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1 APPEARANCES 1 PROCEEDINGS
2 Edward Cox 2 MR. COX: All right. Welcome everybody and
3 Edward Weinstein 3 thank you for joining us today for public workshop on
4 Peter Potgieter 4 development of non-traditional therapies for bacterial
5 Wayne Danker 5 infections. And if we, you know, we think about this
6 Edward Burd 6 area, we think about what's going on in the area of
7 Toni Perez 7 bacterial diseases. You know we are at atime when
8 Kadavarti Suvarna 8 the antimicrobial resistance is getting ahead of us
9 Scott Evans 9 and we need new therapiesin order to be able to meet
10 Ann Eakin 10 patient needs.
11 Mayurika Ghosh 11 We've seen an increasing interest over the
12 M ary Beth Dorr 12 last several yearsto development of what we're
13 Todd Black 13 calling non-traditional therapies; so new types of
14 John Rex 14 interventions that we hope will provide new therapies
15 Sumati Nambiar 15 for patients who need them; particularly, those with
16 Kevin Outterson 16 more seriousinfections and infections caused by
17 Dmitri larikov 17 resistant organisms.
18 Filip Dubovsky 18 Now folks who had been following this field
19 Dan Rubin 19 may recall that there was a Duke-Margolis workshop a
20 William Hope 20 couple of months ago. That was a very helpful meeting
21 Shampa Das 21 to sort of get the landscape of the different types of
22 Tracey (X [ aohui) Wei 22 productsthat are out there. And today, what we'd
Page 3 Page 5
1 APPEARANCES 1 liketo do is continue those discussions and move
2 (Conti nued) 2 beyond, in essence, theinventory and sort of afirst
3 Paul Ambrose 3 blush look at the products and actually try and get
4 Helen Boucher 4 into some level of detail with regards to the
5 Ramya Gopinath 5 therapies, what they are, how they might be studied.
6 Michael Kaleko 6 So you'll see we have a series of cases that
7 Michael Bevil acqua 7 well be talking about, which we hope will prompt a
8 David Melnick 8 discussion on this very topic and we look forward to
9 Brian Tse 9 hearing the groups thoughts on the different
10 WesKim 10 development pathways. If we think about the term non-

11 Vu Truong
12 Owen McMaster

11 traditional therapies, | just want to reflect on that

12 for just aminute. It's sort of an interesting name

13 Paul Grint 13 and some might even argueit'samisnomer. | mean if
14 Jeff Wagner 14 you think about early studies for type-specific anti-
15 Samareh Azeredo 15 pneumococcal serum and other anti-sera that were used
16 16 many, many years ago, maybe the smaller molecules are
17 17 not -- they're non-traditional. And if we go back to
18 18 our roots, some of the things that we're calling non-
19 19 traditional actually were sort of the earlier
20 20 therapies.
21 21 But | think what this reflectsis that we're
22 22 more accustomed to the use of small molecule drugs
2 (Pages2-5)
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1 when we think about treating bacterial infections

2 clinically. And one thing that John Rex and Kevin

3 Outterson has taught meisthat "It's very important

4 for usto get al on the same footing." So we'll

5 start out with atalk today from John and Kevin and

6 they'll walk through an overview of non-traditional

7 therapies and help us with some of this vocabulary

8 about these various different types of products as we

9 think through them that | think that helps usin our
10 discussionsif we have asimilar footing. Then we'll
11 aso hear from Helen Boucher and Helen will giveus a
12 clinicians perspective. What she's seeing out in the
13 field. And that will remind us of the importance of
14 the work that we're undertaking here. And really you
15 know our real end goal hereisto have new therapies
16 for patients.
17
18
19
20
21
22

We will also walk through and group together
issues of pharm tox, (inaudible) microbiology
considerations that we think spans really the range of
the different case scenarios we present -- that we
will go onto present. So we try to group those
altogether thinking that they'll be applicablein

Page 8
1 arguethat alot of what we know from the small
2 molecule antibacterial drugs and clinical trialsto
3 show an effective a therapeutic is applicable, you
4 know, almost regardless of the mechanism of the
5 product. Sowe'll try and keep that in mind as
6 something to learn from.
7 Obviously, there can be different
8 considerations depending upon the molecule, how it
9 acts. But there'salot to belearned from what we've
10 donealready. And then next sort of provocative
11 question. If the mechanism of action is known, should
12 we focus on mechanistic studiesin patients or should
13 we betrying to show clinical benefit?
14
15 very important tool and help us to understand what the

So | think mechanism when understood can be a

16 therapy can do, which particular types of infections

17 it may be able to treat or prevent. But aswe think

18 about development and you move from the early stages
19 tothe later stages, you obviously want to take an

20 advantage of your knowledge of mechanism as much as
21 possible. But ultimately what you want to do is, get

22 to the point of being able to show clinical benefit

Page 7
1 general to the types of therapies we are talking
2 about.
3 And then you'll seethat we have a series of
4 cases and we'll try to make these interactive. We
5 will, to the extent possible, welcome questions from
6 the audience and from the folks at the table to try
7 and really have arich discussion. And we know too
8 that folks are online. We're grateful for the folks
9 onlinethat havejoined in. Thereisan opportunity
10
11
12
13

14 You know, I'll run through a couple of these and then

to type in questions and well try and get to those as
time permits.

So let me give you afew themesto think
about and keep in mind as we go through the workshop.

15 asojust give you my impression. So the first theme
16
17
18
19
20 about that. If you think about what we're trying to
21
22

isjust what we know about the clinical developments
of the Phase |11 trials for small molecule
antibacterial development drugs apply here or can it

help us. And so I'll just pause a minute and think

do, we'reredly trying to impact, you know, the

patient and the patients' disease process. So | would

Page 9
1 for the patient. So thereisthis, | believethisis
2 progression over time from mechanism to clinical
3 benefit as you think about the devel opment program.
4 And redlly the question is here | think "Can
5 you demonstrate that the patient overall is better off
6 when the patient receives the therapy?' This seems
7 like really simple questions, but | think one of the
8 challenges we face hereisthat we're dealing with a
9 couple of different complex biologies. We're dealing
10 with the complex biology of the human then add in
11 disease, which leads to physiologic derangement, in
12 addition you've also got the bacteria present. And if
13 wethink about bacteria even though they're single
14 cell organisms, they're amost like the Swiss Army
15 Knifeinasinglecell. Becauseif you think about
16 it, they have to do everything to survive and to be
17 ableto do what they do just with asinglecell. So
18 thisreally does| think underscore the importance of
19 looking at the clinical benefit of a product, you
20 know, in the patient because, you know, the
21 complexities here oftentimes will teach us new lesson
22 that we didn't anticipate and we've seen this over and

3 (Pages6-9)
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1 over with clinical trials. Thingsthat we didn't 1 MR. OUTTERSON: Yeah. Thank you, Ed. If you

2 expect pop up. Sometimes we can explain them and
3 sometimes we're still |eft scratching our head.

4
5 thelogistical somewhat of atransition but for lunch
6 inthe back you'll seeandit'sall the way, so this

7 isthe C and the B conference rooms, and A isa

8 different meeting beyond. But if you go beyond that

9 and over to your right, there's awindow there and you 9 hopefully something that's fruitful.

10 can check off on a paper if you'd like to get lunch
11 served from the group there can sometimes help a
12 little bit with regards to how quickly you can get
13 lunch. They ask that you get that in, if you can by
14 the break at 11:00, if you happen to be wandering out
15 there, feel free to also grab the paper and submit

16 that. The bathrooms are also just beyond and to the
17 right. Online folks |'ve mentioned that you can type
18 in questions and we will try and get to them astime
19 permits.

20 The meeting is being recorded. So there will
21 beaweb recording available online, dideswill be
22 online, and also there will be atranscript for the

So now moving from the philosophical mode of 4 joke about thisjob. A lawyer and a doctor walk into

2 notice, it'salawyer and adoctor opening the
3 session. It almost sounds -- we should have a bad

5 the FDA and what do we get. John and | have beenin
6 serious conversation about many of these issues for

7 the better part of adecade. And sowe are

8 structuring this as a continuation of that discussion

10
11 theyears and we know that it'll continue to be that

We've had some challenging conversations over

12 way today with this group. But our perspective,

13 despite our academic backgrounds for both of us, isto
14 bepractical. You know, we're very interested in the
15 science, we're also very interested in a practical

16 answer that helps the industry move forward. We can't
17 just wish this away.

18 We also don't think thisis an FDA problem.

19 You know, it's not that they're being intransigent or

20 something. We need to pragmatically look and to find
21 away to move forward in this space. Particularly

22 with all of the types of products, the non-traditional

Page 11
1 meeting. Wetry to includein your packetsin the

2 very back you'll see disclosures, so folks have
3 provided their work areas that may impact upon the
4 work that we're discussing today. And thisisa
5 workshop and | think it's important just to remind
6 folksof that. Sothisisredly just for the
7 purposes of discussion so that we can al learn from
8 each other and it really is not about generating
9 consensus.
10 So with that | want to thank you all for
11 joining. There've been anumber of folksthat have
12 worked very hard in putting this meeting together.
13 I'm very grateful for all the work that folks have
14 done. And the workshop and its value really comes
15 from everyone who is here and from al their
16 contribution, so for that | and we all are very
17 grateful.
18

19 and look forward to learning from everybody. And with

I'm looking forward to the day's discussions

20 that I'll turn the podium over to John Rex and Kevin

21 Outterson, who are going to start out with an overview

22 of non-traditional therapies. Kevin?

Page 13
1 products that are coming to the market for the first

2 time moving towards clinical trials for the first

3 time, many of which are in the CARB-X portfolio.
4
5 split thisup and I'm going to do alittle at the

So agenda for today; John and I, are going to

6 beginning, John isgoing to do alot in the middle,
7 and then you'll see me again near theend. So the
8 core problem isthat in order to get, you know,
9 approval from the FDA and then also later get paid by
10 somebody who actually wants to use your drug, you have
11 to show value, you have to show distinctive value.
12 Andwe put it in red that this, we don't think thisis
13 aregulatory issue per se. You know, thisis
14 something we heed to ask for any sort of product. And
15 it'sjust uniquely difficult sometimes, you know, to
16 show that with antibacterial products. And we're
17 having aproblem in the past few yearsin thisway.
18

19 usually come up with a superiority sort of design.

For antibiotics, it's been difficult to

20 The sort of design that you would see routinely in
21 many other drug classes. Last timethe GAO looked at

22 non-inferiority designs, alot of them werein the

4 (Pages 10 - 13)
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anti-infective antibiotic space. And the reasons for
that are relatively straightforward and we'll talk
about that alittle bit in the next slide. But the
key isthat FDA could accept a non-inferiority study.
But what about the pairs, you know, what about the
hospital formulary committees, what about the, you
know, the folks who are making the decision on whether
or not, when there is a choice between an antibiotic

© 00 N OO 0o B~ W N P

that's been generic for decades that has a cost per

=
o

course of treatment of $120 versus an antibiotic which
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isnew and has a cost of 10,000 to 12,000 per course

=
N

of treatment. And the newer antibiotic only has a

=
w

non-inferiority study; how do you make that caseto a
14
15
16
17
18
19
20
21
22

peer, how do you make that case to the formulary
committee at your hospital, Helen?

And so you'd expect for the bad news quote
hereisthat, you know, we need to be very clear that
the FDA isnot thefinish line. Herethefinishline
is selling enough product so that the companies are
incentivized to continue to doing research and
development. And instead what we've seen recently is

companies get FDA approval and then having to let go

Page 16
1 thetrial more difficult, right. And assoon asyou
2 know that vanco doesn't work, if you had a great
3 diagnostic to show to this patient that vanco wouldn't
4 work with what they have, you have to try something
5 else. It becomes unethical to continue. And so this
6 iswhy thesetriasit'sdifficult. I'm not saying
7 impossible. Some people havetried. And
8 occasionally, you know, there are superiority sort of
9 resultsthat they can generate aswell. But it'sjust
10 much more difficult than it isin many other drug
11 categories.
12 And when you think about just how you know
13 simpleitisin other fields, I'll talk about thisa
14 little bit. Y ou know why we have so many therapies on
15 cancer in oncology, immuno-oncology and the ability
16 there for them to be the 3rd or 4th or, you know,
17 rescue treatment because they're able to identify the
18 patients and they have alittle bit of time to do
19 that. And the fact that we're -- the victims, the
20 whole sector is victims of its own success and the
21 fact that most of the time the antibiotics we have
22 including the older generic ones actually work, they

Page 15

1 their early development folksin order to conserve

2 cash to commercialize because they're not able to sell

3 very much. And thisisnot just aregulatory problem

4 is part of what we're saying.

5 So for antibiotics you know the paradox, we

6 do want them, we need these drugs, we need new drugs

7 for bad bugs and it's easy to show that in alab

8 becausein alab you can fill aPetri dish with, you

9 know, resistant microbes and then try thingsto kill
10 them. Finding those patients is the more difficult
11
12
13
14
15
16
17
18
19
20
21
22

thing. And it'seasier if you have a condition like
cancer where you have days or you can refer to a
referral center, or if it's a genetic condition that

you can test and know exactly what you're dealing with
and have some time versus a patient who is feeble and
to delay an hour is malpractice you know. And you're
going to have al sorts of other treatment.

And so the example we give here of limb-
threatening infection due to MRSA, you know, we can't
randomize, you know, methicillin versus the new. We
have to do something like vanco instead. And vanco

works most of the time. And so that's going to make

Page 17
1 curethe patient. And when you're doing the -- when

2 the Standard of Care arm curesit's hard to improve up
3 on that, right.
4 The core here is that we're not really
5 measuring what we need in thisarea. The social value
6 of antibioticsis not just today's patients, although
7 Dr. Boucher will talk about today's patients. It's
8 also about, you know, tomorrow's patients and having
9 drugs available now or in the pipeline now to deal
10 with whatever comes down the pikein 5 or 10 years.
11 Andit'svery difficult to study the patients that
12 might emergein 5 or 10 yearstoday. Johnis
13 cackling. | think he thinks | understated that. All
14 right, I'll turn it over to John for a hit.
15 MR. REX: | was actually smiling because you
16 don't know how many hours of debate it took to
17 learning to say those wordsin that way about why and
18 what the problem is of why you are expected to solve
19 it anyway.
20 So I'm John Rex from F2G and Wellcome Trust.
21 Let me now talk alittle bit about the question of
22 what are we, you know, talking about today. And the

5 (Pages 14 - 17)
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1 question of what is anon-traditional has made our

2 collective heads hurt. It's been around with usfor a
3 long time. 1'm going to propose here an approach
4 that's perhaps alittle different than has been used
5 inthe past and that's to cook it down to 2 ideas.
6 It'seither anon-traditional structure or it's anon-
7 traditional goal. And | like Ed's comment at the
8 beginning about "non-traditional iskind of it's
9 redlly what you are used to." It's a good way to say
10 that. If you look at traditional versus non-
11 traditional structures written down here, traditional
12 isatypical small molecule, you know sort of,
13 molecular weight 500 maybe up to 1,500, but it'sa
14 thing you can draw a stick figure of versus anon-
15 traditiona structure phage, lysins, monoclonals and
16 charcoal. But if you look in that, you know, the
17 monoclonals to antibodies, we've been using those fo
18 centuries. So what's non-traditional about that?
19 Absolutely nothing whatsoever. It'savery
20 traditional product if you will. But in the current
21 context, it'sakind of astructure that we don't
22 typically think about.

Page 20
1 you look mechanistically or do you look in terms of a

2 clinical benefit" and that's what this dide is about.
3
4 development fundamentals for many of thingsthat are

So when you're thinking about structure, the

5 basically arein antimicrobialsis pretty well known.

6

7

8

9
10
11
12
13
14
15
16
r17
18
19
20
21
22

Y ou know, if it does something in away that we're
used to seeing a standard antimicrobial do, we have
pathways for that. That's the good news. Pretty well
developed. Now there are challenges that may come
from the math of small numbers. What if you want to
study one particular bacterium in the sea of possible
causes of that syndrome? That gets harder. What if
you want a particular just it's flat-out rare
Acinetobacter but you want it to berare. Then the
hunt for that pathogen is hard. And ditto for rare
events. When you get down into small numbers, you've
got the problem of small numbersand I'll -- welll
loop back around in a minute to diagnostics as a
possible aid here, but not the one you might wish for.
The idea of anon-traditional goal | think is
under explored territory. So I've already mentioned

the idea to consider a product or a method of use of a

Page 19
1

2 about here, as opposed to what doesit look like; it's

And then there is another direction to think

3 what isit you want it to do. And herethe

4 traditional end istreatment or prevention of a

5 standard infection. No matter what's inside the box

6 if what it'sdoing is killing some bacteriain away

7 that in theory should treat your pneumoniathen that's

8 kind of on the more traditional end, even though maybe

9 the shape of it isunusual.
10
11 to spend some time on today is the idea of non-

Something that we're -- | hope we are going

12 traditional goals and what if your goal isto do

13 something that is more at a community benefit at a

14 level. So Kevin just talked about the patients of

15 tomorrow, whichis all of us, you know, one day we all
16 of usare going to be -- will be pleased to not be

17 carrying some highly resistant bacteria. So what if

18 you were working on something that prevented the

19 acquisition or the development of aresistant strain,

20 or maybe there's something with your microbiome that
21 had that consequence. And | thought it was

22 interesting the way Ed asked the question here "would

Page 21
1 combination or anything else you want imagine that

2 prevents resistant or prevents resist acquisition of

3 resistance. Such an end point may lack immediate

4 clinical correlate for meif I'm the onetaking. Let

5 me emphasis here what I'm talking about, not talking

6 about TB where you know preventing resistance

7 developing in the course of a 6 months course of

8 therapy mattersto me as an individual because if

9 resistance develops, | will fail, my therapy.
10
11 within aflash. With pneumonias reasonable use of

What about something where it's over and done

12 short-term endpoints that's because most of it is over
13 within afew dayswith skininfections. So it may be
14 that my infection gets treated effectively. But what
15 if I'm left, colonized with resistant strain, maybein
16 thefuture | get another infection or maybe in the

17 futurel hand it off to somebody else. How do | show
18 the value of that to society? |sit adequate to show
19 impact just by surveillance or do we need to prove
20 fewer resistant infections?

21 A couple of bits of language that you need to

22 be careful with today. Alternativesto antibioticsis

6 (Pages 18 - 21)
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1 abit of language that | try not to use very much

2 because it's such a broad term sometimes taken to be
3 the same as non-traditional, sometimes taken as a
4 superset of interesting physical devices like a super
5 smooth catheter that nothing can stick to. | mostly
6 just treat thisidea as being non-traditional.
7 The phrase potentiator or enhancer is harder
8 to get away from. But the difficulty with theseis
9 that -- these two words is that they tend to be
10 applied to avariety of disparate situations and |
11 generaly find them too ambiguous. But if you have t
12 usethem because I'll find -- I'm going to use them in
13 just asecond on the slide -- you just have to
14 carefully define what it is that you're talking about,
15 just be careful that this word doesn't always mean to
16 somebody else what you think it so obviously means
17 your head, just be careful withit.
18 There are some other potentia benefits that
19 get brought up for non-traditional products that |
20 don't want to recognize now. They often have avery
21 attractive intuitive feel to them. It's narrow, which
22 isnice, less pressure on other bacteria. Its narrow

Page 24
1 the one which you are going to restore the base
2 product. The base product used to work some mechanism
3 of resistance has risen and the add-on somehow undoes
4 that, undoesthat I'm sorry. So the classic here
5 would be a beta-lactamase inhibitor and a beta-lactam.
6 You'rerestoring apreviously functioning drug to
7 functionality by protecting it from beta-lactamase.
8
9 add-on enables the base to do something really new.

Category two isthat of transforming. The

10 We have alot of drugs for gram-positives where we
d.1 know thetarget is present inside gram-negatives, but
12 thedrug just doesn't get there -- so if you somehow -
13 - or getsflexed out. Soif you somehow cause the
14 drug to either get in or stay in, you might transform
15 agram-negative drug with a-- sorry, gram-positive
16 drug with agram-positive mechanism into agram-
17 negative drug. So that would be an idea of

18 transforming an existing tool.

19 The third category is the one that

20 scientifically isthe most intriguing. Thefirst two
21 you know they're mechanistically pretty

22 traightforward and you know we have people -- we've

Page 23
1 can also be aproblem for development. It worksvia

2 the host and hence resistance can arise. It will have

3 fewer side effects. All those things might be true,

4 but you're still -- you got to prove those things and

5 through that actually just show the core value that

6 somebody should pay for. Thatis, it still needsto

7 do something useful and we need to be able to say "who

8 would get that benefit" and we need to be able to

9 measure that benefit.
10
11 said | didn't want to talk about, but there you go, |
12 haveto talk about them and that shows how hard it is
13 to get rid of thesewords. And alittle bit about

So potentiators and enhancers, two words |

14 diagnostics. There are alot of products that are

15 functionally add-onsand | realized in working through
16 the slidelast night that | really should've labeled

17 this about the add-ons. Where you take a base product
18
19
20
21
22

of some sort and you add something to it, and I've
labeled it here P for Potentiator, but E for Enhancer,
and A for add-on. And that add-on thing improves the
base product. And | think there are three useful

subdivisions of this strategy to recognize. Firstis

Page 25
1 either used those in the case of restore or in the

2 case of transform they're being actively pursued. But

3 thethird category is one where I've not seen as much

4 successful work. And that's the idea of an effect via

5 the host where maybe it activates the immune system or

6 it inhibits a varicose mechanism. Scientificaly,

7 I've aways been intrigued by this and wish to see

8 themwork. They run into a problem however.

9
10 you get into these categories. For many of the

And these are the problems that occur when

11 productsin this space standard tools generally seem

12 towork like BL, BLIs, we've now got several of those
13 studied and approved. But there are three specific

14 recurring issues when you're looking at the add-on

15 thing. Thefirstisthat of MIC. If the add-on

16 doesn't create a measurable MIC, you have to come up
17 with some other way to think about dose selection.

18 And I'velabeled it isaproblemin this, but | think

19 it'sonethat is more often solvable. | know Paul

20 Ambrose has had some good thoughts on this. And you

21 can probably solveit, but you still have to solve it

22 for your product in some fashion.

7 (Pages 22 - 25)
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1 The second oneis that of the rare pathogen 1 Soin that 15 percent, if you're going to add

2 and thisis ahard numbers game and diagnostics will
3 not entirely fix this. And | will devolveto afull
4 dlide of that in amoment. And the other thing that
5 happens with rare pathogens is that the need for
6 adeguate empiric therapy may complicate the challenges
7 showing the effect of the new product. Here what
8 you're often looking for is the ability to provide
9 some empiric coverage for other things, while look --
10 while your product is the only thing that treats the
11 target pathogen.
12

13 Theonly thing it doesisto treat pseudomonas, which

So imagine anovel antipseudomonal compound.

14 you need to wrap around it an empirical therapy that
15 has a pseudomonad sized hole iniit, just have a gap,
16 just right for your product. So your product can fill
17 inthat one gap and all the other things that might

18 occur in a patient can be covered by something else,
19 but here the pseudomonasis | eft for you and you can
20 do that for pseudomonas, you can do that for

21 Acinetobacter. It's harder to do that for E. coli or

22 Klebsiella It's harder to do that for Staph aureus.

2 something on to make the standard therapy better, it's
3 got to take your mortality down from 15 percent to 1(
4 percent or 5 percent. You've got a-- you've only got
5 asmall zone in which to work. And unfortunately, of
6 those 15 percent who are going to diearein the
7 standard trial setting and some of them are going to
8 die anyway. They have nosocomial pneumoniafor a
9 reason. It'stheir underlying disease. So you may
10 only have afew percent in which you can actually
11 affect an improvement and that leaves you with a hard
12 problem. | may believe you that it makesit better.
13 It'sjust hard to measure it because you've got so
14 little room left in the -- so little clear blue water
15 leftintheclinical tria.
16 Pathogens and Diagnostics. Unfortunately,
17 diagnostics do not have the speed and efficacy of the
18 Star Trek tricorder. | truly wish for one of those,
19 but we're not there. And it leaves you with two
20 issues. Theissue number oneis that diagnostics do
21
22

not create cases. |If the bacteriumisrare, itis
rare. Soif itsonly presentin 1 of a 100, you still

Page 27

1 It'stricky to find things that have exactly the right

2 gap that they'll fit what you're doing so that you can

3 provide empirical therapy for the first few days. An

4 empirical therapy isjust so often needed in this

5 gpace.

6 And then finally the Augment category you're

7 going to need to show an improvement on properly dosed

8 base therapy and this can be hard to achieve. Let me

9 emphasisthat. If youlook at the Augment category,
10 theideaisthe base product plus the new thing has to
11
12
13
14
15
16
17
18
19 you've got a 15 percent rate of mortality in the
20 clinical tria that you can do. So -- and that's with

improve on the base and you're going to dose the base
correctly. It hasto be -- there is no cheating

allowed here because nobody wantsto bein an
inadequate therapy arm if at all possible. You
actually have to give a correct dose at a correct dose
and then you have to improve on that. And if you
imagine for a moment something that has a mortality

outcome, you know, nosocomial pneumonia or maybe

21 the correctly dosed therapy, the 15 percent mortality

22 so further rise and 85 percent success rate.

Page 29

have to screen 100 to define that 1 and it isjust you
know straightforward. It took me along timeto
understand that idea, diagnostics don't create
anything, you still have to pay to look through all
those cases.

And issue number two, Kevin alluded to this,
isthat timeisticking and referral isreally not a
path. In cancer and rare diseases, we don't dawdle,

© 00 N OO 0o B~ W N PP

but there is time to make a diagnosis and refer as
needed. You've got days or weeksto get that sorted
out and get somebody to the right place.

10
11

12 With trials of anti infectives, the acute
13 illnesses so not hepatis C, not TB, you've got to

14 treat -- you've got to enroll people at that study
15
16
17 That's about as far asyou could go in general. So

site and put them on therapy right now. And you can't

really drive them -- maybe you drive them across town.

18 they haveto actually present at the site that's got
19 study going on. And that just magnifies the problem
20 of finding those rare cases. And it leads you into

21 what | call the multidrug-resistant center of

22 excellence problem, which isthat hospitals work hard
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1 to not be the hospital that has the billboard on front

2 it says "We have the worlds most resistant bacteria

3 but don't worry, right on in and get your heart

4 transplant because we have agreat trial." Now,

5 nobody wants that sign out in front of the building

6 and | used to be the hospital epidemiologist facility

7 where | worked really hard to eliminate resistant

8 bacteria and yes, we might have one or two cases. And

9 then a couple of weeks later we would have none
10 because | would have been all over whatever the
11
12
13
14
15 we want to make them go away.
16 So non-traditional goals. Pretty much
17
18
19
20
21
22

infection control problem was that had to led to those
cases. So we used to have them, but | don't have them
anymore. So we're trying to enroll these cases a

little bit like chasing the phantom menace and it just

everything |'ve been saying has been presuming a
standard goal of treating or preventing a standard
infection. And most of the examples to be discussed
during the workshop seem to fit here with afew twists
and turns. And Ed posed the thematic question of, do
the ideas that apply for standard devel opment, you

Page 32
1 couple of cases we're going to explore this thing.
2 And I think with that it's back to Kevin.
3 MR. OUTTERSON: So as alawyer sometimes your
4 --your god isto tell clients hard news, right. And
5 not that they can't do something, but they have to do
6 it maybe a different way or that things aren't the way
7 that they're hoping. And so for CARB-X, you know, we
8 have alot of things going and we ask, well, why are
9 weinvolved in this? And actually the first person
10 that | called when we thought about creating CARB-X on
11 the outside of the government was, John. And John and
12 | put together the original proposa to BARDA. And
13 thisiswhat we're doing now. Y ou know we've, |
14 guess, it's $504 million now over 5 years, we're
15 focused on supporting preclinical work all the way up
16 to and including the SAD/MAD studiesin Phase | for
17 the priority drug resistant bacteria
18

19 awardsto companies al around the world. We've 34

We're doing that through grants, non-dilutive

20 companies under contract as of today, dozens morein
21 process. We had over 400 applicationsin 2018 that
22 we're still processing at this moment.

Page 31
know, of pneumonias, are they correct? Do they apply
here or is there some variation that's required? |
think we should listen for that theme.

But what if the goal isreally different?
What if the goal is benefit not just to the patient or
maybe even almost no benefit to that human being, but
rather a benefit to the community as awhole by
preventing the selection for resistance or the spread
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of resistance.
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And you could easily imagine this on the
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basis of a combination therapy designed right now to

=
N

prevent the selection of resistance. We know that if
13

14 pneumonia, there is asmall but measurable rate of at

| treat your nosocomial pneumonia, gram-negative

15 the end of the treatment, the end of the successful
16
17
18

19 you with. Soyou are better, the war is over, but

treatment of your nosocomial pneumonia. Your E. coli
isgone, you feel better, but you actually now have a
resist -- strain that is resistant to what | treated

20 you're now carrying something that the next time would
21 be harder to treat. What's the value in that and how
22 do you measureit? And actualy one, and actually

Page 33
1 And in that pile includes both traditional

2 and non-traditional. We have -- probably by the end
3 of thisyear well have certainly more than a dozen
4 non-traditional productsin our portfolio. Most of
5 those are non-traditional products, non-traditional
6 goals, but some have that as well.
7 And so for CARB-X the thought is that we're
8 investing in things for which the regulatory pathis
9 not entirely clear. If | was aventure capitalist
10 maybe I'd be more worried about that, from a CARB-X
11 perspective we thought it would be useful to prepare
12 the ground for all the companies and for whichever
13 ones make it, you know, to FDA approval. And to begin
14 to havethis conversation, not for the benefit of any
15 one company, but for the benefit of the sector. So
16 that'sour interest. CARB-X isnonprofit. Y ou know,
17 it'snon-dilutive, but our goal isto try to support
18 what's happening across al of the research that's
19 happening.
20
21 -- each of these dots represents a CARB-X company that

And so thisis, you know, a complex chart of

22 hasbeen funded. And on this chart wouldn't be
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1 anything that we received for an application for 2018.

2 Likel said over 400 applications we'll be announcing

3 those awards beginning later in thisyear. But you

4 get a sense of, you know, we have some products that

5 are aknown class and a known mechanism and we rate

6 those aslower risk, but not asinnovative. Some of

7 the known mechanism, but there's a new class, right,

8 so thereis additional risk, because it will be the

9 first timethat that class made it through. Some are
10 both a new mechanism and a new class, right. And some
11
12
13
14
15
16
17
18
19
20

are completely non-traditional there's never been that
particular type of thing approved by the FDA.

And the sense of this slide that you should
take away isthat CARB-X wantsto invest in things
across al of these ranges, you know, lower risk and
higher risk and that we have an interest in, in
supporting al of these. People ask all the time,
which isyour favorite CARB-X company and | have four
daughtersit's like asking me which oneis my favorite

daughter, right. Y ou know, we love all of our

Page 36
1 So one of the examples John used is maybe your

2 nosocomia pneumoniawas cured in you, but now you
3 carry aresistant bacteria. But move that even more
4 to apopulation level what if the only value for this
5 additional product or the primary value was that it
6 reduced, it bent the curve of resistance in the
7 population at large. Isthat aviable product? How
8 do we measure that value? How do we, you know, put
9 that into a study that the FDA recognizes as good
10 science, right?
11 And we see some of thiswith the HPV, you
12 know, it'simpossible or difficult to run aclinical
13 trial that would run 20 or 30 yearsto seeredlly the
14 HPV developing al the way into full blown cervical
15 cancer and it wouldn't be ethical to alow that to go
16 on. And so there's intervening markers and we're alsp
17 ableto trace now the population level impact of
18 things like the pneumococcal vaccine and the HPV
19 vaccine, you know, outside of the patients themselves
20 population level benefit.

21 companies and we want this sector to succeed. 21 And so could these be benefits value that we
22 So we're helping the ecosystem. We've had 22 attribute to some of these products and that gets
Page 35 Page 37
these discussions many times with the folks at the FDA 1 worked in.
and one thing that we hear back from folks at FDA is, 2 And thisisthe bad new dlide. Y ou know that

"Don't give us hypotheticals. Let'stalk about actual
companies and actual products." But we don't want to

1

2

3

4

5 wait until the company has already designed their

6 Phasell trial or is having trouble raising money for

7 the Phase |l trial, because of the lack of regulatory

8 clarity. Sowe'retrying to help that with some real-

9 life examplestoday and tomorrow. And to give the
FDA, you know, the information it needs in order to
write draft guidance, but also the companies to begin
hel ping them think through it. Many of the companies
13 that we deal with at CARB-X don't have a Regulatory
14 Affairs Department. They're still just serious

15 science teams, you know they're all about, you know,
16 moving the science forward. They don't want

17 necessarily to be thinking about these issues. Were
18 trying to do some of that work, you know, for this

19 sector ahead of thetime.

20 And some of these thinking to explore and,

21 John has alluded to some of this population level

22 benefits, you know, what can sort of clinical benefit.

3 FDA approval isno longer the finish line. It's not
4 for this sector might be for others, because it does
5 not result in sales. The adoption curves have been
6 very flat and very challenging for the developers.
7 And thisisthe reason why some of the developers upon
8 approval of their drug have to conserve every ounce of
9 cash, because they know that they're not going to be
10 making much cash on sales, at least in thefirst
11 couple of years. And so if we had away to do what's
12 in red here to have data that was compelling, not just
13 tothe FDA, but to payers so that the companies could
14 be reimbursed, you know, adequately for this
15 innovative therapy then that's going to be very
16 useful.
17
18 stewardship, which is another way of saying we're --

Of course, we're in the context of good

19 we're not going to over market, we're not going to
20 inappropriately sell, but from a company perspective
21 thisisthe CDC and CMS and physicians and the entire

22 subspecialty infectious disease docs trying
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1 desperately not to use your product right. 1t doesn't

2 happen that way in other drug categories.
3 And so many of usin the room, you know, work
4 extensively on trying to get other incentives, pull
5 incentives, market entry words for things like them in
6 order to solve for some of these problems outside of
7 the scope of today, but thisisthe sort of thing
8 that'srequired. A couple slidesto kind of drive
9 this point home.
10 Thisisfrom Alan Carr, Needham and this
11 showsall of the FDA approvals for antibiotics since
12 2009. And the most successful of these would be
13

14 Andif you drew aline across, and thisis al of the

considered a very lackluster immune-oncology drug.

15 drugs, thisisn't acherry-picked sample, thisisal

16 of them. If you drew aline across at about the $4

17 million sales per month, you know, and drew that

18 across, | think that, you know, | don't have any data

19 from these particular companies, but it would be hard
20 to have a, you know, asales force -- I'm looking at,

21 John and a plant that was producing the drug and doing
22 better than breaking even at $4 million, you know, in

Page 40
1 thekind of in the same range of category, oneis
2 chronic, oneis acute and then you see that the
3 payments at the bottom that are put in the red box.
4 So, you know, just a dramatic difference in how much
5 isheing paid and dramatic difference in the market
6 capitalization. | think thisisapartialy -- our
7 inability collectively to articulate the value of
8 these drugs to the people who buy them. And some of
9 that isthe topic of today, but like, John and I've
10 said in many sectorsthisis not per se aregulatory
11 problem, thisisadesigning atrial to demonstrate
12 value to the people that need to understand the value;
13 the FDA aswell asthe payers. Back to, John.
14 MR. REX: Sothisisthelast slide. Andwe
15 didn't get up hereto say al these difficult hard
16 thingsjust to be obnoxious difficult curmudgeons, all
17 right. That, you know, | am as a clinician these some
18 of thesetools are just a-- they feel like they ought
19 to berealy helpful. You know, it feelslikeit'sa
20 good thing to do. | want them to work. But come back
21 to Ms. Swanson the CEO of Raytheon who said, you know,
22 beg for the bad news. You really need to know what's

Page 39
1 monthly sales. And so it's another way of saying that

2 only two or three drugs approved since 2009 are

3 breaking even, okay. That'sacrisis, right, because

4 we're not able to demonstrate value to the people who

5 buy the drugsin order to drive the sales, dollar

6 volume not unit volume, that we need to keep this

7 sector afloat.

8 And so thinking about, you know, two

9 compounds and maybe thisis an unfair comparison, but
10 they're, you know, it's similar in terms of their
11 timing. And, you know, they both had kind of markers
12 of FDA attention, right fast track, priority
13 breakthrough and on Plazomicin, QIDP and LPAD. They
14 both go after serious things, important things. These
15 aren't trivia drugs. The number of patients
16 randomized actually Achaogen had alarger trial. They
17 were able to do a superiority to the standard of care
18 versus for Plazomicin was noninferior to Meropenem.
19 It did have a superiority result against Colistin.
20 Plazomicinislife saving, not to diminish the life
21 enhancing, right, but it'slifesaving. You seethe
22 other results here the number of patients, you know,

Page 41
1 going on and plan for it so that, you know, tears

2 today versus tears tomorrow it's another to say it.
3 So weredly have to be clear on the non-traditional
4 nature of the product and whether that's even
5 relevant; the fact that it's monoclonal isthat even
6 at all relevant to your development pathway.
7 And | think that more often than when it's --
8 if the NT (ph) component is the structure, | think
9 that more often you can use traditional tools. And
10 we're going to talk about that and see to extent to
11 which that's correct and whether there are places
12 where we need to broaden our view on that.
13
14 oriented goal, | think is something that we're only

The idea of anon-traditional community-

15 now beginning to know how to talk about. And we are
16 going to have some discussion of that. And exploring
17 and refuting and expanding these ideas is avalue to

18 the whole community. And, you know, we -- you know,
19 Kevin | have both worked long and hard to make it

20 possible for companies to find money to bring products

21 forward and we are desperate just to figure out ways

22 for them to show their value in the marketplace long
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1 term, because, you know, deep down, you know my, the

2 reason | stand hereisthat I'm an ID doc who got

3 frustrated with infections | couldn't treat and so |

4 moved into industry to seeif | could do something

5 about it. Ditto Kevin's story isthat he got

6 fascinated by the prom resistance many years ago and

7 patent law and those things are actually quite

8 interwoven, ask him that story if you can at the

9 break, it'sa-- yes, we're both here for the same
10 reason. We see the problem of developing these
11 products and we want to solve those problems.
12 And so let's turn this over to the next
13 speaker, but that's actually the setup for today isto
14 think about how to actually make thingswork in a
15 pragmatic way. And | believe next up isthe world
16 famous, the internationally renowned, Dr. Boucher.
17 MS. BOUCHER: Thank you very much. Let me
18 see. Thanks so much and good morning everybody. | am
19 delighted to be here and thank you so much for the
20 invitation. My disclosures are shown here, I'm really
21 non-relevant to today's discussion. I'm going try to
22 pick up on what John and Kevin talked about and

Page 44
1 be some kind of reasonable reimbursement in order for
2 my hospital to take it on board and useit.
3 So | may start with an example. | have two
4 sort of potential exemplars to present for non-
5 traditional therapies and oneis for external wound
6 infections. These are really common infections that
7 happen after surgery and have risk factors that we
8 know and are very well established. So being awoman,
9 being obese, diabetic, a smoker and having a
complicated surgery are al known risk factors for
these infections.

So thelady I'm going to tell you about is

13
14 lady who was obese, a smoker with poorly controlled
15
16
17
18
19
20
21

22 there was not enough substance to close up.

lady | took care of severa years ago, 50-year-old

diabetes who had about a coronary bypass. And she
comes back 2 weeks later isin apretty classic way
with high fevers and puss from her sternum, kind of
the worst of the worst, she has MRSA. She hasthe
usual therapy, which is an attempt to debride it with
antibiotics and then she goes back to the operating

room and has to have titanium plates placed, because

Page 43

1 provide alittle bit of clinical insight and really a

2 number of questions, because | certainly don't propose

3 to have the answers.

4 I think as we heard we heard some sort of

5 general kind of requirements for these non-traditional

6 therapiesand | just thought as a clinician, well what

7 would we need? We need these medicines to work. So

8 they need to be effective and they need to be

9 acceptably safe. Do they need to be better than
10 traditional antibiotics? Do they need to be additive
11 to traditional antibiotics? | don't know and well
12
13
14
15
16
17
18
19
20
21
22

talk about some examples.

There needs to be afeasible path to both
double study and use these things. And | think it's
really important to think about how we would use the
stuff that we're talking about in the real world in
the clinic. Because changing behavior isreally hard
thing we've learned alot about that in stewardship,
but | think, you know, docs do things the way we do
them and so when we're thinking about a new therapy
it'simportant to think about; well, what would be,

what we haveto do to useit? And then there needsto

Page 45
1 Unfortunately that didn't work, the wound broke down

2 again, back to the operating room for more surgery.

3 Now we're, you know, month and half into this sheis

4 on appropriate antibiotics with Vancomycin, still

5 doesn't work. She still draining and still has MRSA.

6 They haveto go in and take out the plates and close

7 her up again, another long course of therapy that goes

8 till August. So 8 months of therapy here. And guess

9 what? That doesn't work still, she comes back in
10 again with chest pain. She has more osteomyelitis and
11 now thereis bacteriain her blood. So there'sno
12
13
14
15
16
17
18
19
20
21
22

doubt that we've got a failure and indeed she has
endocarditis. So she getsan IV and more long-term 1V
antibiotics. Twelve more weeks of therapy we finally
calm her down. Thereisno more surgery to be done,
because she's had so much surgery now and the plan is
lifelong antibiotics. So thislady who presented in
2007 end up living until 2018, 11 years after surgery
and she actually lived reasonably well. | wish |

could tell you that she changed her lifestyle, she did
not. She smoked until her death and ended up dying

really of lung disease. But she lived another 11
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1 years after this horrible thing.

2 So what if we had something to impact on this
3 kind of aninfection. These are, as| pointed out,
4 they're common, they're very morbid. Thislady was
5 the -- at the extent of morbidity | would say and some
6 arefatal. So the question ishow muchisit worth to
7 prevent one of these? Certainly to thislady it would
8 have been worth alot. To my hospital it would have
9 beenalot. Thislady wasabig user of our ICU and
10 operating room for ayear and then to society. |
11 think those are all questions that we're grappling
12 with.
13 So I'm going review briefly a study that we
14 did not many years ago that was actually afailed
15 study that | think may beinstructive. So theidea
16 wasthat maybe we could vaccinate these high-risk
17 people before cardiac surgery to prevent these
18 infections. So Merck did a study of vaccine against
19 Staph aureus and it was a big undertaking, a yearlong
20 study where people were vaccinated 2 weeks before
21 surgery. We seethose patients at that time so we can
22 vaccinate them. And then they were followed for a

Page 48
1 thisisan example of a study that could be donein a

2 very high-quality way in infection where a therapy
3 like this could make a big difference.
a4 So let's look at something else. Now let's
2 5 change gears and look at C-diff, C. Difficile. So
6 thisisan infection, it has a huge burden in the
7 United States; 500,000 infections per year. Thereis
8 lots of national efforts going on to prevent and
9 control C-diff. We have public reporting. We have
10 pay for performance. We know that theresahighrisl
11 of recurrence up to 25 percent and we again have wel
12 described risk factors being older, comorbid
13 illnesses, the need to continue antibiotics are all
14 associated with recurrence.
15 So now I'll tell you about another lady
16 patient of mine. Thisis-- now 58 is a bad age by
17 theway. Theselady isabout 58-year-old lady with
18 giant cell myocarditis who had a heart transplant back
19 in 2013 and she showed up 2 years later with
20 refractory clustering difficile colitisin CMV. Her
21 heart was working fine and she had had no recent
22 rejection. So she had had a complicated course 2

Page 47
1 year. And theideawasto see who -- who got an
2 infection treated with vaccine versus placebo. We
3 enrolled 8,000 patients in the study and found out
4 that there was no difference in the infection. So the
5 same number of patients who got the vaccine got
6 placebo got infection. So that was disappointing, but
7 what we didn't expect, to allude back to, Dr. Rex's
8 and, Kevin's comments about we find things that we
9 expect and things we don't expect. We found that the
10
11
12
13
14
15
16
17
18
19
20
21 would benefit. So it can be done and this publication

people who were vaccinated were actually more likely
to die from their Staph aureus infection have
multiorgan failures so that was completely unexpected.
So maybe something was negative about the vaccine. So
the conclusion was that the vaccine didn't work even
though there was a robust antibody response I'm not
showing you al those data and that we had this
increased mortality among vaccinated individuals.

So the reason I'm presenting all thisto you
isthat this was a study that was extremely well done

in areasonable amount of time, in a population that

Page 49
1 years ago when she presented, giant cell isavery bad
2 disease. Shewasin shock. She had external wound
3 infection with her first surgery. Her transplant
4 itself was somewhat complicated. She had pneumonia
5 She had kidney failure. She had alung rehabilitation
6 course and some early rejection, but then she got
7 better. And so she shows up to us back in 2013 with
8 sort of watery diarrhea and has a diagnosis of
9 Clostridium difficile made and this goes on and on and
10 on. So sheisin November of '13 she comes back in
11 April of 2014 with diarrheaagain. Thistime she has
12 two problems Clostridium difficile as well as
13 cytomegalovirus. We see this co-infection not
14 infrequently in heart transplant. She had no
15 rejection and she makes her way all the way to the
16 summer with recurrent diarrhea. She had total of five
17 different episodes of Clostridium difficile. Andwe
18 have been talking about what to do for her. Wetried
19 Fidaxomicin, which was then a new antibiotic that she
20 would get alittle better then she'd get worse. And
21 we started to talk about doing fecal transplant, but

22 wasback in 2013. So we do have exam, I'm presenting

22 at that time, asit still isn't, you know, approved by

13 (Pages 46 - 49)

www.Capital ReportingCompany.com



Meeting

August 21, 2018

Page 50
1 the FDA there was alot of concern about doing non-FDA

2 approved treatment. And then there was a concernin a

3 transplant patient about making her back to remik

4 (ph), because that's been seen in immuno compromised

5 people. So we hesitated to doit, but finally in

6 January of the following year we finally did it and it

7 was successful and she's been well today. So again a

8 huge amount of morbidity, but this therapy was

9 effectivein thislady.
10 So | think both of these cases teach us that,
11
12
13
14
15
16
17
18
19
20
21
22

you know, as we already know infections caused by
resistant pathogen is really bad it can happen to any
of us. And thetraditional antibiotics, even if we
had all the antibiotics, we wanted it wouldn't be
always successful. That having these non-traditional
therapiesis useful to our patients and to us. That
it's possible to study them. | think the study |
showed you is a study that could be done. And that
preventing infectionsisimportant. | think in either
of these cases anybody would agree if you were the
family member or these patients you would be happy if

we could have prevented that. Certainly | would be

Page 52

1 certainly hope to see the CM S condition come through,

2 itsstill sort of pending, but the joint commission

3 has made stewardship mandatory in hospitals and long-

4 term carefacilities, which isagreat step forward.

5 We also have alot of datathat stewardship

6 works, thisisjust one study showing the affect on

7 antibiotic resistance of having stewardship in place.

8 And then finally the reimbursement just one -- one

9 comment on that because we at IDSA have been so active
10 inthisarea. In principle, we hope that incentives
11
12
13
14
15
16
17
18
19
20
21
22

arerobust, understandable and predictable to motivate
industry and private investors. We hope, aswas
pointed out earlier that they target the greatest

areas of unmet need and that they're aligned with
stewardship as well as maintaining access so that all
of our patients could take advantage.

We are grateful for all the push incentives
including CARB-X that we saw earlier. Andthenin
terms of pull the biggest need isin pull and things
like market entry rewards, per day review, tax credits
and others, the licensing model presented by Dr.
Gottlieb recently between CMS and FDA isvery

Page 51

1 happy if we could prevent it.

2 Again preventing, | don't get paid

3 necessarily to prevent infections, to use expensive

4 therapies, to prevent infectionsin individual

5 patients, but if we could fix that | think that would

6 bevery useful.

7 So doing thesetrialsis hard as Dr. Rex and

8 Outterson pointed out, and | think we have -- we don't

9 havealot of templates to use certainly preventing
10
11
12
13
14
15
16
17
18

19 which we could use these therapies in a safe and

pneumoniais an area that's been studied and FMT is
now been studied alittle bit for Clostridium
difficile, but we need a path and that's why we're all
here as, Kevin and, John pointed out.

Coming back to the sort of requirements | put
up in quotesto begin with. The feasible path to
study usesisimportant and | think stewardship here
can be very helpful. Now that we have stewardship

programsin all U.S. hospitals, we have a mechanism by

20 ideadlly hopefully most effective way in hospitals.
21 And hopefully in long-term care facilities and in the

22 outpatient aswell. And I'm just pointing out here we

Page 53
interesting and we hope to learn more about that

shortly.

So in closing, you know, in 2018 as | showed
in these cases, we clinicians are forced to use drugs
and non-traditional therapies with extremely limited
and often negative data. We have case reports for
Phage, which I'm sure we'll hear more about it and we
have small seriesfor thingslike FMT and some
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monoclonal antibody therapies, but we need more.
10
11
12
13
14
15
16
17
18
19
20
21
22

The development is not going to be
straightforward as we heard the difficulty with non-
inferiority and superiority trials. And I think it's
likely that small clinical studies are going to be
needed and the best we can do and so the quality of
that datais very important. Clinical trial networks
| think are away we could advance thisball. And
then maybe thinking about feasible studies focused on
more pragmatic endpoints things like the desirability
of outcome ranking or DOOR that's being devel oped and
has had some success already.

And then | just wanted to say my personal

pitch for always thinking about looking at multiple

14 (Pages 50 - 53)

www.Capital ReportingCompany.com



Meeting August 21, 2018

Page 54 Page 56
1 body sites and infection sites and the utility of that 1 MR. OUTTERSON: Kevin Outterson, Boston
2 tousasclinicians as we think through this 2 University and Executive Director of CARB-X.
3 complicated problem. And with that I'll just remind 3 MR. IARIKOV: Dmitri larikov, Deputy
4 everybody why we're al here. It'sfor our patients 4 Director, Division of Anti-Infective Products, FDA.
5 and say thanks again for the invitation. 5 MR. DUBOVSKY: Filip Dubovsky, Head of
6 MR. COX: Thank you, Helen. And thank you, 6 Clinical Development for Infectious Disease and
7 John and Kevin too aso for thetalks. | think that 7 Vaccines at Medlmmune/AstraZeneca.
8 it really has helped to set the stage for the 8 MR. RUBIN: Dan Rubin, Office of
9 discussionstoday. And while Owen is making hisway 9 Biogtatistics CDER, FDA.
10 up to the podium let us go around the table too and 10 MR. HOPE: I'm William Hope from the
11 start with introductions. And if we could we'll start 11 University of Liverpool.
12 with Ed Weinstein on my right-hand side. Ed? 12 MS. DAS: Shampa Das from the University of
13 MR. WEINSTEIN: Sure. Ed Weinstein, Clinical 13 Liverpool.
14 Reviewer in the division of anti-infective products. 14 MS. WEI: Tracy Wei, Clinical Pharmacology
15 MR. POTGIETER: Peter Potgieter, President of 15 Reviewer, CDER, FDA.
16 Clinical Development and Medical Affairs at Locus 16 MR. AMBROSE: Paul Ambrose, Institute for
17 Biosciences. 17 Clinical Pharmacodynamics.
18 MR. DANKNER: Wayne Dankner, Chief Medical | 18 MS. BOUCHER: Helen Boucher, Tufts.
19 Officer, Atox Bio. 19 MS. GOPINATH: Ramya Gopinath, Clinical
20 MR. BURD: Edward Burd, Head of Regulatory 20 Reviewer in the Division of Anti-Infective Products
21 Affairs, Rebiotix. 21 CDER, FDA.
22 MR. PEREZ: Toni Perez, Chief Medical Officer 22 MR. KALEKO: Mike Kaleko, Head of Research at
Page 55 Page 57
1 at Combioxin. 1 Synthetic Biologics.
2 MS. SUVARNA: Kaavarti Suvarna, Clinical 2 MR. MELNICK: David Melnick, Chief Medical
3 Microbiology Reviewer in the division of anti- 3 Officer at Spero Therapeutics.
4 infective products CDER, FDA. 4 MR. TSE: Brian Tse, | am aProject Officer
5 MR. EVANS: Scott Evans, Professor of 5 in Antibacterials Program at HHS/BARDA.
6 Epidemiology and Biostatistics at George Washington 6 MR. LARSON: Joe Larson, Senior Vice
7 University. 7 President, SMI.
8 MS. EAKIN: Ann Eakin, Senior Scientific 8 MR. KIM: Wes Kim, Senior Officer at Pew
9 Officer at NIAID. 9 Charitable Trusts.
10 MS. GHOSH: Mayurika Ghosh, Medical Officer 10 MR. TRUONG: Vu Truong, Chief Executive
11 FDA. 11 Officer, Aridis Pharmaceuticals.
12 MS. DORR: Mary Beth Dorr, Merck, Product 12 MR. COX: Great. Thank you. And now my

13 Development Team Leader for bezlotoxumab, ZINPLAVA and

14 Clinical Director.

15 MR. BLACK: Todd Black, Executive Director of
16 Antimicrobial Discovery Research at Merck.

17 MR. REX: John Rex, Chief Medical Officer, at
18 F2G Ltd. and Expert-in-Residence, Wellcome Trust.

19 MR. COX: Ed Cox, Director of the Office of

20 Antimicrobial Products, CDER, FDA.

21 MS. NAMBIAR: Sumati Nambiar, Director of the
22 Division of Anti-Infective Products, CDER, FDA.

13 colleague, Owen McMaster, will talk to us some about

14 pharmacology toxicology considerations. Owen?

15 MR. MCMASTER: Good morning and welcome. M
16 nameis Owen McMaster. I'm a pharmacology toxicology
17 reviewer in thedivision of anti-infective products at

18 FDA. And this morning I'm going to present the pharm-
19 tox perspective as we look at the development of non-

20 traditional therapies for bacterial infections.

21 Thefirst point | would like to make is that

22 throughout this process sponsors are encouraged to
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1 talk to the review teams, because thisis very complex
2 development process and individual reviewers even
3 though they try as best as possible to adhere to ICH
4 guidelines et cetera, the review team for your
5 gpecific drugsis the best source of guidance
6 regarding the particular development product.
7 So this morning I'm going to outline the
8 traditional nonclinical safety assessments that would
9 normally occur during drug development and along the
10 way I'll point out the special considerations that
11 must be taken care of for non-traditional therapies.
12 And then my final slide will look forward to the
13 future of non-traditional therapies aswetry to
14 addresstheseissues. So nonclinical pharmacology and
15 toxicology really plays acentral rolein hazard
16 identification, characterization and risk assessment.
17 Pharma-Tox alows usto identify the target organs and
18 adverse events of special interest in addition to
19 determining what doses, durations, routes of
20 administration and exposures are associated with
21 specific toxicities. These all go together to inform
22 the dose selection for clinical trials.

Page 60
1 Pharmacokinetic information is always useful

2 to predict margin of safety aswe plan clinical trials

3 and there are -- these data are expected for

4 traditional drugs. For biotechnology derived products

5 there are no specific guidelines. For non-traditional

6 drugswe need to be quite careful, because there are

7 differences which may impact our interpretation of the

8 data.

9 For example, delays in expression of
10
11
12
13
14 relativeto plasmalevels. And very importantly,
15
16
17
18
19
20 Traditionally genotoxicity studies would be conducted

pharmacodynamic effects relative to the
pharmacokinetic profile for example for cytokines may
-- affect our interpretation of the data, also

prolonged expression of pharmacodynamic effects

aterationsin the PK profiles due to immune mediated

clearance mechanisms, which may affect the kinetic

profiles and interpretation of the toxicology data.
Traditional metabolism or biotransformation

studies are not needed for non-traditional drugs.

21 prior to single dose clinical trials and the Ames

22 assay isonethat we would need before clinical study.

Page 59
1 This slide describes the regulatory
2 guidances, which form the context within which
3 nonclinical studies are conducted and the first two
4 areredly the most important ones ICH M3 and which
5 describes the nonclinical safety studies for the
6 conduct of human clinical trials and marketing
7 authorization for pharmaceuticals. And ICH S6, which
8 refersto biotechnology derived products. Thereisa
9 reference in FDA guidance there aswell and | refer
10 you to FDA.gov and ICH.org for further information
11 regarding these guidances.
12 So ICH M3 describes the studies that must be
13 conducted prior to first-in-human studies. The --
14 they include pharmacodynamic, safety pharmacology, PK,
15 gene-tox and general toxicology studies. Thefirst
16 two pharmacodynamic studies, which may be conducted in
17 vitro and in vivo provide us with the information
18 regarding the mechanism mode of action of the drug.
19 Safety pharmacology studies evaluate cardiovascular
20 effects, CNS effects and respiratory effects. And
21 both of these are identical for traditional and non-
22 traditional products.

Page 61
1 For multiple dose trials, we would expect in vitro

2 chrome assay to be completed. For non-traditional

3 drugs genotoxicity studies may not be needed.

4  Biopharmaceuticals are not necessarily always

5 expected to direct with -- to interact directly with

6 the DNA or chromosomal material and especially for

7 dealing with large quantities of peptides or proteins

8 these may yield un-interpretable data.

9 Many biotechnology derived pharmaceuticals
10 are immunogenenic, not all but many are and if such
11 antibody responses should be characterized in repeat
12 dosetoxicity studies. The detection of antibodies
13 should not be the sole criterion for early termination
14 of preclinical safety study or modification of the
15 duration of the study, unless the immune response
16 neutralizes the pharmacologic and/or toxicological
17 effect. In most cases the immune response to
18 biopharmaceuticalsis variable as with humans and |
19 recommend that you consult ICH S8 for further
20 information.

21 So ICH M3 decides the general studies,
22 general tox studies, which are required to support
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1 early studies, early clinicdl trials. Theseare

2 usually conducted in two species and it should include

3 the most relevant species. The high dose should be

4 selected based on the maximum tolerated dose, the

5 maximum feasible dose, the saturation of exposure, the

6 limit dose or large exposure multiple depending on

7 what applies for your specific case. The duration of

8 the genera tox study should be equal to or greater

9 than the duration of the proposed clinical trial.
10
11
12
13
14
15
16
17
18
19
20
21
22

| mentioned relevant species in the previous
dide and by relevant species | mean species, which --
within which the test materia is pharmacol ogically
active based on the presence of areceptor or an
epitope and based on demonstrated tissue cross
reactivity, which would be similar to tissue -- to
human tissues. There are instances where there are no
relevant species in which case transgenic animals
expressing the human receptor maybe considered as well
as use of homologous proteins. There are however
cases where there are no relevant species and no
transgenic animals available and no homologous

proteins available. In these cases alimited toxicity

Page 64
1 toxicological concerns for example, if the two drugs
2 have asimilar target organ so that the combining of
3 the two products would be expected to produce some
4 enhanced toxicity that might be unacceptable, then w
5 would need combination studies; also if they're low
6 margins of safety or if the adverse events are
7 difficult to monitor in humans.
8 By Stage 3 we would generally expect clinical
9 studiesto be supported by a nonclinical combination
10 toxicity study if the above conditions apply. But
11 again, as | mentioned before, please consult with your
12 review team regarding the need for these studies. If
13 necessary these studies should be conducted prior to
14 clinical trialsif thereisasignificant
15 toxicological concern, but these need to be conducted
16 only in asingle relevant speciesfor up to 90 days.
17 It's not recommended for early stage entities
18 or for too late stage entities with adequate clinical
19 information. Alsoif theindividual agents have been
20 studied for gene-tox, safety pharm and carci then we
21 wouldn't recommend combination gene-tox studies o
22 combination safety pharm or combination

D

Page 63
study in asingle species up to 14 days may provide
important information for off target effects.

We generally expect two species, but one
species may suffice, if for example there is only one
relevant species that can be identified or if the
biological activity of the biopharmaceutical is well
understood. Also if two short-term studies have been
conducted and the tox profile has been shown to be

© 00 N OO 0o B~ W N P

similar in the short-term study then a single species

=
o

may be used for the longer-term study.
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[N

Non-clinical toxicology combination studies

=
N

are recommended in special circumstancesin particular

=
w

if theindividual agents are intended only for usein

[EnY
N

combination. So for example, if drugs are going to be

=
a1

co-packaged or if thereis afixed formulation also

=
(o]

for cases where there are recommendations for co-use.

BN
~

Also if the nonclinical development programs have not

=
(o]

been completed for the individua entities, so we

=
(o]

would need co-packaging plus and the absence of a

N
o

complete nonclinical program to require nonclinical

N
=

combination studies. We also heed them for two early-

N
N

stage studies if there are specific significant

Page 65
1 carcinogenicity studies.
2 So at the end of the pharm-tox studies we end
3 up with some very useful parameters, which may be used
4 to help guidetheclinical trials that are conducted.
5 So for example we get the no observed adverse effect
6 levels, which isthe highest level of drug, which does
7 not produce adverse effects. For biologics we pay
8 more attention to the minimum anticipated biological
9 effect level. We also look at the pharmacologically
10 active dose. We will have theoretically at least
11 defined anticipated therapeutic dose range as well.
12 Andthese al are considered and factored in aswe
13 plan thefirst-in-human clinical trials.
14

15 trials, we need to consider the issues of reproductive

So for late Phase, asin Phase I11 clinical

16 toxicity and carcinogenicity if the conditions apply.
17 Reproductive toxicity studies are outlined in ICH S5
18 and these need to be conducted according to the

19 principles outlined in those documents. The

20 evauation of toxicity to reproduction should be

21 conducted only in pharmacologically relevant species.

22 For products directed at aforeign target such as
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1 bacteria and viruses, reproductive toxicity studies

2 may not berequired. Again please consult with your
3 review team regarding the specifics. There may also
4 be public information based on the class of drugs that
5 you're evaluating.
6 Carcinogenicity studies are conducted for
7 regimens, which are long term or if thereisa
8 significant concern for carcinogenic risk. So for
9 example for drugs that are administered for 6 months
10 continually or repeated intermittent dosing they
11 should be conducted -- they should be supported by
12 carcinogenicity studies before the marketing of the
13 drug. If thereisasignificant -- | will add at this
14 point that we have under many circumstances receive
15 carcinogenicity studies post marketing. If there are
16 significant concerns for risk then the -- for
17 carcinogenic risk, then the study should be conducted
18 to support theclinical trials. Please refer to ICH-
19 Slaand ICH M3 for additional information.

Page 68
1 context of these studies. These are not very often

2 submitted to the agency so | would caution that if, if

3 tox studies are conducted in diseased animals that

4 scientific justification should be provided and that

5 concurrent control, historical control and base line

6 data be provided as there's not much experience with

7 these approaches. | alsorefer to ICH S6 for further

8 information.

9
10 non-traditional drugs should be as similar to that for

So in summary the nonclinical program for

11 traditional drugs asisfeasible or scientifically

12 justified. And perhaps the most important thing is

13 that sponsors should consult with the reviewing

4 division very closely in order to develop the

15 nonclinical programs. Thank you.

16 MS. NAMBIAR: Thanks, Owen. Our next speaker
17 isTracy Wel, isareviewer in the Office of Clinical

18 Pharmacology and she'samember of the team that

19 provides support to the division of anti-infective

20 So aswe ook to the futureone a-- oneidea |20 products. Tracy?
21 that's been raised by the ICH isthe idea of using 21 MS. WEI: Hi. Good morning, everyone. My
22 anima modelsfor diseasein toxicology studies. 22 nameis, Tracey Wei. I'm aclinical pharmacology
Page 67 Page 69

1 Traditionaly, we do toxicology studiesin healthy

2 animals, which alow avery clean unconfounded view of

3 thetoxic effects of thedrug. | recently had one

4 drug where the disease caused certain effects and the

5 drug also caused the same effects. And we had to look

6 to the pharm-tox, which very clearly pointed out that

7 the animals, which were obviously healthy and did not

8 have this disease also had this finding and clearly

9
10
11
12
13
14
15
16
17
18
19
20
21

therefore that this was a drug effect as opposed to a
disease effect.

The animal models may be useful in evaluating
new parameters. So traditional studies would allow us
to evaluate pharmacokinetics and pharmacology route
effects, the treatment regimens, durations, but there
are special caseswhereand | -- I'll refer to, Dr.
Boucher's example just now, where there was a case
where the expected treatment was not in fact to
improve, but actually to make worse the outcome.
Animal models of disease provide an opportunity, if
toxicology studies are conducted in these animal

models, to evaluate whether or not there is any

1 reviewer in the Office of Clinical Pharmacology in
2 CDER, FDA. SoI'm going to talk about the overviey
3 and the devel opment considerations from the clinical
4 pharmacology perspective. So here's my disclaimer.
5 So the non-traditional therapy is a broad term and
6 coversavariety of products. So some products
7 exhibit direct bacteria effect and can be used as
8 monotherapies. However most of the non-traditional
9 therapy do not have the antibacterial properties that
10 enhance the efficacy of standard of care and have
11 microbiasin adjunctive therapies by interacting or
12 binding to different targets.
13
14 peptides, lysins, monoclonal antibodies and

The biologic and peptide drugs such as

15 recombinant proteins account for the majority of this
16 type of non-traditional therapy. MIC based the PK/P
17 targets are not relevant for most of these drugs. So
18 in this presentation | will focus on biological and

19 peptide drugs used in non-traditional therapy.

20 First, I'll talk about pharmacokinetic

21 considerations. For those non-traditional therapy

V

22 undesirable promotion of disease progression in the

22 under the current development, linear PK has been
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1 observed within the therapeutic dose range. However,

2 differencesin PK behaviors were observed in infected

3 patients compared to healthy subjects. For example,

4 faster clearance and shorter half-life was observed

5 for some monoclonal antibodiesin infected patients.

6 While some peptides showed us lower clearance in

7 higher exposuresin infected patients than in healthy

8 subjects. In addition, PK differences may exist among

9 the sub set of patients, such as the patients with
10 different type of infections. Asthe big molecule
11 foreign agents, immunogenicity is observed in most
12
13
14
15
16
17
18
19
20
21
22

biologic and peptide drugs for non-traditional

therapy. Most exhibit low incidence of the positive
and high drug anti-body response. However, higher
positive anti-drug antibody rate was observed for some
lysins following systemic administration.

According to the FDAs guidance for
immunogenicity, monitoring immunogenicity should be
considered across the entire drug development program
and the neutralizing antibody assay needed to be
developed. It isimportant to understand the tissue

distribution of this biologic and peptide drugs

Page 72
1 effect inthe patients. For example, the effect on

2 the change of the cytokine levels by immunomodulators

3 following it's binding to CT28, in the impact of non-

4 traditional therapies on the anti-bacteria effect of

5 the concomitantly used antibiotics in the adjunctive

6 therapy.

7 With these PD results they can be integrated

8 with PK information and explore the clinical PK/PD

9 relationship analysis to support the dose selection.
10 So dose selection is abigger consideration during the
11
12
13
14
15
16
17
18
19
20
21
22

drug development program. For most traditional -- for
most non-traditional therapy, dose selection needed to
be rely on the PK/PD approach that is not M1C based.
Such PK/PD data are usually first determined from the
invitro or animal studies. Such pre-clinical PK/PD
information is useful for the Phase | or Phase Il dose
selection. However, PK/PD results obtained from
patients prefer for the Phase Il or Phase 111 dose
selection.

Phase |1 dose ranging studies are usually
conducted to facilitate dose selection, and the

multiple dose levels are usually tested in such

Page 71

1 because multiple barriers may exist for such big

2 moleculesto distribute to the site of infection. The

3 tissue sample connection for PK assessment or

4 conducting the dedicated tissue penetration study need

5 to be considered. With regard to the pharmacodynamic

6 considerations, since the MIC based PK/PD approach

7 does not apply to most of these non-traditional

8 therapies. It isimportant to identify and evaluate

9 the mechanism based PD biomarkers from the infected
10
11
12
13
14
15
16
17
18
19
20
21
22

patients. For some peptides with avery short PK
half-life accessing the long-lasting PD effect is even
more critical. The examples of the mechanism based PD
biomarker may include the characterization of the
binding of the antibody to antigen such as measuring
the antitoxin neutralizing antibody if the drug
targets two exotoxins or to determine the option of
exocytic killing effect, if the drug targets the
exopolysaccharide on the cell surface of the bacteria.
AsDr. Ed Cox mentioned earlier today, we
also need to understand the benefit from the mechanism
totheclinic. Soit'salso desirable to determine

the clinically relevant downstream pharmacological

Page 73
studies. For combination therapy, multiple dose

1
2 ratios may aso need to betested. ThisPhasell dose
3 ranging study can then be utilized to determine the
4 mechanism base and clinically relevant PD effect from
5 the patients. Exposure response analysis is commonly
6 used clinical pharmacology tool to assist dose
7 selection. PK/PD relationship analysis, exposure
8 efficacy analysis, and the exposure safety analysis
9 are usualy conducted. In some cases, drug exposure
10 at the site of infection rather than in the plasma
11 maybe more informative for the ER analysis to support
12 the dose selection.
13

14 clinical pharmacology studies. So most current non-

Now, I'm moving to the considerations on the

15 traditional therapies are still at the early

16 development stage. The clinical pharmacology studies
17 needed for each non-traditional therapy should be

18 assessed on a case-by-case basis. We also encourage
19 the sponsors to consult with the FDA at each early

20 stage.
21

22 used in the combination therapy or the adjunctive

Since most of non-traditional therapies are
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therapy, the risk of the drug/drug interaction may

need to be assessed in the clinical studies. Inthe

potential of therapeutic protein drug/drug interaction
needed to be considered for those cytokine or cytokine
modulators. With regard to the PK studiesin the

special population, hepatic impairment usually does

not affect the PK of monoclona antibody, but some

exceptions were observed recently. Renal impairment

© 00 N OO 0o B~ W N P

may alter the PK of therapeutic proteins with
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molecular weight less than 69 kilodalton.
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It isimportant to assess the risk of the
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N

drug on the QTC interval. Generally, monoclonal
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w

antibodies are not associated with clinically

[EnY
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meaningful effect on the QTC interval. However, this

=
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may not be the case for other biological and peptide

=
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drugs and other assessment needed to be conducted for

BN
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these drugs. Depending on the specificity of each

=
(o]

drug development other clinical pharmacology studies

=
(o]

needed to be considered on a case-by-case situation.

N
o

For example, the lung penetration study for the

N
=

indication of pneumonia need to be considered. Or for

N
N

the Gard locally acting drug, the drug/drug
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1 For most non-traditional therapy under the

2 current development, pre-clinical PK/PD data were used

3 for dose selection. So we may have the challenge to

4 trandlate this pre-clinical PK/PD data to human if

5 thisinformation is not available from the patients.

6 Sol just listed this several challenges but we can

7 continue to discuss these challenges or the further

8 thoughtsin the next several sessionsin the context

9 of the case studies. But I'll be happy to answer any
10 questions on my presentation at the end of this
11
12
13
14
15
16
17
18
19
20
21
22

session. Thank you for your attention.

MS. NAMBIAR: Thanks, Tracy. So next speaker
isKalavati Suvarna. Kaaisamicrobiology reviewer
in the division of anti-infective products.

MS. SUVARNA: Good morning, I'm Kalavati
Suvarna, clinical microbiology reviewer in the
division of anti-infective products. Today, I'll go
over some of the microbiology considerations. Thanks.
So today, I'll go over some of the microbiology
considerations in the devel opment of non-traditional
therapies for bacterial infections. In general, the

microbiology evaluations include mechanism of action

Page 75
1 interaction study with a proton pump inhibitor or a

2 further effect study may need to be considered.
3 So comparing to the conventional therapy with
4 small molecules, we are facing several challengesin
5 developing non-traditional therapy for bacteria
6 infection. The drug disposition of non-traditional
7 therapies may not be fully understood in the infected
8 patients. More data needed to be collected to
9 characterize the immunogenicity and understand its
10 impact on PK/PD safety and efficacy.
11 Problems may exist to determine the drug
12 distribution to the site of infection taking account
13 the problems to access the infected tissues and the
14 questions on the representation of some surrogate
15 tissue samples. Currently, we have limited
16 experiencesin understanding the drug effect of non-
17 traditional therapies to support the Phase 11 dose
18 selection. More work needed to be done to identify
19 the appropriate PD biomarkers and to understand the
20 clinically relevant pharmacological effect of non-
21 traditional therapies in affecting the antibacterial
22 activity of the concomitantly used antibiotics.

Page 77
studies, evaluation of the spectrum of activity,
resistance devel opment, interactions with other anti-
bacterial drugs, and confirmation in an in vivo animal
model. Coming to the mechanism of action with non-

1
2
3
4
5 traditional products, there are products where we know

6 the mechanism of action, we know the specific target

7 on which the product acts. Those include the

8 antibodieslysins, anti-microbial peptides,

9 antivirulence products and anti-resistance products,
10
11
12
13
14 don't know the mechanism of action because it acts not
15
16
17
18
19
20
21
22

even with these products you might know the target but
may nhot have afull understanding of al the upstream
effects.

Then you have a second category where you

on the pathogen but on the host, these include the
immunomodulators or for lack of a better word, I've
used microbiota modifiers. Y ou might be using a
product which inactivates the drugs or absorbs the
drugs, in this case you need to have a good
understanding of the site of action and how the drug
is metabolized.

In case of spectrum of activity over the
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1 range of non-traditional products, we have those that

2 are pathogen specific, those that are narrow spectrum

3 and those that are broad spectrum. For the pathogen

4 specific ones, it'simportant to understand antigen

5 variability using -- looking at large number of

6 strains from different geographical areas, looking at

7 different serotypes, ribotypes, things like that.

8 The products as mentioned before, Dr. Rex

9 mentioned, we have some products where MIC is not
10
11
12
13
14
15
16
17
18
19
20
21
22

applicable, those includes antibodies,
immunomodulators and biofilms here, you then have to
develop a different type of functional assay to show
spectrum of activity and these can include cell based
assays, opsonophagocytic killing assays, biofilm
eradication concentrations, and to look at maybe
cytokine effects and the cytokine levels.

In some cases the MICs may not be very
predictive and may need additional standardization as
applicableto lysins and antimicrobial peptides. Here
because of the rapid affect of the product, time kill
type of assays are more informative. And the next

category isthe onewhich isvery difficult to

Page 80
1 have MICs usually animal models are used to show the

2 effect of the combination versus asingle agent. In
3 other cases, biochemical or biophysical assays have
4 been used. However, this only shows theinteractions,
5 it does not translate to what the clinical effect
6 would be. The various animal modules that have been
7 used to confirm in vivo activity, these include animal
8 modules of pneumonia endocarditis, sepsis, thigh
9 infection, catheter implants, systemic infections,
10 they'veall used -- all of them alwaystest with
11 immunocompetent and immunocompromised animals, but
12 sometimes these are not very predictive, especialy
13 we've seen that with the anti-body class where you can
14 have some host specific immunevasion mechanisms or
15 virulence factors produced by the target bacteria that
16 prevent you from trandating the in vivo efficacy to
17 humans. So to summarize with the challenges and I've
18 put them into three categories, oneis the design and
19 interpretation. So how you design the functional
20 assay and how you characterize the activity when the
21 mechanism of action is not well understood, how would
22 you characterize the upstream effects so the --

Page 79

interpret because there's no effect on the pathogen,
you're looking at other markers of, like, normal flora
assessments, measurements of the host immune response
or say, how the drug degrades in the human and how
that impacts the disease or how that givesyou a
clinical benefit.

The next islooking at resistance
development. Herein the case of antibody products,
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what you're looking at is changesin epitopes and or
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antigenic drift. These have not been really well
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studied for this class because some of them have been
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developed as single dose. The other products which --
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where you can't use the traditional testing
14
15
16
17
18
19
20
21
22 static or dynamic conditions. For those that don't

methodol ogies because of itsimpact on growth kinetics
and the study design has to be modified, and then it
begs the question of what other methodol ogies can be
used for these products because they don't al perform
in the same traditional manner.

In terms of interactions of a traditional
drugs, for most products that have an MIC type of MIC

value, you can use the time kill assays either in

Page 81
1 basically relates to interpretation of the functional

2 assay. A third category iswhen you'relooking at the

3 microbiome data, how do you interpret that because

4 that's still avery exploratory analysis.

5 The next category is where there's limited

6 characterization, these include basically what would

7 beuseful intheclinical studies, the potential for

8 resistant development and interactions with

9 traditional antibacterial drugs that maybe used in
10
11
12
13
14
15
16
17
18
19 virulence factor expressions, how do you evaluate some
20 redundant effect or functions, what isthe activity of
21 thedrug at the site of infection or intra cellular
22 activity. So these challengeswill be discussed

combination or a standard or care. The third

challenge relates to translation of the preclinical

data to what would be clinically relevant, we already
mentioned about the lack of some predictive models for
antibody class, what would be the natural levels of
antibodies to a pathogen of interest, what would be

the impact of the neutralizing antibody on the

activity of the drug, what would be the impact of

heterogeneous populations or changes in the target of
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1 within the context of the cases that | discussed today
2 and tomorrow during this workshop. So that's the end
3 of my talk. Thank you and if you have any questions,
4 1'd be happy to answer them.
5 MS. NAMBIAR: Thanks, Kala So what welll
6 try to do in the next few minutes or so before we take
7 our first break is see if there might be any
8 clarifying questions or comments from panel members or
9 from members of the audience. Then we can check to

10 seeif there might be comments online as well.

Page 84
1 and then general-tox studies, the durations of which
2 would be guided by the proposed clinical trial. Sowe
3 do provide a context within which companies can come
4 into the agency and seek guidance, and we encourage
5 peopleto do that. Thank you.
6 MR. BLACK: So | had aquestion kind of
7 similar to that. So because of differencein
8 reactogenicity in different animal species, what
9 guidance do you give on surrogate antibodies and for

10 instance to do the tox studies relative to the actual

11 MR. COX: So, I'll start out with one. And 11 human product, and | think particularly in the context
12 thisisapharm tox question I'll ask Dr. McMaster. 12 where you're making half-life extending modifications
13 So I'macompany and I've got a new molecule. 1'm not 13 or other modifications that may alter that in the
14 ready for an IND yet, but I've got some questions 14 humans?
15 about my toxicology studies. |sthere a mechanism and 15 MR. MCMASTER: Sothisisavery, very big
16 the people to contact us often about these sorts of 16 problem. And sometime, as| mentioned in my talk,
17 questions. And then is there something that a company 17 it'sinsurmountable. So sometimes there are no
18 should do to make this most productive, if they want 18 relevant species, sometimes there are no transgenic
19 tointeract prior to the point of an IND? So I'll 19 models, sometimes there's no homologous protein that
20 throw that one out to you Owen and welcome your 20 you can create that's going to model what you're
21 comments. 21 tryingtolook at. And in those cases, we simply
22 MR. MCMASTER: Hello, thank you. Soyes, we | 22 recommend that a short-term tox study is done because
Page 83 Page 85
1 do get theseinquiries al thetime. Thereisa 1 even these agents may have off target toxicities which
2 mechanism for companies that are in the middle of drug 2 wewill be ableto evaluate in a short-term study.
3 development who want to make sure that they're really 3 But thisisavery complex problem and sometimes
4 fulfilling all these, which can become quite complex 4 there'sjust no way to addressit. And we realize and
5 guidances, and we try our best to provide aforum 5 sometimesif that's it then we, you know, we base this
6 within which they can express the problems they're 6 on the scientifically available data and there's no
7 having and also provide guidance, guided largely by 7 point wasting animalsif there are -- there's no point
8 the ICH, but we also have FDA guidances aswell. If | 8 toit.
9 could be specific, can | point to my slide 6 please? 9 MS. NAMBIAR: If | canjust add to what Owen
10 Because that goes through the expectations from a 10 said, interms of seeking advice from the division, |
11 company that's coming in with a product that has not 11 think we highly encourage you to reach out to us, pre-
12 conducted any clinical trialsasyet. Sofor a 12 IND isan appropriate way by which you can seek advice
13 company coming in, we would explain to them that we 13 from the division. We can respond in writing, we can
14 expect pharmacodynamic studies and Kalajust went over | 14 meet with you in person, we can haveacall. And
15 detail of what kinds of studies we would expect. We'd 15 discussions at these meetings, while abig focusison
16 expect safety pharmacology studies, some PK data but 16 the pharm tox data package, | think, | just want to be
17 as| mentioned in my talk, this can be very complex 17 clear that we are willing to discuss the overall
18 and so the expectations for this kind of product is 18 development program. And to a point that Kevin made
19 limited. 19 earlier, it'smuch easier for us to have a discussion
20 Gene-tox studies, we absolutely would need 20 when we actually have a product in hand rather than
21 for traditional products, although again these maybe 21 hypotheticals.
22 complicated depending on the chemistry of the molecule | 22 Even if you are very early in development but
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1 to sort of have the long-term discussion, and some of 1 nimbly as possible and the development stream isa
2 these are very challenging because we don't have alot 2 real driver of cost and return of investment. And I'm
3 of prior history to go by. So it might necessitate a 3 also aware of the recent experience of peoplein this
4 fair bit of discussion between the company and us. So 4 room around thisbut | just propose there may be an
5 starting the conversation early and building upon it 5 alternative for us, especially if you're dealing with
6 might need more than one discussion. | think wein 6 three, four, five, different entities.
7 thedivision are very open and welcome you reaching 7 And | guess the final comment is our
8 out to usto have these conversations. So just wanted 8 colleaguesin CBER deal with thisall thetime. They
9 to makethat clear. Thanks. 9 do pathogen specific multi-antigen vaccines and they

10
11 too and I'll look to Owen to make sure he agrees with

MR. COX: And I'll throw in one more piece

12 me but our experience has been too to the extent that
13 the person coming in and asking for the pre-IND

14 consultation has thought about things you know to a
15 fair degree and has put out aplan. There may still

16 be questions, they may not have al the answers that
17 can certainly help to move the discussion along and
18 get to agood answer sooner. So did | get that right,
19 Owen?

20 MR. MCMASTER: Yes, youdid. Also becausewe
21 see so many more of these applications, we may often
22 be ableto refer you to mechanisms which may be able

=
o

have a pathway which is alittle bit lighter than the

[N
[N

one which some people think we need to follow.
MS. SUVARNA: So aong thoselines| aso

wanted to have some discussion about what additional

[EY
N

13
14 tools can be developed. Yes, so there'salso one

15 thing to have some discussion about what additional

16 tools can be developed that could be used by multiple

17 companies so as to advance this field with non-

18 traditionals. Y ou had a comment there, Vincent (ph)?
19 MR. TRUONG: Vu Truong, Aridis, given that we
20 know the types of or the classesin non-traditional

21 anti-infective under development, does it make sense

22 for the FDA to generate a-- prepare a guidance for

Page 87
1 to address your very complex issue. More questions,

2 and folks from the audience fedl free too if you've

3 got aquestion you can come up to the microphone.

4 MR. DUBOVSKY: | have apoint, which cameto

5 my mind both when we were looking at the pre-clinical

6 discussion aswell asthe clinical one. And for

7 pathogen specific approaches, it's pretty easy to

8 envision combination products, where you either need

9 to target different serotypes or different virulence
10 factorsin your bacteria of choice. And that kind of
11
12
13
14
15
16
17
18
19
20
21
22

raises a conundrum for us in how we handle that and
how we approach it, you can do a matrix approach
either pre-clinically and clinically but those become
almost impossible to do in difficult to study

diseases. An aternate approach isjust to take your
combination all the way through efficacy and examine a
global benefit risk ratio for eventual licensure and

if the sponsor makes a mistake and makes it too
complicated, too expensive a combination, that just
leaves space for competitor to come in and own that
space. So | make this comment in with the realization

that we're all trying to advance as many products as

Page 89

1 the industry in terms of PK/PD studies, pharm-tox,

2 comparability studies; for example, when we switch

3 cell line (ph) and so on?

4 MR. COX: It may. So it sounded likeif |

5 understood correctly, you're talking about how the

6 product is produced, right? Y ou're talking about

7 switching cell lines so that would be manners of

8 production or did | get that wrong?

9 MR. TRUONG: Certainly that would be helpful
10 but aso provide guidance on how many animal models
11 you need to test for, let's say, an antibody
12 development right? The relevance of some of these
13 animal modelsfor PK/PD or toxicology is not very
14 scientifically useful or clinically predictive. And
15 so to provide guidance on how to develop license, how
16 to establish tox studies for antibodies or other
17 peptides, so on. | think that might be very useful
18 for theindustry.

19 MR. COX: Yeah. So, | mean, we do take the
20 issue of guidance and recognize it as something that's

21 very important. And in essence the workshopisin

22 that spirit to try and answer questions. And asyou
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1 can seethere's abroad range of topics and | know

2 some of the guidances but | wouldn't claim to know

3 them dl, and that's why we have a multi disciplinary

4 team that looks at things. Y ou know with regards, you

5 know, to manners of production, and | guess really the

6 first question is, is do we have anything out there

7 that would address the questions, and if not, then

8 maybe thereis agap that would need to be filled?

9 And then you're talking about anima modelsand I'm
10 thinking -- | wasinitially thinking toxicology but
11 now you also mentioned pharmacokinetic studies. And
12 yes, | mean that may be another area. And then just
13 listening to your comment too, you also brought up the
14 topic of what's the state of the sciencein a
15 particular area. Because obvioudly it helps most to
16 write a guidance document in a setting where thereis
17 at least some scientific information that allows usto
18 write something that's meaningful. If itisan area
19 where there's aneed for more foundational science
20 then it may be that the foundational signswould need
21 to be donefirst before any of us could come up with

22 recommendation. So we appreciate your comment.

Page 92
1 because what kills drugsis variability, right, in
2 biologic response? And maybe we're not doing a good
3 enough job of accounting for that.
4 MS. WEI: | have afollow-up comment
5 regarding to the discussion on the potential. Yeah,
6 so follow-up comments regarding the discussion on the
7 guidance development. | think regarding to the PK/PD
8 consideration especially using the animal model, so
9 what we should be aware that thisis a non-traditional
therapy, it's across a very broader range of the drug,
like, for the some peptide, lysins, monoclonal
antibodies, that have very short half-life but it's
13
14 weeks, even longer half-life. And their targets may
15
16
17
18
19
20
21
22

not like monoclonal antibody have like about three

be very dependent on the mechanism. So it will be,
like, maybe some targets would be to the pathogen
itself or just to the host or immune system. So
regarding the guidance it maybe quite complex to cover
the current these targets. So | wasthinking if we
have something will be very general or just very high
level.

MR. REX: Soif | could pick up on the point

Page 91
1 Guidance development is an areathat we've been quite

2 activein and will we'll continue to be activein to
3 try to address the questions that are out there, and
4 welll continue to find areas, and we appreciate your
5 comments because that helps usto , you know, look at
6 particular areas where there may be a need for
7 guidance or guidance may benefit drug development. So
8 welll keep your ideasin mind and see where it falls
9 onthe priorities, see where it fallsin essence with
10 the state of rightness if you, with regards to the
11 foundational science that would allow usto write a
12 guidance.
13 MR. AMBROSE: Hi, | guess from our
14 perspective having worked with some non-traditional
15 things, alot of folks they have a model that they
16 believe they're going to use to forecast what an
17 effective human dose might be. But because of that
18 model's expense or for some other reasons they study
19 one or two bacterium and everything hinges on how the
20 drug responds against those two and it may be in the
21 casewhere we don't have things like MICs, we need to

22 get much more comfortable with studying alot more

Page 93
1 you just made that there's a broad range here. And we

2 use theword non-traditional to mean so many things.
3 So write aguidance for non-traditionals, summarize
4 the history of the Western world, be brief. It's not
5 -- there's such a breadth here. And | am concerned
6 that we can spend all day talking in very vague terms
7 about, "Oh | want a better animal model for non-
8 traditionals' and make zero progress because we
9 haven't cooked it down to the point where the answerer
10 actually tells you what to do next. And istherea
11 better language that we could be using, | like Tracey,
12 your division on your slide of the -- you have these -
13 - some nice boxes and do we need to chop it up a
14 little bit into some agreed upon subunits and talk
15 about each one of those individually. Some of the
16 caseskind of do that but I'm not sure that we have
17 created the right conversational boxesand | am
18 reminded of conversations in the past where we would
19 spent an entire meeting arguing about what we were
20 going to talk about and only in the last 30 minutes
21 did wefinally get to where we had agreed upon

22 language for that day. And the next time we start we
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1 had to have the entire day again of defining what

2 we'retalking about. So | really can -- istherea

3 better nomenclature for non-traditional, | have to say

4 theword but I'd like to now structure it alittle

5 bit. So that's my question, what is the correct

6 structure for the conversation? What should be the

7 boxesthat we're discussing?

8 MR. BLACK: Well, | think it'sacritical

9 point because | guess when you segment these out, you
10 do have these direct acting types of non-traditionals
11 which | think do fall into alittle bit of the
12
13
14
15
16
17
18
19
20
21
22

category of our understanding, whereas if you're
relying on a host response, where we know particularly
in these patients that almost likely have these multi-
drug resistant infections that can be highly variable
and so then how do we make sure we capture that
variability for bringing in antibody effects or host
components to the efficacy. So | do think you could
segment that on how much the host response is needed
for efficacy as opposed to how much isreally directly
related to the activity of the entity being tested.

MR. DUBOVSKY: | guess another obvious box.

Page 96
1 bringing in then more complexity that's where we're,

2 think, really being challenged right now.
3 MR. KALEKO: Seemsto methat, listening to
4 the discussion the description of traditional are
5 those things that can be devel oped through
6 predetermined algorithms. And things that are non-
7 traditional, can't. Now if you have a universe or
8 space, | should say, of traditional development, the
9 universe of non-traditional isinfinite, probably even
10 bigger than the Western world. So the question is how
11 can you set up agorithms for what is an infinite
12 variety of opportunities? And | think the question
13 redlly boils down to how do you deal with individual
14 opportunities on a case-by-case basis without
15 algorithms?
16 MR. REX: Looking around for others with
17 wisdom on that.
18 MS. EAKIN: Well, I'll turn my mike on --
19 MR. REX: You go for it, just speak, say it
20 clearly, here we go.
21 MS. EAKIN: Well, I'll try. So | guess one
22 observation, and | don't know if this helps with the

Page 95

1 John, | guessyou cover thisabit is, can you measure

2 adirect clinical benefit in areasonable way versus

3 not? So can you actually measure what most drugs are

4 licensed upon now or are you really hoping to license

5 then something which is broader, has phenomenal public

6 health impact but may not be possible to measure the

7 clinical benefit to the individual ?

8 MR. BLACK: And history of the Western world,

9 you know at a-- I'm sorry -- at arecent Vaccine
10 Congress, it'sjust amazing to point out that we
11
12
13
14
15
16 years ago as the second biological proof for in
17
18
19
20
21
22

essentially have two effective biologic therapies for
infectious disease. We havethe RSV, whichisa
neutralizing antibody that impacted the host cell
interaction in infection, and then Merck had anti-

toxin antibodies for C. Diff. recurrence just three

infectious therapies. So | think it does show the
challenge of how we're utilizing these approachesin
infectious diseases. It's not for lack of trying but
it'sreally something simplistic as neutralizing toxin
and neutralizing avirusis-- maybe alittle bit more

straightforward and direct and as soon as we start

Page 97
1 traditional and non-traditional definitions but |

2 think | certainly have used in the past a sales pitch
3 for antibiotics development that are pre-clinical non-
4 clinical models, of such high quality and so
5 predictive of clinical successthat it allows, sort
6 of, the early risk assessment. So early clinical
7 development you get to Phase |, you know your safety,
8 in PK, where you can you know almost guarantee success
9 in later stage clinical development. And whether
10 that'strue or not, it home could be up for debate but
11 | think we've used that. And so that to meisa
12 traditional approach for antibiotics anyway, whereas
13 some of these non-traditional approaches are waiting
14 for much deeper into clinical development where you
15 have biomarkers where maybe you don't even know what
16 theclinical indications are going to be until much,
17 much later and you see the clinical results. So that
18 putsit into avery different realm of risk, which |
19 think has some impact aswell as | guess of particular
20 interest of mine is are theretools, | think you
21 mentioned that, that we could do better models so we

22 caninvest in earlier to maybe help clarify that risk
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1 earlier, even for these less direct acting traditional 1 studies. Can you highlight any value that you've seen
2 approaches. 2 conducting exposure response if we have avalid
3 MR. COX: And maybe I'll throw one out too to 3 preclinical target?

4 try and offer maybe a different sort of way we might

5 look at this, which is, you can look at it from the

6 standpoint of the molecule. What's the nature of the

7 molecule and how you're going to develop the molecule,

8 that may impact your tox studies and other things

9 aongtheway. Then asyou get into later
10 development, you might look at it from the standpoint
11 of what will this molecule do for patients and, and if
12 you think about that second sort of angle of looking
13
14
15
16
17
18
19
20
21
22

at things, not -- so it's not just what the product is

but it's the other angle of what is the product going
to do for patients. Well, you could imagine the study
that Helen showed, there was a vaccine study to try
and reduce Staph aureus infections, and that maybe a
study design that could be utilized, there'd be some
dlight differences that would be applicable to
different types of products. You could have a
vaccine, that might be one way to do it; another type

of product might be a monoclonal antibody, and maybe

4 MS. WEI: Yeah, because in my presentation, |
5 also mentioned that if it is also preferable that we
6 can identify the PK/PD target from the human -- from
7 the patients. So we think the -- only using the
8 preclinical PK/PD target may not be sufficient in some
9 cases. Especially, if from the animal model they use
10 some end point that it's difficult to trandlate to
11 human such aslike the -- asurvival of animal or like
12 reduction of the disease severity, sometimes it may
13 not be predictive to the human. Therefore, we prefer
14 that during the drug development in the clinical
15 stage, it is encouraged to the sponsor to collect the
16 more PK/PD data especially using the dose ranging
17 study, so you can have exposure response relationship
18 to identify the optimum dose.
19 MS. NAMBIAR: Paul, maybe you want to add to
20 that -- we will get to you in aminute.
21 MR. AMBROSE: Yeah, let me add to that, let's
22 pretend that there's avalid pre-clinical model for

Page 99
would have an infusion of amonoclona antibody at

some period of time prior to the surgery the patient

was going to undergo. Maybe what it would -- the
product that you would give would be of a Phage Lysin,
and you would do that. So you can start to see that
depending upon which angle you're looking at things
there may be things that are more applicable or not.

It's not that any one model is necessarily going to be
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perfect but there may be alot of foundational work
10
11
12
13
14
15
16
17
18
19
20
21
22

that can be drawn upon that teaches us important
lessons and that sort of guide how we look at these
products, and they may not be from the standpoint of
benefiting the patient. There may be paradigms out
there that are applicable. Soit'sjust another way

to sort of think of things and look at this particular
area.

MS. NAMBIAR: | think we have one question on
line, before we go to that, | want to check if any
questions or comments from members of the audience.
No, not yet, okay. So Tracy, there'saquestion
online for you. The question isthe current theme of

antibiotic drug development usually avoid dose finding

Page 101
1 efficacy like the questioner asked. So another reason
2 to do it might be some of these compounds might have
3 target mediated drug disposition, in other words
4 binding to the target is a mechanism of clearance
5 since so, therefore, clearance can be much, much
6 faster in a patient than in avolunteer and that might
7 beareason to conduct that study aswell.
8 MS. NAMBIAR: Go ahead, thanks.
9 UNIDENTIFIED SPEAKER: | just had aquestion
10 targeting the pharmacokinetic tox. | was interested
11 inthereliance on PK with PD readoutsin the setting
12 when there --
13 MR. COX: We may get you to get alittle
14 closer to that microphone so it picks up alittle
15 better, thank you?
16 UNIDENTIFIED SPEAKER: | am sorry. So, | was
17 interested in the pharmacokinetic tox that you gavein
18 thereliance on PD biomarkers for your readout, so I'm
19 wondering in the setting, where you don't have a
20 mechanism based PD biomarker such as even blood stream

21 impacts on infections where culture clearance is your

22 readout, but maybe at the time of dosing the patients
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1 aren't bacteremic anymore but we know that you neeq

2 prolonged therapy even in post clearance of culture.

3 How you look at things like dose finding or even

4 efficacy readout in absence of PD biomarkers?

5 MS. WEI: So, yeah -- so you mentioned that

6 maybein your case, there's the lack of mechanism

7 based PD bio marker, but | think in the other point

8 maybe you can use some microbiological endpoint, s

9 that maybe -- also be -- can be categorized to be as
10 the -- one of the clinical endpoint. So, we just want
11 to have something to link of your -- the mechanism o
12 the working of the drug to the clinical end points.
13 So especially in the early drug devel opment stage, in
14 the Phase Il then the patients -- the sample size is
15 not big enough to interpret aclinical outcome. So
16 some of those endpoint like microbiology reading or
17 some sort of (ph) endpoint may help you just to
18 confirm the -- like proof concept the drug or to give
19 you some hint for the dose selection. Hope | answere
20 your question.
21 MS. NAMBIAR: Didn't -- sorry, looks like
22 you've follow-up come?

Page 104
1 1 you, well see you back in 15 minutes.

2 (Recess)

3
4 Ghosh, and I'm amedical officer in the division of

MS. GHOSH: Good morning, my nameis Mayurica

5 anti infective products. 1'm going to discuss today a

6 hypothetical case of amonoclonal antibody for

7 prevention of abacterial disease. It'saninjectable

D 8 humanized immunoglobulin the IGG-1 capa. It hasan
9 exogenous target, it binds specifically to the apha

10 toxin of Staphylococcus Aureus blocking alphatoxin

11 poreformation in the target cell membranes and that's

12 protecting the cell from lysis. Itisof narrow

13 spectrum and it has no activity against other

14 pathogens, it is being developed for the prevention of

15 Ventilator Associated Bacterial Pneumonia by

16 Staphylococcus Aureus. In terms of the non-clinical

17 studies, in amurine model of Pneumonia, prophylaxis

18 with amurined version of the product reduced disease

dl9 severity with an EC90 of 200 micrograms per

20 milliliters.

21

22 rats showed no evidence of toxicity. However, asix

A two week repeat dose toxicology study in

Page 103
1 UNIDENTIFIED SPEAKER: Yeah. Well, I think

2 thechallengeis for something like bloodstream
3 infection, where at the time of dosing in atria a
4 patient may no longer be bacteremic, but it's
5 challenging in those situations where there is no PD
6 biomarker and even pre-clinically for dose selection,
7 where -- for example, if you have intracellular target
8 you can't measure activity at your site of drug
9 activity.
10 MS. WEI: Soin that situation, where we --
11 yeah, we welcome the case by case discussion to reach
12 out to the FDA to our group. We can just look at each
13 specific case and then to see how the PK/PD approach
14 or if that thereisalack of the dataas | mentioned
15 asin one of the challenge, how do we solve that. But
16 we welcome more of this case discussion at the early
17 stage.
18 MS. NAMBIAR: So, if there are no more
19 questions or comments, we'll take our first break.
20 We'll reconveneat 11:15 am. And just areminder
21 that if you're interested in getting lunch, | think
22 you have time now to sign up at the booth. So thank

Page 105
1 week repeat dose toxicology study in monkeys showed
2 evidence of immune complex arthritis. A tissue cross
3 reactivity study was negative, it crossed the
4 placenta, hence, reproductive toxicology studies were
5 performed, and a single dose pharmacokinetic study in
6 monkey showed positive anti drug antibodies.
7 A Phasel first in human study was compl eted.
8 Theterminal half lifewas 90 to 110 days. The serum
9 concentrations maintained above the PK target for 30
10 days. Interms of clinical immunogenicity, 5 percent
11 of the subjects tested positive for anti drug antibody
12 during the study and 35 percent developed infusion
13 reactions. A Phase Il dose ranging study in
14 ventilated subjects colonized with Staphylococcus
15 Aureusin their lower respiratory tract was completed.
16 The primary efficacy endpoint here was incidence of
17 Staph Aureus Pneumonia during the 30 days post dosing.
18 A PK analysis showed a half life of 40 days,
19 lower than healthy subjects as the clearance was
20 higher in patients. And a dose of 4,000 milligram
21 achieved the PK target, which was the same

22 concentration of 200 micrograms per milliliter.
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1 Antibody concentration in tracheal aspirates was

2 measured. Adversereevents of urticariaand rash

3 were noted and there was one case of laryngeal edema,

4 which was thought possibly secondary to a

5 hypersensitivity reaction. A Phase 1l randomized

6 double blinded placebo-controlled superiority trial

7 with asample size of 582 subjectsin ventilated

8 subjects colonized with Staph aureus in the lower

9 respiratory tract was completed. The inclusion
10
11
12
13
14
15
16
17
18
19
20
21
22

criteriawere tracheal or bronchial sample positive

for Staph aureus PCR within 36 hours prior to
randomization and no diagnosis of new onset pneumonia
within 72 hours prior to randomization. The primary
efficacy end point here was incidence of Staph aureus
pneumonia during the 30 days post dosing. Thiswas
based on clinical signs and symptoms and microbiologic
cure.

Culture: The secondary efficacy endpoint was
all-cause mortality at day 28. Safety was assessed by
adverse event monitoring through 30 days, 90 days, and
190 days post dose. The incidence of pneumoniain the

treatment group was 23.4 percent compared to 29.9

Page 108

1 proceed, our webinar participants kindly asked usto
2 speak up alittle bit because they have problems
3 hearing us. Thank you.

MS. DORR: Wédll, firgt, I'd like to thank the
FDA for inviting my colleague Todd Black and | to come
and provide our perspective on drug development of
monoclonal antibodies for infectious disease therapy.
So our experience is based upon the devel opment of

© 00 N o O »

basil toxin MAb, a monoclonal antibody for prevention
10 of C. Difficileinfection recurrence. Soit'sa
11
12
13
14
15
16
17
18
19
20

21 development of monoclonal antibodies for infectious

little bit different than this case in that this case
isfor primary prevention of a disease, where we
studied prevention of arecurrence. So our drug is
given as adjunctive treatment to antibiotic therapy.

So, we Merck end licensed this product after
PhaseIl. Phase Il was robust proof of concept it was
acombination product that was studied in Phase Il
based upon two toxins known to be virulent factors for
C. Difficileinfection, largely based upon animal
models. And so, thefirst thing | want to say is that

22 diseasetargetsis complicated, and we encountered

Page 107
percent in the placebo. The difference in rate was
6.5 percent with a 95 percent confidence interval of
negative 0.7 percent to 13.7 percent, and a two-sided
Pvalue of 0.08. Forty five deaths occurred in the

1
2
3
4
5 treatment arm versus 35 deaths in the placebo arm at
6 day 28.

7 Some of the questions which can be discussed

8 later this morning would be, how would you address the
9 challenges of designing such a prevention trial

10
11
12
13
14
15 would you suggest for this or asimilar product?
16
17
18

19 you, of clinical research in infectious diseases,

including the need for alarge sample size,
identification of the at-risk subjects, challenges

with the diagnosis of pneumoniaitself, and
confounding of safety assessments by underlying co-

morbidities. What other study designs and indications

Thank you for your attention.
MR. IARIKOV: And now Mary Beth Dorr from

Merck and she's a Clinical Director, | would remind

20 would provide industry perspective. And then Dr.
21 Ghosh will provide FDA perspective on the subject of

22 monoclonal antibody development. And before we

Page 109
1 many challenges through the development. We were
2 fortunate that at the end of the day we had -- we
3 achieved regulatory success but as people have
4 mentioned and if you noted our drugs in Plava (ph) was
5 on aslide that was shown earlier, that doesn't
6 translate necessarily into marketing success. But --
7 so that others can learn from our experience, we offer
8 some comments for your consideration.
9 So first iswhat is the appropriate target?
10 For us, you know toxins for C. Diff, toxins make sense
11 because they are the virulence factor but which toxin?
12 Andif you are looking at a bacterium that have more
13 than one virulence factor, you need to consider that.
14 And then, if you are going to look at multiple
15 virulence factorsit'simportant early on to
16 understand the relative contribution of each one of
17 the antibodies because as many of you are familiar
18 with our situation, we moved forward with a
19 combination based upon Phase I1-B, but the FDA, in
20 their wisdom, required that we also study each
21 antibody separately, and at the end of the day, we

22 found that only one of those antibodies was
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1 contributing to the efficacy of the product.

2
3 learn, very late in development. Our development

And so, that was a very costly lesson to

4 program was 2,800 patients that was our target. We
5 ended up being able to drop the single antibody arm
6 after aninterim analysis, so at the end of the day we
7 enrolled 2,650 patients, very large clinical
8 development program for monoclonal antibody.
9 So, again that goes back to the idea of
10 animal models, so is the animal model reflective of
11 theclinical situation? Nobody knew what the relative
12 contribution of each toxin wasin the human, it was
13 these monoclonal antibody studies, that we conducted
14 that found that toxin B was the relevant virulance
15 factor in humans.
16 The other question is, can animal models help
17 inform potential furmuter (ph) genecity. So you knov
18 what isthe right animal model to study that? And
19 then for prevention studies, if you'retrying to
20 prevent adisease, even like for us, it was secondary
21 prevention but if you're trying to prevent something,
22 you need to enroll patientswho are at high risk. In

Page 112

1 their stool because C. Diff. sporelates and PCR picks

2 up the spores aswell. So patients can be decolonized

3 and their diarrhea could be due to the taco they ate

4 the day before.

5 So that brings us to the definition of the

6 end point really should include the physician's

7 decision to treat the infection, because the symptoms

8 could be due to something else and if that was ruled

9 out then it should not be attributed to as -- to the
10 specific disease that you're studying. But, when
211 you're talking about an infection where you treat
12 empirically before you have your microbiologic results
1,13 that can get alittle complicated.
14
15 differencein PK between healthy's and patients. So,

So another thing that was brought up is the

16 what we found with our monoclonal antibody, which is
V17 something that's known for monoclonal antibodiesin
18 general, isthat there was a correlation with serum

19 abumin. Soif the patient had low serum albumin

20
21
22

their clearance was higher. And so, how do you adjust
for that if you have a narrow therapeutic index

monoclonal antibody? We were fortunate in that we

Page 111
1 our situation, we were fortunate in that 75 percent of

2 our population had at least one risk factor for C.
3 Difficile recurrence, but if you don't enroll enough
4 patients with risk factors then you're going to dilute
5 your true effect size. And so that's really important
6 to understand what the risk factors are before you
7 embark upon alarge Phase Il clinical development
8 program.
9 So also the definition of the end point is
10 really important. If you've got a soft end point it's
11 going to be more difficult for you to show a
12 difference. What we found isthat we used an

13 agorithmic approach based upon a patient's symptorm

14 and aso microbiologic. So we didn't ask the

15 investigator what they thought, so we called some
16 patientsfailures, who weren't even treated for their
17 infection because they had asingle day of diarrhea
18 and they had a positive PCR test.

19 So then that brings us to the PCR test. The
20 PCR test can detect patients who are colonized but
21 that doesn't necessarily mean, at least in the

Page 113
feel that we were significantly overdosing the
patients, so that that didn't impact our efficacy, but
if you've got amonoclona where, you know, this
exampleis 4 grams, that's alot of monoclonal
antibody. The cost of goods for 4 gramsis quite
high, so you really want to make sure you've got your
dose right and you don't want to under dose. Soit's
important to understand the impact, for example, of

© 00 N OO 0o B~ W N PP

co-morbidities on the PK before you embark upon your
Phase Il trial.
We also saw that sample size isimportant, so

10
11
12
S13
14
15
16
17
18 what things are going to impact that? So for many of

if your sample size istoo small and you've designed a
superiority trial, you can fail even if you've shown a
difference that's clinically meaningful. Soit's

really important to consider what things are going to
impact your endpoints and to, you know, isthere a

valuable population as opposed to themITT population,

19 these anti-bacterial trials, you've got patients with
20 co-infections, you know, you've got patients getting

21 antibiotics that could target the same bacteriafor

22 situation for C. Diff. that the patient hastoxin in

22 other infections, and then how do you handle that
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patient's data? Y ou really wouldn't want to include

that patient, because it's confounded. So you need to

consider those things as you design your endpoints.
And then the other thing is the fact that

serious infections occur in patients with co-

morbidities who are at high risk for adverse outcomes,

that aren't related to the infection, leads to

multiple early discontinuations. And how do you count

© 00 N OO 0o B~ W N P

those early discontinuations in your endpoint
10
11
12
13
14
15
16
17
18
19
20
21
22

estimation? It doesn't seem fair to the product to
count them as -- to impute those as failures. So you
need to have some way of adjusting for those early
dropouts. And in part, you need to over enroll to
account for that.

And then in terms of safety, fortunately, if
your target is a protein that isn't found in the human
body then there isless potential for off target
effects. So that is one advantage of studying
monoclonal antibodies. But as has been mentioned, you
do need to be concerned about anti drug antibodies
being formed. Soit's really important early on to

understand the potential for anti drug antibodies and

Page 116

1 versusin the comparator arm, you know, 15 percent

2 then it could just be by chance that the rate was

3 lower in that comparator arm. But if you don't have

4 any idea, you know, what the rateis in the general

5 population it'srealy hard to be able to understand

6 if it'sthe drug that caused it or if it'sjust by

7 chance. So that's my comments, thank you.

8 MR. IARIKOV: And now, Dr. Ghosh.

9 MS. GHOSH: Thank you for your comments, Mary
10 Beth. | will make some general commentsin this
11 context and | share similar concerns as reflected in
12 Mary Beth'scomments. Interms of trial design, if a
13 product is being developed for -- as an adjunctive
14 treatment of standard of care anti-bacterials, then
15 generally need to demonstrate superiority over
16 standard of care and placebo. Interms of sample size
17 for diseases with low incidence, alarge sample size
18 will be necessary to show the treatment effect of the
19 product for prevention of disease. A small reduction
20 intheincidence of the disease could have an impact
21 on the sample size and the potentia for benefit of
22 thetreatment isaso acritical factor. Interms of

Page 115
1 what can cause those. So this example here was

2 humanized versus a fully human that could have
3 potentialy caused this. Formulation isimportant too
4 because a propensity to cause aggregates can increase
5 the chance for acute hypersensitivity reactions. And
6 asoif you're going to give asingle dose for an
7 acuteinfection versus you're going to give multiple
8 dosesfor, you know, long-term prevention, multiple
9 dose will increase the risk of immunogenicity, so you
10 need to take all that into consideration.
11
12
13

14 there was an imbalance that was seen. So these

Then the other question that came up was
about imbalances in adverse effects that you see -- a

serious adverse effect in this situation mortality,

15 patients are really sick, how do you know that it
16
17
18
19
20 inthat population. If you can get that information,
21

22 you know, you found 20 percent in the intervention arm

wasn't just by chance versus something that was caused
by the therapeutic? And you know, one way to look at
thisisif you have information based upon large

database trials of how many -- what is the incidence

so if you know that the death rate is 20 percent and

Page 117

1 selection of endpoint, for treatment trials choosing

2 an endpoint which has alarge trestment effect would

3 provide the strongest evidence of efficacy, but just

4 asMary Beth said, clearly defining the disease itself

5 would also help in selection of the endpoint. If the

6 product is being developed for areduction in

7 recurrence of the disease, one needs to consider not

8 only the reduction of recurrence of the disease asa

9 primary endpoint, but also the cure of theinitial
10 index infection. Aswe have seen with basil toxin
11
12
13
14
15
16
17
18
19
20
21
22

MAD, (ph) an imbalancein theinitia cure rate could
result in the treatment groups being not comparable
and then the effect of the study drug on the
recurrence of -- reduction in recurrence of infection
would be difficult to interpret. One option could be
potentially treating the index infection and then
randomizing, so the cure of theinitial episode could
be with a different product.

One other scenario that comes up is, let's
say, an antibody targets a specific pathogen like
Staph aureus, with reduction in incidence of Staph

aureus pneumonia. However, the subject then develops
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1 Pseudomonas aeruginosa pneumonia, then consideration

2 should be given asto how to address this problem and

3 how to address this analysis. What would be

4 clinically relevant would be if the subject is aive

5 and free of pneumonia overall.

6 In terms of VAP prevention trials, sometimes

7 it'sdifficult for diagnostic confirmation of the

8 disease, for example, if a sputum culture is positive

9 for apathogen in the absence of clinical signsand
10 symptoms, it may just reflect aprior colonization of
11
12
13
14 target actions of the product could be difficult when

the disease and in this situation clearly defining the
infection would help.

In terms of safety, sometimes ng off

15 thereisahigh mortality due to the disease itself
16
17
18
19
20
21
22

and a separating out of the treatment effect in such
situationsis also challenging. One should aso
consider what would be the size of the safety database
in such prevention trials when you're using the
product to, let's say, treat alarge population of
uninfected population and would that tip the risk
benefit ratio?

Page 120
1 lesstoxicity of the combination as compared to the
2 individual components, and that's al | have.
3 MR. IARIKOV: Thank you very much, it was
4 very informative, and now we open the floor to
5 discussion. But before we proceed, we have a question
6 from our web audience that very relevant to our
7 current session, so I'm going to read it and | will
8 ask, actually my co-chair, to addressiit.
9 The question is Medimmune. If we are
10 targeting several virulence factors with the
11 combination monoclonal antibodies, how do we overcome
12 regulatory challenge to this several single mono
13 therapy arms versus amulti combination armin afirst
14 in human study?
15 MR. DUBOVSKY: Right, so| think we just two
16 sentences ago heard opinion about combination
17 approaches and how -- and there are reasonsto rip
18 them apart and test each individually. But | think we
19 need to weigh this against what's actually practical.
20 So, if you're doing a study to prevent C. diff that's
21 one population. If you're doing it to prevent VAP
22 that's completely different and | would propose that

Page 119
In terms of adjunctive treatment, like Mary
Beth said, when monoclonal antibodies can be
administered, let's say, with standard of care; pre-
clinical animal efficacy studies could be considered.

1
2
3
4
5 However, as mentioned in Doctor Suvarnastalk earlier
6 this morning, these models may not be predictive of

7 human efficacy.

8 Lastly, acombination of antibody cocktails;

9 when an antibody is being developed as a combination
10
11
12 factorial design may be helpful in such situationsto
13
14
15
16
17
18
19 program progressed and Mary Beth can chimein, the --
20 showed that be basil toxin MAD (ph) was, if more

21 effective. Sometimes the studies with the factorial

of antibody cocktails, one has to show the
contribution of each component. And a study with a

assess the contribution of the component, and
sometimesin vitro and animal studies may be helpful.
However, we have seen in the case of basil toxin MADb
(ph), the animal studies predicted that the

combination to Antitoxin-A and Antitoxin-B may be

beneficial. However, asthe clinical development

22 design can also inform -- the -- more that thereis

Page 121

1 if you're going with a combination of four -- three,

2 four, five monoclonalsit's not feasible to do five

3 arm study to look at clinical endpoint in this

4 indication. And that'swhy earlier | proposed that

5 perhaps a complete different approach would be

6 required, one that would push the risk into different

7 directionsthan it is now and perhaps to push the risk

8 more into the sponsor side, where they would take the

9 risk of being accountable for the product in general
10 benefit risk. But they would also take an additional
11 risk, amore nimble product could take them over in
12 the marketplace.
13 MR. PEREZ: Assoon as| got the case and
14 when | review all the safety profile, the clinical and
15 non-clinical and the clinical results, being honest
16 with you al | was asking myself, does it make sense
17 to keep developing this drug based on these results
18 enable us to know what is the opinion of the audience
19 because if we were in some of these meetingsin a
20 company these results at least for my taste not really
21 worrisome. I've never seen amonoclonal with this
22 preclinical safety profile, I've never seen a
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1 monoclond in clinical with thisclinical profile that

2 isjust an question.

3 MR. COX: | might make a comment on the

4 combination issue. So yeah, we do see combinations of

5 drugs whether they be small molecules or whether they

6 be monoclonal antibodies and, you know, in this

7 instance, you know, folks of Merck have described the

8 factorial design that they used to help them sort of

9 dissect this. There are various different ways that
10 welook at combinations -- combination products and
11
12
13
14
15
16
17
18
19
20
21
22

the type of information that we get to justify, you
know, that the product has more than one component.
Y ou know in some instances you don't do monotherapy
studies, you don't do afactorial clinical trial

because of concerns that if you went in with one agent
you would lead to resistance that would |ose the one
agent that you got and then you ended up with so --
and then there's also a difference of if all of the
components of the drug are targeting, you know, the
same organism as compared to having multiple different
components that are each targeting different

organisms. So there'salot of different questions

Page 124

1 Arethey produced in the same sorts of magnitudesin

2 thetwo different species?

3 MR. BLACK: The standard diagnostics for

4 toxin do measure toxin levels as Mary Beth said, that

5 waskind of our early assay. Soyou know, Toxin A is

6 certainly produced in the situation. We could have

7 looked at strain epidemiology if you had trusted that

8 because you will amost always see Toxin B or A and B

9 coproduced but you, | think, on very rare occasions
10 might seean A only strain from aclinical lysis. So
11 that was very rare and so there seemed to be some
12 implications there that B might be the appropriate
13 toxininthat. So yeah, we do think that, you know,
14 toxinis produced it's not that it wasn't present.
15
16 study, so after we had licensed in the product we did
17 support astudy at Tufts with (Inaudible) during the
18 gnotobiotic piglet model and that model actually did

Now, in terms of trandatability of animal

19 recapitul ate the human data both with the monoclonal
20 or with polyclonal antibodies that neutralizing Toxin
21 A had no effect in his model, either only Toxin B
22 seemed to be impactful inthat. So if we have the

Page 123
1 hereand | think, you know, the bottom lineis, is

2 that we do look at it from the standpoint of, how do
3 you justify each of the components, what'sthe role
4 for each of the components, and how can you show that?
5 The answer is not always a factorial clinical
6 trial design, itissometimes. In other instances
7 there may be other information based on the science
8 that helps up to understand the role for each of the
9 components within an overall combination product.
10 MR. AMBROSE: So, maybeit'sto Mary or the
11 antibody experts around the table, but isthe failure
12 of -- you know you predicted in the preclinical model
13 that antibody or Toxin A was a potential target for
14 your drug. Isthere away to know before you move
15 into man or propose to move into man how much of that
16 toxin is produced in the rabbit or grasshopper,
17 whatever your model isrelative to what's produced in
18 aperson. Soisit achancethat yeah, it was
19 produced, that toxin was produced in your preclinical
20 species whatever that was but it wasn't produced in
21 people and that's why the FDA found that, that toxin

22 wasimportant. Soit'snot just asatoxin, right?

Page 125

1 foresight to know that, that was going to be the

2 trandatable model we might have been ableto

3 preclinically make that prediction. But years of, you

4 know, of lore was that we had both toxins to address.

5 MR. COX: | think one of the fascinating

6 thingsisthat -- | mean how much we learned from

7 that, whenit really did call into question some of

8 what we had thought we knew before.

9 MR. BLACK: WEell, | mean the fascinating
10 thing is| think people are still having difficulty
11 accepting that Toxin A isn't doing anything and, you
12 know, we can't definitely argue that it's still isn't,
13 that something else clinically happened but, you know,
14 thiswasthefirst clinical result and | think it
15 addresses kind of what Ann's saying too that we have
16 so much comfort in the way that we do small molecule
17 development and how translatable and predictable and,
18 you know, probably people like William and Paul have
19 modified these but we have alot of confidence if we
20 know the drug is there that we're going to have an

21 effect. But with these new therapies, our animal

22 models, you know, just may not be telling us what we
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1 want to know.
2

3 we say micelie, you know, monkeys fib and humans tell

We know in vaccine's side, we know, you know,

4 thetruth. So asyou'retrying to sort these out it

5 isvery difficult to get, you know, high confidence in

6 the translatability until you start to get some

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21

clinical experience that replicates what you're
observing in these models.

MR. REX: | just -- | want to -- go ahead.

MR. KALEKO: Actualy just to confound --
confound things further. If | remember the 1980s
mouse data, all the data with pure toxin was very
different than those with knockout bacteria, but
that's not my question. And | may have missed it, I'm
sorry, | was more concerned with getting my lunch, |
apologize. But why isthis Staph protocol designed as
aprophylactic protocol as opposed to a therapeutic
one, where you know that certain strains tend to cause
certain diseases. Maybe you have a strain that causes
endocarditis. Why not take endocarditis patients

treat them then you'll also have time to do your
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1 it seemslike the ability to tap into what's now

2 called big data and start looking at incidents of

3 disease, what are some that are going to be the

4 confounding factors to do the natural history is going

5 to better set the company that may be developing a

6 product such asthis or other productsin a state

7 where they actually can make the best decision of

8 whether it's even worthwhile to pursue a prevention

9 study in thistype of a setting.
10 MR. DUBOVSKY: So, inthis particular case
11 the attack rate and the placebo rate was quite high,
12 right? | mean we could all hope to be doing studies
13 inthiskind of situation whereit could be easily
14 powered, our colleagues from (Inaudible) were facing a
15 different situation completely. So when you think
16 about prevention and the size of this H (ph) database
17 | think you need to think alittle bit more granularly
18 and what's the attack rate. How much were you able to
19 enrich the population before you did this study and
20 that should perhaps inform the size of this H database

21 and not strictly whether your prevention versus

22 diagnostic and you could stop the antibodly if it turns 22 treatment.
Page 127 Page 129
1 out to not be useful; seems to me that would be an 1 MR. HOPE: So some of usin the room grew up

2 easier trial design. Am | missing something?

3 MS. NAMBIAR: No, thisisreally just meant

4 to be an example for us to have a discussion around

5 how one might develop a product for prevention of

6 disease. You areright just if, you know, this

7 antibody could potentially have been used for the

8 treatment of Staph aureus pneumonia.

9 MR. KALEKO: Okay.
10 MS. NAMBIAR: Thisisredly just meant to b
11 ahypothetical case. To stir adiscussion and raise
12 some of the points that one would encounter when yog
13 develop a product for prevention, that's the intent
14 here.

15 MR. KALEKO: Okay. My apologies.

16 MS. NAMBIAR: No problem. Just to clarify.
17 MR. DUBOVSKY: So--

18 MR. DANKER: | think the discussion points g

19 the questions are all the ones that normally would

20 come up in trying to think about a prevention study
21 such asthis but what seemsto have been missing is
22 how do you get the data to make these decisions? An

2 intheanti-fungal erawhen there were no animal
3 models or experimental models and it took alarge
4 amount of funding from NIH to make new experimental
5 models especially even basic mold infections and that
6 unlocked a huge amount of ability to make new anti-
7 fungal agents. So my question is strategically -- so
8 I've heard continuously that there's afailure of
9 trandatable experimental models but what's the
€10 community's, | guess, strategy given that there were a
11 wholelots of dots up in the right hand side of the
UL2 CARB-X compound library about who's going to fund all
13 of those experimental models so we could get better
14 predictability for disease because it seemsthat's
15 difficult just to put that onus on to sponsor alone.
16 MR. REX: Soif you pick up that question and
17 come back to the story that we heard a minute ago
f18 about the Merck compound where presumably Toxin A doe
19 something in some models, right? And isit the case
20 that in general neutralizing Toxin A in human beings
21 isn't necessary, isit hurtful? And before you jump

@2 into that, the next place I'm going with it is, what

33 (Pages 126 - 129)

www.Capital ReportingCompany.com

[72]



Meeting

August 21, 2018

Page 130

1 if the products that have gotten registered was

2 Antitoxin A plus Antitoxin B and we kind of |eft

3 somewhat undefined the question of which one mattered

4 themost. And | know it sounds unscientific not to

5 know okay, because | am here -- I'm extending alittle

6 bit of Filip's question. What if there were five

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22

toxins that you were interested in neutralizing? And
you had -- you can put in five monoclonals and so --
and | can't swear to you that neutralizing Toxin 3is

all that important but I've chosen to stick it in and

| do the study with my mixture of my five monoclonals
and it does something that seems to be broadly useful
to the human beings who get it but you can't swear

that neutralizing 3 mattered. Do | care?

MS. DORR: So very good question. So Merck
actually had proposed to just devel op the combination
and the only reason why we didn't was because the FDA
insisted. So again, you know, congratulations to the
FDA for having avery precise crystal ball. But
you'reright, | think that was our argument. So what,
you know, if the combination is safe and effective

what does it matter. | meanintheend it wasa

Page 132
1 eacharm. Soyou couldn't -- there was no difference
2 between the two. But you could say well, it was a
3 really small study, it'sinconclusive, maybe it was
4 just by chance. But it was enough for Merck to feel
5 that A alone -- the A lone antibody would not work but
6 we had no information about the B alone antibody. So
7 inour first study we included each one of the
8 antibodies alone, a combination and then placebo and
9 everyone got standard of care antibiotic, so nobody
10 got only placebo. Everybody got standard of care plus
11 one of these four treatments. And then we had an
12 interim analysis after 40 percent of the patients were
13 enrolled.
14
15 analysisisthat the combination separated from
16 placebo. The B antibody separated from placebo. The
17 A donedid not separate at all, and not only that

What we saw at the time of theinterim

18 there were more SAEs than deathsin the A alone arm.
19 Now again, these are really sick people. Isthat due
20 to chance or isit dueto, you know, what you

21 suggested, John, is that perhaps giving A alone

22 actually without also neutralizing B is aproblem. We

Page 131
1 benefit to us because monaclonal antibodies are very

2 expensive so our cost of goodsis half but | mean you
3 -- one can't necessarily argue against what you're
4 suggesting. If you show the combination is safe that
5 would be my feeling but, you know, our situation --
6 we're glad that we have that information. So, it'sa
7 balance.
8 MR. IARIKOV: If you don't mind me please.
9 Was Toxin A arm performing worse in the Phase I
10 study?
11 MS. DORR: So-- no. Soin Phase -- so there
12 were two phase, two studies.
13 MR. IARIKOV: Right.
14 MS. DORR: Onewasonly Toxin A antibody.
15 And that study was stopped early because animal
16 studies showed that you needed to neutralize both
17 toxins. So then the companies that we end licensed
18 the monoclonal antibody firm decided to do the
19 combination and the Phase 11-B study was only with ¢
20 combination. They never did anything with Toxin B
21 antibody alone, so they only had avery small study
22 with Toxin A aone and there were five recurrencesiir

Page 133
1 don't know, we may never know the answer to that
2 question.
3 MR. REX: Sojust to be clear the combination
4 if A istoxic then A plus B should -- might also be
5 toxic. But you are then saying if you compared A plus
6 B to B aone there wasn't a corresponding shift.
7 MS. DORR: No, no. So, if youlook at B
8 aone plus A plus B there was no difference in safety.
9 And so -- o, you know, we have spoken with people who
10 do preclinical research specifically on the roles of
11 thetoxin and their concernis, if you only neutralize
12 A it could be helping B to be more virulent. So there
13 issomekind of interplay.
14 MR. DUBOVSKY: I'dliketo pick upona
15 thread that we heard both from the FDA as well asfrom
16 Merck and that's about endpoints and how to deal with
17 them. And I'd liketo bring it back to the case we
18 talked about because in this case there was a clinical
119 case definition, which didn't meet significance but it
20 depends alot on how you count that. We also saw
21 therewas, in this case there were alarge number of
122 deaths. And back to the point on how do you deal with
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1 those because it's essentially missing data. It's

2 missing dataif they die before you reached the

3 window, it'smissing data if you don't get a

4 bacteriological diagnosis, or even if you get an

5 alternative pathogen, but you can't be sure that Staph
6 wasn't in the case.

7

8 and though obviously decrease your point estimate of

So one option isto dump them all asfailures

9 efficacy. The other option isto examine them, a,
10 either through sensitivity analysis or as a safety
11 finding and the let the global benefit risk drive
12 whether it'sareal product or not. So I'd be curious
13 to seeif people have opinions on thisand | have to
14 say from a product devel opment perspective when yo
15 count those as failures -- and these drugs shouldn't
16 impact death directly and they shouldn't impact other
17 pathogens. So the assumption is that these would fall
18 out equally in the placebo and the active group and
19 therefore just dilute your effect and that has real
20 implications for the value ascribed to the product
21 both from the payer as well as the practitioner's
22 perspective and its ultimate use.

Page 136

1 concept where you match on whether they had VAP and
2 then you match whether they had death and then you
3 basically form some kind of statistical analysis based
4 upon the matching and see how that pans out.

And then obviously the other thing that would
be a concern in this particular scenario was we saw
the data from the Merck vaccinetrial for Staph aureus
and we saw more deaths in those individuals who
eventually got the vaccine and had Staph, we don't
know why. But now you have a monoclonal antibody
that's directed against some virulence factor in Staph
and interestingly there's more deaths in the arm who
had gotten the monoclonal antibody.

MR. DUBOVSKY: | guess| wasn't suggesting we
ignorethedata. | just think that looking at it asa

uL4
15
16
17
18
19
20
21
22

safety finding may be one, an alternate approach. And
if you do count this as failures do you actually get a
label claim that you stop all-cause pneumonia or all-
cause mortality as part of it? Seemslike a pretty
broad claim.

MR. COX: So let me throw some numbers out to

this because | think, you know, these are good

Page 135
1 MR. DANKER: There's the other problem of the
2 fact that in the United States there's awhole

w

aversion to calling anybody as having VAP because it
impacts negatively upon your CM S standing and so they
called them VAES, did a VAP study thiswas areal
issueinthe US. So less of an issuein Europe, they
don't seem to have asabig a deal about it but in the
US people avoided calling things VAPs.
So number one that startsto -- automatically
start to impact your endpoint, it then would be useful
to have an adjudication panel that could look at all
the events, not just the ones that are called VAP but
then -- and then thisway it relieves the hospital of
calling something VAP and they're not caught up init.
But the deaths are also, | think, an
important issue of how you look at the deaths, you
know. The FDA for years moved away from attributable
mortality because attribution is sort of like beauty
isin the eye of the beholder and it gets very
20
21 what you do with the deaths unless you makeit a

complicated to try to sort those out. 1'm not sure

Page 137
1
2

3 you've got something somewhere in your mouth and

questions. And the other -- so if we think about the
pathophysiology of you know nosocomia pneumonia,

4 you're fearing something and then you're aspirating

5 and that stuff is getting down there. What's in your

6 mouth, what isin your pharynx maybe influenced by

7 whatever treatment or preventative that you're getting

8

9
10
11
12
13
14 wesaw. Therate of Staph aureus pneumoniain the
15
16
17
18
19
20
21
22

because if it's only active against one or a couple of
bacteria those may disappear and then there's always
this question of replacement colonization. So let me
throw out one for you there -- and this scenario is
not unfamiliar I'll say. So thetest drug is active

against Staph aureus o it's one of the examples that

test drug armis 20 percent. Therate of Staph aureus
pneumoniain the placebo arm is 25 percent. We'd just
assumethisis statistically significant; we won't

bother getting too hung up on the numbers. But then
if welook at all-cause pneumoniathe test drug is 40
percent and the placebo arm is 30 percent. So, I'll

give you those numbers again. So test drug Staph

22 composite endpoint or you do what this winner take all

aureus pneumonia 20 percent, all-cause pneumonia 40
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1 percent, and then placebo Staph aureus pneumonia 25
2 percent, al-cause pneumoniais 30 percent. And
3 obvioudly I've picked these numbers for the purposes
4 of discussion and I've made this adifficult case. |
5 mean if the all-cause pneumonia was, you know, | mean
6 you'd hope to see some decrement but -- so, you know,
7 thisisthe question I'm trying to get --

8 MR. REX: It was protective against Staph
9 aureus--
10 MR. COX: Oh, so there was something going on

11
12
13
14
15
16
17
18
19
20
21
22

with shifting the flora and you can always make an
explanation of you shifted the flora to something
that's more likely to cause pneumonia when aspirated.
So the Staph aureus is still a problem but whatever
replaced it isin fact, you know, alower innoculum
when it gets down into the lung it's more likely to
cause pneumonia. That's the post-hoc explanation.

So what do people think about that? So this
therapeutic only goes after Staph aureus, what's the
right endpoint? Isit the Staph aureus pneumonia? Is
it the all-cause pneumonia? Should we be looking at
both? What do we do with that?

Page 140
1 asense because, you know, what you've just argued is
2 themonoclonal prevented pneumonia, the Staph aureus,
3 it did that part of the box. But as a consequence of
4 that there was an off target toxicity, which was that
5 the elimination of the Staph aureus from your trachea
6 caused E. coli to overgrow -- | am making all this up
7 -- E. coli to overgrow, which caused you to get more
8 E. coli pneumonia. So you'reright, it did stop the
9 Staph aureus but it triggered an off target
10 consequence. And, you know, | think we do pay
11 attention to those, and so -- and argue that this, you
12 know, that in fact this product reduces Staph aureus
13 but increases something else and it'snot ause so |
14 wouldn't want that personally.
15

16 describe the importance of measuring this. But what

So, | mean that is avery interesting way to

17 if -- we've drift alittle way from the question of

18 the combination bit and | do -- | wish | had a better

19 understanding of that, you know, this idea of what if
20 there were multiple components in there and you didn't
21 care what each one of them did so much as the product
22 asawhole. And Ed made the comment that in fact

Page 139
MR. REX: Weéll, you don't want to take away
from the fact that the drug or the monoclonal did the
job it was supposed to do. So this getsinto this
concept of process versus outcomes. | mean you look
at just pure outcomes, you can basically throw the
baby out with the bathwater sometimes. So | would say
if 1 were that company | would hook up with somebody

0 N o o b~ WN R

that had monoclonal against the other pathogens so
9 that | can get the all-cause mortality lower but the

10 drug did what it was supposed to do. Theissueisif
11
12
13
14 pneumonias than you had before.
15
16
17
18
19
20 the placebo.

21 MR. REX: So effectively what you got I'm
22

it's causing replacement pathogens that may be an
issue that hasto be looked at more from a, | guess, a

societal perspective and are you causing more serious

MR. COX: But could you argue too from a
patient perspective, not even a societal perspective.
The patient essential is not better off in this
instance because you're getting 40 percent of patient

getting pneumonia with the test and 30 percent with

cal it for a second an off-target toxicity. Yeah, in

Page 141

1 that'swhat polyclonal is. It's-- when we don't

2 insist on the polyclonal, what if I invented rather

3 than asingle monoclona to Filip'sfive toxins | have

4 apolyclonal. Dol haveto study each of the

5 components of the polyclonal, which | don't -- maybe |

6 have to purify them out as antibodies against the

7 individual antigens and re-administer them asa

8 combination or separate components. Y ou know it's

9 interesting that we choose to study the individual
10 components because we can, but do we have to?
11 MR. OUTTERSON: John, before we let Ed answer
12 that | want to pile on just alittle bit, okay? And
13 because | was thinking about microbiome, | mean what
14 isthe unit of analysisfor the monoclonal antibody?
15 We understand what the unit of analysisis. But if
16 you have, you know FMT you know, how many species are
17 inthat? You know do we extend this analysisin the
18 microbiome and what isthe unit? Isit every species,
19 isit, you know, you can go on forever, right? And
20 s0, you know, this question of combination becomes
21 more acutein the next case, is that where we're about
22 togoto?
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1 MR. REX: And thereis no one single answer 1 MS. BOUCHER: Thanks. | just wanted to come

2 to the combination question. And, you know, the

3 combination rule talks about, you know, you can use a

4 variety of different waysto try to understand the

5 contribution of each of the components within the

6 combination product. So it really becomes, | think, a

7 scientific question and yes, issues of feasibility

8 comeintheretoo. There are certain thingsthat are

9 doable and other things that are not. And yeah, as
10 the number of components starts to increase it becomes
11
12
13

14 be -- | mean there's no way that | can answer the

exceedingly difficult and the question is are they
even separable or, you know, are they yeah, depending

upon how they're made and such so, you know, it would

15 question as to what the one answer is as to how you
16
17
18
19
20 component is adding something, what are the various
21
22

address the combination, you know, the combination
rule but | can tell you that, you know, when you're
thinking about it you got to think about, you know,

how can you demonstrate the component and each

different waysto do that, you know, thinking of
preclinical and clinical and al the way through.

2 back to the endpoint discussion and see if we could

3 push out alittle further. So, from what a patient

4 wants| think and from the discussion earlier this

5 morning of getting to products that people want to pay

6 for, thinking about maybe more of a continuum of

7 priorities. You know everybody wantsto survive. You

8 want to survive without an infection. Y ou want to

9 survive without an infection and toxicity, and this
10 kind of getsto DOOR. And, you know, just want to tip
11 it over to Scott to talk alittle bit because | think
12
13
14 talking about in large part adding two drugs that
15
16
17
18
19
20
21
22

as we think about these products that kind of an

assessment is even more important because you're

we're aready giving patients who are very complicated
in the hospital getting alot of therapies and having
avalue around that just seems even more important.
So | just want to raise that and see if maybe we can
hear more from Scott.

MR. EVANS: In statistics we have a saying
that there are lies, damned lies, and antibiotics. |

think one of the issuesis you mentioned thisissue

Page 143
1 And, you know, how much data we need really becomes a
2 scientific question which depends alittle bit on what
3 we understand from the pathophysiology of the disease.
4 Soif that is something that you're thinking about
5 doing comein and visit us. You know the anti-
6 infective division, that's certainly a question that
7 we're more than happy to entertain and recognize that
8 itisanimportant part of product development.
9 And | think -- Kevin | think your question is
10 sort of falling in the same sort of area, you know.
11 You're putting out the example where, you know, maybe
12 there's many, many different components and the
13 questionis how do you try and figure out that you
14 need each of these many different components. And |
15 think again, you know, that's something -- yeah, we
16 probably, you know, work to try and figure out what
17 the answer isto that question, when somebody's got
18 such a development program and come up with something
19 that is scientifically doable that, you know, helpsto
20 address this question about the role of each of the
21 various different, you know, parts of what'sin an
22 overall mixture of stuff.

Page 145
1 around death for example, is a missing data problem,
2 but it's not really a missing data problem. We know
3 exactly what happened to the patient, it's not
4 missing. We know their outcome. It's acompeting
5 risk problem. And so one possibility in going back to
6 thisexample, what could be done. What happened in
7 this example study was that, you know, we did a
8 primary -- there was a primary analysis on Staph
9 aureus pneumonia, seemed to atrend going in one
10 direction but wasn't significant. There was some
11 trend in mortality although again not a big enough
12 sample sizeto really distinguish very much. But one
13 way you can think about thisisinstead of using the
14 patientsin the trial to analyze the outcomes, you use
15 the outcomesin thetrial to analyze what happened to
16 the patient and by doing that you eliminate your
17 competing risk problem that you just brought up.
18

19 appearsto have some effect on preventing Staph aureus

So what you haveis a scenario of adrug that

20 pneumonia, it may even have some -- but it wasn't

21 significant. Butif | just look at Staph aureus

22 pneumoniaby itself, | don't recognize that some of
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1 that prevention is actually of mortality. | don't

2 pick up this sort of this extrasignal that I'm
3 getting in mortality. And by looking at mortality by
4 itself | am unableto pick up the signal that | get by
5 preventing Staph aureus pneumonia particularly in
6 those that survived.
7
8 create an outcome, let's consider three levels,
9 ordinal levels. The most desirable level isthe
10 patient survives and they avoid Staph aureus
11 pneumonia, or any pneumonia, even all-cause.
12 Second, the bottom category is the patient
13 dies, in the middle, so the most desirable category
14 survival without any pneumonia, least desirable the
15 patient dies. But then there's this middle category
16 where the patient survives but gets pneumonia, has a

S0 suppose, in this particular trial that |

17 pneumoniadiagnosis. So with placebo the patients ar
18 going to fall into these three categories wherever

19 they happen to fall and you had a certain percentage
20 that died, you had a certain percentage that got

21 pneumonia. And what's you're hoping for is that with
22 preventative treatment that you can get patients to

Page 148
1 duration of hospitalization, the shorter the duration
2 the better off | am. But the patient, the faster the
3 patient dies, the shorter the duration. So when you
4 give me any summary statistic of duration of
5 hospitalization, | don't even know how to understand
6 it. Butif you tell me whether the patient survived
7 or not, now | understand but we keep separating them.
8
9 population safety, and some safety population, you say

Or evenif | analyze efficacy in ITT

10 well, I do some benefit risk and put them together. |

11 don't even know how to interpret it. 1'm analyzing

12 different outcomesin different populations. How do |
13 even generalize what's happening? Somehow | have to
14 sort this out in amore comprehensive way. So you may
15 be able to improve on your sensitivity issuein terms

16 of sample size problems by thinking about these finer
€7 gradations which are also amore complete

18 characterization of what's happening to the patient

19 than trying to think about how to chop it up into

20 different pieces.

21

22 you know, this particular example is a prevention

And the last sort of thing | would say about,

Page 147
1 migrate to more desirable categories, this notion of

2 desirability.
3
4 these outcomes your sample size problem and your

And because you've got finer gradations of

5 significance problem is going to begin to diminish.

6 You're picking up signals, gradations of outcomes.

7 Andif you think about what this was, the purpose of

8 thinking of things thisway is actually much more

9 pragmatic. You know we created this DOOR outcome and
10 many people useit to think about this sort of sample
11 size problem that you get perhaps more sensitivity in
12 the outcome. And that can be true in some cases, and
13 inthis particular case may indeed be true.
14 But the real reason that DOOR was created had
15 amuch more pragmatic purpose that thisis the outcome
16 that the patient experiences. You're using the
17 outcomes again to analyze what happens to the patient
18 rather than the other way around. And thisis
19 important because if you analyze each endpoint by
20 itself you can get very distorted -- you have this
21 distortion problem, you know, maybe | am measuring

22 duration of hospitalization. And I think that

Page 149
1 trial. And so the other thing you may even have to
2 think about factoring in isyou've got 70 percent of
3 the patientsin this particular trial that never get

4 theinfection even without any preventative treatment,

5 Soyou're going to haveto treat alot of patients, a

6 fair number of patientsin order to prevent afew, few

7 events.

8 So with preventative treatment the toxicities

9 haveto be either one, very rare or two, very
10 manageable. So whether you're able to manage or
11 resolve any sort of adverse eventsisreally the key
12 about whether you're going to be able to think about
13 whether thisis going to be a reasonable thing to
14 apply. So, I'll stop there. Thanks.
15 MR. MELNICK: So Scott, you beat me -- you
16 beat meto the punch here. Y ou know the hypotheticz
17 case addresses preventative therapy. One wonders
18 whether the endpoint, you know, the sort of ordinal
19 endpoint that you're describing would work better in
20 setting where we were looking at adjunctive therapy
21 for established infection. Y ou know on the face of it

==

22 you think; well, it's very difficult to show
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1 superiority versus antibiotics that work pretty well.
2 On the other hand if you use the appropriate endpoint
3 could we in treatment of established infection show,
4 you know, an adjunctive effect from the antibiotic
5 plus antibody.
6 MR. DUBOVSKY: | guessl'd liketo maybe
7 shift the discussion a bit and that's to alternate
8 endpoints completely, nontraditional endpoints. So
9 with amonoclonal antibody you could well anticipate
10 maybe having data or even alabel claim around
11 preservation of microbiome, perhaps about doing
12 resistance versus nonresistant organisms, perhaps
13 something around AMR in general, or use of antibiotic
14 which you could possibly measure but maybe not in a
15 sick ICU setting. The question is more global and
16 we're going to get thisin some of the discussions
17 later, inthe next day and ahalf. Isthere actually
18 away to capture that because | think that has true
19 societal value and one that at |east from a sponsor's
20 perspective could be useful in helping the medicine we
21 use. | mean how do you get label claim for microbiome

22 preservation?

Page 152
1 you show it? And if there is something that can be
2 given that will reduce the rate of development of
3 resistance and rate of resistant infections that
4 patients experience, and then showing that in a
5 clinical tria | think isreally the answer to the
6 question about how you would, you know, essentially

7 show that the product does such athing. What getsto

8 bealittle bit tougher isif you're just showing an

9 dteration in the bacteria that you culture from
10 somebody's Gl tract, there become, | think,
11 significant questions about, you know, what's the
12 right mix, what does this mean, isthis going to
13 persist, isthisis going to go way on its own a day
14 or two later anyways and the patient will experience
15 no clinical consequences? So, you know, oftentimes
16 theway | think about thisis, isto think about, you
17 know, if you had a person how would you explain to
18 themin lay person languages what benefit you've
19 conveyed to them. And if you can do that you can sa)
20 you know, Mr. Jones, if | give you this therapy you're
21 lesslikely to get a pneumoniathat's caused by
22 resistant organism. | think Mr. Jones can understand

Page 151

1 MR. COX: Would anyone else like to answer

2 that one? SoFilip, | think what you're talking about

3 isdo you want something in the label that talks about

4 the patient's microbiome?

5 MR. DUBOVSKY: Or the greater public health

6 societal benefits we think the nontraditional

7 antibacterials bring to the hospital setting.

8 MR. COX: And so, what is that benefit and

9 how isit shown?
10 MR. DUBOVSKY: Wéll, that's the question,
11 isn'tit? So you know, maybe the microbiomeis more -
12 -it'saharder task. Perhaps something around does
13 not promote antimicrobial resistance and that could be
14 onejust based on the mechanism of action of the drug.
15 MR. COX: Right.
16 MR. DUBOVSKY: Or perhapsit's something even
17 softer, but one which | think as a society we all
18 crave and would be useful in the greater public health
19 perspective.
20 MR. COX: Right. So-- | mean, you know, if
21 thereisabenefit, then the question, | think, is
22 more -- it's more how do you demonstrate it? How do

Page 153

1 that. If you say Mr. Smith, I'm going to alter the

2 distribution of the different bacteriathat arein

3 your Gl tract. If | were Mr. Smith I'd say, s0?

4 What's that going to do for me as patient? So | think

5 alot of this comes back to what is the clinical

6 benefit. And for some of these scenariosit can be

7 quite challenging to actually design a study. If the

8 effect sizeissmall, if the event that you're trying

9 to capture occurs only rarely, then that is, you know,
10
11
12
13
14
15
16 from other folks on that very topic or things that are

unfortunately a difficult trial to do even though the
product may have that mechanism, and that's one of the
-- you know, we didn't create that challenge, that's
actually the biology of the disease that we're

learning and understanding and that's what makes it

difficult. But I'll stop there and welcome comments

17 related.
18 MR. BLACK: So maybe, if | canlook at it a
19 little bit different way. So, Helen commented how

20
21
22

important preventionisand | think we see that over

and over again. If you can prevent the infection, you

yy

know, that isreally the best outcome for that
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1 patient. So we have a situation where they're using,

2 you know, adiagnostic for colonization and | was just

3 looking at guidelines and we have guidelines for

4 empiric use but none of these have incorporated PCR

5 tests or colonization tests into risk factors for

6 potentia to progress to pneumoniain these ventilated

7 patients. So | guess does this approach kind of lower

8 our hurdle for atherapeutic intervention at something

9 as, you know, maybe benign as col onization because we
10 think we could prevent that progression, whereas we
11
12
13
14
15
16
17
18
19
20
21
22

certainly are trying to discourage utilization of
antibioticsin that type of situationsto prevent
resistance development. Soisit through, you know,
preventing use of treating an infection because we
actually are intervening earlier with atherapeutic,
which should not be driving drug resistance, is that
the type of benefit that we could, you know, really
enumerate?

MR. COX: So what you're describing sounds
enumerable, but if the antibiotic usage is appropriate
and what patients need, it seems that the reason that
they would not get them was because they did not have

Page 156
1 MR. DUBOVSKY: And they ask about the
2 prophylactic study because | do think this givesyou
3 an opportunity to show superiority towards no
4 treatment or placebo in this case as opposed to a
5 treatment regimen, do we have the confidence that this
6 would be a monotherapy or you do have to show actually
7 benefit above standard of care which | think that is
8 then a superiority design, that's going to be very
9 challenging.
10 MR. COX: Sothat oneisalittle more
11 complicated.
12 MR. DUBOVSKY: Right.
13 MR. COX: Becauseif you're adding in
14 additional therapy, but showing no added benefit for
15 that additional therapy because you're arguing that
16 you can't show it above the standard of care, then |
17 think there are some primary questions about what the
18 role of that therapy is. Unlesswhat you're talking
19 about is, you know, there is some noninferiority
20 margin that you can develop for what the standard of
21 careisand you'retrying to replace that and show
22 that the effect size of this new thing, you know,

Page 155
1 aninfection. So it soundslike at the core of your

2 argument isareduction in clinical infections --

3 MR. DUBOVSKY: | think at the corewhat is

4 the value of that diagnostic for risk factor for

5 progression to ventilated pneumonia, | guess. And at

6 this point we don't think that colonization is

7 sufficient to prescribe antibiotics. But if that

8 patient population isin fact at a higher risk to

9 progression, do they still benefit, then if you could
10 prevent that with a nonantibiotic therapeutic.
11 MR. COX: So | think I'm understanding what
12 you're saying, which isyou're trying to identify a
13 higher-risk patient population and going with some
14 nonantibacterial agent and show areduction in
15 infection. And that sounds like avery doabletrial.
16 With the one caveat being that the size of thetrial
17 will be somewhat dependent upon how high risky this --
18 how high the risk is for this patient population to
19 progressto thedisease. Inthiscasel think it was
20 pneumonia, yeah. But that sounds like a doable trial
21 and one that would show clinical benefit to patients.
22

Page 157
1 absent the standard of carein theonearmis
2 essentially coming out the same as the people who get
3 thestandard of care. That'sjust theway I'm
4 thinking if I'm understanding your question correctly.
5 MR. REX: Kevinand | had ajovia debate
6 about thisone day. When | -- we're talking about the
7 spread, and | proposed I'm going to register sterile
8 water as my add-on, sterile water plus antibioticis
9 not inferior to antibiotic but being hydrated is good.
10 Soit's-- | think that, you know, when we started to
11 think about it that way, you know, this notion that
12 there might be some secondary benefit being hydrated
13 by the sterile water isagood thing. But it is not
14 enough really to compel me to buy that at an
15 interesting rate of return.
16 MR. IARIKOV: We're approaching lunch time
17 which is sacred since -- and we have one question from
18 our web audience, I'm not sure who is going to address
19 it, maybe -- welll seeit, maybe Collins. For the
20 staph or this antibody example, will you look to see
21 how much of the toxin is neutralized from patient
22 samples? Isit better to select patients based on
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1 toxin detection rather than staph aureus colonization

2 status? And --
3 MR. DUBOVSKY: I'm not sureit would be
4 practical to select on a serum biomarker versus
5 dominic (ph) PCR at with the current tests that are
6 available.
7 MR. IARIKOV: Right, because antibody migh
8 reflect prior colonization infection and that would be
9 very hard to put the patient at risk for devel opment
10 of infection based on serological markers, right?
11 MR. DUBOVSKY: | would think.
12 MR. IARIKOV: All right. And after we dealt
13 with such adifficult question | think it'stimeto
14 summarize our session.
15 MR. DUBOVSKY: Arethey -- right. Sowe,
16 just at ahigh level we talked alot about
17 combinations which vaguely surprised me since this
18 case does not contain any combinations. But | think
19 we got some pretty decent guidance about the
20 flexibility of approach depending on what the specifi
21 product is. Therewasalso lot of discussion about
22 the endpoints with some cautionary tales about using

Page 160
1 imbalances. And yeah, | think it covers. All right,
2 sowe're adjourned for lunch. And from 12:35 exactly
3 to 1:35, we'll have ahour. And we'll open our next
4 session with public comments at 1:35 sharp.
5 (Recess)
6 MS. NAMBIAR: Spesker at the public comments
7 isDr. Grint from AmpliPhi Biosciences.
8 MR. GRINT: Thank you very much. Good
9 afternoon, everybody. My nameis Paul Grint. I'm CEO

t

10 of AmpliPhi Biosciences. We're a company focused on
11 bacteriophage development based in San Diego. Very
12 much enjoyed this morning's discussions. It's been

13 very, very interesting. But I'm going to just have a

14 couple of dlidesin afew minutesto add a dightly

15 different layer of complexity, | think above and

16 beyond what we've already talked about this morning as
17 we consider natural bacteriophage development.

18

19 disease physician, but have been in theindustry a

So by background I'm actually an infectious

C20 very long time, privileged to have worked on a number
21 of productsin antibacterial, antifungal, antiviral

22 gpace. But I've now beeninvolved for last 3 years

Page 159

1 PCR that can lead to false positive endpoints and

2 having to deal with comorbidities and -- either

3 compounding or missing data for that endpoint.

4 I guess we aso had some discussion about how
5 PKP can be different in patient popul ations with whom
6
7
8
9

10 the experiment in people to validate them. And |

11

12 captured.

13 MR. IARIKOV: Right, and | don't have much to

14 add. | think we talked about the importance of --

we are -- healthy normal volunteersto your sick
populations. Then we did talk about the utility of
animal models and the trickiness of them being
actually relevant and not knowing that until you do

guess, yes, | think those were the major themes |

15 aso talked about the importance of sample size. We
16
17
18
19
20 could be critical in these trials and the importance
21
22

talked about the importance of the sample size and the
study that dovetails with the importance of
appropriate endpoints and maybe to all enrolled

subjects and account for early discontinuations which

about natural history datato inform us on thetrial

Page 161
1 with bacteriophage development which | must say
2 certainly has been areal education for me.
3
4 actually discovered just over a 100 years ago. So

So just to remind you, bacteriophages were

5 we've known about them for along time. But it's

6 really only more recently that we'veredly tried to

7 develop them as proper therapeutics. Having said

8 that, many people werereally not aware that they were

9 actually sold as therapeutic products back in the
10
11
12
13 penicillinin particular became more broadly available
14 in the 1940s.
15
16
17
18
19
20
21

1930s by some of the larger pharmaceutical companies
both in Europe and the U.S. at that time but really
disappeared from the scene as antibiotics became --

So just quickly about bacteriophage biology,
if you're not aware of it. Of coursethisisa
natural virus, the so-called predator of a bacteria.
It infects the bacteria. We're talking about lytic
bacteriophage here now. Infects the bacteria, binds
to avery, very specific binding site on that

bacteria, so phages are very specific, which is good

designs and help maybe to interpret data mortality

22 newsin someways. But obviously achallenge when it
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1 comesto drug development. Obviously DNA isinjected,
2 thereisreplication that goes on and the
3 bacteriophage lysis the bacterial, releases progeny
4 virusthat go on to infect other bacteriain the
5 vicinity. Sothat'sabit of basic history, so a
6 basic lifecycle.
7 So if you think about it, these are very,
8 very interesting organisms. So the question is how do
9 we harness them and use them as potential
10 therapeutics. So our approach has been to build
11 bacteriophage libraries, screen these and select a
12 limited number of products that actually have broad
13 spectrum across the specific bacteria strain that
14 we'reinterested in. And currently we actually have a
15 staph aureus product and pseudomonas product, a
16 pseudomonas aeruginosa product in the clinic soon be
17
18
19
20
21
22

entering Phase Il clinical trials. But what | wanted

to do today was just to highlight some of the
difficulties or differences that we think about and
face when it comes to administering, in essence alive
virus which when it gets to where you want it to get

to, which is a pathogenic bacteriawill in fact

Page 164
1 said, serum concentration really is not relevant in
2 terms of predicting what we're doing. So I'm not
3 going to go in too much the detail, but I'm trying to
4 give you someidess.
5 And preclinical toxicity, so studiesin
6 unaffected animals may obviously show you some
7 toxicity of the manufactured product, but obviously
8 don't really reflect phage exposure locally in agiven
9 organ or tissue that happensin an infected animal.
10 So | just very simply put atable together
11 againjust to drill into a bit more detail to
12 highlight some of the differences and maybe just to
13 help you understand some of the things we think about
14 every day as we take what is known about the
15 bacteriophage science and we try and trandlate that
16 obviously into the clinical setting.
17 Sensitivity testing. Y es absolutely, you can
18 test the sensitivity to bacteriophages and we do that.
19 And clearly that's -- we do that on the samples before|
20 wetreat patients and then subsequently as patients
21 are going through patient treatment. But it's not
22 what we used to, it's more molecule antibiotics being

Page 163
replicate, create more of itself, obviously locally in
that environment. But once that infection is cleared
it isthen naturally cleared by the body.
So we had an interesting discussion this
morning, obvioudly, you know, talking about potential
dose selection for antibodies. So think about a dose

selection for a bacteriophage. Thisis not very easy

0 N o o b~ WN R

as you can think about it because clearly the dose you
9 administer doesn't necessarily affect the dose or
10 concentration of bacteriophage you're going to end up
11
12
13
14
15
16
17
18
19
20
21
22

with at the site of infection.

Persistence in unaffected animalsrealy is
unrelated to what you see in infected animals. And we
have done bacteriophage kinetics in humans, limited
amount of work, but if you inject these IV and that's
how we generally treat, within an hour or 90 minutes
they're actually cleared from the bloodstream. So it
doesn't really tell you very much. But clearly that's
as much information we have.

Moving on to PKPD. So obviously aslong as
sufficient dose is reached at the site, then we -- and

replication isinitiated, then obviously as | just

Page 165
1 MIC based. Sowe'restill realy trying to understand
2 what that means, you know, what does an intermediate
3 sensitivity look like for bacteriophage.
4 PKPD models. Again, we've done somework in
5 the space. Well continueto do some. But thereal
6 question is how relevant are these given some of the
7 bacteriophage biology that | just briefly discussed.
8 That'savery, very interesting question.
9 Proof of concept animal models. Y es, we have
10 conducted some of these in some of the classic models,
11 let's say, of, you know, pseudomonas pneumonia or
12 other ones we can demonstrate that bacteriophage
13 dosing issimilar to -- has similar effectstoin
14 terms of efficacy to some antibiotics. But again how
15 far do wetakethis. We had thisinteresting
16 discussion this morning that really one needs to get
17 into theclinic, | think, to understand more before
18 you can really understand how useful some of these
19 trandational models are and do they really trandate.
20
21 much as we can and then try and take that information
22

So our ideais move forward to the clinic as
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1 back and refine the models by the predictors of what

2 wemight see clinicaly.
3
4 But the question is when you think about alot of the

Toxicology. Again we've done limited work.

5 conventional toxicology that's required, the small

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22

molecules, how much of that isredlly relevant for
what we're trying to do. And again, we're trying to
work that out as we go along.

And finally, clinical experience. Y ou know,
many, many tens of thousands of patients have been
treated with bacteriophages over the decades. That
information is really very sparse and not very helpful
as one thinks about a more conventional sort of
regulatory package. Y ou may have seen that there are
now agrowing number of case reports that are coming
out on an individual patient basis. We're actually
publishing some of these right now ourselves.

We've been working very closely with CDER on
the expanded -- single patient expanded access program
under the emergency INDs where we have been able to
treat quite a number of folks now at alimited number
of institutionsin the U.S. and in Australiaand

Page 168

1 following on to Paul's stimulating presentation to

2 Tunable Target Degradation where we can tag any

3 bacteria gene of interest and whether that's

4 nonessential or essential and then selectively degrade

5 the protein product of that gene. A very powerful

6 tool for target identification, target validation,

7 pathway elucidation.

8

9 intelligence to elucidate bacterial physiology in
10 order to develop potentiators of existing antibiatics.
11 We'vetackled the aminoglycosidesfirst, we have
12 potentiators of both tobramycin and amikacin in
13 development, but we've extended that now to
14 fluoroquinolones aswell. And then we acquired the
15 LPA platform, seem down at around 6:00 p.m. here, &
16 initialy a payload for engineered phage. However th
17 profile that's emerging with these L PAs as standalone
18 therapeuticsisvery exciting. Thisis our portfolio.
19 Generally speaking, a mixture of both in-licensed and
20 in-house developed products.
21 With respect to LPAS, asyou al know, some
22 of today's most successful antibiotics are peptides.

Anti-persister where we use artificial

»

Page 167
capturing that data. And that's useful and it helps

guide perhaps narrowing some degrees of dose selection
and duration of therapy and the types of patients that
we may treat in the future.

But really for usto really understand the
potential of bacteriophage therapeutics, we do need to
move forward into randomized clinical trials. Andwe
are heading towards that in the early part of next

© 00 N OO 0o B~ W N P

year and | really look forward to try to being able to
10
11
12
13
14
15
16
17
18 on the synthetic biology and artificial intelligence
19 platforms of the Collins Laboratory at MIT. Jm

investigate bacteriophage therapeutics as an adjunct
to antibioticsin some of the real multi-drug
resistant infection settings. So thank you for your
attention.

MS. NAMBIAR: Thank you, Dr. Grint. Our next
speaker is Dr. Wagner from EnBiotix.

MR. WAGNER: Good afternoon, everyone. So

EnBiotix is an engineered antibiotics company founded

20 Collinsisanoted researcher in this area and has
21 licensed to us a number of exciting platforms shown

22 here, ranging from engineered bacteriophage just

Page 169

1 We acquired this actually from alaboratory in Germany

2 that had been funded by both Boehringer Ingelheim

3 Venture and Novartis Ventures. So far the profileis

4 very unique, very novel mechanism of action, very good

5 potency, broad spectrum gram-positive, gram-negative

6 activity. Very low mammalian cell toxicity aswell.

7 And we've demonstrated this both in vitro and in

8 several animal models so far.

9
10 these LPAsand traditional antimicrobial peptidesis,

Y ou see here that the difference between

11 asyou know, the previous generations of these types
12 of molecules have shown high mammalian cell tox

13 because they have been primarily membrane disruptors.
14 And that's the mechanism by which they call -- cause
15
16
17
18
19
20
21
22

cell lysis. In our case we're actually targeting the
ribosome. | will get into that in a moment.

The two classes of these that we're
developing, they're both insect-derived, one from the
honeybee, another from the milkweed bug. We have
extensively derivatized them from the starting
peptides, not only to be more prolene rich which

confers some of this antiribosomal activity, but there
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1 isanumber of other properties that we've been able

2 to design into the molecules as well.

3 There are specific transporters in the inner

4 membrane that are very, very redundant for both

5 classes of LPAsthat we are developing. We've done

6 somefairly extensive resistance development studies

7 that show that the redundancy here is thought to

8 confer astrong resistance to resistance development,

9 so we're quite encouraged by that so far.
10
11 involved in terms of being antiribosomal. First with

There is afew mechanisms of action that are

12 respect to the Apidaecin class. We have two that

13 we'reinvesting, oneis ribosome subunit assembly.

14 Thusfar by a unknown mechanism of ribosomal assembly
15 inhibition we are investigating that. We're still --

16 it'stoo early to publish on that yet.

17
18 on, not shown here, is whereby release factorsin the

The other mechanism which we have published

19 ribosome are inhibited which then prevent the
20 elongated peptide from the ribosome from being
21 released.

Page 172

1 agentsthat are out there obviously because these are

2 peptides molar comparability in terms of MICs does

3 amount to adightly higher dose, but still something

4 that isadministrable. With that, happy to take any

5 questionsif that's allowed. If not, thank you.

6 MS. NAMBIAR: Thank you very much. So our

7 next speaker is Dr. Lgjaunias from Combioxin.

8 MS. AZEREDO: Thank you for the opportunity

9 to say afew words about our efforts to move forward
10 with anontraditional agent named CAL02. Combioxinis
11
12
13
14
15
16
17
18
19
20
21

avery small Swiss company and we develop liposomes as
anti-infectives. Since 1995 more than 10 liposomal
formulations have been approved for human use. All of
them have been used as vehicles for an active drug.
None of them have been described with a
pharmacological activity of their own. These are
biologically neutral compounds.

And we've been working on liposomesin avery
novel manner. We engineered specific mixture of anti-
liposomes that can mimic cell lipid microdomains used

as docking stations by humerous bacterial toxins.

22 22 Preclinical studies have shown that when given the
Page 171 Page 173
1 In the Oncocin class we actually blocked the choice to target cells or these anti-liposomes, toxins

2 entire exit tunnel of the intact ribosome. Thisis
3 actually we think quite significant for a number of
4 reasons. We think that the mechanism by this blockage
5 isreally steric hindrance along the entire exit
6 tunnel. And because it overlaps several known binding
7 sitesto other antibiotics, again resistance
8 development isvery slow.
9 We have good in vivo efficacy thus far for
10 both the Oncocins and the Apidaecins. Hereisan IP
11 model on the left and showing both very good survival
12 datain E. coli and Kpn. Thigh Burden Model for both
13 Oncocins and Apidaecins. Here showing Oncocins with a
14 4logger, so areduction in CFU recovery in Thigh
15 Infection Model. Apidaecin, similar types of
16 reductions and similar types of survival curvesin the
17 1P model aswell.
18
19 in order to expand spectrum to both gram-positives and

We are continuing to derivatize both classes

20 gram-negatives. That's shown on the bottom
21 particularly. Potency is quite good, especially when
22 viewed from amolar level. Very comparable to other

fully bound to CALOZ irreversibly. So the mode of
action of CALOQ2 isto act as awinning decoy in order

to entrap and neutralize alarge panel of toxins.

1

2

3

4

5 Herethe liposomes are the active agent.
6 Asyou all know, toxins are bacteria's most

7 deadly weapons. They play akey rolein anumber of
8 components of severity that may lead to long-term or
9 even fatal complications. CALO2's activity is
complementary to that of antibiotics which effectively
kill the bacteria, but fail to neutralize these toxic
missiles. Itis however independent from antibiotic's
MIC or class.

14
15
16
17
18
19
20
21
22

It has a unique broad-spectrum activity
against both gram-positive and gram-negative bacteria
including some escape pathogens regardless of the
resistance profile, and it does not prompt any
resistance on its own. And because it entraps these
toxic components that play an important and upstream
role CALO2 is expected to have awide therapeutic

impact including an organ dysfunction or inflammation.
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1 Preclinical studies were carried out against 1 The severity of the 19 patients that were
2 anumber of toxins and bacterial strains. Toxins 2 finally recruited was as expected by the protocol.

3
4 dtreptolysin, apha-hemolysin or PVL. Andinvivo

neutralized by CALO02 include pneumolysin or

5 studies were performed with aview to translating at
6
7
8
9
10 were caused by strep pneumoniae or pseudomonas or
11
12
13

14 CALO2 to antibioticsimproved outcome. |I'm not giving

best the clinical situation. So pneumoniaand
bacteremia models CALO2 are systematically used hours
after an infectious challenge. And in some cases

hours after the start of antibiotics. And infections

staph aureus including some MRSA strains such as
USA300.
And overall, results highlighted that adding

15 much details about the preclinical studies, but we
16
17
18
19
20 directly in patients and we used the VHP to launch the
21
22

also observed that CALO2 aone as a monotherapy could
provide full protection. We met -- we had a
scientific advice with the U.K. agency to discuss the

preclinical package and afirst-in-human trial

trail in France and Belgium. And this first-in-human

trial was recently completed.

3 More than half of the patients were in septic shock at
4 baseline and more than 40 percent under invasive
5 mechanical ventilation. Overall, placebo patients
6 were |ess severe than those randomized to the CAL0Z
7 treatment arms with amean APACHE Il of 17.4, for
8 example, as compared to 25.3 or 22.1 in the CAL02
9 treatment arms.
10 And also al bacteremic patients were in the
11 CALO2 treatment arms. The primary objective was
12 safety and tolerability. All AEswerein linewith
13 the profile of the study population. There was no
14 concern raised regarding safety. And regarding
15 exploratory efficacy, there was one death in each arm
16 and all surviving patients were cured at TOC.
17 However, at early TOC on day 8 which was set 1to 2
18 weeks earlier than TOC, more patientsin the CALO2

19 high dose arm were cured, 56 percent versus 20 in the

20 placebo arm, and this translated into a shorter time
21 to cure. Thisarm also presented a shorter duration
22 of invasive mechanical ventilation.

Page 175
1
2 controlled study that was composed of three arms,
3 CALO2 -- namely CALO2 low dose, high dose or placebo
4 in addition to standard of care. And the primary

It was a randomized double-blind placebo

5 objective was of course safety and tolerability. Now
6 for thisfirst assessment in human we decided to focus
7 on aspecific population, severe pneumococcal
8 community-acquired pneumonia for a number of reasons.
9 Importantly, it till addresses a huge medical need
10 since considerable percentage of patients till
11 developed complications, need to be admitted to the
12 ICU where they spent about 2 weeks and where mortality
13 rates still surpasses 30 percent despite best
14 available care.
15
16 within 24 hours and after first group of patients were
17 treated with either CALO2 low dose or placebo and IDMC
18 reviewed safety, dose was escalated to the high dose
19 and this IDMC reviewed safety once again after first
20 group of patient was treated with CAL 02 high dose or

CALO02 was administered intravenously twice

21 placebo to alow continuation.
22

Page 177

1 Now for both the CALO2 low dose and CAL02

2 high dose arm we observed faster improvements of organ

3 dysfunction with a 50 percent decrease in the SOFA

4 score by day 5 versus 12.5 in the placebo arm. We

5 observed a protection and full stabilization of the

6 hemodynamic parameters versus no improvement or even

7 worsening for some placebo patients and a faster

8

9
10
11
12
13
14 that described for patients under standard of carein
15
16
17
18
19
20
21
22

normalization in inflammatory biomarkers.

So dl thisisin line with the mechanism of
action of CAL02 and was trandated in a shorter ICU
stay, length of stay of 5 days for the CAL02 high dose
arm versus 12 for the placebo arm. By the way, this

length of stay for the placebo arm isin line with

similar populationsin recent trials.

So overdl, no parameter got worse with CAL02
high dose enough to plan another larger trial. And
our priority now isto meet with the FDA and help
authorities to discuss the next step.

We are here with a broad-spectrum agent,

quite different from other antitoxinsin development.

D

It has the potential to be used on top of any
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1 antibiotic standard of care treatment to improve
standard of care for severely infected patients. We
will have to show superiority, we need to decide on
the study populations and the endpoints. And we
certainly want to address the full potential of CAL02
and expand to other pathogensincluding MDR strains.
Thank you.

MS. NAMBIAR: Thank you and our next speaker
is Dr. Mannino from Matinas BioPharma.

MR. MANNINO: Thank you very much for giving

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20 over the animal cell physiology, for example
21
22

me the opportunity to spesk to you today. What I'd

like to do isto tell you about a process that we

have, alittle lipid nanocrystal that allows usto

take traditional pharmaceuticals, antimicrobials and

deliver them by a very nontraditional process.
Thisisjust away of pointing out that along

with the physiology that bacteria change enzymes, ways

of rgjecting drugs from the cell, alot of microbial

pathogens find away to get into the cell and to take

preventing destruction by macrophage. And they use

theinterior of the cell in two ways; one to grow and

Page 180
1 there is enough calcium and enough is only about 0.5
2 millimolar, this crystal with the drug on the inside
3 can be boiled in detergent and it won't open.
4 That provides high stability in two ways.
5 Number one, because thisis an anhydrous process
6 unlike aliposome or alipid nanoparticle, which has a
7 fluid bilayer and some sort of water associated with
8 this. Asthiscrystal forms, it gectsthe water. So
9 it'san anhydrous process, so it eliminates hydrolysis
10 and the material on theinside is not susceptible to
11 oxidation. So we stahilize it on the shelf, that's
12 number one.
13
14 on the outside of cells is between about 1.5 and 4
15 millimolar, when you introduce these particles into ar
16 animal, either through IV, IM, or through oral or

17 intranasal delivery because there is enough calcium in

18 gastrointestinal secretions for example, the crystal
19 does not open.

20
21 gastrointestinal tract and the pharmacokinetics

22 suggest that it goes across the Gl tracts through the

These crystals then enter the

Page 179
1

2
3
4 membrane and attack them. So they hide from the drug
5 there.

6
7
8 to deliver very, very safely and in avery targeted

multiply, but the other way to avoid the ability of
very potent antimicrobial drugs such as
aminoglycosides, for example, to get through the

What I'd like to show you today isalittle

lipid nanocrystal that we are using which enables us

9 fashion the antimicrobial drugsinto the interior of
10 thecell. Thislipid crystal isformed simply and we
11 have this now at GMP scale so we're making 100 liter
12 batches of this. Soit'salittle nanocrystal which
13 forms from the addition of calcium, and thisis very
14 uniqueto calcium to alipid cell made of
15 phosphatidylserine.
16
17 add your API toiit, you drip in calcium and the

So the process is you take your liposome, you

18 liposome changes. It goesfrom afluid structure,
19 sort of like water changing toice. Thelipid

20 structure of the bilayer turnsinto a crystal and it
21 rollsup. Sothe processyou see hereisthelittle

22 nanocrystal, multilayered, highly stable. Aslong as

Page 181
1 lymphatics at which point you still have the drug in
2 thecrystal. And | think thisisavery unique
3 phenomenon because we are hiding the drug from the
4 body and you'll see the toxicity effects. The
5 reduction of toxicity is aconsequence of this.
6 So we've shown it reduces environmental
7 attack and it reduces attack by the body. So now, hov
8 doesthis crystal with the drug inside actually
9 deliver anything that can have an effect? Well, it
10 turns out this calcium and the lipid we'reusing isa
11 negatively charged lipid called phosphatidylserine.
12 Thisisaprocessthat is used for example for the
13 secretion of neurotransmitters and synapses or the
14 secretion of adrenaline in the adrenal cortex.
15 The calcium channel opens the intracellular
16 calcium isabout 1,000 to 10,000 times lower than
17 extracellular and that's to prevent membrane fusion o
18 theinside of the cell which would destroy the
19 integrity of the cell. So what happensisif you want
20 therelease of adrenaline, the body sends asignal to
21 the plasma membrane, the calcium channel opens,

But number two, because physiological calcium

h

22 calcium goesin, binds negatively charged lipid and it
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makes membrane fusion, and the adrenaline is rel eased.

This natural membrane fusion process, it has
no positively charged lipids, it has no proteins. So
we reduce toxicity, we reduce inflammation, we reduce
any immune response to these crystals and you can see
here in the picture we have a fluorescent dyein the
little aggregative crystalsinteracting with
spleenocytes and you can see how the fusion of the
crystal membrane, because thisis an intermediated
membrane fusion with the target cell now allowsthe
delivery of the drug into the cell. Soit's naturally
taken up by cells, it is taken up by activated cells
such as activated macrophage neutrophils. We've also
delivered it to virally infected cells.

In healthy animals you see very little
targeted distribution. In infected animals you see
highly targeted to the site of infection and you also
see very, very low blood levels. I'll show you some
of the tox studies that we've got. So we're
fundamentally changing the pharmacokinetic dogma.
We're saying that we get very low blood levels, which

gives us low toxicity and very high targeting to the

Page 184
1 candidiasis. Because they were treated with azoles
2 for long periods of time, they're azole resistant.
3 Amphotericin, you know, has been around for a
4 long time. If you give any of the IV formulations,
5 more than 2 or 3 weeks you begin the kill the kidneys.
6 Theliterature tells you that giving a human being
7 more than 3 grams of Amphotericin in your life will
8 cause kidney damage. Y ou can see the patients that we
9 have here, we've had two of our patients on the drug
10 for over 545 days at the same doses. The clinical
11 symptoms have been reduced. The study protocol is 50
12 percent. Most of these women now are living
13 clinically free of the disease and there are no kidney
14 problems, and they've all signed up to maintain a
15 longer term on the protocol because if they come off
16 the drug because they don't have an immune system, the
17 Candidiasis comes back.
18 I'm going to show you some data that we're
19 doing. Dr. Peter Williamson at the NIH with his mouse
20 model of cryptococcal meningoencephalitis. And |
21 don't have any of the efficacy data but Dr. Williamson
22 has shown that the oral Amphotericin in thismodel is
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target tissue and very good efficacy.

So | just gave you some examples of the three
of the drugs that we are using. Our lead product is
Amphotericin B. Wearein Phasell clinical trial,
I'll show you some data of that, at the NIH Clinical
Center right now. But you can seein animal studies
it'sworked against Candida, Aspergillus, Cryptococcus
which are both intracellular and extracellular, but
it'sworked against Leishmaniasisin an in vitro
model, whichisjust intracellular.

The Amikacin data, and I'll show you one
slide of that, against mycobacteria, we have that in
Phase | and for Francisellawe've show in anin vitro
model. And with Atovaguone, we've shown that in an
animal model of Pneumocystis that again we have very
low blood levels, we have ord delivery, we have
systemic bioavailability and high efficacy. Solet me
show you three examples.

Thisisastudy being run at the clinical
center at the NIH by Dr. Alexander Freeman, the
patients are born with immunodeficiency diseases which

make them highly susceptible to mucocutaneous

Page 185
1 aseffective asinjectable Fungizone. But what he
2 wanted to do is see actually can you give this crystal
3 oraly and have it appear in the brain, going across
4 the blood-brain barrier.
5 And so we gave him rhodamine-labeled
6 Amphotericin crystal that he gave in his mouse mode
7 and you can see the top two panels that we were not
8 treated, so there's no rhodamine in the brain. In the
9 bottom one, they're infected with crypto, but they
10 were not given any drug, but in the third panel down
11 you can seein theinfected treated animal there are
12 high levels of the Amphotericin rhodamine particlein
13 the brain at the site right by where the crypto -- the
14 yeastis.
15 Finally, with Amikacin, thisisacystic
16 fibrosis mouse model that we are in collaboration with
17 Dr. Diane Ordway of Colorado State. Andin cystic
18 fibrosis you have two levels of barrier to get through
19 to treat mycobacterium. Oneisthe intense mucus tha
20 you have in the lung which prevents material from
21 getting down into the lung and then the second oneis
22 again the cell membrane. How do you get a highly
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1 charged water-soluble aminoglycoside like Amphotericin 1 me speak today.
2 into these sites? 2 MS. NAMBIAR: Thank you, Dr. Mannino.
3 Our hypothesis for how these lipid 3 Our last speaker in this session isDr.
4 nanocrystals target and deliver suggested that rather 4 Leininger from Aridis Pharmaceuticals.
5 than trying to get through the mucus into the infected 5 MS. LEININGER: Good afternoon, I'm Lizzy
6 tissue we would give this orally and macrophage which 6 Leininger with Aridis Pharmaceuticals.
7 originate in the bone marrow as monocytes, as they 7 Liketo talk alittle bit about the products
8 evolve. That the macrophage which are activated 8 we are developing at Aridis Pharmaceuticals and some
9 because of inflammation would pick up the crystals, 9 of the challenges that we are facing. We actually

=
o

the Amikacin would be released as the macrophage

[EEY
[N

travel into the infected lung. And you can see here

=
N

that we have very strong efficacy in al lung, spleen
and liver. And Dr. Ordway did the Pathology and you

=
w

14
15 Amikacin and thelipid crystal the lesions in the lung
16
17
18
19
20
21
22

can see both in the low dose and the high dose of the

are essentially gone after long-term treatment.

So basically what we say we have isavery
nontraditional way of being able to deliver highly
potent and well-understood antimicrobials. We can
increase the oral bioavailability of injectable drugs.
Both Amphotericin and Amikacin are only available by

injection at this point. We use a natural targeting

10
11
12
13
14
15
16
17
18
19 Ardis proprietary technology where we are able to
20
21
22

have arepertoire of like three or more antibodies,
antibacterial human monoclonal antibodies that are
under clinical development for acute pneumonia.

I'll talk about AR-301 which is against staph
aureus alpha-toxin, AR-105 which is against
Pseudomonas aeruginosa aginate, and AR-105 which is
against Pseudomonas aeruginosa LPS. So all of these
are targeted against the bacteria. These are fully

human monoclonal antibodies that have been made by

make them from the B-cell repertoire of convalescent
patients. They're fully human to start with.

We are in different phases of development

Page 187
1 to get the drug to the site of the infection or the

2 inflammation. We have very low blood levels, whichis

3 awonderful blessing because we have very low

4 toxicity, but it'skind of a curse when you're trying

5 to figure out how do you bring a drug forward when the

6 plasma PK does not tell you anything about the

7 efficacy, okay.

8 This material right now we are making again

9 routinely 100 liter batch, the particle size is highly
10
11
12
13
14
15
16
17
18
19
20
21
22

reproducible. The encapsulation of the drug is highly
reproducible and it's made from a soybean lipid. So
the matrix again is simply soybean, phosphatidylserine
and calcium, very safe, very nontoxic. Because there
isno water in it you can either save it and deliver

it asacrystal suspension or you can spray dry it,
laphalyze (ph) it, we've done al of those things and

it works.

Again werein human clinical trials and for
those of you who are interested also in the nucleic
acid polymer world, we're using this now to try to
achieveintracellular delivery of nucleic acid

polymersaswell. So thank you very much for letting

Page 189

1 ready for Phase |11 with our Pseudomonas aeruginosa

2 antibody and going on we are in Phase || with AR-105.

3 Wearelooking at these antibodies as adjunctive

4 trestment with -- to standard of care of antibiotics.

5 And thereason we're looking at it as an adjunctive

6 therapy isreally to avoid commercialization risks

7 that were discussed earlier today, which is associated

8 also with the prevention in the low attack rate and

9 we'relooking at a preventive mode. Sowe arein the
10 therapeutic mode here.
11
12
13
14
15
16
17
18
19
20
21
22

We are also looking at clinical superiority,
since we're in an adjunctive therapy to standard of
care and we are looking at superiority based on
clinical cure, which I'll talk alittle bit more about
that. Andwearein VAP patients, so in ventilator-
associated pneumonia and hospitalized patients.

So I'd like to discuss just alittle bit,
present some of the development challenges that we
have been facing, devel oping these therapeutic
monoclonal antibodies. And as we had discussed this
morning and it was presented, of course we are facing
challenges with the study design. And thisisreally
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1 based on the patient popul ation that we are dealing

2 with.

3 Here we are hospitalized patients that are

4 ventilated, so that whole setting is alittle

5 complicated. We are also looking at pathogen-specif

6 infections in these patientsin addition to other

7 associated infections that they may have. And we are

8 also giving it as an adjunct therapy to the standard

9 of care of antibiotics. So just standardizing
10 standard of careis another chalenge itsalf in these
11 trial designs.
12 So in addition to the trial design setting
13 itself, we are challenged with the definition of our
14 clinical endpoint. We've been challenged all cause
15 mortality asaclinical primary endpoint and we have
16 aso brought into the discussion and have agreement
17 with the agenciesto use clinical cure as a primary
18 endpoint.
19 The problem with clinical cure as your
20 primary endpoint that's not a standard definition, so
21 we have been negotiating the clinical cure definition
22 based on clinical meaningful parameters and also

Page 192
1 indication that we're dealing with.
2 We also have challenges in our development
3 program with the CMC area. I'm not going to go intg
4 detail. These are monoclonal antibodies that aswe
c5 start early on in development and then move forward
6 there's always going to be optimization to outline
7 changes, manufacturing changes, so we have to deal
8 with those comparability issues independent of
9 treating antibacterials.
10 And finally, I'd liketo talk alittle bit
11 about the challenges and the need for effective
12 communication with the FDA and with regulatory
13 agenciesin general. Asl| mentioned, not only are we|
14 in these new therapy approaches for bacterial
15 therapies, infections, we're also in orphan drug
16 setting and we're also in unmet medical need. So
17 thereisan urgency to get these products out there
18 and to demonstrate they are effective and safe and get
19 them out there to the population.
20 And having an effective way of communicating
21 with the agency isredly critical. And we believe
22 that we want to pave the path together because we

Page 191
parameters that are measurable. So we have beenin

consultation with FDA, with the EMA, with key opinion
leaders to come up with a consensus on our definition
of clinical cure for this specific setting of our
pathogen-specific pneumoniain the VAP population.

In addition, we have also -- have challenges
along the size of the safety database and trying to
understand what is the minimum safety base that would
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be required to be able to bring this product to the
10
11
12
13
14
15
16
17
18
19
20
21
22

market. In many of our discussions, the database
suggested has been larger than maybe what required to
demonstrate efficacy and based on that thisisa
limited population.

So in addition to having hospitalized VAP
patient in alCU setting, we are also dealing with
these are unmet medical needs and we're dealing with
in some of our indications with orphan drugs, so
there'savery limited population. And so trying to
define what that minimum safety database is, sometimes
the magic number of 300 shows up. But we would like

to challenge and understand more based on the product

safety profile and the patient population and the

Page 193

1 don't have that regulatory precedence of other

2 therapeutic products to understand what needs to be

3 done and what's required. We are paving a new path

4 here and we really want to partner with the regulatory

5 agenciesin doing so.

6

7

8

9
10
11
12
13
14 meeting and questions.
15
16
17
18
19
20
21
22

Thereisabig need for the timing of these
communications and we are very thankful that we have
very good relationship with the agency in
communication and their doors have been open to us
with all the standard PDUFA meeting settings and we
have set fast track designation et cetera. But
sometimes | like to challenge a little bit more what
isthe optimal timing besides the PDUFA standard

If we have additional pre-IND meetings or
questions or during the IND review or prior, post IND
meeting, pre IND meeting and before filing your IND
mechanisms to communicate in an efficient manner. And
| asked the agency what are the best mechanismsto do
that for us to provide them adequate information and
get a speedier feedback.

Normally we get 4 to 6 weeks when we have
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1 submissions and request for consult offline from the

2 PDUFA meetings. And thenfinally we'reasoina

3 globa development, so in order -- we're looking for

4 mechanisms. And one of our challengesis to expedite

5 how we get global consensus, because we're going to

6 the FDA, we're going to the EMA, we're with key

7 opinion leadersto really understand the practice of

8 medicine and how to expedite our drug development for

9 these novel therapies.
10
11
12
13
14 these kind of endpointsthat are critical in these

I would like to encourage to have additional
workshops like these and maybe even more focus, like
clinical cure definitions where we can bring all those

key opinions leaders and expertsin aroom and define

15 novel therapies. And maybe I'd like to propose if
16
17
18
19
20 there amechanism to have "informal” communications
21

there was a mechanism with the agency just to have
brief pause with them. Y ou know we're using e-mails
and everything and we have our conference calls with,

again, preset conference with PDUFA mestings, but is

orally with the agency in addition to written? Thank

Page 196
1 emphasis of this case is on the outcome that can be
2 evauated if such a product were to be developed,
3 where clinical benefit can be demonstrated in a
4 patient who is receiving such treatment. And Dr.
5 Kaleko from Synthetic Biologics will give his
6 perspective on the case, and followed by some comments
7 from Ramya on the case.
8 The second case will be presented by Dr. Rex.
9 This case, the attempt isto highlight a different
10 aspect on the effect on gut microbiota where a
11 hypothetical case of adrug that reduces the
12 prevalence of MBL producing organismsin the gut of an
13 individual who has received this drug will be
14 discussed. Theintent in presenting thiscaseis
15 redlly to have a discussion about the scientific
16 challengesthat one might encounter in developing such
17 aproduct where the benefit to the patient might be
18 difficult to demonstrate. However, thereisa
19 potential for such a product to have an impact on the
20 community. And so we have sort of two slightly

21 different cases. We'rediscussing very similar

22 you. 22 effects on the gut.
Page 195 Page 197
1 MS. NAMBIAR: Thank you, Dr. Leininger. 1 So with that Ramya, we'll have you present
2 Should we take a couple of minutes break -- 2 thefirst case. Thank you.
3 So Kevin's recommendation is that we all take 3 MS. GOPINATH: Good afternoon everyone.

4 al-minute stretch break. | think it looks like post
5 lunch people aretired and --

6 MR. OUTTERSON: One minute.

7 MS. NAMBIAR: One minute.

8 (Recess)

9 MS. NAMBIAR: So let'smove into session 3

10 that Kevin and | will be co-chairing. So thisisa
11
12
13
14 take ashort break and then discuss the next case and

little different from the previous session. Thisisa
two-part session. Wewill have two case studies. A

panel discussion after the first case study. Well

15 have afinal discussion for that case as well.
16
17
18 first case will be presented by Ramya Gopinath, who is
19 aMedical Officer in the Division of Anti-infective

So just to give you alittle bit of

background about the intent of this session. The

20 Products. Ramyawill discuss a hypothetical case of a
21 drug that minimizes the effect on the gut microbiota

22 following exposure to antibacterial drugs. The

4 Seems very appropriate to be talking about the gut
5 microbiome as our own gut microbiomes are digesting
6 lunch. So I'll start by presenting the first case
7 study. Sothisisdrug Z2 for prevention of C.
8 difficile infection by minimizing disruption of the
9 gut microbiome.
10 So to begin with just let's consider the
11 principles of therapy here. Antibacterial use
12 disrupts the gut microbiome, reduces apha diversity
13 and is known to reduce colonization resistance of twa
14 antibacterial resistant bacteria. The extent of
15 disruption is dependent on the concentrations of
16 antibacterial drugs achieved in the gut, the degree of
17 local inactivation of these drugs, and the duration of
18 therapy.
19 Selective pressure from antibacterial drugs
20 inhibits susceptible members of indigenous flora and
21 facilitates overgrowth of antibacterial resistant
22 florawhich includes C. difficile. Drug Z-2 reduces
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1 the concentration of beta-lactam drugsin the gut, 1 In addition, drug-drug interaction studies
2 thereby potentially decreasing the incidence of C. 2 were done with compounds that alter the PH of the gut,
3 difficile infection which are referred to as CDI and 3 such as proton pump inhibitors or the composition of
4 potentially decreasing the disruption of the gut 4 the gut microbiome, i.e., probiatics.
5 microbiome. 5 So for the Phase |1 study it was necessary to
6 So known clinical studiesin vitro rapid and 6 have an endpoint that could be measurable. And
7 complete dissolution and release of drug Z2 froman | 7 prevention of CDI was used as such an easily
8 oral delayed release formulation to be used in 8 measurable clinical endpoint. Soin this study design
9 clinical and pharmacological studieswas evaluated. | 9 it wasaparallel group double-blind placebo-
10 Stability of drug Z2 at different levels of the gut 10 controlled multicenter trial conducted to evaluate the
11 environment, that is at the action sitein intestinal 11 effectiveness of drug Z-2 versus placebo for

12 chyme and with intestinal contents has been eval uatet
13 In vivo studies include a 28-day dog saf ety

14 study with placebo versus varying doses of Z-2, that
15 is 15, 30, and 60 mg/kg/dose, administered three time
16 daily, so amaximum of 180 mg/kg/day. And in thesg
17 studiesdrugs Z-2 was well tolerated. There was also
18 al4-day dog study with drug Z-2 and administered in
19 conjunction with beta-lactam drugs and no interaction
20 between the two was demonstrated with no significarn
21 effect on the plasma PK of the beta-lactam drugs.

prevention of CDI in hospitalized patients receiving
beta-lactam drugs for various non-Gl infections.
14
S15
216
17
18
119
t20
21

So, in other words, it was used in
conjunction with beta-lactams. The duration of
treatment with drug Z-2 administered three times daily
was concomitant with and for 72 hours after the course
of therapy with beta-lactams and patients were
followed for about 6 to 8 weeks.

The efficacy endpoint was prevention of CDI
for 4 weeks following the start of treatment with

22 Once again drugs Z-2 was well tolerated. So | 22 beta-lactam drugs. In this study 300 patients were

Page 199 Page 201
1 if we move onto the Phase 1 studiesin healthy 1 enrolled per study arm, 55 percent were male and the
2 volunteers, they were both single and multiple 2 mean age was 67 years.
3 ascending dose PK studies. So single oral doses of 10 3 The following results were observed in the
4 milligramsto a 1,000 milligrams and multiple oral 4 drug Z-2 versus placebo arms. There was lower
5 doses of 10 to 200 milligrams administered every 6 5 incidence of CDI in the drug Z-2 arm 3 percent versu
6 hours for aweek were evaluated. 6 5 percent in the placebo arm, reduction of
7 Drug Z-2 was found not to be systemically 7 colonization with C. difficile aswell as Vancomycin-
8 bioavailable except at the highest dose, that is 1,000 8 resistant Enterococci, 5 versus 9 percent at 72 hours
9 milligrams where systemic concentrations of 6 to 8 9 when we looked -- when they looked at C. difficile.

nanograms/mL could be detected. However, most plasma
concentrations were below the lower limit of
quantitation for the assay which was 1.5 nanograms/mL.
In the Phase Ib and lla studies, clinical
studies were done to confirm the mechanism of action
in the human intestine. So in these studies healthy
subjects with functioning ileostomies were
administered drug Z-2 with serial sampling of
intestinal chyme to ascertain levels of drug Z-2 and a
variety of beta-lactam drugs. In these studies plasma
PK or beta-lactam drugs was found to be unchanged.

However, intestinal concentration of these drugs

10 And in addition colonization with extended spectrum
11 beta-lactamase producing gram-negative bacteria was
12 found to be similar between the groups and no
13 different from baseline.

14
15 of antibiotic associated diarrhea, which was not

16 associated with CDI. So the questions for the panel
17 that arise from this case study are the following,

18 what are some important clinical trial considerations
19 for these kinds of products with respect to trial

20 design and endpoints? How does the expected higher
21 mortality in the population that might be at greater

Further there was no effect on the incidence

decreased significantly with the action of drug Z2.

22 risk for CDI factor into the endpoint?
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Isbeing alive and free of CDI the only
appropriate endpoint? Besides reduction in CDI are
there other endpoints that we could consider as
clinicaly appropriate? What -- are there other

1
2
3
4
5 measurable benefits of such products and if so what
6 arethey? And our study results from these trials
7 generalizable to populations beyond those evaluated in
8 clinical trials. So for example, to individuals who
9 receive other antibacterial drugs. Thank you.
MS. NAMBIAR: Thanks Ramya. Dr. Kaleko --
MR. KALEKO: Thank you very much. By way of
disclosure | am an employee of Synthetic Biologics and
| am familiar with the development of products similar
to Z-2. Z-2 isdesigned to be used prophylactically
to degrade beta-lactam antibioticsin the small
intestine to protect the downstream colonic microbiota
and could have potential benefits at three levels.
At the level of the patient it could diminish
therisk of CDI, prevent colonization of the colon by
multidrug-resistant pathogens and prevent secondary
infections caused by these pathogens. At the level of
the hospital it could diminish the spread of CDI and

Page 204

1 to 12, that's less measurable.

2 Finally, even studies with large cohorts run

3 therisk of low numbers for the primary efficacy

4 endpoint. Thusif patients lost afollow-up or

5 consider drug failures cases of CDI, this could

6 quickly biasthe efficacy analyses. Sol'd liketo

7 suggest a strategy to deal with these limitations

8 specifically when considering the balance of risk and

9 benefit for Z-2 shift the emphasis to establishing
10 appropriate safety then bolster the efficacy outcomes
11 with ancillary information to establish a reasonable
12 expectation of clinical success.
13 The basisfor this proposal isthat the
14 demonstration of safety is key especially for
15 prophylaxis. And dueto the high mortality ratein
16 thetarget patient population should be achievable
17 with small cohorts. In contrast it's the efficacy
18 endpoint that's the one that requires the large
19 cohorts. So what ancillary data could be considered
20 to shore up the clinical efficacy data? Well let's
21 start with the microbiome. Firgt, the bad news. To
22 the best of my knowledge there's no definitive

Page 203

of multidrug-resistant pathogens. And at the level of
the population it could generally diminish the
delivery of antibioticsto the colon asif the
antibiotics were being used less frequently, like a
form of antibiotic stewardship.

However sinceit's intended for prophylaxis
Z-2 faces hurdlesin clinical development.
First and foremost, the primary efficacy endpoint CDI
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isarare event with anincidence less -- lessthan 5

=
o

percent in the placebo group. Thusto convincingly
demonstrate the Z-2 diminishes the incidence of CDI

B
N P

may require prohibitively large phase three studies

=
w

and that's the crux of the problem, how do we diminish

[EnY
N

the cohort sizes?

Second, patients who are at greatest risk for
CDI are those who are most debilitated and have a
mortality rate that greatly exceeds the CDI rate, thus

e
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it is necessary to separate the safety and efficacy

=
(o]

endpoints so that the high mortality rate does not
20

21 from 5 percent to 2 percent, that's measurable. If

obscure areduction in CDI. If for example CDI goes

22 youroll in a 10 percent mortality and it goes from 15

Page 205
1 microbiome or metabolome changes that predict
2 impending CDI in patients exposed to C.diff. Sol
3 actually support the conclusion that the microbiome
4 does not yet provide a surrogate endpoint for clinical
5 disease.
6 However, in Phase [1b Z-2 diminished new
7 colonization of VRE and C. diff. These endpoints
8 could be more predictive than microbiome analyses for
9 clinical outcomes. Since the 1950s we've known that
10 seeding from the gut can cause secondary infections,
11 more recently a 2012 paper from Eric Pamer's Group at
12 Sloan-Kettering showed that in bone marrow transplant
13 patients antibiotic mediated mono-dominance with
14 enterococci increased the rate of VRE bacteremianine
15 fold and mono-dominance proteobacteria increase the
16 rate of gram-negative rods in the blood by fivefold.
17

18 colonization of the Gl tract with multidrug-resistant

Additionally, four recent papers show that

19 organisms and in particular new colonization was
20 associated with increased morbidity and mortality.

21 Takenin reverse, we can be confident that patients

22 who do not experience hew colonization with VRE and
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1 CDI are not likely to suffer infections with these

2 bacteria. So perhaps adiminution of such

3 colonization could be considered ancillary datato

4 support theclinical CDI results.

5 Alternatively, could we bolster the efficacy

6 data with mechanism data, that is microbiome

7 protection. For example, for a product like Z-2, one

8 with which I'm familiar, protection from antibiotics

9 wasfirst demonstrated with dog chyme and pig
10 microbiome studies. The same findings were then
11 reproduced in human chyme and human microbiome
12 studies. Thusthe trandational data across two
13 anima models and into humans support the mechanism of
14 microbiome protection and suggest that the CDI
15 efficacy data abeit with small numbersarein line
16 with what we predicted.
17
18 emphasis on safety perhaps we could use these
19
20 with efficacy to circumvent the need for prohibitively
21

So what I'm proposing is that with an

ancillary strategies to achieve sufficient comfort

large Phase Il studies.

Page 208
1 of itself isdifficult to interpret. However,
2 identification of this clinically relevant endpoint
3 related to the gut microbiome is problematic because
4 the exact definition of a healthy microbiome and its
5 variationsis still unclear.
6 The specific relationship between the gut
7 microbiome and disease, for example CDI but even other
8 conditions such as obesity, et ceterais undefined.
9 The measurable clinical significance of a quantitative
10 changein aparticular bacterial species such as VRE
11 istill uncertain. The exact effect of antibacterial
12 drugs on the microbiome either as a class or
13 individually is unknown and therefore designing a
14 study or aclinically significant endpoint directly
15 addressing these issuesis currently very challenging
16 and almost impossible.
17
18 potentia for drug Z-2 to preserve the gut microbiome
19 at least partialy by evaluating its ability to

However, one might be able to infer the

20 prevent or reduce occurrence of CDI when drug Z-2is
21 administered along with bacteria -- antibacterial

22 Of course the sponsor would need to provide a 22 therapy.
Page 207 Page 209
1 commitment and plan for Phase IV studiesto nail down 1 CDI is known to be associated with overgrowth
2 any efficacy questions and of course obtain additional 2 of C. difficile bacteria and administration of
3 safety data. And then -- so I'd like to conclude by 3 antibacteria agents especialy the quinolones, beta-
4 thanking the FDA for convening this workshop to 4 lactam's and clindamycin and particularly for
5 explore ways of building flexibility into the 5 prolonged durationsis amajor risk factor for
6 strategies to advance these potentially valuable 6 occurrence of C. difficile infection.
7 nontraditional therapies. 7 We also know that older adults are at greater
8 MS. NAMBIAR: Thank you Dr. Kaleko. Ramya. | 8 risk for development to CDI and following resolution
9 MS. GOPINATH: Thank you for your comments. | 9 of the first episode CDI may recur in as many as 15 to
10 I'll try to present alittle bit of the FDA 10 40 percent of patients. A product that in some way
11 perspective on these types of products. So certainly 11 reduces the concentration of systemically administered

=
N

aswe all know, and | think we got ataste of that in

=
w

the morning session, there isincreased and rigorous
14
15
16
17
18
19
20
21
22

focus on the role of a balanced gut microbiomein
maintaining health. And conversely on potential
disruption -- disruptions or dishiosis that may
contribute to disease causation.

From aregulatory perspective, the evaluation
of anew product such as drug Z-2 intended to minimize
disruption of the gut microbiome poses challenges.
Most importantly, one has to identify aclinically

meaningful endpoint as change in the microbiome in and

12 antibacterial drugs secreted into the gut may

13 therefore aid in prevention of CDI.

14 However, designing such atrial presents
15 several challengesincluding the need to define an
16 appropriate study population in terms of age,

17 comorbidities, concomitant medications and previous
18 history of CDI, potential exposure to hypervirulent C
19 difficile strains, the baseline rate of CDI in these

20 study populations, appropriate sample size and

21 appropriate endpoaints.

22 It may be challenging whileitisagoal to
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1 achieve a balance between trying to enroll the at-risk
2 population with those who have many comorbidities. As
3 my colleague, Dr. Kaleko, aluded to, if the baseline
4 incidence or prevalence or incidence of CDI ina
5 population islow it becomes difficult, so then you --
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

one has to think of ways to potentially enrich a
population.

Triasfor prevention of CDI by itself would
ideally be defined as placebo or active control --
controlled superiority trials with the primary
efficacy endpoint being absence of CDI within a
predefined study period. However, the anticipated
increased mortality in hospitalized older adults
receiving systemic antibacterials who are also the
population most at risk for CDI needsto be
considered, i.e. if apatient dies during the study
period it isimpossible to ascertain whether CDI was
successfully prevented in that individual .

In addition, a potentially small treatment
effect of drug Z-2 may be obscured by the background
rate of death or may necessitate a prohibitively large

sample size. Important PK considerations would

Page 212

1 inaddition to CDI. And the other one that | thought
2 that it wasn't clear to me whether you were on the
3 same point together was, you know, the issue of just
4 the methodologica questions of patients' lost to
5 follow-up. You know, maybe | misunderstood, but it
6 seemsliketherest of it, you know, you were both
7 ticking very similar boxesto me, which | find to be
8 encouraging. So help clarify if I'm confused please.
9 MS. GOPINATH: Thank you. Sol think in

10 terms of the bacterial colonization, | mean, thisis

11 something that really gets at the heart of the

12 discussions that we've been having, what isthe

13 benefit. And currently | think you can approach it

14 from aclinical standpoint versus aregulatory

15 standpoint and | think that currently the FDA's

16 thinking on thisisthat we would approach it as a

17 exploratory endpoint because for the reasons that |

18 outlined in my remarks, it's alittle unclear how

19 changesin the microbiome, although they can be

20 documented, what impact it has both to the individual

21 and beyond the individual .

22 MR. OUTTERSON: And on the methodology of

Page 211

1 include identification of an appropriate nonclinical
2 model for prevention and very importantly evaluation
3 of systemic absorption of the product from both normal
4 aswell as diseased gut.
5 In nonclinical Phase | aswell as Phase ||
6 studies evaluation of administration with food and
7 drug-drug interactions with agents that alter either
8 the pH of the gut such as PPIs or those that alter the

9
10 evaluation of the gut microbiome could be included in
11
12 you.
13 MR. OUTTERSON: So | wonder if -- thank you
14 for that -- if | could push back alittle bit, trying

got microbiome such as probiotics. In such a scenario

some predefined way as an exploratory endpoint. Thank

15 to find the places where those | ast two presentations

16 disagree. Becauseit seemslikethere'salot of

17 agreement between the two, you know and we could run
18 through them, but | am -- | am more interested in the

19 gaps where there's not clarity between the two and so
20 for example, you know, how would the FDA view the
21 question of -- you know, he mentioned colonization as

22 being an intermediate, you know, additional endpoint

Page 213
1 patientslost to follow-up and | don't know if,
2 Michadl, if you have any comments either.
3 MS. GOPINATH: SoI'll start. And so | think
4 that, you know, again thisis-- | think it was
5 dluded toin one of the previoustalksaswell. This
6 isadifficult problem because the population that's
7 most at risk for CDI is also the population in who,
8 you know, if they're hospitalized for pneumonias or
9 they're hospitalized for some other infection, the
10 death rateishigher in this population and so as was
11 mentioned by Dr. Kaleko, | think if the treatment
12 effect issmall, then wereally struggle with this
13 because then in order to show that a preventive
14 therapy isworking, you need aredly large sample
15 size. So| think that's atopic that we're struggling
16 with and that it would be good to get peopl€e's
17 thoughtson.
18 MR. KALEKO: | actually agree that the
19 microbiomeis not aprimary endpoint. | think some
20 day when we have drugs that work in the microbiome
21 we'll be able to look back and find those correlates
22 that provide predictive value that doesn't exist at
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1 themoment. | fed alittle differently though about

2 VRE and C. diff colonization because thereredly is a
3 wealth of literature that show that when you have ney
4 colonization, you are likely to have a-- you're more
5 likely to have an infection, you're more likely to
6 have greater morbidity and mortality and that's even
7 asl said, | particularly pulled out Eric Paymer's
8 (ph) work because it's actually quantitative.
9 So | disagree alittle bit about -- in that
10 regard. Theway | look at thisis mechanistically.
11 Now | used an example of another drug that's little
12 less hypothetical than this one where in dogs, the Z-2
13 like drug removed an antibiotic from chyme; and ther
14 in pigsit protected the microbiome from loss of
15 diversity, overgrowth by expansion of antibiotic
16 resistance genes and then exactly the same thing
17 happened in humans, okay? The antibiotics removed
18 from the chymeinileostomy patients and then the
19 microbiomeis protected from loss of diversity and
20 thereisless overgrowth of antibiotic resistance
21 genes.

22 So the mechanism is consistent all the way

Page 216

1 this being almost impossible and the need to enrich.
A 2 | mean thisisavery common infection; 500,000 cases
V 3 per year and that's probably an underestimate and |

4 think | just don't want us to get confused about risk

5 factors. You know, there are risk factors for relapse

6 that we talked about this morning being old or being

7 immunocompromised, but we have young healthy people

8 who get one dose of antibiotic for dental work. Young

9
10
11
12
113
14
15
16
17
18
19
20
21
22

healthy man who gets one dose of antibiotic for
prostrate biopsy. A lot of people get C. diff. This
isacommon infection and | think that preventing in
thoseindividualsis just asimportant as preventing
it in the people with the risk factors.

So | think one should consider even studies
in the so-called low-risk group, if that would ease
some of -- mitigate some of these concerns. The cost
in thinking about this at both the individual patient
and in the hospital and the population level isreally
important and | think harkening back to some of our
discussion this morning, you know, the regulatory
issues are the regul atory issues right there. You

have to have -- you have to meet the standards, but |

Page 215

1 through, so when you do see adrop in CDI, abeit with

2 small numbers, you can say, you know, thisisviaa

3 mechanism that we would have predicted. Therefore,

4 it's possible, highly likely -- not highly, let's say

5 likely, | mean | overstated, likely that it's true.

6 On the other hand when patients die, the 10 percent

7 mortality rate, they're also dying by aknown

8 mechanism. They have infection. They have COPD.

9 They have high blood sugars. They have high BUNs
10 (ph). And those mechanisms are separate. So if each
11 -- theincidence of CDI and the deaths are taken in
12 the context of their mechanisms, we can actually keey
13 them somewhat separate.
14 Now that said, that's al hypothetical and
15 therefore, there is no doubt that one needs alarge
16 definitive clinical trial to prove this, but whether
17 or not that clinical trial needsto be right up front
18 isn't clear to me aslong as the drug really
19 demonstrates an appropriate level of safety. So those
20 are my thoughts. | hopethat'sin line.
21 MS. BOUCHER: Thanks. So | just wanted to
22 maybe push back alittle bit on the comments about

Page 217

1 think from a patient care pharmacy P& T approval

2 standpoint and getting uptake for atherapy like this,

3 addressing issues like decreasing resistance and

4 positiveimpact on the microbiome, whatever that is,

5 however we defineit, | think those things are

6 important and the science is advancing so rapidly that

7 including that to the extent feasible would be

8 desirablein thiskind of a study.

9 MR. RUBIN: The comment on the question about
10
11

D12

lost to follow-up, | think these patients would
probably be censored and so not counted as a CDI
event, but | also think that it would be important for
13 the protocol to distinguish lost to follow-up from

14 death, lost to follow-up means you don't know if the
15 patient is aive and you don't know whether they have
16 CDI. Also, if you're dealing with the trial with a

17 very low background rate, then it's unavoidable that
18 if you have a nontrivial rate of lost to follow-up,

19 then that study is going to be very difficult to

20 interpret, so you'd probably need some kind of

21 streamlined outcome collection where for almost

22 everyoneinthetrial, you are able to determine
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1 whether they had CDI or not. | don't think it's that

different from what you see in these large
cardiovascular outcome studies where it's known going
end of the study that if you have alot of people

2
3
4
5 where you don't know whether they have the event that

6 it'sgoing to be hard to interpret when you finish.

7 | agree with the comment, there was a comment

8 earlier in the day about big data and | think this

9 could be an areawhere it could be useful to try to
10
11
12
13
14
15 few very large vaccine studies, | think Pfizer and
16
17
18
19
20
21
22

enrich for patients who are at low or high risk for

CDI to make -- possibly make the trial more feasible
possibly by including patients who've had CDI before
and for whom you're looking at recurrence. And then

also thisis an area where there have actually been a

Sanofi, someone correct meif I'm wrong, over 10,000
patients for preventing CDI. And ideally you'd like
some of these studies to be done to validate some of
these surrogates that we're talking about like
colonization or changes to the microbiome to show that
atreatment effect on an endpoint like thiswill

actually tranglate into an effect on -- of clinica

Page 220
1 that went on behind closed doors was the whole issue
2 about surrogate markers and how the colonization was
3 dtill just asurrogate for the prevention of more
4 serious bacteremia disease associated with ifesium
5 (ph).
6 So the question would be, thereisa
7 mechanism within the FDA for approving drugs based
8 upon a surrogate with the ability thento do a
9 subsequent definitive trial and | think that's sort of
10 -- in some ways there was some of that discussion of
11 committing the company to doing that. So -- and then
12 aspointed out, there was that pretty large trial with
13 aC. diff vaccine that you could look at what the
14 colonization rates and so on if they did those studies
15 properly, but I'm just wondering if thereisan
16 opportunity in this regard with adrug that may have
17 somereal benefit for society to look at the surrogate
18 marker concept. | recognize that it was adifficult
19 discussion back then. | don't expect that it would be
20 any easier than it was previously.
21 MS. NAMBIAR: So thank you for your comments.
22 | mean I'm sure you know where we had a discussion on

Page 219
outcomes.

1
2 MR. KALEKO: Can | add briefly that |
3 actually dropped my little spiel on enrichment that |
4 had here and the reason is because it's -- the way |
5 view it, it'sa curve that goes up, has a maximum and
6 then comes down. Asyou enrich with sicker and sicker
7 and sicker patients, yes, you'll have more CDI, you
8 probably also start diminishing your effect-size after
9 awhileand you'll be increasing your mortality rate.
10 So thetwo things that confound the data actually

11 increase while you're enriching. So | think there

12 probably isamaximum, but mathematically | don't know
13 whereitis.

14 MR. RUBIN: Wayne will take it.

15 UNIDENTIFIED SPEAKER: Can we get avalue?
16 UNIDENTIFIED SPEAKER: Okay.

17 MR. DANKER: So | have ahit of experience

18 with this from a closed door session years ago, so |

19
20 | was with another company looking at the use of a
21
22

can't talk about that, but there was a discussion when

drug to reduce the colonization for ephesia (ph) which

in cancer patients and if | remember the discussion

Page 221
1 microbiology as a surrogate endpoint just last week at
2 an advisory committee meeting. And so | think it
3 redlly depends on what data one has for a particular
4 organism and aclinical outcome for that particular
5 condition. So | think last week's discussion was
6 around nontubercul ous mycobacteria and whether or not
7 sputum culture conversion correlatesor it is likely
8 to predict clinical benefit. And you know, there was
9 alot of assumption that it might, but when you
10 actually look at the data more closely, you realize
11 the shortcomings of the data and even though in that
12 instance, you know, it's become part of clinical
13 practice, the data that support a correlation between
14 microbiologic surrogate and the clinical outcome for
15 that particular clinical entity are pretty weak.
16

17 datafor this particular instance, but you know, we

So | cannot comment on the adequacy of the

18 would haveto take alook at the literature very
19 closely and seeif in fact there is support. | mean
20 we've used microbiologic surrogate endpoint for

21 tuberculosis, the approval of Bedaquiline afew years

22 ago was based on a surrogate endpoint, but alot of it
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1 really depends on how reasonably likely it isto

2 predict clinical benefit, and if the treatment benefit

3 on that surrogate endpoint will hopefully trandate

4 into clinical benefit or not, so. | wasn't part of

5 those closed door discussions, but | think | know what

6 you're talking about and --

7 MR. KALEKO: May | add one other quick point?

8 And maybe somebody could help me figure out how to do

9 this. | suspect that adrug like Z 2 at the hospital
10 level actualy diminishes CDI very much the way
11
12
13
14
15
16
17
18
19
20
21
22

vaccines work mathematically with herd mathematics.
If you -- every timeyou get rid of a case of CDI, you
diminish diarrhea, you diminish the spread of spores
and then you diminish other cases of CDI. So how can
you -- normally in your clinical trials, you look at

the effects in the patient. How do you look at the
effectsin the hospital which might be amplified?

MR. COX: Somaybel'll just start and I'm
thinking maybe Dan and Scott have additionsto this
one, but -- so it sounds like what you're looking for
is-- it feelslike the way you'd try and answer this

question would be like a cluster randomized trial and

Page 224
1 questions about what actually did it, and you know,
2 would the drug do it or wasit, you know, room
3 cleaning and other things and so all these other
4 factors are always sort of part of it. So it can be
5 hard to attribute what actually the causeis, but
6 usually for adrug claim, | mean you want the
7 evidence-base that supports that the drug actually did
8 it, so -- but you know, | mean we can always look ang
9 see what somebody's got, but it's at |east one way to
10 think about it.
11
12 conditions where there are multiple different things
13 that are impacting upon, you know, why a C. diff rate
14 isgoing down, it's aways hard to dissect what was
15 responsible for why that rate went down.
16 MS. NAMBIAR: Yes, Mary Beth.
17 MS. DORR: So | wanted to comment about th
18 impact on the hospital. | mean it makes alot of
19 sense. The same thing with quality of life. If you
20 can prevent C. diff, then you should be able to
21 improve the quality of life of the patient if you're
22 preventing recurrences for example. Butinthe

And it's hard, you know, for some of these

)

11°

Page 223

1 you'd randomize heslthcare institutions, that would be
2 your unit of analysis and you would give -- some
3 healthcare ingtitutions, you know, would have access
4 to the product that you're talking about. And then

5 you would look for, you know, lower levels of cases of

6 C. difficileinfection in the hospitals that receive

7 the experimental therapy compared to the hospitals

8 that did not have atherapy available. Does that

9 sound right or no?
10 MS. BOUCHER: | guessthe questionisdo you
11 need to do that? | mean the data exist that
12
13
14
15
16
17
18
19 be enough to make other more general conclusions?
20 MR. COX: Yeah. No, | mean, there are times

21 when you can make general conclusions based upon the

decreasing rates of C. diff decrease rates of C. diff,
right? That dataexist. There'sno -- every hospital
epidemiologist knows this, that's why they push like
they push. So the question is do you need to do that?
That's ailmost like an epidemiology study you're
describing or would -- showing that this drug
decreases C. diff inindividual patients, would that

22 datafrom other studies. And you know, there's always

Page 225
hospital environment, payers don't want to pay for
prevention. So you can show that your drug prevents
something, but how are you going to get that
reimbursed? So we can't forget about at least in the
United States how we're reimbursed for our drugs. So
it's something that we all need to consider when we're
developing drugs.

The other thing | wanted to talk about is the

© 00 N OO 0o B~ W N PP

impact of this enriched population. Y our population
10
11

12 for the modified trials, in those patients who were

is already enriched because they're getting a high-
risk antibiotic. What we saw in a subgroup analysis

13 getting a high-risk antibiotic, their mortality rate

14 within 90 days, which was our follow-up period, was 10
15 to 15 percent, so that'shigh. So | really do agree

16 that you need to consider that because your population
17 isalready enriched even if you're enrolling those

18 younger people who had clindamycin after a dental

19 procedure, that's an enriched population who has a

20 high mortality rate.

21 MR. KALEKO: Can | quickly ask aquestion

22 about the payer issue? It was my understanding, and
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1 please educate meif I'm wrong, that in the U.S.

2 hospital-acquired CDI is paid for by the hospital. So
3 aslong asthetotal cost of diminishing CDI islower,
4 I'm getting this straight, than the actual cost of the
5 drug; did | get that right or did | get it backwards;
6 the hospital should beinterested in it and that's
7 even without bringing in the quality of life and the
8 liahility and all the other things that hospitals have
9 to suffer when patients get CDI. So -- but | think
10 your point iswell-taken. The issue of payersisone
11 that needs to be addressed.
12 MR. EVANS: | think a couple of points, and |
13 think it's very admirable to the forward thinking
14 about future patients and you know, very thoughtful t
15 bethinking ahead that way. | think we need to
16 marriageit or think about what that means to today's
17 patients, in particular patients that comeinto
18 trials. So the surrogacy we're talking about that may
19 have effects on future patients or the rest of the
20 population ecologically is different from the
21 surrogacy we traditionally talk about in trials where

22 you're talking about something you can measure on me2 investments in the spaces to, you know, meet where

Page 228
1 necessarily you have to study more healthy patientsin
2 order to see those effects. We've -- there are at
3 least some studies we've done in which for many of
4 these diseases, the sensitivity occursin the most
5 sick patients. That's where you find -- if your drugs
6 have an effect, that's where you find the effects.
7 Now so -- and in avery pragmatic setting, if
8 that's where the drug is going to be used, that's
9 where you want to know what the -- what your effect is
10 in those populations. So you know, | think there are
11 waysto deal with the mortality issueis, you know,
12 that's a-- you have arandomized study, you cannot do
13 any better than that. Y ou're going to compare how
014 patients end up on arandomized study in that fashion
15 and I'll stop there, thanks.
16 MS. EAKIN: All right, thanks. | think
17 William made a point earlier this morning about
18 possibly there being a need for new animal model
19 development. And you know, one of the things that
20 wereinterested inat NIH and | know also colleagues
21 at FDA and BARDA, we're interested in trying to make

Page 227
1 today that may tell you about aclinical event that

2 happened somewhere down the road that's too far down

3 theroad for you to measure today. And that's a

4 little bit different than the surrogacy of preventing

5 something for -- not necessarily for me, but for

6 somebody else and what that means to the patient

7 coming into the study when you're consenting them that

8 you're talking about a benefit that may not benefit

9 them, but may benefit somebody else, and how that
10 might affect how they look at things.
11
12
13
14
15
16
17
18
19
20
21
22

| don't think the -- in many ways, | think
we're turning to this door discussion thismorning is
adiscussion about the mortality and so forth.
Causality is measured by a contrast of randomized
regimens. It's not measured by adjudication of what
somebody believesis the reason for something. You
measure causality by contrast of randomized regimens.
So you can set up an ordinal level endpoint where
you've got death on the bottom and levels above it
are, you know, survivors that either have CDI or not
and that helpsto deal -- that's the way you deal with

Page 229
1 there are gaps in the science with new animal models
2 for instance. And one of -- thisis one of the areas
3 weve at least been talking about internally and 1'd
4 just be interested to hear more whether people think
5 thereisaneed for more animal model work to try to,
6 you know, recapitulate what's seen in say Eric
7 Paymer's studies and clinically in an animal model
8 setting that might be used to strengthen some of these
9 new products.
10 Y ou know, particularly I know there are
11 animal modelslooking at, you know, colonization an
12 microbiome diversity et cetera, but really taking
13 those models forward to look at, you know, gut-
14 derived, you know, bacteremia and things like that to
15 actually strengthen some of these arguments and of
16 course| can'timagineit ever replacing the clinical
17 evidence, but if it would strengthen that, 1'd be
18 interested just to hear what people think about the
19 value either in discussion today or as follow-up
20 discussions.
21 MR. TRUONG: Yeah, | just want to make a

the competing risk of death. And | don't think that

22 comment about prevention versus treatment in some
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these nontraditional, you know, we are developing as

pseudo-monoclonal antibodies and when we take alook
at the -- whether we should be developing these
clinically to prevent or to treat, we gravitated to

1

2

3

4

5 treatment primarily because in some of these

6 indications such as pneumonia, we don't have good

7 command on what is the attack rate. So for example,

8 if weretrying to develop these monoclonal to prevent

9 pneumonia episodes in colonized but asymptomatic
10
11
12
13
14

15 which represent the most prevalent gram-negative and

patient, we actually don't have agood feel for what
isthe prevalence of progressing to pneumonia of a
staph aureus pneumonia at-risk patient or pseudomonas
pneumonia at-risk patient because the -- some of the

datawe're seeing is for either one of these bugs

16 most prevalent gram-positive in nosocomial pneumonia,
17 you're looking at somewhere between 20 to 30 percent

18
19
20
21
22

attack rate.

So if that's the case, we have to set at
effect sizesvery large. Let'ssay you set a50
percent effect size, would a 25 percent attack rate

means that for every 8 patient or 10 patient that one

Page 232
1 to 100 percent. And so | think as we decide whether
2 or not develop these drugs for prevention or for
3 treatment, | think some of the epidemiological datais
4 going to be very important to make that decision.

5 MS. NAMBIAR: Arethere any questions from
6 theaudience? No, al right, | tried.
7 MR. REX: A comment and then aquestion. So

8 the comment isthat | think we're hearing a number of

9 times a statement about the effect isreally small,
10
11
12
13
14
15
16
17
18
19
20
21
22

it's going to be hard to show where alargetrial and
I think we need to think carefully about what doesiit
mean to say that an effect -- if the effect isreally
small, then who cares, right? Y ou can make the
argument that there's -- there can be small effects
that you may -- maybe you do a study of 100,000 people
and you show you -- the number needed to treat is
50,000 to produce some benefit. Isthat actually
something that you want to chase.

Now -- but small -- preventing one case of
Ebola however may have a different consequence than
preventing one case of C. diff. One case of Ebola

would set off aglobal panicif it were to occur in

Page 231
treat, only one would benefit and so from the payer's

perspective, you have very difficult commercialization
risk. Conversely, in the treatment mode, whichis
what we're developing, we're using the adjunctive
therapeutic treatment modality as away to develop
these drugs. Theretherisk isdifferent. Therethe

risk isto show that incremental benefit, right, what
isthe effect-size over, above what the standard of

© 00 N OO 0o B~ W N P

care antibiotics could afford. So there we -- you

=
o

know, when you ask, you know, the physician, what's
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the effect-size as clinically meaningful to you, there

=
N

isasignificant difference if you're doing prevention

=
w

because if you ask physician if | have adrug that |

[EnY
N

could prevent X percentage from relapse in pneumonia,

=
a1

what is clinically meaningful to you? If you ask that

=
(o]

same question to the payer, the response is actually

BN
~

very different.

=
(o]

From the clinician's perspective, you tend to

=
(o]

hear about 10 to 20 percent prevention, meaning

20 effect-size would be clinically meaningful and

21 valuable. If you ask the payer based on the attack
22 rate, they're going to tell you somewhere between 50

Page 233
this room whereas one case of CDI would -- you know,
it would have a different consegquence. So this notion
of small effect-size, | think it isimportant for
developers to stay focused on things that have
reasonable effect-size, but you can keep in mind the
severity of the thing you're chasing. So the question
| want to get at though is this, we've beat around the
microbiome alot and what evidence would we need to

© 00 N OO 0o B~ W N PP

show that microbiome pattern 1, whatever you want to

=
o

define that to be, isin some ways safer or better
11

12 question? Another -- to turn it around another way is

than microbiome pattern 2. Have we ever debated that

13 to say under what circumstances is detectable carriage
14 of organism X, fill in the blank, an infection in and

15
16
17
18
19
20
21
22

of itself that merits either treatment or prevention,
under what circumstances for example would -- is
carriage of VRE something that | should treat asan
infection that | should seek to treat or prevent?

And some other thoughts for you would be, for
example, group A strep and a surgeon who is not sick,

but is carrying group A strep, that's actually a

problem if he or she is shedding the organism into his
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1 or her patients. Group B strep and a pregnant lady, | 1 MR. KALEKO: Can | ask you aquestion? First

2 suggested that one to third trimester, that's not an

3 infection of her so to speak, yet it isan infection

4 we actually actively seek to treat that. Carriage of

5 neisseriameningitidisin the nose is considered to be

6 athing that you want to prevent. It'snot an

7 infection, but it's bad news when it occurs. Sois

8 there away to use those models as some sort of atool

9 that would let you get at this broader question of
10 when isyour microbiome -- when should you say out to
11 your microbiome and what is the metric for that that
12 would be useful to us as a community so that when
13 Michael is developing his next product, he actually --
14 he hasatool aready qualified that definesthe
15 definition of the point at which the microbiomeis
16 painful. How about that one? And have, you know,
17 worked on that? Any work on that? | mean| --

18 MS. EAKIN: Wework on just about anything,
19 soin some fashion.
20 MR. BURD: We've been working on recurrent C-

21 diff. And aspart of our data gathering on our
22 patient populations, we've been looking at what's

2 of dl, I should mention that's why | said to the best
3 of my knowledge. Arethese profound changes? There
4 are onesthat your -- that your therapeutics are
5 creating. If you wereto look at just the general
6 population who haven't been on antibiotics, and who
7 would not be at risk for CDI, do they come in with
8 those change, with those profound improvements and
9 then lose them with antibiotics and then you bring
10 them back?

11 MR. BURD: But -- so we have not done those
12 studies.
13 MR. KALEKO: Or those profound changes

14 specific to your therapeutic?

15 MR. BURD: So what we've doneisthat we have
16 acohort of healthy individuals that we look at. And

17
18
19
20
21
22

this cohorts being compared to larger bodies of work
that's been done | think in part by the NIH. And you
get a population distribution of avariety of groups
of bacteria. When you look at those groups and you
look at them in the context of recurrent CDI, you see

aprofound inversion of the predominant speciesin

Page 235
1 their microbiome constituents when they walk in the

2 clinic and then what happens to them after treatment.

3 And we're seeing some very profound patterns that

4 arise out of that that are predictive of success. And

5 | heard earlier that they are not measures that we

6 could use, but the work that we're -- body of work

7 we're gathering, which will be published soon, really

8 does suggest that there are waysto look at the

9 baseline of your patient population coming into the
10 clinic, and then the effects upon the microbiome
11 following your treatment. And these are predictive of
12 both short-term efficacy aswell aslong term.
13 And so we talked earlier about how you would
14 go about validating those surrogates and that's sort
15 of the problem that everyone's going to have. Until
16 we get avalidated surrogate, we have a chicken and
17 egg problem. So for our company at least, we're
18 thinking about this prospectively with the idea that
19 eventually we will have to develop this as a surrogate
20 and vaidateit in randomized controlled studies. But
21 there are ways to do this and there is abody of data
22 being developed.

Page 237
1 normal or healthy individuals versusin those who are
2 having recurrent CDI. We can talk about the specifics
3 of the data offline.
4 MR. KALEKO: Soisthat alegitimate now
5 secondary endpoint for aZ 2 trial?
6 MR. BURD: It very well could be. | mean one
7 of the questionsis how do you enrich your patient
8 population when you have these low rates? Thisisone
9 way to think about it. Patientsthat are comingin
10
11
12
13
14
15
16
17
18
19 not all.
20 MR. KALEKO: Yeah, | think it makesfor a--
21 for areally interesting endpoint. The problem with

the door that are very near normal in terms of the
distribution of these families of microorganisms
aren't much -- are potentially at much lower risk of -
- of having an infection.

So if you want to enrich for patients that
are on that sort of, steady slope of losing normal
control of their microbiota and moving into dysbiosis,
this would be away of enriching for them reducing the

number of patients | think for some indications, but

22 the Z 2-liketrial is patients comein, they're
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1 infected, the emergency room docs got to get them o

2 their antibioticsimmediately. Theclinical trial

3 doesn't really have time to enroll.

4 MR. BURD: Right.

5 MR. KALEKO: But for an endpoint, | think

6 that would be very interesting.

7 MR. BURD: Right. So one way to think abou

8 itis, if you're able to get a sample at the time the

9 -- they start treatment, the question is have you made
10 them worse at the end of it. So you don't haveto
11 look at from normal to total dyshiosis, but you could
12 look at stability of that profile over time because if
13 it's till degrading, then you have -- then you know
14 that they're worse off than they were.
15 MR. DUBOVSKY: So | thought it was very
16 interesting that this competing risk of death was as
17 troublesome for the CDI-enriched population asit wa
18 for the back population this morning. And it occurs
19 to methat it's going to be same for any product
20 you'retesting in patients of high acuity, that if you
21 count those asfailures, it's going to drive down your
22 point estimate of efficacy. I'm still not sure I've

S17

Page 240
1 diff pressure asit's called is a tremendous risk
2 factor. And the-- | think the way that one gets at
3 that and thisis going to sound terrible, but you find
4 hospitalsthat are having breakouts or have actually a
5 long historic -- long history of breakouts as you
6 know. The problem is those are the hospitals that are
7 likely to actually have cleaned up by the time you
8 actually get going with your clinical trial.
9 MS. DORR: Right. Long-term care facility
10
11
12
13 can perform those studies within a 24-hour period.
14 Thetest takes an hour, but if they batch it, you

patients, you know, they're going to have an increased
risk of being colonized and a PCR (ph) test to show a
patient's colonized is pretty rapid and most hospitals

15 know, could take as much as 24 hours to get the result
16 back.

MR. KALEKO: Agreed. Thank you.

18 MR. OUTTERSON: All right. Wereamost --
19 we're at the end of thetime | think for this session.

20 | was going to give a 60-second summary of just some
21 of thethingsthat we talked about. We talked alot

22 about surrogate markers and | think, you know, the FDA

Page 239
1 heard areally good argument why you can't look at

2 that as asafety feature. In other words, if heis

3 able-- if product Z is able to prevent CDI infection

4 and doesn't increase death, it still seems like that's

5 aclinical benefit. Whether -- but if it were flipped

6 and you had increased mortality in the active group,

7 it seems like that would not be licensable. Sois

8 there adownside to looking at it that way?

9 MR. KALEKO: 1 think that's reasonable.
10 MS. DORR: | wanted to make another comment
11
12
13
14
15
16
17
18
19
20
21
22

about the enrichment. Like the example that we had
this morning where for the VAPP study, they were only
enrolling patients who were colonized with staph
aureus. Have you thought for Z 2 just in randomizing
patients who were colonized with C. diff at thetime
that they start their antibiotic or X number of days
after they start the antibiotic?

MR. KALEKO: | can't speak for Z 2 per se
hypothetically. But the way similar studies are run
is patients come into the emergency room and they're

enrolled as quickly as possible and so you don't have

timeto figure out if they are colonized. Clearly C.

Page 241
1 it seemed to me was saying that, you know, we're open
2 to surrogate markers. Show us the scientific evidence
3 of clinical, you know, connection or clinical benefit
4 onthat. We had al thought ainteresting back and
5 forth on what if there's an Epi benefit in the
6 hospital and then the response was close to -- close
7 to randomization.
8
9 why bother, we know it's right. We know thisis how

And then the response from Dr. Boucher was

10 it works. But | like the thought of thisis one way

11 for usto think about how to measure the positive

12 externality of the treatment of this patient, is one

13 way to measure value beyond the individual person,
14 right? And so that's a good thought. | loveto --

15 first question | always ask is how is it going to get
16 paid for, right? It goes back to my training. And so
17 all of these discussions, you know, one question |

18 would leave out thereis how is this study that we're
19 designing any better than the study that was done for
20 deficit which sells about $7 million per month in the
21 United States? Y ou know, so we have to do better than
22 that, right?
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And so John needs to pull the magic -- pull

incentive out of his hat. He doesn't have ahat. Bad
example. | liked what Scott had to say about -- Scott
Evans on the surrogacy that we're talking about is

1

2

3

4

5 redly surrogacy for other patients, right, as

6 opposed, you know, thisis a different type of

7 surrogacy. It's not the patient X and then at time,

8 you know, plus 6 months we are doing a surrogate

9 marker of how thisindividual will bein 6 months.
10 We'rereally talking about surrogacy in some fashion
11 about other patients, right? And that has ethical
12 implications and other, you know, we need to have that
13
14

15 whoisgoing to -- what the payers and the providers,

mindful.

And there was a discussion as well about the

16 you know, or, you know, the payers -- providers are
17
18
19
20
21
22

okay with a 10 to 20 percent, you know, Delta whereas
the payers want -- a 100 percent, you know. And those
are very interesting, you know, differences there.
Thank you for your attention. We have a break of a
few minutes, much longer than the last break.

MS. NAMBIAR: Fifteen.

Page 244

1 Asia, but not exclusively. And they screened them all

2 before they went on their travels and they screened

3 them again, screened their stool when they came back.

4 And what they found was that of a 100 people who set

5 out, 24 came back carrying an extended spectrum beta-

6 lactamasein their stool. And then they followed them

7 alittle bit longer. And of those 25 percent, 25

8 percent of them were still carrying ESBLs 6 months

9 later. So I'd like you to remember those numbers. A
10 fourth of them came back carrying a more difficult to
11 treat gram-negative and 6 months later afourth of a
12 fourth were still carrying that organism.
13 And another one where | think thetitle says
14 it all, included it just for another demonstration,
15 this -- the ECDC carbapenem producing OXA-48,
16
17
18
19
20
21
22

Klebsiella pneumoniae in travelers previously
hospitalized in Gran Canaria, Spain. So, you know, we
wind up in the hospital there, the organism is present
locally. You can come back to your home based in
Europe carrying the organism that you picked up.

In high prevalence areas, a high fraction of
the CRE, so here | stepped up from ESBLsto

Page 243

1 MR. OUTTERSON: Fifteen minutes. Enjoy your

2 time and come back for case study 3.

3 (Recess)

4 MR. REX: Okay. Boysand girls, ladiesand

5 gentlemen, | think we're going to get started. Kevin

6 iswaving at me saying it'stimeto rock and roll and

7 -- okay. Sofor thefinal act on thisrainy slightly

8 deepy afternoon, let'slook at this case, case Z-3, a

9 casethat looks at the idea of reducing risk of
10
11
12
13
14 to makethisinto actually a credible concept.
15 So two bits of background. Thefirst isthat

16 travelersare at risk for becoming colonized by

infection due to a metall o-beta-lactamase producing
organism by preventing the acquisition of said

organism. And I'm going to acknowledge Petty Bradford
is not here today, but who helped me alot with trying

17 resistant gram-negative bacteria, and in particular

18 you can demonstrate that you can get colonized by

19 ESBLsand CRE by traveling. Solook at two bits of
20 data. Firstisapaper by Tang et al from 2010 where
21 they looked at a 100 travelers from Sweden who were
22 setting off to travel outside of Sweden, mostly to

Page 245
1 carbapenemase-resistant Enterobacteriaceae, so that's
2 avariation on ESBL. High fraction CREs are metallo-
3 beta-lactamase producers. And here are the data, |
4 have one paper, | was looking for nice surveys of this
and the best one | found 2017 Mohanty et a looked at

(63}

6 carbapenemase production in Enterobacteriaceae

7 bloodstream isolates. And two-thirds of the CRE were
8 metallo-beta-lactamase producers NDM-1, that's a very
9 high prevaence.

And then 2011, an earlier paper, one of the
papers that has amost started it al, New Delhi
metallo-beta-lactamase from atravel returning to
13
14 out there. If you eat the wrong thing, you can pick
15 it up. Nothing magic about that. So thisleads usto
16 product Z-3 which is ahypothetical non-absorbable
17
18 The prodrug conjugate however can be hydrolyzed by a

Canada. So, you know, makes sense. The organismis

prodrug that doesn't do anything in its prodrug state.

19 metallo-beta-lactamase and this interaction is

20 specific to the beta lactamase activity of bacteria.
21 It's not affected by human-derived metalloproteases.
22

Upon cleavage by the metallo-beta-lactamase
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1 inthe periplasm, apeptide is released that kills the

2 metallo-beta-lactamase expressing bacterium. Z-3 has

3 been studied pre-clinically and in phase | data and we

4 have the information required to permit daily dosing

5 for up to 3 monthsin human beings. So with thisin

6 hand, we set out to do a phase Il study of travelers

7 from Northern Europe to Southeast Asiaor India, and

8 we enrolled 200 healthy adults, half men and half

9 women from Northern Europe who have travel plansto go
10 to Southeast Asiaor Indiafor 4 to 8 weeks.
11
12 found in there's -- that their stool is free of ESBL
13 and MBL-producing strains of Enterobacteriaceae by

They are all screened prior to travel and

14 culture on selective media and by next-generation

15 metagenomic sequencing. They are randomized one-to-
16 oneto begin daily oral dosing with Z-3 versus an

17 identical placebo beginning at the time of travel and

18 to continue this for 2 weeks after their return.

19 One month after return, that is 2 weeks after

20 stopping Z-3, rectal swabs are again tested. And lo

21 and behold 24 percent, exactly like tanged in 2010,

22 arefound to be carrying CRE in their stool. And this

Page 248

1 group developed urinary tract infection during a 6-

2 month observation. | had a hard time getting areally

3 strong number for this, and the 1in 50 could be a

4 overestimate of the frequency of thisin these

5 otherwise healthy female travelers.

6 So this |eads us to the questions to debate.

7 Z-3isnot going to keep you from getting an

8 infection, but the infection that you do get cannot

9 possibly dueto an MBL if you're not carrying one.
10 It'sgravity. Can or how can these data be trandated
11 into alarge-scale demonstration of utility? And
12 specificaly is demonstration of reduced rates of
13 infection due to an MBL producer required for proof
14 that not being colonized prevents you from being
15 infected with an MBL, do | haveto proveit? If | do,
16 why do | haveto proveit? Okay. If | -- it'samost
17 like one of those jumping out of the airplane
18 parachute questions, right? You know, | don't really
19 fed like | haveto test the importance of wearing a
20 parachute when | jump out of an airplane.
21 On the other hand, if it's not required to
22 proveclinica efficacy, why isthat not true?

Page 247
1 istruefor both groups, both the placebo and the Z-3

2 treated. They have CRE. Of those CRE, 8 percent
3 which is afictitious number taken as one-third of the
4 number | found in Indiajust sort of reflect arate of
5 travelers of the study -- of the subjectsin the
6 placebo group and O percent in the Z-3 arm are found
7 to becarrying an MBL.
8 So you've got afraction of them who come
9 back colonized with an MBL. And that's chosen because
10 it'sanirritatingly close p-value to 0.05, but one
11 you might choose to disbelieve. P equals 0.04. Six
12 months later, again just like tanged in, a quarter of
13 those who were colonized are still colonized, and
14 they're still carrying it in proportion. So there are
15 six people still carrying an ESBL and two till
16 carryingan MBL. So the persistent MBL rateis 2
17 percent.
18

19 period, onein each study arm, both were uncomplicated

Two infections occurred during this 6-month

20 UTlsinwomen. Both were dueto a-- an ordinary
21 Enterobacteriaceae, not a CRE, just what these women

22 were carrying. Hence 1 in 50 women in this traveling

Page 249
1 Because, you know, thisis a product with a potential
2 side effect, and you know, it feels like we ought to
3 do the -- ought to study it. And so oneway | thought
4 about this was, well, the number needed -- maybe | can
5 do this based on urinary tract infections. So if you
6 do the math, the number needed to treat for women is
7 1,250. If 1in 50 develop a urinary tract infection
8 and the proportion due to an MBL isthe mean of the 8
9 percent rate when they came back right at the end of
10 their trip, and the 2 percent rate they have 6 months
11 later. Soit'ssort of picking amidpoint. | have no
12 ideaif that'sright or not, but 50 over 0.04 is
13 1,250.
14
15 from 1in 1,250 to asmaller number that is

Soif | want to show that | reduce the rate

16 statistically meaningful, my very crude sample-size

17 calculation was | needed to have 30,000 people, 15,000
18 in each arm to produce the -- to prove areduced rate
19 of urinary tract infection in women. Men aren't going
20 to get it at that rate. Soit'sonly inwomen. So if

21 | do this study and it's positive, is Z-3 now

22 indicated for preventing acquisition of MBLSsin women,
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1 but not in men? 1 prevention. We do have some data there.
2 Finally would you pay for thisif it was 2 MS. BOUCHER: Y eah, no, we have some data for
3 availablefor $500 at CV'S and you're about to go to 3 surgery for example with chlorhexidine bathing and
4 someplace where you could pick up an MBL? Would you- 4 mupirocin for 5 days before open-heart surgery that
5 - would you be willing to buy it? If so, which of 5 it'sbeneficial.
6 these data sets would you require before you would put 6 MR. DUBOVSKY: Right. But my guessisthose
7 your $500 on the table? That'sit. Ed isshaking his 7 weren't alicensing phenomenon.
8 head at me. | don't know why. 8 MS. BOUCHER: Right. | don't believethat's
9 MR. OUTTERSON: Can we buy it for $50? 9 alicensed indication, but | defer --
10 MR. REX: No, because the plant that 10 MR. REX: Butismy useof -- is
11 manufacturesit, you know, | have to run that darn 11 chlorhexidine adrug? | meanisit --
12 thing and you know, and it's -- you know, these things 12 MS. BOUCHER: Yes.
13 aren't entirely freeto make. So |l guess!'ll add 13 MR. REX: -- do| have to have somebody --
14 that weinvented this case to be as clean as possible 14 MS. BOUCHER: Mupirocinisadrug. Mupirocin
15 aquestion about a community-level benefit. | mean, 15 isadrug.
16 there arelots of ways you try to get at the question, 16 MR. REX: Mupirocin, but --
17 but this one was meant to try to take away everything 17 MS. BOUCHER: So we use mupirocin.
18 but the community-level benefit. 1'm seeing stunned 18 MR. REX: But to use the chlorhexidine bath,
19 silence here. But good for you. 19 that'snot a--
20 UNIDENTIFIED SPEAKER: But doesn'titthen-- | 20 MS. BOUCHER: That's not a drug, but the
21 MR. COX: Too though, right? 21 mupirocin is, that's a prescription.
22 MR. REX: Well, so -- 22 MR. COX: Yeah, | think -- | think it is. |
Page 251 Page 253
1 MR. COX: Yeah, sowhat | was-- | wasasking 1 think it's handled by our nonprescription products

2 John about was this, doesn't it benefit the patient

3 sometoo? What do you think?

4 MR. REX: Wéll, yeah, you know, | guess and

5 what | thought about this, you know, why would | be

6 willing to buy this before | take my trip? And the

7 reason isthat I'd rather not be colonized with the

8 metallo. You know, | think my chance personally of

9 getting, you know, sick with infection in the next 6
10 months are relatively small, but if I'm -- don't have
11 ametallo, | won't have a problem with it and | won't
12 spread it to anybody else. | mean | think those are
13 the two things that seem straightforward to me about
14 it. But | think the likelihood that | personally
15 would benefit is going to be really small because my
16 chance of an infection in the next 6 monthsisreally
17 small.
18 MR. DUBOVSKY: Isthere anything to learn
19 from other decontamination things like chlorhexiding
20 or mupirocin?
21 MR. REX: So Helen's going to haveto help m
22 alittle bit on thisin terms of hospital or infection

2
3
4 handle under an NDA, but it -- it isadrug from what
5
6
7
8 And they are using approved products and they're using

group, yeah, and it's -- | don't know the division
between what's handled under monograph and what they

| recall. But | think what you're talking about are
probably studies that are done, you know, by the
academic community for at least some of these studies.

9 them, you know, perhaps as combinations or mixtures to
10 look at, you know, in various different infection
11 control measures.
12 And they'rein the published literature, but
13 they may not be done by, you know, the pharmaceutical
14 company. They may not be something that's connected
15 with the pharmaceutical company. So they may not lead
16 to supplementsthat would comein to us that would
17 lead to changesin the product label. But they could.
18

19 looking it up correctly, but | just found there'sa

MR. REX: | mean | don't -- | may not be

20 chlorhexidine oral rinse that seems to have a-- some
e21 sort of an FDA label. But | didn't find one for skin

22 prep.
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1 MR. HOPE: So John, isn't there aliterature

2 oninvasive procedures in men after they come back
3 traveling? Sothere's-- | think there's literature

4 published on prostatic biopsies for example, where --
5 that'sthefirst point | just want to make. And then

6 thesecondis| just want to say something about

7 precision of language, which | know that you're very
8 interested. And it goesright through this

9 afternoon's discussion about the distinction between

10 infection and disease.
11 And so that the -- those terms are being used
12 interchangeably where | don't think that you -- |

13
14
15
16
17
18
19
20
21

mean, so VRE infection, we're all infected with VRE in
the sense that we -- it's present, but it's not

causing disease. And that isjust -- well, maybe
semantics, but an important distinction here sorting

out because we're redlly interested in clinical

endpoints in disease rather than in infection. So --

and you know, it's the samein fungal diseases as well
because we're al infected with aspergillus right here

and now, but we don't have aspergillus disease.

Page 256
1 series of outbreaks of prostatitisin Southeast Asia.
2 And soit's possible for that sort of thing
3 tooccur. Andthelink herel -- | wastrying to come
4 up with away to do thisthat didn't require anything
5 specia to happen. | waslooking for avery --
6 something that | could imagine doing. | mean | can,
7 you know, | could see that, you know, al --
8 everything about this case was something that, you
9 know, I'm having trouble seeing that you could
10 actually do it if you really wanted to.
11 MR. HOPE: So maybe I'll just comment a
12 little bit. So | mean, if we think about, you know,
13 the surgeon who has group A strep, | mean, you know
14 it's been awhile since I've done the infection
15 control sort of stuff. But you know, maybe you have
16 three or four patients with post-operative infections
17 with group A strep and that sends you looking for the
18 source. And if you find out that they all had the

19 same surgeon or the same surgical team, then you star

20 to culture. So | think what you have thereis a, you
21 know, afairly strong epidemiologic connection

22 MR. REX: Soif | may pick up on both of 22 between, you know, an event and then an actual
Page 255 Page 257
1 those. Firgt, earlier when | used -- when | asked the 1 infection in patients.
2 question, is there some definition of microbiome that 2 So | think John's on to something when you
3 you should treat asif it were an infection, | meant 3 started to talk about, you know, how close isthe
4 it deliberately in that sense, that -- and | meant | 4 connection because as that connection starts to become
5 should -- maybe | should have said disease and it's -- 5 closer between the clinical event and the state of
6 Neisseriameningitidisin my noseis probably 6 carriage, then |, you know, then | think you'rein a

7 something | would treat as athreat to me that | would

8 like to do something about, even though at this moment

9 it'snot replicating in my CNS.
10
11
12
13
14
15 dliding scale here for some of these things that have
16
17
18
19
20
21 farming has led to carriage in shrimp of multi-drug
22

So | -- to my mind, that's -- it's not -- |
can't fed it, but it's certainly scary and | suppose
acorrelate would be you can't feel colon cancer for a
long time, and yet when you discover that you have a

polyp, you get it taken out. So | think thereisa

along period -- along runtime before they eat you
kind of aquestion. And your comment about men and
prostatitis and gram-negatives, absolutely thereisa
relationship there. Jason Gale wrote a series of

articles about how the use of antibiotics and shrimp

resistant E. coli which led to a pretty clearly linked

7 better position to understand, you know, if you ater

8 the state of carriage that you may reduce infections.

9 And you know, same thing if, you know, the -- somebody
10 comesin with a Neisseria meningitidis infection and
11 the person who intubated them has been, you know,
12 exposed to secretions and all that is a presumably a
13 highrisk.
14
15
16
17
18
19
20
21

I mean, | haven't looked back at the primary
literature there, but presumably isit sufficiently
high enough risk of infection that it's worth
prophylaxing those folks, so that -- | mean, so it
does seem, you know, what is the information that
connects the event to that -- either that at-risk
exposure state or that carriage state leading to a

clinical infection? And to the extent that you can

22 figurethat out, it certainly helps to understand, you
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1 know, what an intervention might do asfar as

2 dtering, you know, state of what may be carriage or

3 colonization and as far as actually leading to the

4 reduction of aclinical infection.

5 MR. REX: Sol can't -- I'm not going to back

6 the slides up, but you've got slide 6 in front of you.

7 Set it up so that there actually was ap lessthan

8 0.05 for our demonstration that you prevented

9 acquisition of metallo-beta-lactamase producers. Can
10 | bring you a dataset on the real version of Z-3 and
11
12
13 producing organisms while traveling to Southeast Asia?
14 MR. COX: Soit'saways hard to talk about
15 the approvability of a hypothetical NDA (ph) in the
16

get an indication for Z-3 isindicated for the
prevention of acquisition of metallo-beta-lactamase-

spot, but he's done a series of dlides. But --

17 MR. REX: Do you mean yes?

18 MR. COX: Well, it'samaybe. Would you take
19 amaybe?

20 MR. REX: Yes, okay.

21 MR. COX: So it sounds like what you're

22 telling me and I'm not entirely clear on this, but if

Page 260
1 where everybody was going. And then nobody had a
2 clinical event. Sol think you really haveto -- you
3 haveto be able to tie what's going on here to the
4 clinical event in avery sort of solid way. That's
5 the hard part. Because, you know, if you're treating
6 something, it's going to go away 2 weeks later on its
7 own anyways, and you're going to have no clinical
8 events, | think you have to start to ask the question
9 of what am | doing.
10 MR. REX: Yeah.
11 MR. COX: If you -- if the carrier state
12 persists and you have clinical events, then | think
13 you've got a connection with, you know, preventing &
14 clinical event. And thisiswhat's so difficult and
15 so challenging about, you know, these issues of
16 carriage. And so that'sjust sort of the hypothetical
17 talked about at the high sort of theoretical level to
18 make it even -- you know, which makes it even more
19 complicated that's why it's very helpful to have the
20 clinical eventsto help sort thisall out. You know,
21 how often do you culture, what's your level of
22 detection with the culture, you know, are people

Page 259
1 you actually have aclinicd trial and it sounds like
2 it'salot of patients that you actually show
3 reduction of, you know, the event of clinical urinary
4 tract infection with MBL organisms, then you might
5 have something there, so. But there's awaysthe --
6 oh, you don't have that.

7 MR. REX: No. | personally -- well --

8 MR. COX: Okay.

9 MR. REX: -- I'm asking you, yeah, thisright
10 here. Sothisisasfar asl've gotten. | haven't --

11
12
13
14
15
16
17 from -- it keeps you from coming back with an MBL that
18
19
20
21
22

I've done a 200-patient trial and | come back with
this, okay? And maybe | do a2,000-subject trial, but
basically you -- thisis all you've got and nobody --
and | don't go to the trouble of doing a 30,000-
subject trial. It's, you know, it's-- al | really

ever show in real time with thisisthat it keeps you

| can detect in your stool.

MR. COX: Right. Soagain, | mean -- you can
come up with agazillion different hypotheticals. So
| can then postulate that these people were all
cultured 3 weeks later and they all -- all their MBLs

Page 261
1 transiently positive and transiently negative?
2 | mean ther€'s just alot of questions that
3 come up and these are al -- | mean if you can get to
4 the actual clinical event and show the reduction in
5 theclinical event, then some of these difficult
6 questionsin essence are eclipsed by the benefit that
7 you've shown to the patient.
8 MR. REX: Sothat | -- you know, | put you on
9 the spot, but it's -- actually it's not a regulatory
10 issueinasense. | meanif | -- evenif it were
11 approved, would you pay for it? You know, I'm looking
12 at Kevin Outterson asour -- asapatient rep in
13 effect.
14 MR. OUTTERSON: With a preventative care
15 taskforce.

16 MR. REX: With apreventative --

17 MR. OUTTERSON: Care would be.

18 MR. REX: Right, yeah. Say that again?

19 MR. OUTTERSON: But would the prevention care

20 taskforce giveit an A or B rating and therefore --
21 MR. REX: Yeah.
22 MR. OUTTERSON: -- require, you know, U.S.
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2
3
4
5

10
11
12
13
14
15
16
17
18
19
20
21
22

Page 262
insurance policies to cover it.

MR. REX: Right.

MR. OUTTERSON: Yeah.

MR. COX: And then let'sadd in that it has
some adverse effects.

MR. REX: No. No, no.

MR. COX: So then -- you know, then the
benefit risk gets alittle complicated too so --

MR. OUTTERSON: No. That's not on the hypo.

MR. COX: Pardon?

MR. OUTTERSON: That wasn't on the --

MR. COX: But it wasn't on the slide.

MR. REX: Yeah. But you know, | made it as -

- | madeit very clean. But nothingis ever that
clean.

MR. OUTTERSON: Right.

MR. REX: You know, there would be something
that it does though occasionally and so you might feel
like you wanted to see the next level of proof, but
the next level of proof isabig study.

MR. COX: But there are -- people travel a

lot. There's no reason why, you know, 30,000 people

Page 264
1 $500. But how many people are you going to have that
2 would personally spend $500 because how many people go
3 to Southeast Asia? So | think, you know, it does come
4 down to economics and whether or not it's worthwhile
5 to even bring such a drug to the market.
6 MR. KALEKO: At therisk of violating again
7 the constraints of hypothetical scenario, wouldn't
8 this particular therapeutic be useful? It seems that
9 the greatest issue with MBLs is that they will expand
10 under selective pressure from antibiotics. So
11 wouldn't the best use of thisbeto giveit to
12 everybody who comesinto a hospital knowing that 50
13 percent of them by the time they leave the hospital
14 will have been on antibiotics. Or someday haveitin
15 -- on aformulary at your local drug store so that
16 everybody who gets an antibiotic getsit. So that
17 eventually you stop the expansion of MBLs and then
18 they will by their very nature drift away.

19 MR. COX: So that may be astudiable

20 question.

21 MR. KALEKO: Yeah. It might be.

22 MR. COX: You know, you could try and figure
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could be accrued.

MR. BLACK: So taking this comment, John,
because | meant the study that you described, you say
you want to focus on the community benefit. The
component that you haven't really addressed hereis
what then is the transmission rate of these people?
Soisitrealy just local cluster that's at-risk or
have you prevented further environmental dissemination
and then it becomes more like, you know, avaccine
herd assessment of how many people do | need to treat
to really prevent enough carriage to then have an
impact on a cluster analysis-type of study | think on
progression of disease. And that's not necessarily

captured hereif it's going to be kind of treatment as

prevention.
MS. DORR: | wasjust going to comment from
the perspective of if it wasn't paid for by my insurer

or by my company if | was traveling on business, would
| pay forit. If | was paying out of my pocket to go

to Southeast Asia, I'm probably spending $10,000 or
more dollars to go on vacation and if I'm educated and

I know thisis abad thing, | personally would spend

Page 265
1 out if the effect that you're postulating the drug has
2 can be demonstrated in aclinical trial and that isin
3 fact the effect that the drug has.
4 MR. REX: You know, | guess | wasthinking
5 thiswas -- in this caseit's going to be food-borne
6 acquisition of organismsin a healthy traveler. And
7 inanosocomial setting, hospital setting, you've got
8 other ways of acquiring pathogenswho -- so that is
9 you took the stuff by mouth and it works in your gut
10 to keep the colonization recurring seem to meto be
11 part of the storyline. But the notion of a prevention
12 -- well, but that actually islike a-- that'sa
13 standard infection prevention question, isn't it? |
14 mean, it's the -- you know, what kind of hand-washing
15 and gloves and carrying on prevents you from acquiring
16 adifficult organism.
17
18 to -- if you've gotten -- if you've already gotten an

| didn't -- you know, this oneisn't set up

19 infection due to an MBL, it's not going to help you at
20 all because this only works -- this made-up thing only

21 worksinthegut. But it'srealy we're back into a

22 very standard infection prevention question there.
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1 MR. DUBOVSKY: But John, in this case people 1 known to occur.

2 who go to hospital could be screened, know they have
3 it, they could be decolonized, right?

MR. REX: Well, | guessthat'strue. Thisis
a-- you know, in theory if it -- you know, the way
it'sinvented, if you're carrying thisin your stool
and you took some of thisin theory it would -- it
might clear you | guess and no reason why not.

MR. KALEKO: What percentage of people who

© 00 N O O »

10
11
12
13
14
15 your mouth and your dentition, you can if you've got
16 bad teeth. No question the way to get and theway | -
17
18
19
20
21
22

haveit intheir stool also have it in their
nasopharynx or someplace else?

MR. REX: | don't -- | didn't really dig deep
there, but the main place where you carry the gram-

negatives -- well, you could certainly carry themin

- the way this one was invented, unless you did a
swish and swallow, | mean, | -- you know, we're kind
of -- we're getting very inventive with it here. But
the notion here was about the reason the pay-in |
thought maybe you could make thiswork was,

acquisition is going to be oral, this got to stuff in

2 MS. DAS: | can't -- | keep thinking about

3 the synergies as an anti-malarial here and can't you

4 think about development on those terms? And you know,

5 if you are developing it, isit of greater use in the

6 countries where you have more MBLs prevalent, you

7 start to decrease the instance of MBLS?

8 MR. REX: Wéll, | mean that'swhy | had the

9 travelers go from Northern Europe to Southeast Asia
10 we've discussed at the low because | knew the rates
11
12
13
14
15
16
17
18
19
20
21
22

were higher there. Y ou know, that's the -- there was
-- it wouldn't be a point doing it from Sweden to
Norway.

MS. DAS: No, but | guess my point is that
was why you're developing an anti-malarial because,
you know, | take anti-malarialswhen | go to aforeign
country, but I'm not the person that primarily
developed for and I'm not the cost-benefit argument |
guess. So could you develop this drug actually for
use -- for greater use in the countries where you have
higher rate of MBLs and added advantage of it is that

the new travelers can useit?

Page 267

1 your gut at the time that you are exposed to organisms
2 andthey just can't stay if you've got thisin your
3 gut.
4 MR. MELNICK: But John, once you've
5 established that a carriage state is associated with
6 infection downstream, you know, and it could be this
7 trial or another, the cost benefit of using itin
8 patients who are known to be colonized becomes very

9 different. So the scenario of somebody coming into
10 the hospital, getting screened and then found to be a

11 carrier and treated, that's a different cost-benefit
12 equation.
13 MR. REX: Can't argue with that. It -- here

14 thisis-- | wastrying to create something or to

15 create a storyline that was about a question that was
16
17
18
19
20 look at your family, partners, and see if it had
21
22

asclose aspossibleto | asanindividua can get
almost no benefit from this. The benefit -- yeah,
there might be some and | -- sorry, | didn't throw in

something about transmission because you can certainly

little bit of spread locally because, you know, that's

how these things get around, right? It certainly is

Page 269

1 MR. REX: Oh, oh, oh. So the primary market

2 for thisis people who areliving in ahigh-risk area

3 andin that group you would have -- they would be at

4 risk for al the things that happen to human beingsin

5 ordinary course and that would give you potentially a

6 larger pool of things, it wouldn't be as hard to find

7 the people -- you know, finding the subjects actually

8 would be amore straight -- it would be asimpler

9 trial to do in many ways, wouldn't it?
10 MR. OUTTERSON: Y eah, but you make most of
11 your money on the travelers market.

12 MR. REX: Presumably.

13 MS. NAMBIAR: So --

14 MR. REX: Because | better get busy and
15 invent this stuff.

16 MS. NAMBIAR: Sol think if it draws a
17 similarity with malaria, | mean that's how malaria

18
19
20
21
22 theuseisrealy for -- for the vast majority will be

studies are done, right? Very often we would study it
in semi-immune population, people who live in endemic
areas. Wetry to study it also in a non-immune

population, which really would be the travelers. But
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1 people who are traveling from non-endemic areas to

2 endemic areas.

3 MR. BLACK: So just ask another hypothetical

4 around this, so let's say my Merck chemist make a nice

5 safe prodrug version of this and it becomes the best

6 therapy for treating, you know, expressing

7 pseudomonas. Would you want to continue using your

8 drug in thismanner? Because thisis an antibiotic,

9 right, and it has the same potential risks of being an
10
11
12
13
14
15
16
17
18
19
20
21
22

antibiotic and can be devel oped into amore
therapeutic version.

MR. REX: Wéll, the way that this one was
invented, it's limited to the gut. | did -- where
there'saway to giveit systemically, | -- you know,
maybe thereis. Butin order touseitasa
therapeutic, you would have to deliver it
systemically, right? And | didn't think -- well,
maybe it could.

MR. BLACK: I'mjust saying -- I'm just
commenting, it isanovel antibiotic that you've
discovered and described and if we could progress

that, would you still want to use it in thisway, is

Page 272

1 sufficient? And the analogy, one analogy could be HPV

2 which, you know, it wasn't shown to reduce cervical

3 cancers, to reduce, you know, carriage of the subtypes

4 plus pre-cancerous lesions. Could you accept a

5 smaller study with and what would you want the other

6 thing that was done by somebody else to say?

7 MR. COX: Yes. Sol mean, | think again it

8 gets back to these issues of, you know, limits of

9 detection, when are you looking, you know, have you
10 actually shown that, you know, treating will actually
11 reduce the infection? If you don't have direct
12 evidence of that, how good is the other evidence that
13 you have that you're relying on? In essence you're
14 looking at asurrogate. | mean there'sjust alot of
15 questions here that are very difficult to answer in a
16 very hypothetical way and it wouldn't, you know, if |
17 say "Yeah, yeah, sure we can do that," | haven't done
18 anyone any favors because we haven't really thought
19 through theissues. And | think, you know, one of the
20 things that this case brings up to meis that whenever
21 wetalk about idealized situations and then you move
22 into the real world, there's alot of things that pop

Page 271

1 what I'm asking? And so --

2 MR. OUTTERSON: Yesh, | feel the roomis--

3 John, you've beat them into stupor or something with

4 thetypeof it. You haveafuturein law school

5 teaching if that's -- what you're doing now doesn't

6 work out for you. So | want to press-- | want to put

7 my good friends to the right of me here on alittle

8 more pressure. So looking at this study that John is

9 recording 30,000 people and really if you want to
10
11
12
13
14
15 what John said earlier, what other evidence would it
16
17
18
19
20 with X and 1 out of 500 with Y, and X and Y are bad
21 things; you know, would just the fact that it's 100

power it for men, you know, and get things other than
UTI, you know, there might be 50 or 100, you know,
there's going to be alot of peoplein the study. The
previous side showed a much smaller study, say 200 or
2,000 people. So my question, you know, pushing back

take for you to approve it based on dide 7? And so
I'm assuming that if there was, you know, a good
study, various studies out there saying that MBL
carriage resultsin 1 out of 1,000 or 1 out of 500

22 percent efficaciousin eliminating MBL, would that be

Page 273

1 up that maybe you thought about, maybe you haven't

2 thought about, that are really important in

3 understanding the connection between, you know the

4 disease state, the intervention, and the clinical

5 outcome that you're trying to figure out.

6 So | mean you can see what we're trying to

7 get atis, isthe patient better off or not and some

8 way to readlly figurethat out. And you know, usually

9 that'sin bacterial diseases where the outcomes happen
10
11
12
13
14
15
16
17
18
19
20
21
22

in arelatively short term in most of the situations,
usually we're trying to get direct evidence of that.
You know, if thereisreally, really strong evidence
and you've shown that, you know, that reduction of a
carrier state is associated with reduction in disease
and that should happen with agent A, agent B, agent C,
and you can, you know, demonstrate that that surrogacy
isin essence, you know, valid, you know, then that
can be helpful.

But you know, that's why we're really sort of
interested in trying to see that we'rereally

impacting patients with a clinical outcome. And you

know, the discussion has been interesting here
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1 because, you know, as this case was devel oped, it went

2 towards alow-frequency event and then we also heard

3 some comments from Shampa saying, you know, isthere a
4 possibility of using thisin a scenario where, you

5 know, this event maybe something more frequent.

6
7 and we've heard several people talk about, so isthere

So again it getsto the idea of enrichment

8 another way to look at this, that's another thing to

9 think about when you're -- when you're trying to show
10 aclinical effect for adrug, isthere a population,
11 isthereacircumstance and | credit the folks that
12 have come up with thisidea of, you know, maybe
13 there's amore frequently, you know, a population in
14 which the infection will occur more frequently. So
15 enrichment is always something to think about and
16 maybe I'll just stop there, let's see.
17 MS. NAMBIAR: If | can make acomment. |
18 think we've seen the same discussions happen, not just
19 in the context of decolonizing the gut. Y ou know, you
20 can -- you know, we've seen products come through and
21 thereisinterest in seeing -- applying it in the
22 nares and having some degree of decolonization in the

Page 276

1 data, right, those -- the infection prevention teams

2 anayze the data, they come up with the best strategy

3 that we can feasibly implement in our institution.

4 And my ingtitution is different than yours and the

5 next one.

6 | think the question that's here that I'm

7 hearing is do we know with certainty even the period

8 of risk. Soif we could surmise that this product

9 decreased colonization sufficiently or madeit go
10 away, whatever we agreed upon, for 30 days, 60 days,
11 you know, what's the period of greatest risk to that
12 individual for getting infected and potentially
13 passing it around? And some of that is knowable,
14 right, because we know about the cases that have come
15 here that have been imported and we know when they
16 were, wherever they were, that where they presumably
17 acquired the organism. But then maybe some of that is
18 what needsto be known. But it -- isit enough --
19 could it be enough, that's the question back to you.
20 Could it be enough to know that? Y eah, you could only
21 decrease colonization or make it go away for 60 days

22 or 30 days. You know, isthat enough if it was

Page 275
1 nose, isthat good enough? And what is the benefit to

2 the patient and | know Helen mentioned in practice

3 mupirocin is used, but you know, prior to

4 cardiothoracic surgery. But in some of the clinical

5 studies, the treatment benefit, which isaclinically

6 meaningful benefit, | think wasn't that clear-cut in

7 those studies that were done. | mean it was acertain

8 subgroup in which you actually demonstrated a benefit.

9
10 decolonizing the gut for atravel, but it can be an

So | think thisissue goes beyond just say

11 effect on abacterium that isjust part of your flora
12 for the most part and whether or not that offers a

13 benefit to the patient.

14 MS. BOUCHER: So John's question, part of it
15 was about the benefit to the population, right? And
16 so aswe think about things like decolonization and
17 procedures that we do before big surgeries, that's for
18 the patient undergoing surgery, but it's also for

19 every other patient in that unit because we know that
20 if patient A gets a staph infection, the patient next
21 door islikely to get it from my hands, you know. So

22 those decisions that are made on less-than-perfect

Page 277
1 knowable that that was the period of greatest risk.
2 MR. REX: Wéll, | obviously don't have any
3 datato show you the -- | was keying off the idea that

4 thetime (ph) and data suggests that you could acquire

5 certain organisms when you lost them over time for
6 whatever reason. And so presumably there is some
7 period of, you know, some people go persistent and
8 othersget rid of it. And that thereisafiniterisk
9 of aninfection during the period when you are
10 colonized. And that is one going to prevent you from
11 getting an infection, it was just going to prevent you
12 from having an infection due to something that was
13 harder to treat and that was the only -- that was the
14 only value. If you have aUT], it won't be due to an
15 MBL if you're not carrying one.
16 And that -- and | did think alittle bit at
17 thetime, but | obviously didn't write it down about
18 thefact that also your spouse, your child can't have
19 that organism as well obvioudly if you didn't bring it
20 back from your travels. So this-- that'sasfar as|
21 could makeit go.
22 UNIDENTIFIED SPEAKER: Canwe --

n
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1 MR. REX: But that felt to melike that was

2 potentially an interesting benefit for acommunity as

3 awhole and if what that did over time was -- you

4 know, right now we're seeing these rates of -- and |

5 chose the MBL because certainly we've seen how ESBLs

6 crept into the rest of the world and as ever

7 reasonably that MBLs are just as pathogenic, there's

8 no obvious loss of that, so will we see atime 20

9 yearsfrom now when MBLs are meaningfully more commg
10 because they have continued to live around the world.
11 You know, maybe the WHO global action planswill slow
12 that down.
13
14 and they have lots of chances to replicate and move

But you know, the odds aren't bacteria smart

15 around the globe and so you'd think you'd begin to see
16 little bits, you know, more and more of this. And the
17 ideathat you might do something that would slow it
18 down struck me as attractive. But it just -- it

19 seemed to ask an interesting question that made me not
20 sure what the right answer was. So before -- | think

21 we're getting close to quitting time as they say.

22 1've been trying to come up with alist of strong

Page 280
1 together or isit mixed human stool and does that
2 change your strategy whether it'sasingle thing or a
3 combination of things. The third one | almost wrote
4 down biology versus not, but | ended up concluding
5 that wasn't right. | looked for it. Soit's
6 immunogenic versus not. And maybe even that's not
7 right, I don't know.
8 But things that are immunogenic seemed to
n 9 have aset of toxicology issues and possibly short --
10 maybe the product itself can be -- it gets neutralized
11 in some fashion, | don't know whether that's right or
12 not. And then the fourth oneisthe one we've just
13 now been debating, which isdirect clinical benefit
14 versusnot. And those categories seemed -- so host
15 versus non-host; combination versus single thing;
16 immunogenic versus not; and direct clinical benefit
17 versusindirect clinical benefit seem to meto be
18 boxes that might enable you to have specific
19 conversations where you try to sort stuff out about
20 how you might take a product forward.
21 So those were the thoughtsthat | had and | -
22 - and if people have stuff to add to that, this -- now

Page 279
1 factorsthat it will cut pointsif you will in terms

2 of the non-traditional, what are the things that need
3 to be debated and how would you divide it.
4 And I'm just going to read off the list I've
5 got right now and if you think of something else, let
6 me know because it feels to me like one of the real
7 valuable outcomes from today would be if we identify
8 some subset of the concept of non-traditional that we
9 can articulate is a place where a good, in-depth
10 conversation would be instructive, that would be a
11 useful output from this. And so the list that I've
12 got right now has four thingsonit. Oneisthe
13 difference between it works for the host versus
14 working at anon-host level. So that could be immun
15 but you know, broadly it works on you rather than on
16 the pathogen.
17 The second oneisthat it's a combination of
18 things versus being asingle thing. And we talked
19 about that in terms of monoclonals versus polyclonals
20 but also theidea of, you know, FMT (ph), isita
21 thing, isit asingle organism or isit something that

Page 281

1 or later or tomorrow if you think of something, |

2 would be very interested in trying to make a better

3 version of that list with the thought that that might

4 identify buckets of things that would be worth more

5 detailed debate.

6 MR. KALEKO: It might betoo late in the day

7 for me at this point, but can you clarify the

8 differencein 1 and 4 on your point list?

9 MR. REX: Wdll, my list number 1 was host
10 versus non-host, that isit'sworking. You know,
11 something that it works at the host level would be
12 activating my immune system to throw off to -- as
13 opposed to something that kills the bacteria directly.
e14 And maybe variance factors probably fall into that
15 category aswell. That's-- that would be host -- if
16 it doesn't kill the bacteria, just somehow slows it
17 down or -- and then my list number 4 was direct
18 clinical benefit versus not. And so Z-3, alot of its
5,19 benefit presumably is an indirect benefit as opposed
20 to the monoclonal prevent staph aureus pneumonia. |
21 I'm at risk for staph aureus pneumonia, | can get it -

22 you -- isit 19 organisms that you choose to pull

22 - | personally can get a benefit directly from that.
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1 And here with Z-3 maybe | can -- there's alittle bit
2 of possibility that | get a benefit, but not alot.
3 And so that was the pole | was thinking about.
4 MR. OUTTERSON: We've had alot of comments
5 up here, but is there anyone in the audience who wants
6 to step up to that microphone and boldly ask a

7 question or make a comment?

8 MS. NAMBIAR: Okay. | think | got somebody.
9 UNIDENTIFIED SPEAKER: Dr. Dan--
10 UNIDENTIFIED SPEAKER: So John -- isthat

11 working? Yeah. So John, the other areaiswhich |

12 thought you were talking about in number 4 is, that's
13 come through alot of these surrogates as well, so

14 that'sK1 (ph) that seems to be running through nearly
15 everything isaway of doing that to make it useful.

16 MR. REX: Yeah, soit's hard to hear alittle
17 bit, but you're saying that you could extend the

18 concept of direct versusindirect benefit to talk

19 about surrogates for subsequent presumably direct

20 benefit. But where you actually though -- as you well
21 hear and see --

22 UNIDENTIFIED SPEAKER: Andif you could get

Page 284
1 that the FDA iswilling to entertain stories about
2 surrogacy and about, you know, complex stories, but
3 they need to be things that are routed in actual hard
4 science, not just fanciful leaps of logic that and --
5 but you know, we were open -- you know, there's an
6 opennessto at least exploring some of these ideas of
7 apopulation-level benefit of surrogacy in both of the
8 ways that has been expressed and just opening the
9 boundary of what -- you know, John frequently talks
10 about, you know, isit going to benefit this patient
11 and we're broadening that discussion, isit benefiting
12 this patient now versus later in this patient versus
13 the population as long as the clinical evidence of
14 that or the science evidence of that is robust. But
15 that's my summary, not the FDA's summary, so I'll let
16 -- if you want to say anything to close up today?
17 MS. NAMBIAR: No, it's-- | know when we
18 started talking about this hypothetical case, we did
19 think it was going to be difficult. But honestly |
20 didn't think it would be so difficult. | think you've
21 really got the panel members and most of the audience
22 fairly perplexed and thinking and | think thisis--

Page 283
1 direct benefit as a surrogate that for alonger term -
2 -
3 MR. REX: Right. Herein Z-3, you could say
4 that the surrogate is absence of colonization with an
5 MBL for the long-term benefit of no infections due to
6 an MBL, right.
7 MR. EVANS: Y eah, my comment on that was when
8 you talk about direct clinical benefit, | think
9 there'sreally two pieces of that puzzle, when you --
10 direct clinical benefit isreally two pieces of the
11 puzzle, part number 1, for whom? And whether that's
12 the person who is being randomized and treated or
13 whether that's beyond that. And how do you interpret
14 the beyond that stuff? The second thing isthe
15 surrogacy and in some ways it's connected to the first
16 one becauseif you're going to talk about surrogacy,
17 am | talking about surrogacy for the patient in the
18 trial or am | talking about surrogacy for a population
19 leve outcome that's happening, and what level of
20 validation of that surrogacy has to happen in order
21 for, you know, feel comfortable to move forward?
22 MR. OUTTERSON: So my 30-second summary is

Page 285
1 it'saparticularly hard one to address. But having
2 said that, | think there's no harm to wrapping up the
3 day alittle sooner than we had planned. Many thanks
4 to everybody who participated today, presented
5 discussions, and we start tomorrow at 9:00 aswell. |
6 think registration is prior to that, but the first
7 session which will be the last case study for this
8 workshop will be tomorrow morning, we'll talk about
9 thelysin products, | mean other interesting
10 discussion. So thank you everybody for joining us
11 today and we'll see you all tomorrow. Thank you.
12
13
14
15
16
17
18
19
20
21
22
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