a Bayesi an approach?

And question three, what are sone practical
suggestions for inplementing trial sinulations, for
exanpl e the nunber of sinulation iterations,
conput ational details or details about how this should

be docunent ed.

| also have -- there's a question four, which
is -- 1 think it would be anbitious to think we'll get
toit, and it's nore technical, so we'll stick with
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these three for now So I'll turn it over to Scott.
DI SCUSSI ON

DR. BERRY: Ckay. Thank you very nmuch, John
First 1 want to pause and reflect that howreally
exciting this is and what the question's FDA's asking,
and the innovation that they're really pushing the
i ndustry for here of the clinical trial sinulations,

t he adaptations, so just the questions being asked |
think are -- is really very, very exciting.

Let ne say sonething about sinulations. The
word simulations, | find that that termin itself is
alnost a dirty word, that we're used to this being
predicting who's going to win the NCAA tournanent,
where is a hurricane going to go, these types of
things, that it's forecasting and predicting
hypot heti cal scenari os.

When we use sinulation in this space, it's
nunmerical integration. [It's very sinply nunerical
integration. W're not forecasting anything. We're
calculating an integral and cal cul ati ng vari ous
quantities fromthat integral.

The idea of being able to do those nuneric
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integrals using sinulation as the general termfor
doing that, what it allows us to do is nove designs
away from boxes. W can do pencil and paper
cal cul ations of type one error and power in very
restricted scenarios where the design is a box.

As soon as the design becones any shape ot her
than that, it's rare that we can cal cul ate on penci
and paper those quantities. And hence, we do numeric
integration. W calculate through sinulation what are
the characteristics of the funny oval -shaped design
bei ng proposed.

There's a beautiful aspect of this nunerical
i ntegration/sinulation that you can cal cul ate amazi ng
guantities that you can't do on pencil and paper in
other situations. And | think it's had actually a
strange negative consequence in drug devel opnent.

So for exanple, you can calculate in ny Phase
Il trial, what's the probability this dose is sel ected
as ny mninmally effective dose. You can't do that on
penci| and paper. W don’t know that running a Phase
Il trial; hence, we run an amazi ng nunber of Phase |

trials with three doses and 80 patients because we know
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the power of a P value test of parallelized
conpari sons, despite the fact that nobody actually
likes to do that in a Phase Il trial. [It's what we can
cal cul ate on pencil and paper.

Now we can sinulate innovative dose response
nodeling. We can sinmulate the probability that a dose
is selected and is noved to Phase IIl. What's the
probability we make a go decision in a Phase I1/111
seam ess trial? W can't do that on pencil and paper.
We can calculate it exactly in numerical integration.
We can cal cul ate how nmuch drug is going to be used in
this trial, what's the distribution of that for drug
supply.

So there's an amazi ng anount of things that we
can then cal culate. And then, we end up iterating the
design invariably by simulating and investigating. And
| was really glad John brought up the idea of | ooking
at individual single sinmulated trials and show ng t hat
to the team and them seeing a trial run to the end and
saying, oh, hey | didn't like that result. Oh, wow if
t hat happened, that's a bad result.

It's amazing how often that happened, and then
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that turns into an adaptive design. Let's mtigate
that type of failure that we can see comng within the
situation. And I'Il give you a |ighthearted scenario
t hat happened to ne nore than once.

| take their -- the fixed trial given to nme
that has 80 percent power for a hypothesized delta.
sinmulate the trial and show them exanple trials, and
that delta's a nice effect. And they | ook at ne and
say if | run that trial, 20 percent of the tinme | fai
with ny delta. Well, wait a mnute. This is not a
good trial design.

They didn’t understand what power was. Power
to themis a threshold that neans that the FDA s going
to approve ny trial. And a good statistician will get
me a smaller n with the same power. |It's a weird gane,
but sinmulation brings that out and shows it in conplete
detail of that.

So the idea of being able to use sinulation,
conput er-ai ded design, is really a nice step forward
and the review of course brings about various problens
as John brought up, the various questions.

Many of these questions revolve around the
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i dea of type one error and the idea that has been
engrai ned in our heads of strong control of type one
error.

If there's an infinite nunber of nul
scenari os, our design can't be approved by a control of
sinmulation -- by sinulation because we can't sinulate
an infinite nunber of scenarios. And that sort of
cycle is what nmany of this goes to.

So the idea of being able to sinmulate fromthe
null, we do sinulate fromthe null a great nunber of
scenari os. There are strange scenarios where it's not
clear if it's a null or not.

When you do enrichnment designs, personalized
medi ci ne-type designs, and you could make a concl usi on
within different subsets, you mght mss and hit at the
same tinme. Is it a type one error and a type two
error? |Is it not an error? These are hard scenari os.
They're really therapeutic to go through and recogni ze
that these can happen, and what do we want the trial to
do in these different scenarios?

So the idea of being able to sinmulate type one

error and denonstrate that | think is wonderful. W' ve
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presented many grid search scenarios. W take expected
scenari os, and then we double them and half them And
we do four or five within there. And then we take
dropout rates and we vary that over a schenme and show
the characteristics of the trial with different dropout
rat es.

Sonmetimes enrol |l nent rate changes the
characteristics of the design, especially in an
adaptive design. So we change enrollnent rates within
the trial and we denonstrate that.

An interesting thing happens with sinmulating a
null scenario, is that we sinulate -- and suppose you
got it exactly right, and your trial is calibrated to a
5 percent error rate. And | sinulate a hundred nulls.
Hal f of them have el evated sinulated type one error.
They' Il be above 5 percent. You'll be at 5.03 percent,
5.8 percent.

We know t hrough the natural error of that
sinmul ati on that we get above, so it's understanding
that. So we m ght even have a particular delta that
above this value is above sinulation if we sinulate

above 100, 000 scenarios fromevery null
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And we may do 300 null hypotheses with 100, 000
simul ati ons of each trial to characterize the
probability of an incorrect conclusion in order to
justify that the design is a confirmatory, adequate and
wel |l -controlled trial.

And | think as our sinulations get nore
advanced, they get faster, our ability to do this is
better, we can do nuch nore of this within the adaptive
design report and submtting these to regul atory
agenci es.

So in terns of the type one error probability
scenarios, we can't simnmulate every possible value. |
appreci ate the question and it brings up this idea of
t heoretically understanding on every scenario. But we
can do a very nice grid search for what that type one
error is.

Sonetimes we even do nodeling of the results
of the sinmulations to |ook at the effect of a factor,
and it looks like that factor doesn’'t affect type one
error. And a nodel can denonstrate that on the results
of the simulation in order to give further

under st andi ng of the behavior of the design.
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| believe that there is no such thing as a
design that's not well-understood if it's been
sinmul ated. You understand everything about the design
as long as it's been sinulated under that scenario. So
we can | ose that nomenclature eventually as we sinmulate
trials.

One other thing I'Il bring out about
sinmulation is that we' ve proposed post-trial
simulation. So we do a grid search which includes
nui sance paraneters, event rates, nedian survival. And
we' ve done nedi an survivals of six nonths, nine nonths,
a year, 18 nonths and two years.

And then we can go back when the trial's over
and bootstrap the trial over again, taking every
patient fromevery armequally likely, and it's a
guarant eed null hypothesis. And what's the behavi or of
that, just for further understanding after the fact
when the trial's over.

It's not sonmething that, you know, you m ght
even get a 2.6 percent type one error, and we can
understand what that is. But it's further

under standi ng after the fact of the trial, based on the
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prospectively defined trial that was run during the
course of it. All of this revolves around conpletely
prospective design, full details done.

You can't sinmulate a trial that you don’'t have
the details for. And it's a really therapeutic way to
create the protocol itself, is to ask a statistician to
sinulate it or a conputer scientist to sinulate it for
you.

If they don’t know how to do it, you don’t
know t he design yet. So it's a really inportant part,
and the various questions -- | agree with John
conpletely, Dr. Scott, that it's a case-by-case
scenari o.

Some scenari os we've done 300 nulls. Some
scenari os we've done eight, because of the particul ar
situation, and that the trial aspect of it in there.
Now, that nekes it harder for the agency for sure.

It would be really nice if the agency would
create a pilot program and investigate several
simul ated trials over the next year or so. It's a
beautiful idea. So | |look forward to that, and the

exploration of the role of sinulations in this. Karen?
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DR. K. PRICE: | think it's Cyrus.

DR. BERRY: Cyrus?

DR. SCOTT: Dr. Mehta has slides, which
think --

DR. MEHTA: How do you nove forward? | just
have a couple of slides on sinulations in frequenti st
trials and a couple of trials on sinmulation in Bayesian
trials and then one slide on the conputational issue
t hat John brought up.

So in the frequentist setting, | think
sol utions are val uable for verifying asynptotic
results. Asynptotic results exist, and for exanple in
time-to-event trials, you will have -- you know t he
asynmptotic properties of the |log-rank statistic. But
in small sanples, it mght not hold. You know very
wel | what happens in nom nal and binomal trials when
there are a nui sance paraneters. So it's very -- it's
val uable to verify.

But if no analytical results are avail abl e,
then it's essential that you sinulate. For exanple,
power, and then the type one error of a response-

adaptive trial. You wouldn’t be able to get that
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analytically and would have to sinulate. And simlarly
for more conplex designs by the armtrials with some
type of adaptation and also nmultiple endpoints, if you
want to know power, you may need to get that through
t he sinul ation.

Now, one nore type one error control by
sinmulation, it's not straightforward. Adaptive
designs, nulti-armdesigns, nmultiple endpoints, as was
just nentioned by Scott, they are conplex null spaces
t hat cannot be exhaustively expl ored.

And so you -- but fortunately, at least in the
frequenti st domain, we have very good tools. These
t ool s have been devel oped over tinme, closed testing,
conmbi nation of P values, preserving conditional error
rates and i ndependent increnents.

These are tools that have been devel oped in
t he frequentist domain which do control the type one
error in the strong sense, and so they -- |'m not
really a case for no sinulation. But you don't need to
worry so nuch about this nore conplex null space
because it's taken care of by these tools.

Now, Bayesian is a mnmuch different issue.
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have not as much experience with Bayesi an met hods as
Scott does, but | have sonme experience.

So | think a sinple case that you just have a
normal delta, mean and standard devi ation of one. And
the goal is to deternmine if this delta is greater than
deltas -- than sonme null delta naught. Then the
Bayesi an inference retrieved this delta itself as a
random vari able and it puts sort of a criterion for
success, which is this probability -- this posterior
probability that the delta exceeds delta naught, given
the trial data and given sonme historical data, should
be good, should be greater than some gamma

And then you can sinulate -- you have to
sinmulate that, that probability of the success
criterion and under various assunptions about delta,
how often will this success criterion actually hold.

And in particular, you want to sinulate it
under the null space which is in this case delta
naught. How often will this success criterion hold if
you sinmul ate under the null space, and you'd |ike that
to be bounded by | ess than al pha.

No, so DSIM is the data fromthe sinul ation
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and DO is the data fromthe historical trial. Nowif
you use a flat trial, then the Bayesian and frequenti st
results should be simlar.

The issue is what happens if you want to
borrow data and it's not froma flat trial. Then you
have sources of bias. And there are two sources of
bias. One is a selection bias, and that is |ike
publ i cation bi as.

It's something that Professor Goodnan al so
hinted at in his norning session, that well, you know,
|"ve got all this prior data. And if this prior study
was positive, I'"'mgoing to bring it in as my prior.

And if in fact | didn't have a prior study that was
positive, then | won't bring it in.

Now, so that can be a source of bias. So

there was a notion of only bringing in -- borrow ng
prospectively. That is to say, the trial -- the
previous trial is still ongoing, and you don’t know its

results. And then, you may or may not have this
probl em of a sel ection bias.
There are ways of contanm nation, which is that

the control of type one error, it may be difficult
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because the control arm of the prior study is worse
than the control arm of the new study, and so that
gives a break to the new study, or the treatnent arm of
the prior study is positive, but the treatnent arm of
the current study may not be, and both of these sources
can inflate the type one error.

Now, so there have been ways of trying to
avoi d these biases. And one of themis this power
prior nmethod for controlling the al pha. This was
proposed by Abraham and Chen, and what it does is it
handl es the heterogeneity between the current and
hi storical data through a power -- through raising the
| i kel i hood of the prior to sonme power, AO.

And so this A0, so you see the posterior is
part of the -- or a proportion to the |likelihood of the
new study and the |ikelihood of the old study raised to
a power. And the extent of this power AO determ nes
t he anbunt of borrow ng that you can do.

If this AO is zero, you cannot borrow at all
If AO is one, you can borrow everything, and you can
choose in between.

And then the question is how do you choose
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this AO. There is an approach suggested by Hadad. |
actually won't have time to go into it, but another
option is to just pick a fixed AO and then use that for
controlling the type one error. And it sort of
estimates the heterogeneity between the historical data
and the trial data.

We did sinulate this method of Hadad to see
what woul d happen on the different |evels of
contam nation. So you see these two tables. One is
where you have heavy discounting and the other where
you have m | d di scounti ng.

And each row is representing nore and nore
contam nation in the sense that the group, the new
trial has a zero delta, no nore treatnent effect. And
the previous trial has treatnment effects. So no
effect, effect with a mean of two and effect with a
mean of four.

And we did sinulations to see that under al
these different situations, the type one error can be
controlled -- or slight, alnost controlled. Actually
the al pha here should be 0.025, but the -- you can get

close to it unless there's heavy contam nation, in
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whi ch case, you know, you m ght get type one error of
an al nost 10 percent.

My last slide is about conputational issues.
If you're going to use these nethods, you have to do a
| ot of sinmulation. And again -- and at |east in the
Bayesi an setting, that m ght be conputationally
i ntractabl e.

This is a nice table that was published by
Martin Posh and col | eagues in 2011. |t says suppose
that the true type one error -- the true type one error
of the test was 0.026. Then how many separate
simulation runs would it take on average to get a

sinmul ated type one error of less than 0.025.

If you only have 10,000 -- if you have
sinmulation runs of 10,000 then one -- on average, one
in every four will incorrectly bring you bel ow 0. 025,

when the true at this point is 0.026.

I's you have a simulation runs of 100,000, then
about one in 43 tinmes will it happen that falsely your
si mul ati on goes below 0.025 when the truth is 0.026.

And of course if you say | can sinmulate a

mllion tines, then it would be all right and you'l
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have about 8x109 before you get a wong answer. Thank
you.

DR. K. PRICE: Geat, thank you so nuch.
Thank you, John, for a great introduction to this topic
and for bringing out many of the inportant potential
hurdl es, as well as the chall enges that we have, but
with an eye toward action and toward identifying
solutions. Appreciate that. Thank you for the other
di scussants, as well.

And what | want to do is take a little bit of
a different approach. | think not so nuch answer the
guestions, but nmaybe just talk a little bit about sone
of the things that are on at least ny mnd, and fol ks
in industry's mnd on how we nmay be able to nove
forward together and that we're excited to nove forward
t oget her on this.

First of all, as | nmentioned this norning, |
think it's inportant that we rem nd ourselves that
clinical trial sinmulation to sonme may seem as a very
heavily statistical activity, PK/PD activity, and it
certainly is. Statistics features very heavily. But

it is strongly a cross-functional endeavor.

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 197

And what we have seen many tines, and has been
nmentioned I know by Roger and Scott and others on the
panel, is the tremendous ampunt of unexpected benefits
that we are able to cone to through that cross-
functional dialog that ensues when we sinulate trials.

And it has been argued, and | had planned to
also indicate that really any trial can and should be
sinmul ated. At Lilly, we do sinulate, or at | east
endeavor to simulate every trial that goes out,
regardl ess of whether or not it has a close form
solution, in large part too, |ook at those unexpected
t hi ngs.

As was nentioned, intuition doesn't always
play out. And so, we're able to see areas where the
design may break down, and greatly inprove that design.
So just sonething I want us to keep in mnd as we go
forward, is the cross functional nature, and I'll cone
back to that before | concl ude.

Al so many of the designs, obviously as we're
t al ki ng about today, require sinulation. And so, what
| wanted to do is think about it in three main points.

And the first thing is that we can do this.
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We nmust do this, and we're ready to do this. And so,
when | talk about we can do this, what | nmean is we
have tools. W have knowl edge. W have exanples. So
we can do this.

Soneti nes we probably get in our own way, and
get a little caught into the details and concerned
about things that we can overconme. W have, as |
menti oned, tools. W have knowl edge. W don’t have a
trenmendous anount of experience, and that's what this
pilot programis so well-suited for. But we should not
I et that get in our way.

And we certainly need to inprove on the tools.
But | think that it's through the experiences in the
actual application and just noving forward and j ust
doing this that we're going to figure out where do we
really need innovation in terns of the tools. \Where do
we need innovation in terms of the nethods and so
forth?

So we can do this. What we really have needed
t hough is a pathway for communication. So what has
happened historically, and we don’t want to spend a | ot

of time tal king about the past, but learning fromthe
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past is that we m ght conduct a | engthy sinulation
study. And by the time we have an opportunity to have
a conversation, it's well into tinme for the study to be
conduct ed and maybe too | ate to address concerns from
FDA' s perspective.

And so, having avenues and clarity on those
avenues for comunication will be vitally inportant.
And | know that is a conponent of the pilot pathway, or
the pilot project.

But we really do want to make sure that we
have clear clarity on that, as well as a tinely
conmuni cati on and understanding of if there are
rejections for the pilot, which just my be because of
other simlar things have been proposed, there's
clarity on that to the conpany so that we don’t revert
to interpret that to be sonme negative view of the study
and have a pathway to continue that devel opnent.

So we know that innovative designs are going
to need to continue even outside of the pilot program

We nust do this. | think that patients demand
it. We're all patients at one tinme or another, and as

we tal ked about, to get to the truly innovative design
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and the best thing for patients, we're going to have to
do this.

And along this line, | think this is where as
| was getting at earlier, sometines we get in our own
way on this and want to be careful that in order to do
this is bringing the cross-functional groups together.

As statisticians, we can get into the
technical details. There was a conversation earlier
about regulatory scientists who certainly can be
sl ow ng things down in sone sense. But | know sone
really great ones, and they can be sonme of the biggest
advocates, and could really be essential to hel ping us
nmore this forward.

And so, | think that bringing everyone
together in these conversations will be inportant.
Ensuring that we have nedical reviewers onboard and
that are part of these conversations so that they're
onboard, and there's not a perception that this is only
one group that is supportive of these approaches wll
be key.

And finally then, we're ready to do this.

just wanted to reiterate that we're excited from an
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i ndustry perspective to coll aborate together. W want
to | ook to devel op best practices together. | think
there are attenpts at doing this. Let's |ook for ways
and understand better how specifically can we do that.
Can we | everage the scientific working groups?

Can we do other -- have other neetings, or
ot her conversations to devel op those best practices,
the tinmely comruni cations, the other ways that we can
i nprove these, the ability for us, help us understand
what it is that you need.

Hel p us to understand what we can give you,
and how we can do that in a standard manner so that
you're able to nore efficiently and effectively review
sinmulation results and ultimately approve these
designs. Thank you.

PANEL DI SCUSSI ON

DR. PRICE: Thank you for those insightful
comrents. We will nove to question one. And again, we
may need to be adaptive, but we'll see how it goes.

Question one, regarding the scope of type one
error probability sinmulations, should al

mat hemati cal |y possi bl e paraneter values for which the
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drug is ineffective be included or only values that are
in sonme sense clinically plausible? Howis clinically
pl ausi bl e defined, agreed to?

So a couple rem nders. Please | ean in when
responding. Please turn of your mcs when not
speaking. And we'll begin with Dr. Enerson

DR. EMERSON: So | -- you know, it is
i npossible to do everything. But it is not inpossible
to use good statistical theory to | ook to say where the
bi ggest problems Iie and that that should be done to
make certain that you do that.

The null space that was nentioned about
sayi ng, oh gee, you know, x is equal to y, but what
equal to what, is not really as interesting to ne
personal |y as wondering about whether we're interested
in a strong null or a weak null

And that's very, very inportant to ne,
personally, is the idea that yes, if under the null do
we really believe the treatnment does nothing, a and
therefore we should sinmulate fromthe exact sanme
di stribution, or we should sinmulate fromdistributions

where if we're testing neans, the neans are equal, but
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ot her things change, or if you're testing hazard ratios
as returned from proportional hazards anal yses.

If the average hazard ratio under the
censoring distribution that you' ve used is the sane,
and, you know, they -- | focus a lot of this tinme-to-
event. W do so many things in cancer based on tine-

t o- event.

But you really have to worry about early
differences versus late differences, and a | ot of these
maki ng deci sions very, very early when there m ght be
an early difference, maybe in the wong direction,
maybe in the right direction. W really have to
under stand how that is there.

And al so under st andi ng how, you know, nean
vari ance rel ationships then show up at under the weak
null is very, very inportant. And so, it's really
quite a big space, but trying to find sonme sort of
snoot h paraneteri zation of this huge space becones
i nportant.

And ultimtely, you do have to stop that. You
know, what's clinically plausible? That there needs to

be something, but it's what's clinically plausible, not
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just to the investigators at hand, but to the greater
popul ation of the people who have to be convi nced.

DR. PRICE: Dr. Harrell?

DR. HARRELL: All right. First a couple of
qgui ck comrents on Cyrus' presentation. The |ast nethod
you presented for borrowing is really doubl e-dipping,
and is not a proper prior. So it's not a proper
Bayesi an anal ysi s.

And then, the Bayesian and frequentist, when
you have a non-informative prior, are only equal in a
very special case. And that's where the sanple size is
fixed and there was exactly one | ook at the data.

O herw se, the Bayesian and frequentist are only the
same if you don’t -- if you do not control the type one
error with the frequentist approach.

But nore to Scott's point, | think I'mglad he
menti oned the strong and weak null. And the whole
debat e about whet her we should be using null hypotheses
needs to always be revisited. And there's a great
debate in the phil osophy of science about whether
hypot heses | ead to advanci ng sci ence versus asking

guestions. And there's a difference in those two.
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That debate's worth readi ng about.

And we have sone fanmpus statisticians, such as
John Tukey and al so Cohen has tal ked about this, that
the null hypothesis is never true. So just get it out
of your mnd that there's exactly zero effect of a
drug.

And so, when you're doing a sinulation to use
something that's artificial, it has real inplications
on what happens. And one way it's artificial is even
if you believe the null hypothesis can be exactly true,
which | do not, you have to also realize you're nmaking
anot her big assunption in the sinmulations which is
you're entertaining that there is no possibility that
t he drug does worse than the control.

And so you're -- the option that delta is
negative, the blood pressure actually gets higher with
t he new bl ood pressure drug, is not entertained. And
so that's just one of the ram fications from doing
sinmul ations at delta equals zero.

DR. PRICE: Dr. Ashby?

DR. ASHBY: | nean, what's going through ny

head is which of these are fundanental questions and
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whi ch of these are kind of transient questions because
we're feeling a way, and this is all new stuff.

I mean, |I'msort of thinking 10 years down the
line, what you'd really want to see is probably sonme
shared agreenment of software. And it seens to nme
there's then two types of questions that you' d say,
first of all, are these the right sinmulations. And you
m ght have sone agreenent between regul ators and
sponsor about whether they're right.

And then secondly, whether they're technically
correct, but rerunning themin different software. |
t hi nk we shoul d be | ooking for technical solutions too.

But you can't possibly go over all space. But
|"mslightly worried that going down this |ine of
guestioning, | think we have to, sort of takes away
from what was the nost sensible thing to be doing. |Is
it really checking out the questions, the
characteristics we need to understand? And |I'm nore
concerned with getting the right set of questions.

So even when you start them at type one, it
ki nd of forces you into certain sorts of designs and

simul ati ons, sone of which are relevant, sonme of which
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aren’t. So | think, you know, you al nost want sone
interi mguidance while we're finding our away. But |
suspect the world in 10 years will ook quite
different.

DR. PRICE: Thank you. Dr. Goodman?

DR. GOODMAN: Sure. Thank you. Now, this is
nore a question. It's either a question or a comment.
Very often when | see the sinulations, they don't
al ways take into account the aspects of the design the
clinician m ght have insight into.

And | think in particular I think of the
tenporal drift in the control group, which in
conbi nation with adaptive random zati on sonetines --
"1l defer to Scott -- can introduce problens if you're
adapting strongly and then all of a sudden your control
group is doing better over tine.

The other is clustering within sites. And so,
my question is ae these -- very often that these
clinical features of the study or of the procedure, the
patients aren’t incorporated into the sinulations. And
the question is how to make sure that they are, that

that input is there, because the clinicians don’t know
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what questions to ask.

They can't | ook at the nodel and figure that
out, and even know that it's mssing. So it's really
up to the sinulators to be able to elicit those
features that are not necessarily encoded in just the
nul | hypothesis that would particularly interface with
the design of the trial, particularly if it's adaptive.
That woul d cause it to be m sl eading.

So this is sort of a question to those who do
this for aliving. It's also an issue for the FDA
because they have to know how to ask these questions.

DR. PRICE: Any response before we nove to Dr.
Lews? Dr. Berry?

DR. BERRY: Sure. | agree conpletely. And
it's the -- to elicit that and sinulate, for exanple,
time variation and does the control vary. And it can
be a problemif your control goes -- you random ze | ess
and it was built up at a period where it's different.
Coul d absolutely be a part of that.

And so, understanding fromthe design what are
potenti al weaknesses or parts that could go away and

the clinical possibility of themis the interaction
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that has to happen whether it's ahead of tinme or once
you've submtted and the FDA asks for such things.

The FDA may have further insight in other
trials that are running, and they've seen things that
then they could ask can you add this, can you add this
to it.

One thing we've conme up with on this front
that's been a challenge in submtting is we don’t
submt designs we're not running. So we submt only
the design. Here's how it behaves. But we don’t show
the work in which we decided that was the design, and
we didn’'t do this fixed trial. W didn't do adaptive
random zati on because maybe it has this issue or that.

And so, that's a hard thing, and sonetines
we're asked by the agency show us designs you didn’'t
decide so | can agree that this is better than those.
It gets a bigger deal, and it can be confusing at
tinmes.

DR. EMERSON: Just, you know, a couple
comments on that. You know, sonme of the tenporal drift
that you tal k about conceptually could be dealt with

wi th anal ytic nethods, and therefore you do that,
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al though it raises small sanple issues, which small
sanpl e i ssues have lots of things in ternms of both
heavier tails, in ternms of they're caused by inbal ance,
caused by al so nean variance rel ationshi ps that cause
greater problens, and the covariate adjustnment with
smal | sanples. Then, that also is a bigger thing.

But, you know, sonme of those will pick out
t hat you handl e the tenporal adjustnment correctly in
t he adaptive random zati on providing you' ve got bl ocked
random zati on and you adjust for that.

DR. PRICE: Dr. Lew s?

DR. LEWS: So a couple points. Wth respect

to the question actually posed, | think we're al
agreeing that one should not try to build what | cal
statistical Maginot lines. That's protection against

threats that don’t actually exist, such as the patient
suddenly becom ng i rmort al .

So | think the key is when we're comuni cating
in teams, why it is we're willing to give up this false
goal of analytic control. | think we need to point out
that these design decisions have real inplications.

These are real tradeoffs.
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If you limt your sinulation for type one
error control, if you will, to those things that are
clinically plausible or at | east worth worryi ng about
even if you don't find themthat plausible, which is a
br oader category, that allows you to focus on the real
threats to success of your program And that's where
our intellectual and conputational effort should be
f ocused.

| do thinks it's inmportant that the clinicians
or the scientific domain experts who view the
simul ations and give input on the advisability of the
di fferent designs learn to understand those things that
threaten the success, as Dr. Goodnman's pointing out,
and this is a nutual |earning experience.

And as Karen Price pointed out, you often get
insights into the weaknesses of your designs through
simul ations that you woul dn’t have otherwi se. And |
think it's inperative that all of us work to suggest
the kinds of questions be asked, |ike how sensitive is
t he design to tenporal changes, to cluster effects and
to those sorts of things.

But the main point I'd like to nake here is
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that there is a group that's ultimately going to be
tasked with the oversight role when the trial is run,
the data safety nonitoring board or the DMC

And one of the things that is critically
inportant is that the DMC understands the range of
assunptions over which the design's performance has
been sinmul ated and when what has actual |y happened
falls outside of the donmmins that have been sinul ated.

Because the -- obviously no matter how nuch we
t hi nk we know about a di sease, occasionally things go
terribly, horribly, differently. And the DMC has to
under stand when the design is perform ng or being asked
to performin a domain in which its behavior is well-
under stood or has been sinulated. | should avoid that
term or when they need to worry that what they'd been
told about its type one error control or other
characteristics actually doesn’t apply anynore because
the event rate is very different or the tined
information is very different or the cluster effects
are very different.

DR. PRICE: Dr. Ilrony?

DR. I RONY: | just wanted to tal k about the
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i nportance of working with the clinicians, and actually
with the FDA reviewers.

You know, this is a pilot study. But as we
get nore and nore experience with the sinulations, as |
got sone working with Scott in the center for devices,
you wi Il know about these cases.

For instance, what happens when you vary the
accrual rate? Now, that can be crucial. You know, in
your first trial you maybe didn’t think about that, but
you wll go, well, what happens when the control group
starts to beconme better because the standard of care
beconmes better or that stats will beconme worse because
you start to recruit patients that are worse off.

So all these things have to be worked in
conjunction with the FDA because their reviewers wll

have experience as the clinical pilot is in industry.

We will require nore experience. So all these

pl ausi bl e scenarios and critical scenarios will be
devel oped and can be developed in certain -- you know,
with tine.

DR. PRI CE: So we'll have Dr. Mehta, foll owed

by Dr. Bretz, and then we'll nobve to question two and
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we' || have further discussion.

DR. MEHTA: Thank you. | think that the issue
of borrowing data for your trial is a really inportant
i ssue and should be thought through carefully.

You know, how -- | understand Frank Harrell's
poi nt about doubl e-di pping. The issue is how are you
going to not contam nate your actual trial, but when
you bring in data, and this is actually what happens
when sponsors submt their designs, at |east to the
center for devices, where this has been all owed.

So | presented a nethod that was proposed by
the MDIC in a public neeting. | haven't devel oped this
met hod. But you have a choice. You can say, well,
there are -- FDA sonetines says we give you a fixed
di scount. You can take 30 percent. Either take it or
| eave it, That's the kind of attitude.

Now, then that places the sponsor at a ri sk,
and it also places the regulator at a risk. It places
a sponsor at the risk because if the new drug is
positive and the historical, when it becones avail abl e,
is negative, he's going to force to take 30 percent to

pul | down his affect.
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It's arisk to the regul ator because if the
new drug is ineffective and the historical drug is
positive, that's going to boost up the delta. So there
has to be sone kind of a dynam c way to all ow borrow ng
or else you should say we don’t allow -- we don’t allow
borrow ng.

And maybe there are better ways to decide
w t hout introducing biases. But | think that's
sonet hi ng that needs to be thought through and
di scussed.

DR. BRETZ: | guess |I'mnot sure what the
di fference between question one and two are. So I'm
trying to address bot h.

And | think I'"mhearing nultiple conversations
goi ng on. And that nakes the conversations
particularly interesting, | guess. But starting this
what we nean by a null space, Frank, if you nentioned
that you don’t believe in the null hypothesis, you're
referring to two-sided null hypothesis. But what about
one-sided. And | would only think about one-sided nul
hypot hesi s.

To me, that is inportant because if you think
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about the null space, and then froma nultiple testing
point of viewin the closed test procedure, the strong
versus weak el enment control, then it kicks in in a
multi-armtrial, and you would have to think about
sinmulating all conbinations of effective and non-
effective arns and the effect sizes.

I f you think about an enrichnent design, al
conmbi nations of treatnment effects and the subgroup and
the overall population. And if you think about
adaptation routes, depending on surrogate safety,
secondary endpoints, all these effect sizes would have
be to included if you think about the strong type one
error rate control. So this is one conment about the
nul | space.

Then 1" m hearing anot her conversation which is
gquote natural, Bayes versus frequentist, and maybe

overlaid or underlying that a type one error rate

control is necessary at all. And | don't think we have
t he di scussion today here. But that's why | |ike the
initial comment -- was it fromyou John or Lisa, that

sinmulation is not Bayesian versus frequentist.

It's -- and | |ike what Scott said, it's an
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integration problemand | agree fully with that.

And if you think about just a quantile of a
standard normal distributions, the 1.96, we get it by
Monte Carlo. W can also get it by simulation, and no
one woul d ever have any probl ens because it's a very
defined sinulation pattern, right, problem It's a
wel | -defined integral, and we can solve it efficiently
or in this case inefficiently with Monte Carlo
si mul ati ons.

If you think of it by variate probability
where you have a nui sance, |ike the correlation
parameter, it is still tractable. It is a well-defined
i ntegration problem because now you can go through the
grid different correlation values and you can ki nd of
under stand what is your |east favorable configuration.

That's quite possible nunerically if you use a
very fine grid. But then, | think transparency is an
i nportant topic when you -- when it gets nore
conplicated designs and nore advanced problenms. And if
you are thinking about how to define, if you -- I'm
heari ng about accrual rate and historical data, control

rate changi ng, what is then the integral.
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Probably you cannot wite down the integral in
a closed formanynore. So you can sinulate the trials,
and it remai ns somewhat an integration problem But
it's somewhat a black box what actually your
integration problemis.

So this transparency | think is inportant, and
if -- 1 think one step ahead on -- if you think about -
- which is not a topic directly related to sinulations,
but if you think about transparency of anal ytical
cal culations, if you think about this deep neural
net wor ks where you have hundreds of |ayers and
t housands of paraneters, it becomes inconprehensible
what such an algorithmis doing.

So where is the boundary of transparency
versus then accepting algorithns for which you can't
foll ow anynore what's doing. So | see there's sone
rel ationship. What's the necessary degree of
transparency in ternms of the assunptions, of the val ues
bei ng simul ated or power of the sinulation program

If you want to evaluate it, | think these are
all interesting questions, | think very difficult

gquestions fromas far as |'m concerned.
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DR. PRICE: So we'll nove to question two.
And | think question two has two parts.

How shoul d error rate sinulations be conducted
when formally borrowi ng prior information such as in a
Bayesi an franmewor k, and what does type one error nean
in this setting? Should we consider other error rates
i nst ead?

And just | ooking at our time, if someone al so
wants to respond to question three, what are sone
practical suggestions for inplenenting trial
simul ations. Feel free, and | see quite a few cards.
So Dr. Price?

DR. K. PRICE: Thank you. So |I amgoing to
sort of conmbine two and three | think in this response.
So foundationally, | think we can just think about
error rate sinulations generally, and how best
practices, and then tal k about sone additi onal
conponents that m ght be relevant in a Bayesian
framewor k, sone additional pieces that would need to be
i ncl uded.

So in terns of best practices, obviously you

need to have a really good sinulation strategy that's
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| ai d out ahead of time clearly articulating the

obj ectives, howw Il virtual patients be generated,
met hods for ensuring that how -- what you intended to
generate was actually what was generated, nethods for
how you anal yze the data, things around have your
simul ati ons converged, and there are graphical ways
that you can do this.

| would argue that one area we could inprove
I's our ability to graphically think and | ook at
sunmari es of simulations. Mybe there are sone
I nteractive tools that could be devel oped to help | ook
at the sinulation properties.

And then of course with -- if you have a
prior, what is that choice of prior, maybe exploring
sone alternative options to show prior posterior
sensitivity, |ooking at convergence of the prior and
things of this nature.

So | think that there are -- there are sone
references that can be included here where peopl e have
t al ked about best practices, sone of these com ng from
t he adaptive design working group years ago, sone

com ng nore recently from Bayesi an scientific working
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group and others as well. So I think building on those
woul d be really inportant.

The one | ast suggestion that | think is very
hel pful, and |'ve heard sonme others nention this, is
sonetines just | ooking at exanples, like specific
clinical trials that have been sinulated, and how this
pl ays out.

You know that's sonething, Scott, you' ve shown
in the past. And so, those types of things, always
| ooki ng at maybe certain edge cases or where weird
t hi ngs happen so that we can have a conversation about
why that happened. Those types of things seem-- woul d
be good. Thank you.

DR. PRICE: Dr. Berry?

DR. BERRY: So this is a great question, and I
swear if -- in a weird way, | enjoyed John struggling
with this question and physically grappling with it
because it's really in a situation -- and | understand
Cyrus' point about borrow ng information.

But in a situation where is deenmed reasonabl e,
the data is deenmed reasonable, that this is a good

thing to do for drug device biologic devel opnment,

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 222
you've already started with a leg up. There's a reason
to bring the data in, to go back and sinulate froma
nul | and say, aha, the chance of approving this drug is
11 percent because |'musing data that already gives it
aleg up. It's a weird type one error because we've
already said we actually don’'t believe it's very
i kely, you know, that even within some small delta of
t hat .

Now you can say okay, well let's go back to
before that data was observed and then sinul ate that
data bei ng generated and then go and what about t hat
whol e process? But it's hard to go back and
retrospectively generate what data coul d' ve been there.

If you're in a situation where you believe it
was cherry-picked, | don’t think anybody here thinks
it's reasonable to use that data, that we're doing
multiplicities and bad science, and | don’t think
anybody woul d be in that situation.

There are nore conplicated scenari os where
you're in an antibiotic situation or borrowing froma
previous trial and the control. You inflate type one

error when you borrow informati on even on the control.
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Every single arm study has type one error of one in
different situations. But we allow themto happen
because we have a certain confort with them

So | think we should sinulate different,
guot e, ungquote, "type ones" and understand the
unl i kel iness of them or the behavior of that, but not
live under this framework that you have to be 0.025 or
| ess.

Ot herwi se, you woul d' ve never borrowed the
data in the first place, and understanding what is
reasonable in that scenario is a very conmon thing.

And Tel ba made reference to this. W've done this with
Tel ba several tines before. And it changes the
conversation of the bal ancing of these errors as
opposed to the control at a certain |evel.

DR. PRICE: So we'll nove to Dr. Lee and then
Dr. Enerson, and then we'll open the floor up to the
audi ence.

DR. LEE: Thank you. So I'd |like to give sone
comment on question nunber three, what are the
practical suggestion for inplementing trial

sinmul ati ons?
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Well very sinply, make the tools avail abl e,
okay, to people, and then there are sonme -- you know,
make sure that it's easy to use, and, you know, it's
wel | -docunmented and it's reproduci ble. And actually
Karen brought up a very good point, is that you need to
provi de sone graphical assessnent so that people can
see, you know, how things work.

And for ne, the eye-opening thing is when
start to | earn about how Bayesi an net hod wor ks and how
simul ation, you know, can be conducted. People asked
me -- some people asked me during the break. You know,
| mentioned briefly about the software devel oper at M
Anderson. And let ne just say it again. |f you Google
MD Ander son software, downl oad our software online,
okay, or even go to trialdesign.org, you know, you can
get those freely available. | don't knowif it's out
of the line or not, you know?

If there's Internet, you can just type
trialdesign.org and there are many tools avail able, you
know, from | earning the Bayesian nethod for both binary
endpoi nt, continuous endpoint and tinme-to-event

endpoint or design trials, give you the stopping
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boundary, you know, of say Bayesian toxicity nonitoring
or efficacy nonitoring and then give you operating
characteristics. And even you can actually run the
trial using some of these nethod, and you can actually
al so in sone cases, after you design the trial, it can
give you the tenplate that provide the statistic
consi deration section in the protocol

So anyway, ny passion in academa is that try
to make the tools freely available to people so that we
can learn and we can inprove, or in sone cases, you
know, we can debate the choice of the prior and what's
the inpact of the prior, et cetera. But it's all
t here, okay?

So as long as the tool, you know, is
avai l able, and is reproduci ble, and we can -- or, you
know, agree -- you know in some case, we can agree to
di sagree, right? And but again, the thing is nmake it
transparent, make it -- you know, kind of useful,
reproduci bl e, then we can nmake inprovenment upon it.
Yeah.

DR. PRICE: Dr. Enmerson, did you have one

final coment?
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DR. EMERSON: So, you know, in talking about
how we inpl ement these simulations -- and Scott nade
reference to the gui dance's, you know, |ess well-
under st ood net hods.

And | guess some of ny contention is actually
what's | ess well-understood is actually the statistical
met hods interacting with the adaptive nethods rather
than just the adaptive nethods thensel ves, is that
there's less roomto not understand the statistical
met hods you're using and still have it be valid.

And the idea that particularly our nethods are
of ten presum ng such things as we're using sufficient
statistics at all tinmes in their adjustnment and there's
no other information in the data.

And, you know, Roger nade a very good point of
saying, well, sinmulations -- we have to really -- it
has to be pre-specified for us to sinmulate this. But
to then take these sinulations and believe that they'd
ever carry forward to fully adaptive, not pre-specified
is very dangerous because there can be additional
information that's never been considered in that

setting.
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In sinulating this, one question particularly
for simulating Bayesi an nethods, you know, | don't know
whet her I'm-- you know, after Bayes estimators or nini
max estimators sonetinmes, and realize that as you take
a prior, you' re averagi ng over |lots of individual
al ternatives.

And when is it better to maybe sort of do a
ti ppi ng point analysis of saying here is a fixed
alternative that we behave less well in, and then |ater
you can average in to say yeah, but | don't really
bel i eve that that nuch, rather than always averaging
over those. So it has sone issues.

And then, as Cyrus pointed out, you know, to
be really certain what the type one error was, it can
be prohibitive. And so the question is how do you
decide what's there. And I'll just say what | tend to
do is | take our standard frequenti st nethods that
nobody blinks at and say what really is the type one
error in those situations and how high can it go.

And recogni ze that on the type one error, if |
take nmy sinplistic world of a binary decision space and

a binary paranmeter space, the Bayes factor is the power
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divided by the type one error. It's nultiplicative.

And so, what sort of nultiplicative increase
in our type one error will be accept? And if you just
take the standard chi-squared statistic that we take
all the tine and don’t worry about it, it's -- we don’t
have to pick out 0.026 versus 0.025.

You know, we'd feel fairly confortable with
0. 027, 0.028 and adopt those standards and just say
yeah, it's -- we don’'t need that precision. W just
need to be a standard that people can operate on and
define what the |evel of precision we need to be
certain we're okay.

DR. PRICE: So we have time for comments or
guestions fromthe audience. Dr. Louis?
AUDI ENCE Q&A

QUESTI ON:  Just a comment. Tom Louis, from
Hopkins. Sitting here listening, | really got
i npressed by the power of sinulation really as a
catalyst. Even if you were to never sinulate, the
conversation that's happened for the |ast hour or so
just wouldn’'t happen if you couldn’t imagine simnmulating

and have a discussion range w dely about things that we
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couldn’t do anal ytically.

And so, |'m not saying we shouldn’t sinulate.
We absolutely should. But it's a little bit like the
bootstrap. Discussing what you would do is al nost as
informative as doing it. And so, | really think
sinmulation's role in getting a conversation going in a
way that's hopefully biologically and statistically
conplex is inportant.

And t hen another comment, just sitting here
rem nded ne of a conversation | had with Brad Efron
about 10 years ago when he said Bayesian's get all the
glory, but frequentists do the hard work. And the
simul ation exercise is pretty nuch a frequenti st
activity.

QUESTI ON:  Jonat han Smith, Adaptive Pl us.
want to -- first of all, let nme say that my coments
are really in relation to frequentist designs where
there's no adaptive random zation and we are sayi ng we
have to control -- have strong control for type one
error.

The first coment is that there are many nore

situations where we could actually use a nuneri cal
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i ntegration rather than have to use sinulation. And
that's quite often plausible, up to maybe six
di rensi ons, perhaps even nore.

Then if you are using sinmulations, | think
that it -- this my be a couple of strategies that are
useful to try and get to the maxi num

The first is perhaps start off with a fairly
wi de grid across each of your factors. Try and find
the area where -- or areas where the maxi numtype one
error lies. Perhaps use Scott's idea of nodeling to
try and hone in on that region. And then, once you've
got closer to that region, then run your sinulations,
maybe with 10 mllion, 100 mllion.

Anot her option would be to consider maybe
you' ve got five factors that inpact your type one
error. Rather than | ooking at a conplete factorial
approach to your grids, maybe instead of -- | don't
know, if you' ve got five levels of each of your
factors, instead of |ooking at that, you could start
out with a factual factorial, maybe 125th of the 55
factorial, which is only 25 different cases. And

that's going to give you a lot of information. So
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those were just a couple of coments. Could | nake one
nore, or --

DR. PRI CE: Briefly.

QUESTION:  Sorry. One nore comment, a
slightly different topic, and that's the follow up from
Frank's comment about whether we need to consider type
one error under situations where an effect size could
be in the opposite direction.

And | think that in the subgroup situation,
that maybe is the one place where that often cones up,
and we've certainly seen situations with -- where a
bi omar ker negati ve subpopul ati on does have a negative
treatnment effect. Okay. Thank you.

DR. PRICE: Since we do not have any
addi ti onal questions fromthe audience, 1'll return to
t he panel because we have a couple nore mnutes. Dr.
Mehta, | had actually skipped you because we were goi ng
to the audience. Did you have a coment to make?

DR. MEHTA: No.

DR. PRICE: No? And does anyone el se on the
panel? Dr. Harrell?

DR. HARRELL: | think it was Scott that
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addressed this about having a fixed, unknown paraneter
you're simulating from Was that you that just hit on
that a few m nutes ago?

DR. EMERSON: Sur e.

DR. HARRELL: Well, | don't know which Scott
it was.

DR. PRICE: Scott.

DR. HARRELL: It was one of the Scotts, nmaybe.

DR. BERRY: VWhat's your prior probability was
he or me?

DR. HARRELL: Yeah. So the thing | wanted to
mention is the -- when | think about that issue, |

t hi nk about what is the purpose of Bayesian inference,
isto-- is to take whatever the world is throw ng at
you and be able to gain know edge about what that thing
was.

So you're trying to -- you're trying to nake a
prediction or an estimate. You're trying to recover
what was not known and to make it nore known. So in
t hat way of thinking, the way you would do a sinul ation
is you woul d have a whole variety of unknown val ues and

you woul d ask the Bayesi an procedure to what extent
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could you recover those unknown val ues, whatever they
wer e.

And that's actually much different than doing
a sinulation that sets the unknown value to a constant
and finds out sone operating characteristic, Bayesian
or frequentist. |If you're trying to recover that
constant, you could never recover the constant.

You never would, no matter -- unless your
sanple size was infinite. But those two ways of
simul ating are nuch different, and | -- the Bayesi an
one to nme is nore natural because I'mtrying to recover
what ever it was that was generating the data.

DR. EMERSON: So | think you are responding to
me, and we'll discuss whether it was well or not.

The problemthat | have is so often | face
post hoc interpretations of data that are radically
different fromwhat the interpretations had been
beforehand. And it's inpossible to, you know, in any
prior anticipate sonething that you never expected to
be the case.

And so, all | was advocating is that finding

the limts of, you know, point priors, if you will, as
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wel | as what an average effect is, is sonething
wort hwhi | e because as | was just remarking in a sidebar
to Frank, is that I have been on DSMBs as many tines
where the treatnment effect turned out to | ook harnful
at a magnitude that they were |looking for it to be
beneficial as |I have found that have materially turned
out to be that beneficial.

And nobody started the trial thinking it was
harnful. And if you elicited priors forever, nobody
woul d' ve given you that prior. And so, by trying to
find those limts, think of it as a tipping point
analysis. That's additional information, and then at
the end you can say how unlikely you think it is.

DR. HARRELL: Just one slight rejoinder.

t hi nk nost people would use a prior that would all ow
for that to happen.

DR. EMERSON: But popul ations of priors are
what matter. So |I don’t |ike consensus priors. And in
fact my -- it is a polling. W're trying to go our to
t he popul ation of scientists and see how many we've
convinced. W're not trying to see if we've only

convi nced the average person.
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And so, it is relevant to ne also to say |
don't have to prove things to everybody. But have |
proved it to 95 percent of scientists, 90 percent of
scientists, and that al so hel ps.

DR. PRICE: Dr. Permutt?

DR. PERMUTT: | want to go back to this
guestion of how big a space and can we |limt ourselves
to clinically plausible val ues.

And you all design trials, and you' ve
addressed it appropriately froma point of view of
trial design. But let nme ask you a question as a
regul ator that maybe you can advi se ne on.

After the trial is done, we have a |lot nore
i nformati on about the nuisance paraneters than when we
started. As a regulator, can | confine nyself to the
val ues of the nuisance paraneters that are plausible a
posteriori, and not necessarily worry about possible
configurations of parameters that have by now al ready
been nore or less ruled out?

DR. PRICE: Dr. Berry?

DR. BERRY: So | brought this idea up, and I'm

sitting next to Dr. Meurer, and we have a trial, a 10-
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armcooling trial after cardiac arrest. W don’t know
how I ong to cool, so 10 different arns, inverted u-dose
response, Bayesian primary anal ysis of whether or not
cooling actually hel ps, even though we don’t have a
zero cooling arm Really quite hard to analytically
understand the characteristics.

It depends on the distribution of nodified
rank and scores. Are they nore towards zero? Are they
more towards six? We sinulated a w de range of these,
and then we created a conplete plan prospectively that
we submitted to the agency. This was the center for
devi ces.

This is how we're going to sinmulate it after
the fact. We're going to condition on what we observed
for these nui sance paranmeters and re-sinulate it,
because we had to do this grid search for type one
error.

And we're going to plugin those val ues, re-
sinmulate it, and what we're going to bootstrap the
actual values of the patients, ignoring the armthat
they cane from to just further explore this type one

error.
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And we're not going to then adjust the final
criterion, but we mght report that the trial had 2.54
percent type one error. W believe we've covered the
space. But this gives us additional after the fact
sinmul ation of type one error where we plug in nuisance
paraneters that are now known.

DR. EMERSON: O at |east now estimated. So
that they -- and you know, realize -- and again, when
you | ook at standards and what we do -- | nean, this is
standard sort of maxi mum |ikelihood idea of you take
the estimte of the nuisance paraneters and then you
just | ook at what the variability is conditional on
t hat .

Now, we know however that that doesn’'t work
entirely, and we know that bootstrapping can't work,
but maybe doubl e bootstrap can. And we have to worry
about the fact that always our alternatives are
counterfactuals, right?

We're saying gee, | observed a difference of
10 in the neans. Could this data cone from where --
when the difference was really zero? Well, if | was

that far off on the nean, then how far off was | on the
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variance? And the central linmt theorem says
concentrate on the first two nonments, because we bl ow
apart all other information in the data.

And so, thinking about what the variances
m ght do under these various alternatives. So the nost
| can cone back to is sort of the thing of saying well
we're sort of back to standards here, aren’'t we? W
don’t ever know the exact truth, and people can -- a
mean variance relationship is never identifiable
because it is a counterfactual.

It's saying that the data -- you know, if our
data is wong in sone sense, then it can be wong on
what that variance woul d be under sonething else. But
we can conme up with standards, and we can conme up with
standards that nmay not be perfect for the problem at
hand but that are on average okay.

And so, | do tend to worry about -- again,
it's all just do tipping point analyses with
everything. But | look to say how bad does it have to
be? How bad does our current data have to be before I,
you know, can't trust this at all?

And then you sort of go forward. The nore
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t hat the nuisance paranmeters are not totally nui sance
and are really nore correlated with what your effects
are, the nore trouble you're in.

But the other comment is focusing on what's
pl ausi ble, there's all definitions of what's clinically
pl ausible. So while | just did both, you mght tell ne
that you don’t think it's plausible that the
treatnment's harnful, whereas |'ll always say oh, yes it
I S.

But |I'm not usually going to put hazard
functions that are step functions. They' re going to be
fairly continuous, and I'll restrict myself to
conti nuous hazard functions on ny data.

DR. PRICE: So we're going to nove into our
break. | encourage panelists who | didn't get to, to
have of fline discussions during the break, and we'l
reconvene in --

MS. BENT: 15 m nutes.

DR. PRICE: -- at 2:45.

(Wher eupon, the foregoing went off the record

at 2:35 p.m, and went back on the record at

2:49 p.m)
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DR. PRICE: So we will move into our final
session for today. W are being cognizant of the
weat her, so we will do our best to end no later than
4:15, and if we are told that we need to push that up,
we will.

So first I would like to have ny two
col | eagues, who are joining this panel to introduce
t hensel ves, starting with Dr. Johnson

DR. JOHNSON: Laura Lee Johnson, Office of
Bi ostatistics in CDER

MS. KRAUS: Stefanie Kraus. |'ma regulatory
counsel with the O fice of Regulatory Policy in CDER
SESSI ON | V: COVPLEX | NNOVATI VE DESI GN Pl LOT PROGRAM
PRESENTATI ON

DR. PRICE: Thank you. So the final session
will focus on the conplex innovative design's pilot
program The pilot programw ||l have many goal s,
i ncluding an increased awareness of the val ue of
conpl ex innovative designs in a w de range of
t herapeutic areas and increased | earning and sharing,
both internally at FDA and externally to FDA.

| could name other goals, but | think we're
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all gathered today with the anticipation that use of
conpl ex innovative designs will further enhance drug
devel opnent, which ultimately translates to benefit to
pati ents, and our overall public health.

The purpose of this session is to engage in
di scussion and obtain input on the pilot programfrom a
broad range of stakeholders. | wll only give a high
| evel overview of the pilot program as found in PDUFA
VI .

Today's discussion will be used to further
i nform our thinking on various aspects of the program
as well as inplenentation of the program

Next steps for the FDA will include a Federal
Regi ster notice announcenent of the pilot program as
wel | as devel opment of a CID website, CID being conpl ex
i nnovative designs, with all pertinent information.

So under PDUFA VI, the FDA will conduct a
nunmber of activities that confirmour commtnent to
advanci ng the use of conplex innovative designs.

The activities include devel opnment of staff
capacity, conducting a pilot program again a focus on

this session, convening a public workshop, such as
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today's neeting, publishing draft gui dance and
devel opi ng or revising relevant manual s of policies or
procedures and standard operating policies and
pr ocedures.

The pilot programis designed for highly
i nnovative trial designs for which analytically derived
properties may not be feasible. And sinulations are
needed to determne trial operating characteristics.

Sponsors may submt designs to the program
and those selected will have the opportunity for
i ncreased engagenent with regulatory staff through two
neeti ngs.

FDA will select up to two proposal s per
gquarter. The agency will use the designs as case
studi es for continuing education and information
sharing.

In terms of the increased interactions, FDA
will grant a pair of neetings consisting of an initial
and foll owup neeting on the same design to occur over
a span over approximtely 120 days. The neetings wl|
be I ed by the statistical review conponents w thin CDER

and CBER, but will be rnultidisciplinary.
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So there are a nunmber of elenents of the pil ot
programthat we're currently working through and we
wel come di scussion on these points today fromthe
panel .

The elenments include eligibility or selection
criteria for the program tinelines, for exanple,
timelines for subm ssion of proposals, for selection of
proposals, for review of proposals and for feedback;
subm ssi on expectations, for exanple, what are sonme of
the key elenments for the proposal versus the neeting
package and are they the sane; disclosure, so a unique
aspect of this CID pilot programis the FDA's ability
to publicly discuss exanple designs to provide clarity
upon the acceptance.

Before granting the initial nmeeting, FDA and
the sponsor will agree on information that my be
shared publicly; communication, this could include a
conmuni cati on strategy between FDA and sponsors of
sel ected proposals, as well as strategies to informthe
br oader audi ence.

So before | go to our two reactants, | will go

over the discussion points. The FDA will select two
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proposals quarterly for entry into the pilot program
The proposals will need to capture sufficient details
to facilitate an understandi ng of the design anal ysis.

Di scuss specific elenments of the design and
anal ysis that are inportant for the initial proposal.
Di scuss types of trial designs that should be
prioritized for selection into the pilot program and
di scuss factors that m ght inhibit or encourage
subm ssions for the program

So | would like to ask our first discussant to
provide remarks, and that will be Dr. Liebermn.
DI SCUSSI ON

DR. LI EBERMAN: Thank you very much. So |
think we've heard a |lot here about flexibility and
creativity. And the pilot will definitely require somne
flexibility, creativity, nutual understandi ng, patience
on especially the sponsor site and transparency in
deci si on-maki ng, both on the FDA side and the sponsor
side, as well as communication, very clear and open
communi cati on constantly.

The thing -- maybe before we go to sone of the

tinmelines, and | |leave to ny other speaker some of the

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 245
ot her topics, but before | go to sonme of the tinelines
and subm ssion materials, | think it's inportant to
enphasi ze that even though this will be statistical
nmeetings, it would be nice to understand the role of
the clinical reviewers, and so their acceptance of the
study designs because it's not just statistics, but
it's the endpoints. It's the selection of the
popul ations. And all of these factors will influence
the sinmulations, right?

And then, if it's a study involving
di agnostics, will CDRH be involved? WII they be part

of the neetings, be able to at |ast say yes, the data

that will be generated fromthis study will also
support a filing for a diagnostic. So | think al
these will be inportant.

And then, we talk about tinelines. You want
to think of the flexibility because every sponsor has
their set of own netrics of what is fast and how fast
they want to nove and what are the risks they're
willing to take, and different types or kinds of
devel opnent s.

So sort of it's hard to say that one size w |l
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fit all. And what | nean by this, some sponsor my say
well, we like to as fast as possible go forward after

the end of phase neeting. So when we reach our
agreenent, one nonth or two, we'll ready with our
protocol we're running.

This may be all very well. But then where do
you accommodate the 120 days between the neetings and
the tinelines? O her sponsors m ght say okay, we're
not rushing. W're going to take nore tine.

So if we're going to look at this, sonebody
says yes, we're going to apply like six nonths, way
before the end of phase neeting, and start the whole
process. But wll there be enough information at
endpoi nts?

WIIl there be enough information on the
popul ati ons you want to select? WII| there be enough
information on the safety data to make the right
deci sion about all the simulations and the right study
desi gns?

Well, maybe the statistics will be hemmed out.
But then if the parameters change, it's a risk to the

sponsor if things change. So then there's the
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flipside, let's wait. Let's wait with all the
materials. When we're really ready, we submt nore or
| ess at the sanme tinme as we ask for the end of Phase 11
nmeet i ng.

Okay, well that means that the tinmelines wll
push us and we're going to have to look at -- we are
going to be far after what we normally'd like to do,
two nmonths after end of phase neeting, ready to go with
a final protocol. So |I know these will be the
consi derations that the sponsor wll take.

So sort of when you think about it in
sunmari zing, | think it will be nice to think that
there's going to be a wi ndow that the sponsor could
submt their information, and just don’t be strict
about it. Oh, it has to be right at the time of the
package for end of Phase Il neeting, or it has to be x
weeks before or after, but put a wi ndow around it.

VWhen we | ooked at it through the bio conpany,
we said, you know, it could be anywhere between 60 day
ahead to alnobst -- to a few days beforehand. And then
that will sort of define what is really in the

subm ssi on.
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If it's close to the package, then the sponsor
can reference a lot of the information in the package
because that will help the clinical reviewers
understand the study better.

If it's way before the package is ready, then
maybe they need to be nore information, not just about
the study design, not just about the statistics, but
also alittle bit within the context of the whole
devel opnent programto allow nore sort of a better
perspective on the material .

It would be nice to understand, you know, what
is the tineline for getting response to the
application. Could it be a nonth to 45 days,
especially if there has to be negotiations about the
di scl osure of relevant material ?

So sort of say, you know, after two weeks if
there is no i ssues about disclosure, there's just --
the sponsor will know. You will know the answer in an
additional two weeks. But if we have to discuss
di scl osure, it m ght take another nonth.

The other thing is sort of, okay, after the

acceptance, what is the time? What is -- and part of
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it is can we preschedule the neetings at risk ahead of
time or what is the feasibility of scheduling a neeting
once the acceptance happened? Could it happen within a
nmonth? 1Is it even feasible, both for the agency and
the sponsor? It may not be.

So maybe there's a way of sort of thinking
ahead of tinme of how do we don’'t have these w de spaces
between the tinmes we make a decision. Oh, nowit's
going to take us two nonths to schedule a neeting. Can
we be flexible of how we think about this?

Then the sort of -- the next step would be,
you know, the neeting between the two statistical
meetings. | would expect that the 120 days is really
for the statisticians at the FDA to run the
si mul ati ons.

So if it's a heavy sinmulation project, yes.
But if it's not, is there any feasibility to sort of
maki ng the neeting 90 days or |less, so negotiating
t hat, dependi ng on the scope of what needs to happen
bet ween those two neeti ngs.

And then, how do we sort of, you know,

conmmuni cate through the whole process? It would be
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definitely good both on the sponsor side to have,
especially if it is heavy statistics, if there is
interesting topics, sonebody fromthe sponsor being
really the key contact person, but al so have soneone on
t he FDA being the contact person for the study so there
is clear communi cati on.

I would al so envision that the packet, that
the subm ssion is different than the sort of neeting --
mat eri al neeting presentations. But that maybe does
not have to be sent |ike weeks ahead, but maybe j ust
two, three days before the neeting. And that would
include, | assune, all the details of the statistics,
all the sinulations information that will be then
di scussed at the first neeting.

And the same thing if there is a review of the
statistical sort of design on the agency side prior to
t he second neeting, it would be good for the sponsor to
get sort of overview of what happened, at |east few
days before the second neeting so that they can | ook at
t hat react, versus comng to the neeting and here are
all the problens that we found with your design, right?

So sort of allow that flow of information. So
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that's why that 120 days is probably critical to all ow
for this to happen. So it mght be hard to do. And of
course, | would envision that any documentation, any
simul ation results that that would be submitted in the
standard form

| believe there were sone of -- in the
previ ous session sort of ideas of what the reports
could entail, so that would be another thing. And I
think that I mght stop here and let ne friend
conti nue.

DR. ZHONG First, I would like thank the FDA
and our colleagues fromthe industry and also from
academ a who cone here to have this discussion.

The FDA this initiated this innovative
clinical trial pilot program Actually shed a |light on
the new era of drug devel opnment and gave a | ot of
confidence to the sponsors.

As a |l ot of people pointed out early on,
there's a ot of m sconception either in the industry
or sonewhere. It may or may not be in the agency, but
somewhere. Maybe because of |ack of issue with the

opportunity for innovation, right?
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So first I would Iike to make a statenent
there, thank you. And secondly, | have to be fully --
| have to fully disclosed that Gracie and | are
coordi nated, and that's why she did not touch all the
points there, and she -- we can spell out on what we're
going to tal k about.

And third, | mean, | agree to you -- naeke a
transparency that the points I going to tal k about

actually com ng from sone consensus fromthe bio group,

al so sone fromthe pharma workgroup as well. It's not
purely nmy personal belief. [It's some consensus form
t here.

So first let ne touch on the entry criteria.
For the entry criteria, | nean we conpletely agree with
agency that | nmean the whol e purpose here -- actually
the pilot programis to pronote public |learning, like
in -- and pronpote statistical innovation and al
i nnovation in health.

And the type of designs that Lisa early on,
presented actually kind of hit the nail on the head.
That's the kind of design that we need to see, okay?

Even though as Lisa point out, maybe statistically it
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may not, so in a way, but regulatory, it is innovative.
That's the point | make early on. That's the
opportunity for us to bring nore awareness on the
openness at the agency and to the whole industry to
ki nd of bring the innovation to product devel opnent.

And al so, sone speakers early on also said
let's focus on those kind of designs that used to be
| abel ed as not so well-understood designs. Yes, and
we're all in agreenent there.

And those innovative design that the agency or
the industry have | ess experience with, even though it
coul d have been used in one or two indications, or by
one or two other conpanies or divisions. But just
because of m sconception there, it's good to take those
trials into the pilot program

And then, the third is focus on candi date on
pre-clinical trial stage. People try to define it as
have they inpact on drug application, |ike the DRA,

NDA, |ike focus on those first. W all know that a | ot
of innovative designs have been used in early trial
desi gns, and FDA never di scouraged those. W al

under st ood t hat. But | nmean, the issue is could we use
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themto establish the evidence to i nformregul atory
deci sion on drug approval? So this is area that we
woul d |i ke to focus on.

And lastly, the entry criteria should be like
a -- | nmean, like sponsors of the applications should
be amenabl e for public discussion, to encourage public
| earning, |learning at the agency, at industry and
others in the statistic community as well.

And of course, tal king about disclosure, it's

not like we're going to disclose everything. | nmean, |
think the feedback fromthe conpanies -- | nmean, is
t hat what we should consider is that -- | nean, is only

di scl ose information that is necessary to pronote
public | earning instead of disclose everything, right?

| mean, we all heard from agency that, well,
di scl osure nust be a negotiation between the sponsors
and the agency, and then the -- but when we tal k about
the -- there needs to be a certain elenment that is to
be disclosed, right?

Most conpani es are nore open to disclose on a
design elenment, such that nostly will likely to be

statistical aspect of those kind of elenents there.
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So when we disclose things |ike product,
pl ease do not disclose those things. You can use drug
A, drug B instead of exactly which product is, or even
a di sease.

A | ot of conpanies are not confortable with
di scl ose whi ch di sease the conpany is targeting on. So
those kind of information is not necessary to say. But
|'"d also |ike endpoints. Endpoints, you don’t have to
di scl ose the definition endpoints, but you can disclose
if it's confused endpoint, ordinal endpoint or like
cardi nal endpoints. You can disclose these information
like that.

And then in terms of statistics, |like sanmple
si zed or maxi num sanple or expected sanple size, |ike
t he power determ nation. Maybe we don’t tal k about
power. But the false positive rate or fal se negative
rate, all of those things. | mean, and then the
simul ation, I mean, we talk a | ot about sinulation.
And the sinmulation is a thing that we all need to
| earn.

And in terms of sinmulation, I mean we're

hopi ng that we can disclose as nmuch as possi bl e, but
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has to be conpiled with sensitivity and confidentiality
of the conpanies. So that's about the disclosure. |
mean there's a -- | nmean the bio group actually submt
a recommendation on the disclosure. But |I'm not going
to go through the whole thing, but | picked up the
hi ghli ght there on it.

And then for the conmunication -- this
communi cation is also sonething that's very critica
for the success of the pilot programand for the
encour agenent of the conpanies, sponsors to participate
in the pilot programas well.

So we kind of think that this would be good if
the agency could identify certain elenments, working
with different working groups and sponsors to certain
el ements to disclose on a website, sonme -- like a
website or in a certain formso that, | nean, all the
conpani es who wanted to participate in the pil ot
programwi || have the opportunity to know what the
status is.

I make one suggestion is that in order to
pronote public learning, | nean, the entry criteria

there that we would like to look into all different
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types di sease area and still focus on one di sease area,
focus on looking all the different disease area, and
al so don’t focus on only one trial design type, but
focus on different product design choice.

Yeah. So that's what we'd |li ke to have, and |

al so want to point out, | nean, the bio group actually
have a list of the elenments that -- who | reconmmend to
t he agency that we would like -- usually the conpanies

in consensus would be able to discuss on |ike what kind
of information can we disclose on a website or sone
public forunms, allow the transparency to the public.
PANEL DI SCUSSI ON

DR. PRICE: Thank you. There was a lot in
both of those coments. W are going to open the
di scussion up to the broader panel, beginning with Dr
Lew s.

DR. LEWS: kay. Thank you. A couple of
just comments about the characteristics of the
sel ection process are things that one m ght want to
consider. One has to do with the diversity of
sponsors.

Qobviously it's inportant that traditional for-
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profit sponsors be represented in the program But as
was nentioned earlier by Dr. LaVange and ot hers, sone
of the work that we're seeing in master protocols is
driven by things |ike patient advocacy groups.

And one of the things that the agency nmay be
able to do to lower barriers, to research efforts in
sone di seases, and the nultidrug-resistant bacterial
pat hogens is one that is near and dear to our heart, is
to support the design efforts of these patient advocacy
or other nontraditional sponsors to devel op protocols
or master protocols that have sone indication that they
woul d be acceptable to support regul atory deci sion-
maki ng because that's a -- the uncertainty in that
regard is a barrier to sponsors then being willing to
submt their conpounds for testing in those platforms.

A second has to do with the likely nature and
conmpl exity of the sinulation code that would ultimtely
be required to validate the design. One of the
guestions we get asked very frequently is do you have
exanpl es of publicly avail able code that people can run
toreally learn what it takes to wite a sinulation

that is realistic enough to inform decision-making.
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And | think there's unfortunately relatively
few exanples of that in the public domain. So within
the diversity of proposals that would need to be
represented in the program it would be nice that if
there was at |east sone in which when we antici pated
that the code be able to be publically rel eased and
woul d be witten in R or sonme other w dely avail able
format so that we could help to devel op expertise in
the broader community to do those kinds of sinulation.

And then the last, which I'mafraid is mybe a
little contradictor to the comments of my coll eague, is
the inportance of concreteness. Wen exanples are
anonym zed, they lose a | ot of the power that they
have. A lot of people are |ooking for very specific
exampl es of sonething that was a successful design
effort.

And so, | would hope that at |east a subset of
the proposals that are accepted into the program are
devel oped in a context in which they can be as concrete
as possible with respect to the clinical disease
endpoi nt and ot her consi derations because this is an

area of clinical trial design where the -- those
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clinical details are supposed to informthe design
because the design is intended to be custom zed to
t hose details.

So when you anonym ze them you break the |ink
bet ween the very information that is intended to inform
the design and the design itself, and that will |essen
the val ue of the exanples.

DR. PRICE: Thank you. Dr. Chan?

DR. CHAN: Yeah. Very good comments provided
in sone of these discussions. And | just wanted to add
couple things. One is that related to the el enents
obviously we tal k about some clear |ayout or sinulation
pl ans.

And | think part of that is how having a clear
| ayout and the simulation plan under code to all ow
whether it is FDA reviewer or third party actually to
do a peer review, or even better, to do a validation of
the code. So those definitely needs to be part of the
el enment s.

But then in ternms of the study design, | was
t hi nki ng whet her FDA actually also would willing to

entertain maybe just on the programlevel, not just on
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the study per say, because sonetines you need --
actually when you're thinking about a drug devel opnent
program there's several aspects that actually from one
study or another study, they involve a |ot of
sinmulation or trying to do the nmonitoring to help
sel ect the dose and things |like that.

So | wonder whet her FDA would be open to
consi der sort of a serial study as one -- or a program
how t hat pan out.

And the third comment or question is in terns
of communication tine. | notice to you -- submt a
program and FDA have an interaction review, but for the
transparency -- for the public to understand, | wonder
how long it would take for the FDA to actually share
t he study design, even though the study may still be
ongoi ng.

But there's certain elenents can start to be
shared t hroughout the community so that the next batch
of the program can be bal anced al ong those |ines.

DR. PRICE: So | don't know that we have
answers to those questions. But they're definitely

points that we will consider. Dr. LaVange?
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DR. LAVANGE: So |I'm not exactly answering
this question, but | just wanted to make a few general
comment s about the programas we envision it.

So first, | wanted to give Estell e Russek-
Cohen out there in the audience sone credit because she
was really the brains behind this pilot program during
t he PDUFA negotiations, and is particularly the part
about being able to talk openly about the designs so
that better information about what FDA will accept or
not accept you know is out there.

Second, we'll -- may get into this today, but
it'll be better explained when the Federal Register
noti ce conmes out announcing the pilot. But we did
envision at the time, and probably FDA still does, that
there would be different you know -- the disclosure
woul dn’t be the sanme for every design.

So it may be that nothing about the drug or
t he sponsor or even the di sease needs to be disclosed.
It may be just the elenents of an adaption, or
sonet hi ng el se.

On the other hand, if there is use of a

patient registry, then you'll have to disclose
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sonet hi ng about the disease. But you know this woul d
not be just opening up the entire devel opnent program
or even the protocol.

It's not a full disclosure or protocol. It's
really just being able -- | nmean put yourself in FDA's
shoes and think about what woul d be npst beneficial to
the world of directed elenent for us to disclose.

Well maybe it's the fact that we are seriously
considering a design with this particular adaptation at
these particular times, based on this informtion
t hese decision-making criteria, this |evel of evidence,
or this way to sinmulate the operating characteristics
and so forth.

So you know, it's not full disclosure of
everything, and | won't say anything el se, Stefanie.

But | think that's inportant that this is a -- what
woul d be di scl osed or what needs to would be on a case-
by-case basis, and we're not tal king about in nost
cases opening it all up.

And then, you know, third, I think it's very
i nportant, and sonmebody has said this already today

it'"s up to the sponsor. |If they -- they don't have to
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partake in the pilot, and that doesn’t mean they can't
propose sonething innovative. So you can still propose
a very innovative design and choose not to go through
the pilot.

The idea of going through the pilot is you get
alittle bit nore regulatory interaction, hopefully you
know pretty fast, which is -- Gacie made that a very
i nportant point. And you're contributing to the body
of know edge, which advances science. So you knowit's

a good thing to do, so just wanted to make those

poi nts.

DR. PRICE: Thank you. Dr. Ashby?

DR. ASHBY: | think I'm probably answering
point two nore than point one. Regarding -- so | think

the first thing is that you need to be careful about
the range you accept, because once you start going
public and tal ki ng about them people say oh, well
that's what they nmean by adaptive designs. The FDA
wi || accept those ones, but not those ones.

So I think we need to be transparent about the
sel ecti on process, but secondly, a careful choice

across a range wll send the right nessages.

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 265
| guess if it was me, I'd go for -- if | was
in the regulatory side, start off with kind of the
easi est one you can, because just how to do the
conversation, who cones to those neetings is going to
take tine, and then grudgingly get nore conpl ex.

And the thing | would really like to see done,
but it may be too conplex for a pilot, is actually that
the work is put where adaptive studies are npbst needed,
at chief of the public health, and to nme you -- at | ast
one area is in watching infectious diseases, where if
you have a pandem c, and you want to be learning really
fast, so that in real-tinme you get back. And |I've been
i nvol ved, and Berry Consultants have been involved in
Eur opean package which is trying to get to that.

And to ne, the public debating getting those
studi es setup so that they are ready to go, and so that
you' ve got public buy in and you've done all the
t hi nking would be well worth the investnment. And |
woul dn’t start there for the first quarter, but if you
haven’t got one at all, that kind of thing, |'d be
qui te di sappoi nt ed.

And then ny final point is please make sure
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that patients -- the patient voice, public voice, are
involved in this, partly to get it right, and partly
because of trust. But | think that that -- getting
t hrough the pilot, making sure that you' ve got that
enbedded from day one will pay dividends in the |ong-
run.

DR. PRICE: Thank you. And Dr. Price?

DR. PRICE: Thank you so much. Just a couple
comments primarily on discussion points two and three.
Some of the type of trial designs |I think that would be
hel pful are -- and we're al so maybe per sonme of the
di scl osures that John was tal king about, inferentially
seanl ess types of designs, and borrow ng nethods,
designs that have some form of formal borrow ng, basket
pl atform type of designs, many of these things that
we' ve di scussed today would be spot on with the types
of things that again, have been done, but maybe not
routinely. And so, we want to have nore interactive
di scussi on on how to do that.

Sone of the factors -- and this is through a
variety of conversations |I've had as well as with sone

of nmy internal colleagues, what would be inportant to
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hel p encourage, or not to inhibit a clear and sinple
process for subm ssion of the pilots. If we get to a
pat hway where having a | ong drawn-out conversation
about disclosure and what woul d be discl osed, that
woul d cause sone concern | think.

| mentioned this before, but just to
reiterate, it would be inportant | think to have
clarity on the reason if it is rejected. | think it
woul d be a natural kneejerk reaction to say okay,
whoops.

That's maybe not all owed, but we know that it
may actually be that this is now the third you know
adult borrowing for -- or pediatric borrow ng from
adult data, so that's really why, but clarify on why it
was rejected and a pathway for continuing to allow that
design to nove forward, because it's inportant. And |
think clarity on when and how the FDA w |l be
communi cating | earnings, as well as routinely -- and
updati ng that know edge.

So this is going to be an adaptive thing,
itself. So learnings on -- we talked about -- 1| |iked

the points about the time. There may be a wi ndow. You
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may | earn over time what timng seens to work well, and
so having know edge of that will be inportant.

And it would also be great to know if there
are certain types of designs that you had hoped to see
but you're not seeing, and comrunicating that | think
woul d hel p sponsors to say okay, let's now | ook at
where in our portfolio we m ght have an opportunity to
cone forward. So you m ght get sonme experiences that
way. Thank you.

DR. PRICE: Dr. Enmerson?

DR. EMERSON: | guess one aspect that | would
want to see, were | doing this sort of thing -- I'm
not. But is the process that you go through of what
the initial subm ssion was, and then what additional
t hi ngs FDA wanted to see for this docunentation. What
guestions were not addressed in the initial subm ssion?
What things had to be addressed and that sort of thing?
It's this process.

The word that's sort of mi ssing from
di scussion point one to ny mnd is docunentation.

You' re tal king about the design. You' re talking about

the anal ysis, but what's the docunentation of the
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design and analysis that you'd wanted to see so that it
was under st ood?

You said you needed to have the details, but
it seens to me that this is a process of trying to
gat her information about how to in general present
adaptive designs so that the FDA can understand them
or regul atory agencies in general, and what the sponsor
woul d want to go with.

| guess | don’'t -- you know fromthe start in
a lot of this thing see that the clinical trial that's
subm tted ever has to be conducted really, so that
there is a concept of if a sponsor doesn’'t want to
di vul ge too nmuch of what they're actually doing, but
wants to participate in this program

It can be, you know, under not quite fal se
situation, but some aspect there just to gain that
i nformati on because that's the process that | would
think that we're trying to identify the nost.

DR. PRICE: So sone of that, Dr. Enerson,
coul d becone a part of the selection eligibility
criteria in terns of realistically planning to nove

forward with the study. So I'll nove onto Dr. Zhong.
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DR. ZHONG | would like to respond to the
conment that Dr. Enmerson nmmde. It kind of relates to

qguestion nunber one, this docunentation, yes? For
clinical trial design, it could in an initial

subm ssion, and definitely we -- there's sonme el enents,
like -- just |ike what we need to do, when we submt
and initial hypothesis or synopsis.

It's not just a very high-level concept. W
have to understand the patient popul ation endpoint, a
subpopul ati on group, and post selection rationale
criteria, so on, so forth, |like those high |evel
things. And then nore details on the statistical
el ement design, elenents of the trial, the trial design
el ement s.

So that's why you select this kind of trial,
and what's the rationale behind use of that, and for
the trial endpoint. And those should be described in
t he docunentation, right?

And then for decision criteria, and we w ||
need to have sone decision criteria, also described
there. There's -- but not talk about sinmulation. It's

a hard deci sion too, based on sinulation to tal k about,
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all right?

And this particular nethod to analyze data and
al so make it through a decision, those things should be
described in the docunentation, and also the |evel of
substantial evidence. So here we have this and for the
other, we'll talk about another choice on disease in
smal | popul ation, right?

The evidence, it may or may not be the so-
called the 5 percent offer |evel anynore. So we al
have to open m nd and think about how to assess the
| evel of evidence based on the risk-benefit ratio. |
li stened yesterday in the rare di sease wor kshop, and
t hey di scussed how to treat a patient who had a rare
di sease and no options. |It's also a risk.

So we assess -- like I nmean what evidence we
need, then please | ook at the risk-benefit there.

Yeah, |'mnot tal king about |lowering the ball, |owering
the criteria to get the job approval, all right? But
we just have to assess the |level evidence, it's not the
five percent rule anynore.

And ideally, | mean to nove the science

forward and the docunentation also contain |like a
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simul ati on plan and the eval uation of the inportant
operating characteristics. So those things, | believe
t hat we should have in the docunent.

So, but to the point nunber two, and here we
t hi nk about the -- so maybe not point number two. So
i ke in point nunmber three, what factors m ght inhibit
or encourage the subm ssion for the progranf

| feel like listening fromDr. Chan, we
haven’t di scl osed certain information, but cannot |ike
hide all the information. The agency can understand
that. But | would |like echo ny coll eague's point, |ike
if we disclose too nuch, that could be a factor to kind
of inhibit the subm ssion through the pilot program
and woul d not allow us to achieve the kind of pronoted
i nnovation to the agency.

And also | nean the buy-in fromthe agency and
those who are review divisions. And | think the
horrible things that we spend nonths discuss this in a
way to innovate design, but when we go to the phase
nmeeting stage, or even | atest stage, or else that
review divisions said no, we don’t accept this design.

But this could be huge factor there, that can
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inhibit the subm ssion there. So sone kind of pre-
specified enroll nment in other division, review
divisions into this review process, and could really
hel p encourage the subm ssion there. And also the
gui de -- career guidance is -- we're not asking for
gui dance for everything, but certain guidance stil

needed, even the guidance for the analysts require for

this subm ssion. 1t's needed.
I mean, | go back to sinulation section and I
fully understood that -- | nean there's no criteria for

acceptance there. But | think that would be good that
t he agency could give sone gui dance on what a

simul ation plan should contain at high-level, right?
VWhat operating characteristics the sponsors should
include in the simulation plan? So some gui dance there
woul d be hel pful for sponsors. | wll stop here.

DR. PRICE: So thank you. And Dr. Enerson,
just to go back to your question -- | did want to make
you aware that during the -- as we've been discussing
the pilot program one thing that we are considering is
an active IND, so that al so woul d guarantee that a

conpany does intend to nove forward with the design
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DR. EMERSON: But ny point is if that's a
barrier for disclosure, is that serving your goal? |If
the goal is to learn how to specify adaptive designs in
a way that we can nove forward and | earn something that
bot h.

It seens to be both industry and the FDA needs
to devote resources to solving that problem and you're
never going to do it if everything has to be you know
proprietary information, and what aspect of this
process, of submtting, thing like this.

Where do you even envision that the results of
the clinical trials will enter into this? It really
seens that this is an approval process and -- in what's
going forward, and there's no nmechani sm whereby the
results were there.

So is it really crucial that the clinical
trial will be done, or is what's crucial is you know
nodel ing after -- | would say industry would nodel it
after sonmething they're wanting to do, and in that
process you present.

Now people sitting around this table have

experience, com ng up with docunentation of adaptive
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designs and the |like. But what we want to do is get
that out into the public domain and renove all of those
barriers.

So, so far | haven’'t heard anything that says
doing the clinical trial is crucial and we'll provide
the information at the end.

DR. LAVANGE: So this is all hypothetical
because the program hasn’t been announced, but the
di scussion during the PDUFA negotiations, and G acie
correct ne if I"'mwong, really had to do with -- okay.

The way it evolved was there was sone
di scussion on the FDA side that sponsors were
wi t hhol di ng protocol ideas, study design ideas,
assum ng that the FDA wouldn’t take them And we al so
felt alittle strapped that we couldn’t tal k about sonme
of the nore innovative proposals for protocols we'd
seen because things took a while.

And then, on the sponsor side, the feeling was
that the nore conplicated designs took a | ot of
regul atory interaction because when you get into
simul ati ons you know just one protocol review -- | nmean

it takes a bit of back-and-forth, you know?
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This is not what the FDA wants, or we need
nmore sinulations, or we need this, or we need that.

And so there was a desire for nore regul atory
interaction. And so, we cane up with the pilot idea
mutually to offer increased interactions on a pil ot
scal e, because resources at FDA are limted and
reviewers are often fairly strapped for tine.

So could we give -- could we pilot this?
Could we try to give nore interactions on a conplicated
design? And in exchange we can at |east talk about the
design so that people are aware that we are accepting
or engagi ng about the protocol ?

So we -- this is just the first step. | nean
| agree that what you want is good, but we're sort of
taking the first piece of this. So this would be a
protocol review. This is not an NDA subni ssion. The
trial is not finished. This is a protocol review and
we're trying to enhance that process. |Is that a fair
st at enent ?

DR. EMERSON: But it is the abstraction of
t hi s whol e process that one, what we've heard is saying

gee, how do you paraneterize these innovative conpl ex
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designs? How do you paraneterize the sinulations that
you do? What are the areas of uncertainty that the
regul ators have, and how do we get that back?

And it seens to ne that that's what's cruci al
in this pilot program is to say that that
conmuni cati on, the back-and-forth that you have, that's
where nost the education's going to cone from

| mean the question is, is what did we not
know to supply to the FDA, and what after the FDA asked
a question that they suddenly deci ded, yeah that was a
stupid question. We didn't really need to now that.
You know that information is crucial for being too
(i ndi scernible).

Now I'm making this up, but you know the --
you know there. You have an SGR. Are you an SGE or is
it -- Frank are you an SGE or are you a --

DR. SCOTIT: |'m SGE and Mari a.

DR. EMERSON: Okay. So but it's the idea of
saying can you take in people who are sone -- you know
nei t her academ c nor FDA, but trying to abstract it and
then hit upon what that abstraction of this process is

that's acceptable for release to both the sponsor and
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the FDA to -- you know where you have sonme peopl e who
are dedicated to trying to describe a comon framework
on what that educational systemis.

Ot herwi se, what this seens to ne is this is
you' re encouragi ng people to submt things that will be
in a silo and nobody'l|l ever find out about.

DR. LAVANGE: So the purpose of the public
di scl osure was to not do that. But that doesn’t nean
the pilot's going to answer everything. And so,

t hi nk we probably thought or envision that in this
process you would have nore public discussion at
pr of essi onal neetings about certain designs.

You would -- | nmean | have sat in neetings
where sponsors have put up on the screen all these
different types of adaptive designs that some of which
are not conplicated at all and said this is what the
FDA doesn’t |ike because they call them |l ess well-
understood in their 2010 gui dance, and | wanted to say

no, no. You know we didn’'t nean that.

So you'll have nore open discussion of designs
at public neetings and so forth. You will have -- |
don't know white paper, sonething will conme out of this
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about how to submt sinulations.
| mean, | think there will be |ots of things
that will happen as a result of this. | think we're

just trying to nove the needle initially in this way,

but I -- everything you say is a good thing to happen.
I"'m-- 1 don't think this pilot can make all that
happen, but maybe it'lIl be the start is just ny
opi ni on.

DR. PRICE: You've stinulated di scussion and
Dr. Lewis wants to respond as wel |.

DR. LEWS: Yeah. And just -- | just want to
apologize if | seemed to make it appear as if | was
saying everything in the programhad to be fully
di scl osed.

In my mnd, the -- one of the strengths of the
proposal is the nunmber which | ooked I|ike two per
quarter, which by ny math is eight a year. And that
all ows for some diversity in the types of sponsors, the
degree with which it's definitely gonna be run, the
degree with which you can negotiate public disclosure
of the communication and the iterative process, et

cetera, et cetera.
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So in nmy mnd, | think the panel has
identified a whole bunch of positive attributes of
types of projects that m ght be accepted into the
program and the goal is to have as many of those
attributes represented over the popul ation of projects
as opposed to presented in every one.

M5. KRAUS: So a few points for consideration
on disclosure. Conpanies |ike governnment agencies can
tend to be fragnented in ternms of the statistical
staff, the clinical staff, the regulatory staff, the
| egal staff.

When you' re considering about applying for the
program you prob want to have had those conversations
with your regulatory staff and |legal staff to make sure
t hat everybody's on the same page about how they feel
about disclosure so that we don’'t get a design that we
really like, and then people go back to their
regul atory fol ks and | egal folks and say you can
basi cally disclose nothing about this.

The ot her point that was rai sed about
di sclosing or requiring to disclose too nmuch as being

an inhibiting factor, | would encourage you to think
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about what too nuch neans under specific circunstance.
You can approach it fromthe perspective of well you're
asking us to disclose too nmuch, or this is too nmuch, or
you could approach it fromthe perspective of let nme
assunme that I'm going to disclose al nbst everything
about ny trial.

VWhat do | want to hold back and why do |I want
to hold that back? Wat's the interest that I"'mtrying
to predict in that process? And that may help you
realize that maybe sonme things that you think is too
much information really isn't too nmuch information

DR. PRICE: Thank you. Dr. Marchenko?

DR. MARCHENKO: | just wanted to know that of
course | evel of confidentiality will always vary from
sponsor to sponsor, and you will need to decide if you

sel ect this program because sponsor doesn’t want to
gi ve you enough information to incorporate
confidentiality.

But what | do think would be inportant is to
make sure that the | east therapeutic area is announced
because right now the perception is that those conpl ex

adaptive designs can be used only in oncol ogy, or rare
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di seases. And | think this is what the -- we would
li ke to break too, because there nmany other therapeutic
areas where those type of designs are applicable.

At the same tinme, | do want to agree with
everybody's here that you are not trying to | ower the
standards. It doesn’t nean that right now in every
t herapeutic area we are going to use external control
because it's not going to be the case.

I think what Scott said -- | think it was
inportant with regard how you're going to present the
argunent. Like fromny perspective, it would be
i nportant that you would put initial design at |east
comments provided by agency, comments address the -- by
t he sponsor or by society wit large, so that it would
be step wi se process, not just here's the final design
and that's what they would consider to be a good
design. We need to understand why.

And what was di scussed -- and then it's
probably a question nmore for you. Wen | first read
this program | thought we were tal king about
confirmatory trials, here. But the nore we discuss it,

| realize that you' re practically encouraged to be in
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any kind of a design, even the interesting phase |
desi gn, which sponsor is willing to share. 1Is that the
case?

DR PRICE: So | think inits initial
inception it was envisioned it would be nore towards
the confirmatory space.

We are open to innovation, but | wll say
during the initial inception, it was considered in the
confirmatory space. Dr. Berry?

DR. BERRY: So O ga sort of asked ny question,
but I'lIl ask it again. Are you |ooking to show this
scenari o where you receive say an adaptive design
report, sinulation code, the results, and people get to
see your reaction to that? O are you trying to go a
st ep backwards and have an interaction?

And how do you create that design? Did you
simulate multiple things? Did you conpare then? Did
you approach that? Do you want to get into that
bui |l di ng of an adaptive trial and get eyes on that, or
just this point of what happens when sonebody subnmits
an adaptive design and get eyes on that?

DR. JOHNSON: So in many ways it's a little
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bit of both because realistically you can't really do a
good job of the first one w thout an understandi ng of
the second. So I don’t -- | would not expect -- it's a
pilot, | should also, you know -- always the enphasis
that part of this is that there will be a | earning
experience and a 360 structure here. [It's going to
happen.

But it's -- you can't -- | would hope that
what woul d happen here is that sonmething doesn’t cone
in. And it's just a yes or no stanp, right? There
shoul d be iteration and di scussion and that happens
across every single type of design that we see,
typically.

So | would expect it to go that way, but nmany
times you have to understand |i ke what were you
thinking? Did you think about this? So |I do expect
there will be sone back-and-forth, but again it's a
pilot. That may change, and it'll really depend al so
on what cones in, but I would say you can't do the
first without the second.

DR. BERRY: Yeah. It would be great to see

sone of that. And just a warning, | tend to be
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sonebody who is | ess concerned about operational bias
and outside information.

At sonme point you may need to not disclose
anyt hi ng about a phase IIl trial that could give people
i nformati on about how the trial's going, based on
knowi ng the gory details of the actual sinulated trial.

DR. PRI CE: Dr. Meurer?

DR. MEURER (Off mic.)

DR. PRICE: That's okay. You haven't said a
| ot so -- you haven’t spoke a lot so | wanted to give
you an opportunity.

DR. MEURER: Okay. Very good. So | guess |
would like to | guess put in a plug for academ c
sponsor investigators, as a potential popul ation for
this programsince |I've collected a few IDs and | MDs as
-- in that role.

| think that that also in terns of having the
goal s, of having a very open and transparent protocol.
It may be easier in the acaden c space, particularly if
it's repurposed existing approved drugs and new
di sease.

QUESTION: Do they have to pay the PDUFA fee?
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DR. PRI CE: No.
DR. MEURER: Not for an academ c sponsor
i nvesti gat or.
DR. PRICE: Not for an | M.

QUESTION: No, but to be a part of this

progranf
MS. PRI CE no.
DR. MEURER: So | guess I'minterested in
t houghts on | guess that population, for this. | nean

obvi ously, you don’t even know how nmuch excitenent
you're going to have about this, but that may be a
popul ation that could benefit fromthis process and
woul d have an incentive since it would be governnent
funded in the end to be doing very transparent work
that coul d be seen by everybody.

DR. PRICE: Thank you. Dr. Mehta?

DR. MEHTA: Thank you. | think it's going to
be very hel pful when you actually make the announcenent
if you have sone concrete exanples of what types of
designs will qualify for this program

As this is going to be very conpl ex designs,

like this unbrella or basket type, or the sinpler types
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of adaptive trials, just to classify as not well-
under st ood, such as just sanple size re-estimtion, or
popul ation enrichment, or sone -- drugs, dose
sel ecti on.

Even for these sinpler types of adaptive
trials, there are conpani es wherein the regul atory
departnents concerned that they will -- that they won't
be acceptable to the FDA.

So I would strongly recommend that you
actually list some exanples in your announcenent of the
types of designs that could qualify for this program

DR. PRICE: Dr. Harrell, followed by Dr.
Zhong.

DR. HARRELL: One partial way to address sone
of these issues, especially Scott Emerson's issue, is
to have a dry run with a hypot hetical devel opment, and
hypot hetical, clinical trial, that you could -- or a
group could make up that sort of typifies a lot of the
i ssues that you're going to see in real trials.

And then you have sone sort of national
webinar with |ots of participation where you actually,

in a crowm, start designing the adaptive trial. And
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then you start gathering the general issues that cone
up, that Scott was asking about, abstracting those.
It'1l help the abstract.

DR. ZHONG So I'Il respond to Scott and
Stefanie a little bit on the disclosure. And the post
pharma and |1 O was in had menbers fromthe working group
for that the applications, should be anendable to
encour age popular learning. W're not going to try to
hide fromthe public.

So | want to make it a bit clear on what -- |
mean the group do not feel confortable to disclose.

For instance, | nmean it -- like the indication, |ike
t he group doesn’'t feel confortable with that, m ght be
simlar action nore towards structure right?

Then, even sonetines in the sponsor name -- a
| ot of sponsor do not feel confortable with -- nore
conmpany, one conpound per disease. You disclose the
name of sponsor, it could be a disadvantage to the
conpany as well.

And study group are an sanpl e anal ysis that
perfornms on that status. So those are the things that

t hese sponsors did not want to disclose.
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The nost inportant thing on the study designs,
and ot her conpanies actually are willing to use these
study paraneters. So | just want to nake a little bit
cl ear there.

We are not trying to hide anything there.
mean the -- nost of the conpany would like to
participate in the pilot program of course benefit
conmpany itself, but at sane tinme al so pronote public
| endi ng, and pronote innovation in statistic and
clinical environnment, so --

DR. PRICE: Dr. Lieberman?

DR. LI EBERMAN: Thank you. So one thought
about sone of these -- how to disclose some of the
information that everybody's asking for, so instead of
tal king at a conference about one specific design that
was observed.

The other one could be |Iike quarterly, or
bi annual updates of here are the types of therapeutic
areas that the designs will peak there. Here are the
types of sort of discussions that we had, and it
woul dn’t be tied to any specific design, but sort of

summari zed the issues that canme out, the responses that
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we were getting, sort of -- and put together.

So then everybody here is like you all got
mention that it's not just the rare di sease and
oncol ogy, but it is different therapeutic areas you
will see it as, but also you'll see the variety of sort
of responses and interactions, but not tied to one
speci fic nol ecul e.

MS. KRAUS: So -- introduce nyself again.

DR. PRICE: They' Il be connecting.

MS. KRAUS: Oh, apparently the people on the
adobe can't tell who's speaking, so this is Stefanie
Kraus, Counsel at CDER

| wanted to pose a question to the panelists,
based on the disclosure discussions we've had, which is
when we get to the point of the disclosure discussions,
so presumably sonething has been said in the initial
application, we |like the design, and we see that there
is at | east sone opportunity for discussion, how do you
envi sion those di scussi ons goi ng?

What we had not envisioned was that this would
be a negotiation anong | awers, but a negotiation anmong

scientists, so that we have an agreenent on what we
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feel is necessary to |learn fromthese designs, and nove
t he sci ence forward.

So | throw out for you how you envision those
going. Yeah?

DR. LEE: Maybe first suggestion would be that
the sponsor in their application sort of provides. And
she said that | hel ped her.

What | basically did, | took a protocol that
was adaptive protocol, and | stripped all the
i nformati on about the nol ecul e, the therapeutic areas,
the type of the endpoints, just maybe coded that this
was type in vent endpoint, but | didn't say that it was
survivals and others, and said this is the statistical
section. This could probably be shared anywhere with
anybody, and the sort of types of adaptations.

So sponsors could in their application start
with that, and just put this. Here's howits
statistical analysis, or the synopsis: W strip the
t hings that we don’t want to disclose. Hear that --
how it look |ike, and that being the sort of point is:
| s that enough? And then maybe a little bit scientific

di scussi on. Could we add a little nore?
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DR. PRICE: Dr. Lee?

DR. LEE: Well 1'd like to nake a general
comment first. That is we often know | ess than what we
t hi nk we know, okay? And if | count on anything today,
| think learning is kind of the keyword, and we try to
| earn nore, try to be adaptive, try to inprove on what
we -- how we do things.

Goi ng back to this -- therefore | think it's
great to have this innovative design pilot program
okay? And to nove things forward in ternms of applying
better and nore efficient designs.

But one thing nore clear is that: How does
this programworks in terns of the -- in the drug
approval pathway or the process? Because if it's
al ready faced design, then it's | ess controversy,
right?

But we heard this that is initially when it's
pl anned is for confirmatory study. And we wish to
understand this, it's not a MDA, okay?

So we know that, for exanple, in oncology that
we have this accel erated approval, you know, based on

i ndi cati on, but need to be confirnmed |later for the
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advocacy. So I'mnot quite clear how does this pil ot
programfit in, in terns of the drug approval process?

DR. PRICE: So I'mthinking this through. Any
of nmy industry coll eagues want to help? Raji's going
to hel p.

DR. SRI DHARA: So you know this has nothing to
do with the approval process. It's an IMD that we are
tal king, or maybe even a pre-IMD, and all we are
tal king i s about the design.

We haven’'t seen the results yet. Were is the
approval decision comng in there? | don't think based
on a design we are going to say this can only give you
accel erated approval, or this can only give you a ful
approval, or what have you

So | think approval is a totally different
issue. All we are talking is we have a good design to
answer the question that you want to answer. And how
are you doing it?

The -- that's what is being done. And the
other thing I -- if | can take couple of comments --
can | nmake? Okay.

The first thing is: | think all of you nust
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realize that all the trials, all on clinicaltrial.gov.
So once an IMDis there, it has to be reported there.
And | think of what nore are you going to include in
this pilot that you're going to disclose? Mybe nore
detail s about your design aspect and about the
si mul ati ons.

And sinul ations are -- you know w t hout your
drug product there, and therefore probably there should
be alittle bit nore openness in putting this forward.
You could think of you know either there was a talk
about how do we put this out, or what have you?

| think it we're not putting the disease in
there, it's very hard for anybody to understand because
the endpoints are quite different and why you deci de
and design is okay in one disease versus it cannot be
okay i n anot her disease.

There are very many factors that go into it,
and so not having the disease in the background may not
hel p al ways. You can al ways cone back and say | don’t
know. Ckay, tinme to nove to the endpoint, but what
time to event is you're talking about? 1Is it getting

rid of an infection? What tine it takes, or versus a
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survival ? There are very many different studies, so |
t hink we have to look into that.

Sonme parts are present at how we should -- how
we can put this out about the protocol or what have
you.

And | want to think, and you know give us your
opinion if this should be done somewhat simlar to
bi omar ker qualification programthat we have, where we
do have a website where one of it is qualified is put
in there, and should we have a website where a trial
whi ch goes through the pilot, and the accept the design
of the study can be put in such a way. Wat do you
think about it? 1Is it too nuch?

And agai n, you know this has been on what you
have already in the clinicaltrials.gov, and the age
ability portion, and a -- |I'mthinking that probably it
cannot be static because if you're already have a
design that's already in the pilot program and it's
made public, then another one coming with a very
simlar or close to the sane design, do you really want
to consider that?

So these are sone of the things. And | think
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froma sponsor point of view, you are to say when is it
appropriate to announce this to the world, or to say
okay, we can share. W are confortable sharing at this
point. Maybe when you put it in the
clinicaltrials.gov, or after you have enrolled X number
of patients, you feel confortable? Okay. Qur trial is
running now. We don’t mnd putting this out.

So sone of those things probably you know as
sponsors, you m ght want to think about. Thank you.

DR. PRICE: And | would just add if -- | had
to think about your question. It's not exactly a -- |
t hi nk an easy answer to the question, but in the --

j ust because a sponsor is maybe not in the pilot
program that does not preclude an innovative design.
And where woul d that protocol, or where would that
design fit in the approval process?

So it's simlar considerations, and sone of
that really is up to the sponsor in terns of where are
they in their devel opnent program

So I think just |looking at the tine, and
seeing that we have soneone at the mc, we'll go ahead

and nove to our audience participation, and we'll take
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the person at the first mc.
AUDI ENCE Q&A

QUESTION: So as | listen to this discussion
on -- by the way, |I'm Angela Johnson with CT
Consulting, and al so Texas Tech University.

As | listen to this discussion | think of the
many different types of sponsors we work with, sone
being very small biotechnology firnms and sonme bei ng
very large. Then you've also tal ked about academ c
groups and al so patient advocacy groups that conme in.

Wth these first pilot trials, is there an
interesting in going towards the platformroute and
sort of a follow up question to that is: |If so, does
that favorite in the favor of one type of sponsor, and
maybe even di scourage say snmall biotechs fromtaking on
t hese adaptive approaches, saying this is just for
| arger prograns. This isn't applicable for ne.

How do we make this equitable where smaller
prograns are al so being brought in and saying yes, FDA
is going to facilitate and have conversations with you
about innovative desi gns when maybe you have a snmall er

pi peli ne.

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Meeting March 20, 2018

Page 298

DR. JOHNSON: Actually I could talk about
that, but I think we're very pressed on tine right now,
so it mght be better if we just go ahead and listen to
all the coments and nove forward.

DR. JOHNSON: So thank you for your comments.
We' Il keep noting them down.

DR. PRICE: So we'll go to mc two.

QUESTION:. Hi. This is Dr. Liu from Bowing
Green, departnment of statistics. W achieve |earning
formboth positive and active cases. Sonetinmes | think
we |learn nore through the -- | understand there wll be
incentive for sponsor who participate in the program
and who are actually sel ected.

I'"mjust wondering if there will be any
incentive for the sponsors to also share the
rejections? You know you will basically select eight
cases, and maybe you will reject 40 cases.

DR. JOHNSON: So we'll take that into account.
Thank you.

DR. PRICE: First mc? Step --

QUESTION: Okay. | had a couple of -- sone

gquestions. | actually think clinicians want nore
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detail than the statisticians do when -- is it on?

PANELI ST:  Yes.

QUESTION:  Maybe I"m short. Okay. So Roger
made a good comment. | think clinicians hone in on
certain details that they think really has to be there,
and the statisticians tend to see oh, it's oncol ogy
with time to event. That doesn’t nean you know the
ki nd of cancer, whatever.

But | can see the pilot program playing around
with different approval rates, retention rates, dropout
rates as part of a discussion. Because sonetines it
will work for that kind of cancer, and sonetines it
won't. And therefore it doesn’t really get down to the
particul ar conpany's actual solution, and overall
survival is sonething we all understand.

So there could be situations in which it's not
a narrow indication. In fact, | think as part of the
power program we night want sonething that's not too
ti ght because we kind of hope it's going to stinulate
drug devel opnent.

And so therefore, it ought to apply in nore

than one little, narrow indication. But a | ot of
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t hi ngs depend on what conmes in and when. That's it.

DR. PRICE: Thank you, and we'll go to mc
t wo.

QUESTION: Hi, I'mKatie (ph). 1'mone of the
clinical |l eads here at the FDA and |I'm working in CBER.
And part of why | wanted to work here is because of the
innovation. | think the science is really exciting,
and | think this panel's been fantastic.

Three practical suggestions for the care and
pl eadi ng for your nedical officers as we go through
this process. One, | wanted to echo a comment | heard
this norning about being transparent about the why,
stating up front what's the rationale. So if |
under stand why a sponsor wants a novel trial design,
it's a lot easier for us to agree on what. So just
being really candid about that upfront.

You know we antici pate the biggest threat to
the success of our product is this. W want this
attribute in our trial to try and protect. Well now we
can have a conversati on.

And the second thing is show don't tell. So a

couple times |I've had interactions with sponsors where
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they're telling ne what they want to do. | think
want to agree with them but | can't tell exactly what
they want to do. And I'lIl say send nme an exanpl e.
Send me a case report formwith fake data. Show nme how
you want to score it and I'll look at it and say yeah,
that' Il be fine.

So sinmul ations are good, but in this setting
where it's really novel, you know an exanple, a choose
your own adventure. Ckay, if we encounter this state
of know edge A, we anticipate our trial unfolding in
this way.

If we encounter state of know edge B, we
anticipate our trial unfolding this way. 1It's just
sort of qualitatively describe different outcones,
dependi ng on the scenarios you m ght encounter | think
would really help to have a good di scussion.

And then third is the assunptions. So you
know I don’t understand probability, but | don't need
to to understand how a random zed control trial works,
because |'ve had enough practice with them but |
understand the assunptions that we tend to bunp into on

whet her or not the clinical scenario is likely to be
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robust to those assunptions.

So the packages have to include somne
di scussion of the assunptions you' re nmaki ng and why you
think they're going to be robust in the clinical
scenari o so that we can comment on whether or not this
makes sense. Thanks.

DR. PRICE: And the next person at this second
m c before we nove to the first?

QUESTION: Hi. This is Bob Becknan from
Georgetown. And | just had a sinple question follow ng
fromthe question about how this connects to drug
devel opnent. And the answer was given that this m ght
all be in the pre-1MD, or IMD setting, but I was kind
of | guess this is a two part question.

First of all, | thought and I wanted to
confirm that it could also be available for a novel
confirmatory trials, and if that's the case then
wonder ed whet her a conpany that was willing to present
novel confirmatory trial, if they went through a |ong
interaction as part of the pilot program and arrived
at a mutual acceptable, confirmatory design, could they

-- could that result in something that was equival ent
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to a SPA?

DR. PRICE: So the spot has a | ot of elenents.
So I'"'mhesitant to say yes or no. W really hadn’t
considered that. But | wll say one part of the SPA
t hat woul d not be attractive in this setting, in ny
m nd, would be the tinme |ine.

An SPA is a special protocol assessnent that
has a very short tineline, and we're tal king about
fairly conplex issues that will require significant
time.

But if you're tal king about an elenent in
terns of just having some form of agreenent, one woul d
hope that if we reach a nutually agreeabl e design, that
it would nove forward.

That being said, that does not necessarily
mean that the drug will be approved. You know you
could do this great design, and it turns out your drug
just doesn’t work.

QUESTION: Right. Well that's true for SPAs,
so --

DR. PRICE: It is. So we'll go -- thank you.

We'll go to the first mc
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QUESTI ON:  Thank you. Ruthie Davie (ph) from
Met adata Sol utions. Knowi ng that you may not have tine
to respond today, | just want to plant a seed for a
t hought later. And that is whether the agency would
consi der sort of hypothetical project, and I'Il give
you an exanple to explain what | nean.

So imagine there is a therapeutic area where a
sponsor typically works with single armtrials, and
going forward they'd like to use sonme sort of external
control for those trials.

Woul d you consider a project that | ooks at a
random zed trial, creates a historical control there,
and sort of validates the creation of that historical
control so that it could |ater be used in future drug
devel opment prograns?

So the actual project is kind of hypothetical
based around that random zed control trial. It's
probably conpl eted and renoves a | ot of the problens
with revealing informtion.

DR. PRICE: Thank you for giving us sonething
el se to consider. And our |ast public comment or

guestion?
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QUESTI ON:  Thank you. This Connie Latinagara
(ph) fromEli Lilly and Conmpany, and | want to thank
you for -- panel nenbers for all the great discussion
so far.

We've heard a lot of technical topics as well
as operational topics, today. And ny question is: How
do we envision handling you know all of these topics?
s it sonething that FDA is wanting to tackle
t hensel ves, or is it sonmething that could be
col l aborated in nature, since we do have you know
exi sting working groups, as well as taskforce with
i ndustry and phar ma?

And what | mean by working groups is you know
t he adaptive design working group that have you know
various conplications so far, as well as the Bayesi an
scientific working group who have you know past work,
as well as ongoing work to tackle sone of the topics
that we di scussed today?

MS. KRAUS: Along those lines, just to rem nd
everybody that we have a docket that's open, that's in
connection with this public neeting. So if there's any

poi nts or conmments you still want to make, or have us
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consi der anything, that docket is open through Apri
20t h, and you can find the docket information on the
agenda.

CLOSI NG REMARKS

DR. PRICE: So thank you all. This has been
very hel pful, and a very insightful discussion.
According to the agenda, | amto give concl uding
remarks. These will be extrenely brief so we can al
get out and get safely to our hones. And | wote a
coupl e things.

So we started the day with the Swi ss Arny
knife, and in ny thought process on the Swi ss Arny
kni fe was one size does not fit all, which was a thene
that we heard yesterday at the rare di sease workshop as
wel | .

So there may be objectives and questions of
interest that may be best answered via a sinple, yet
appropriate design, and there may be study objectives
and questions that will require a Swiss Arny knife that
may entail a nore conpl ex design and anal ysi s.

These conpl ex i nnovative designs may entai

adaptations, and may require sinulations. The designs
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may be based in frequentist nethodol ogy, or Bayesian
met hodol ogy. Regardl ess of the nethodol ogy, the
di scussi on today suggests that pre-specification is
inportant in ternms of nodifications and adaptations
t hat one m ght nake.

General broad themes that | heard were the
need for transparency, clarity, education,
col | aboration, including the cross functional effort,
and conmuni cati on.

Dr. Lee stated, and | wote it down because |
really liked it: education, innovation, and
i npl enent ati on.

So the education will be needed across
di sciplines within the FDA as well as anong external

st akehol ders. A step toward educating in our opinion

will be the conplex innovative design pilot program
which will allow continuing education and information
shari ng.

Thi s discussion today is not the end, but a
part of the process of noving drug devel opnent forward,
for again, the benefit of the patients and the overal

public health.
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The pilot programis a part of noving forward.
However this does not preclude innovative designs
outside of the pilot.

And Dr. Price, who -- we are not related, but
| like that |ast name -- Dr. Price said we can do this.
We nmust do this, and we are ready to do this for
pati ents and for public health.

So again, 1'd like to thank you audi ence for
your participation. | would like to thank our
panel i sts who cane again, fromnear and far. W have
panelists fromthe west coast. W have panelists from
Europe, so this has just been a great discussion.

You' ve only seen a couple of FDA
representatives today, but this really has been an
effort anmong many of ny col |l eagues, as well as many
of fices within CDER and CBER

|'d also |like to thank Dr. LaVange for --
whil e she's at the FDA, kind of laying the framework
for this and noving us forward -- and for Dr. Estelle
Russek- Cohen, who did the same as director of CBER, of
the office of biostatistics at CBER

| hope | have not forgotten anyone. | usually
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do not |ike to nanme people, because inevitably | am
going to forget soneone. So that being said, thank
you, safe travels to everyone.

(Wher eupon, the foregoing adjourned at 4:15

p.m)
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CERTI FI CATE OF NOTARY PUBLI C

I, KeVon Congo, the officer before whomthe
foregoi ng proceedi ng was taken, do hereby certify that
the proceedi ngs were recorded by me and thereafter
reduced to typewriting under ny direction; that said
proceedings are a true and accurate record to the best
of nmy know edge, skills, and ability; that I am neither
counsel for, related to, nor enployed by any of the
parties to the action in which this was taken; and,
further, that | amnot a relative or enployee of any
counsel or attorney enployed by the parties hereto, nor
financially or otherwi se interested in the outconme of

this action.

KeVon Congo
Notary Public in and for the

State of Maryl and
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CERTI FI CATE OF TRANSCRI BER
|, Darcy Rogers, do hereby certify that this
transcript was prepared fromaudio to the best of ny

ability.

| am neither counsel for, related to, nor
enpl oyed by any of the parties to this action, nor
financially or otherwi se interested in the outcone of

this action.

4/ 2/ 2018 Darcy Rogers
4/ 6/ 2018 Edited by: Benjam n G aham
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