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PROCEEDI NGS

Clinical and Scientific Challenges

I ntroductory Remarks and Panel [|ntroduction

DR. NAMBI AR: So good norning, and wel cone
again to today's workshop. W are here to discuss the
current state and further devel opnent of animal nodels
of serious infections caused by Aci netobacter baumanni i
and Pseudonobnas aer ugi nosa.

"' m Surmat hi Nanbiar, and I'mfromthe Division
of Anti-Infective Products in the Center for Drug
Eval uati on Research at the FDA

So in the |ast couple of years we've seen
products conme through that target a single bacterial
species, and these bacteria are typically not very
frequently identified at any one body site of
infection. So the reason we are having this discussion
today is that we recognize that there is potenti al
clinical utility for such products, but we al so
recogni ze that there are many chal | enges and
difficulties in devel opi ng such drugs.

As | already nentioned, it's not that

i nfections due to Pseudononas aerugi hosa or
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Aci net obacter baumannii are rare or infrequent; the
i ssue here is that they occur infrequently in any one
infection type, making it very difficult to enroll in a
clinical trial. And in contrast to many other rare
human di seases, acute bacterial infections pose
addi ti onal unique chall enges. These patients are sick,
there's an urgent need to start effective therapy --
sorry. Wiy is it not showi ng up on the -- sorry, |
didn't realize it wasn't com ng up on the slides.
Sorry. Ckay, so here we go.

For people on the phone, would you m nd nuting
your phones? We're hearing a | ot of background noi se.
So people calling into the nmeeting, would you pl ease
m nd muting your phones? W do hear a | ot of
background noi se.

So we' ve been discussing this topic
internally, and again for the |ast couple of years, and
| ast sumrer we had a 2-day workshop. On the first year
of the workshop, we discussed how one can facilitate
anti bacterial drug devel opnent for patients who have an
unmet need. And the second day was really focused on

devel opi ng an anti bacterial drug that targets a single
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species, and we're hoping that today's workshop would
be a continuation of the discussion that we started
| ast year.

So on day one, it was clear that there are
significant challenges in conducting a trial to show
superiority in patients that have infections due to
mul ti drug-resistant organism W heard about the
difficulties that Achaogen experienced in conducting
their superiority trial with plazomcin

There's a clear nessage that it is very
| nportant to understand how the drug behaves, the
phar macoki netics of the drug, in the target popul ation
i n which the product is being studied.

On the second day, where we discussed drugs
that act only against a single species that is
identified infrequently, we had a | ot of discussion
about the practical difficulties in conducting such a
trial. There was discussion about potential trial
desi gns based on a hypot hetical exanple. And all the
options discussed had challenges and |limtations, and
you w || hear nore about this hypothetical case in the

presentation fromDr. Rex this norning. And there was
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al so di scussion at the workshop on potential roles for
ani ml nodels of infection in studying such drugs.

So just to recap, what are sonme of the options
for clinical devel opnent for such products that we have
di scussed? So one option certainly is to conduct a
non-inferiority trial at any one body site of
i nfection.

An exanpl e woul d be hospital -acquired
bacterial pneunpnia, ventil ator-associ ated bacteri al
pneunonia. Such a trial is potentially feasible if
you're willing to accept greater uncertainty, which
translates to a wider non-inferiority margin than we
woul d use in standard devel opnent progranms. Such a
trial will not need to limt enrollnent to patients who
have infections only due to specific resistance
phenotypes, it could be an all-conmer popul ation.

Avail ability of a rapid diagnostic test would
certainly help identify these patients but will not
change the frequency with which these infections occur.
In a non-inferiority trial, it will be very inportant
to consider the potential for confoundi ng by

concom tant therapies which are used either to treat
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ot her pathogens which are identified in polym crobial
infections, are often used enpirically in these very
sick patients.

Additionally, especially for a drug that
treats Aci netobacter, the treatnment effect for
col i stin-based conparator regimens may be difficult to
assess.

Superiority trials are easy to interpret and
assess efficacy conpared to best avail able therapy, and
such a trial will need to enroll patients with
Pseudononas or Aci netobacter, which are resistant to
avai |l abl e therapies so then one can denonstrate
superiority, but it is difficult to identify or enrol
enough patients who have infection only due to the
mul ti drug-resi stant phenotype.

Such a trial could enroll patients with one or
more body sites of infection, but it's inportant to
keep in m nd that denonstrating superiority over
exi sting therapy can be difficult, and this opportunity
is often tine-limted and dependent on avail abl e
t herapy bei ng subopti mal because once new t herapies

become available, their ability to denonstrate to

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 20
superiority becones nore difficult.

In the context of a drug that just targets
Pseudononas aerugi nosa, one other option we had
di scussed was conducting a study in patients who have a
great, higher, l|ikelihood of having infections due to
Pseudononas, such as patients with cystic fibrosis, but
it does raise the question of, how does one extrapol ate
fromthe CF popul ation to non-CF popul ati on? whet her
that raises additional concerns.

The | ast option that was considered is the
potential for approval under the Animal Rule where
efficacy data is obtained from ani mal nodel s of
infection, and this m ght be a potential option if an
informative efficacy trial in humans is not feasible.
The animal efficacy data that will be obtained, should
this approach be pursued, will certainly be
suppl enented with clinical data from patients who have
a variety of infections caused by these organismns.

So I'"lIl just give you a little bit of
background on devel opi ng a product under the Ani nmal
Rule. It's in our Code of Federal Regul ations, 314.600

to 650, and for Biologics, it's 601.90 to 95.
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Approval under the Animal Rule applies to
certain new products that have been studied for their
safety and efficacy in aneliorating or preventing
serious or |life-threatening conditions which are caused
by exposure to |lethal or permanently disabling toxic,
bi ol ogi ¢, chem cal, radiologic, or nuclear substance
when definitive human efficacy studi es cannot be
conduct ed because it would be unethical to deliberately
expose healthy volunteers to | ethal or permanently
di sabling toxic substance, and field trials have not
been feasi bl e.

When we rely on evidence of effectiveness from
animal studies, there are four criteria that need to be
met: that the pathophysiologic nechanismis reasonably
wel | understood; the effect is denonstrated in nore
t han one ani mal species expected to react with a
response predictive for humans, unless the effect is
denonstrated in a single animal species that represents
a sufficiently well-characterized ani mal nodel; the
endpoi nts used in the animl studies is clearly related
to the desired benefit in humans and is generally the

enhancenment of survival or prevention of major
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norbidity; and, lastly, the data or information on the
ki neti cs and pharmacodynam cs of the product in aninals
and humans allows us to select an effective dose in
humans.

There are sone additional requirenents for
products approved under the Animal Rule. There is a
need to do postmarket studies to provide eval uation of
the safety and benefit if and when situations arise
where the study is feasible and ethical. |If needed, we
coul d inpose restrictions to ensure safe use of the
product. And, lastly, |abeling should include
information to patients that, for ethical or
feasibility reasons, the product was approved based on
studies, efficacy studies, in aninmals alone.

So here are sone exanples of Aninmal Rule drug
approvals in the infectious di sease arena.
Levof | oxacin, ciprofloxacin, and noxifloxacin were
approved for plague under the Animal Rule. And for
i nhal ational anthrax, in addition to |evofloxacin, we
have two nonocl onal anti bodies that are approved. And
then 1"ve also listed sone exanples in the non-

i nfectious di seases space.
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So just to give you an idea of what kind of
ani mal studi es was done for |evofloxacin -- and you
will hear a | ot nore about the animal nodels for plague
in Dr. Hewitt's presentation -- this was a pl acebo-
controlled study in African green nonkeys. | nportant
to note, that |evofloxacin was already approved for
ot her indications based on clinical trial data,
including respiratory infections such as comunity-
acqui red and nosocom al pneunoni a.

So denonstration of efficacy in one species
was consi dered adequate. The AGVs were exposed to
Yersinia pestis, it was a specific strain, and they
either received intravenous |evofl oxacin or placebo
post-trigger, and the nortality in the | evofloxacin arm
was significantly |less conpared to that in the placebo
arm

So what do we hope to acconplish in today's
wor kshop. We hope that discussions at today's neeting
will help provide a better understanding of the
rel evant ani mal nodels of infection, the advantages and
shortcom ngs of the currently avail abl e approaches,

help us identify key areas for further work or
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devel opnent, and the role that animal nodels m ght play
in the devel opnent of such drugs so that we can get
t hese products to patients.

And before | conclude, | just wanted to
present a slide on the "Linited Popul ati on Pat hway for
Anti bacterial and Antifungal Drugs" because that m ght
come up during our discussion today and it's very
rel evant to products that would be devel oped using
extrenely small clinical trial datasets.

So as many of you are aware, the 21st Century
Cures Act was signed into | aw on Decenber 13th of | ast
year, and Section 3042 of the Act covers the limted
popul ati on pathway for antibacterial and antifungal
drugs. And this pathway is for drugs that are intended
to treat a serious or life-threatening infection in a
limted popul ation of patients who have unnmet need.

Labeling for products approved under this
pathway will include "Limted Population"” in a
prom nent manner and also a statenment that the drug is
indicated for use in a limted and specific popul ation
of patients. And products approved under this pathway,

there is a requirenment for pre-subm ssion of
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pronotional materials.

So we do have a fairly busy agenda for today.
In the nmorning, we wll talk about the clinical and
scientific challenges in devel opi ng sone products. W
wi || hear exanples both one from Pol yphor for an anti -
pseudononal drug, and we'll hear from Entasis
Therapeutics on an exanple of a drug that targets
Aci net obacter. We have a session on "Lessons Learned
and Considerations for Ani mal Moddel Devel opnent”
foll omed by a session on "Pathogenesis" of
Aci net obacter baumannii and Pseudonobnas aerugi nosa
i nfections.

Foll ow ng lunch, we'll talk about the
" Approaches to Ani mal Mdel Devel opment, Future
Direction, and Next Steps.” And we'll conclude with a
panel discussion. There is opportunity for the
audi ence to participate during the session, so we do
encourage you to participate. Your coments and
guestions are certainly very, very valuable to us and
hel p us fornul ate our thoughts noving forward.

So with that, 1'll take the opportunity to

thank all the panel nenbers for participating and al so
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for introductions.

Dr. Guina, maybe we'll start with you.

DR. GUI NA: Sure. Can you hear nme? M nane
is Tina Guina. |'"ma programofficer in Drug
Devel opnment Section in Ofice of Biodefense Research
Resources and Transl ati onal Research in Division of
M cr obi ol ogy and I nfectious Di seases at NI AlD.

DR. BOUCHER: Hi. |'m David Boucher. |'ma
project officer with BARDA's Division of CBRN
Count er measur es.

DR. DIEP. H . Binh Diep, fromthe University
of California, San Francisco.

DR. LAWRENZ: |'m Matt Lawenz, fromthe
Uni versity of Louisville.

DR. ANDES: David Andes, fromthe University
of W sconsin.

DR. GOLDBERG. Joanna Gol dberg, Enory
Uni versity.

DR. BONOMO:  Robert Bononp, Case Western
Reserve and Cl evel and VA Medi cal Center.

DR. MLLER  Sarmuel MIler, University of

Washi ngt on.
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DR. KNI SELY: Jane Knisely, N H NI AlD.

DR. COX: Good nmorning. Ed Cox, Director of
the Office of Antim crobial Products, CDER, FDA

DR. FARLEY: Hi. John Farley, Deputy
Director, Ofice of Antimcrobial Products, CDER, FDA

DR. REX: John Rex, Chief Medical Officer at
F2G and Chief Strategy O ficer at CARB-X, a public-
private partnership supporting antibacterial R&D

DR. WALLNOFER: Andreas Wal |l nofer, Acting Head
of Pol yphor.

DR. | SAACS: Good nmorning. |'m Robin |saacs,
Chi ef Medical Oficer of Entasis Therapeutics.

DR. HEW TT: Judy Hewitt, NI AID.

DR. MElI STER: Gabe Meister, Battelle
Bi onmedi cal Research Center.

DR. HUTT: Julie Hutt, Lovel ace Respiratory
Research Institute.

DR. NAMBI AR:  Two of our panel nenbers
unfortunately couldn't be here, so they' Il be joining
us by phone.

Dr. Li Bassi, would you like to introduce

yourself? Hello, Dr. Li Bassi, are you on the |ine?
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(No response.)

DR. NAMBIAR: All right. Dr. Boucher, are you
on the phone?

DR. BOUCHER: Good nmorning. It's Helen
Boucher, from Tufts Medical Center and Tufts University
School of Medicine.

DR. NAMBIAR: All right. So Dr. Boucher is
our first speaker for today, and will have to join us
by phone, as she couldn't be here in person.

Dr. Boucher is the Director of Infectious
Di sease Fell owship Program at the Tufts Medical Center
and Professor of Medicine at Tufts University School of
Medicine. Dr. Boucher's clinical interests include
infections in i munoconprom sed patients and Staph

aureus infections. Her recent interests focus on Staph

aureus and the devel opnment of new anti-infective
agents.

Dr. Boucher, 1'1l pull up your slides in a
m nut e.

A Clinician's Perspective
DR. BOUCHER: Thank you very nuch, Sumat hi.

And thank you for the kind invitation to be there
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today. I|I'mreally sorry not to be with you all in
person. We actually have another regul atory body, the
ACGVE, here on canpus for a visit, so | had to stay
here for these days. But I'mcertainly with you in
spirit. 1'mlooking forward to learning a |ot during
t he course of the day.

|'ve been asked to talk about a clinician's
perspective on the topics of developing studies to
study infections due to Aci netobacter and Pseudonobnas.

On the second slide are ny disclosures.

And on slide three, | thought we could just
sort of start our discussion of the day -- actually, if
you can go back to slide 3, please -- just with sort of

stating what's really well known to all of us who are
here, but this notion that we have perhaps returned to
the pre-antibiotic era. And I think observations |ike
the findings of ncr-1 and -2, with transm ssible
colistin resistance and the sort of onslaught of truly
mul ti drug-resistant Gram negative organisns in the
environment and our food chain and now unfortunately in
our patients, it's frankly scary to all of us and

sonet hing that we're contending with across the country
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and around the worl d.

As a clinician, we have | ong been sort of
forced to use the drugs that we have often with | ess
than i deal data. So, for exanple, we've had to |learn
how to use inhal ed and parenteral colistin, a |ot of
creative ways to use drugs |ike fosfonycin for ESBL and
related Gram negative infections, and tigecycline for
mul ti drug-resistant infections despite known safety
limtations. | think that's not even to nention the
various conbi nations that we find ourselves using quite
creatively in the clinic.

Anot her sort of comment to meke at the
begi nning of the day is that this discussion we're
havi ng about using and devel opi ng new drugs is part of
a bigger strategy to conmbat antimn crobial resistance.
And certainly our efforts in infection prevention
stewardship and surveillance are very, very inportant,
and efforts like the CARB initiative are hel ping us at
| east to nake sonme strides forward in this regard.

On slide 4is alist that's famliar to many
of us. And if you could just advance one nore tine,

pl ease. This is a CDC |list of pathogen threats from
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2013, and, appropriately, the organisns that we're
di scussi ng today, Acinetobacter and Pseudononas, are
listed here as serious threats, along with a | ot of
ot her organi sms of concern, including CRE, which were
listed as urgent threats.

If you turn to slide 5, just this week, the

WHO list of priority pathogens for which new
antibiotics are urgently needed was rel eased, and very
inportantly and tinely for our discussions today,
Aci net obacter and Pseudononas have risen to critical
priority, and clearly that's very nuch in line with
what we see in the clinic and what's bei ng observed
around the worl d.

Ot her pathogens that we've spent a | ot of
efforts on -- (phone line skips) -- CRE are still quite
i nportant, as are other things nore globally, such as
Canpyl obacter and Sal nonella and GC.

If we turn to the next slide, |ooking at where
we've cone in terns of (phone |line skips) devel opnent
progress, our IDSA 10 by '20 Initiative has nade sone
progress with six antibiotics approved so far in this

decade, including two that are active against G am
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negatives, but clearly gaps remain and certainly
there's nore to be done, which brings us to our
di scussi on today.

On slide 7, | thought it mght be hel pful to
tal k about a couple of actual patient cases that m ght
denonstrate the inportance of what we're undertaking.

So the first case I'll share is a 71-year-old
| ady who had | aryngeal cancer, underwent surgery,
chenot herapy, and radi ation, and that was several years
ago. She was cured of the cancer, but home on oxygen
for her breathing chronic issues and had had sone
adm ssions to the hospital for tracheobronchitis, and
had to go to rehabilitation, and came back to us from
rehab with fever, flank pain, and breathing issues.

Next slide. She basically wasn't that sick,
she had a cough, she had nasty sputum but didn't have
fever or other constitutional synptonms. Her eval uation
did not show a virus or any other cause of infection.
And ultimately her blood and sputumgrew a Gram
negative that was identified as a nultidrug-resistant
Klebsiella with nmetall o-carbapenenase.

She did quite well that time, cleared her
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bl ood cultures, and did not need to be intubated or put
back on the breathing machine. W treated her with an
i nteresting conbination of tigecycline and colistin
both inhaled and 1V, and she tolerated a transition
ultimately to m nocycli ne.

On the next slide, her case progressed, and
she cane back to us again with pneunonia |ater in the
winter, and then again in the spring, and ultimately
she presented with respiratory failure and
tracheobronchitis and urinary tract infection, again
com ng fromrehab. She did well, got a 5-day course of
| evof | oxaci n, but cultures of sputum and urine cane
back with a CRE, a Klebsiella pneunoni ae producing
car bapenenase.

Now her respiratory status got worse, she's
back in the enmergency room still sick, now febrile,
needi ng nore oxygen, and her urine grows greater than
100, 000 Kl ebsiella, and we got the call that it was a
mul ti drug-resistant organism And so really what does
t hat nmean?

On the next slide, you can see the profile

that cane back fromthe | aboratory show ng resistance
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to all of the antibiotics listed here. And,
inportantly, on the lower right-hand side, this
organi smwas resistant to our two new agents,
ceftol ozane-tazobact am and ceftazi di ne-avi bactam in
addition to our other kind of standard therapies,

(i naudi bl €) am nogl ycosi des.

So in the next slide, we discussed this with
her famly and the patient and the fact that there was
going to be predictable renal, neurol ogic, and other
toxicity if we attenpted further therapy, and she
elected to transition to hospice care and passed away.
So this was a | ady who was cured of cancer but ended up
dying of a resistant infection.

If we turn to another type of case, this is a
gentl eman, a 46-year-old gentleman, who had heart
failure along with the usual conorbidities of diabetes
and obesity, and he came to us in cardiogenic shock and
requi red placenent of a heart punp, a left ventricular
assi st device. But before this, he was a healthy, or
apparently healthy, young guy working full-tinme and was
married with two young sons.

In the next slide, you see that a few nonths
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| ater after placenent of his ventricular assist device,
he comes back to us with what started as sone | ocal
irritation at the site, but got a little worse, as you
can see in the photograph. That erythema and ki nd of
purul ent stuff was a local infection with a skin bug,
Corynebacterium Initially did okay with that, but
came back a nonth later with worsening drai nage, and
now grew a Gram negative organi sm Enterobacter
Again, we nmanaged this with | ocal care and sone oral
antibiotics initially.

In the next slide, you can see a photo of his
device. He had the HeartMate Il device, on the left.
And it's inplanted into the heart and then into a
pocket in his abdonen, just to give you a sense of the
anatomy. He sort of progressed and nmade it for 2 nore
years actually.

In the next slide, he came back to us with a
device conplication where the device itself stopped
wor ki ng, so he had to have the punp exchanged, and so
he went to the device on the right side of the slide we
just saw, and had a bit of a rocky post-operative

course, as patients do after that kind of a procedure.
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But he went hone and did well for a few nonths, but
canme back again with drainage at the driveline site
like we saw in that earlier photo, this time with Staph
aur eus, another skin organism It was MSSA, and he was
treated quite kind of by the book with enpirical
vanconycin and then his therapy was narrowed down to
cefazolin and then cephal exi n.

In the next slide, we can see that he
struggl ed and had a few (phone |ine skips) adm ssions
with infection. And his |ast adm ssion, he cane in
with pain and increased drainage, and now when we
| ooked at a CAT scan, there was actually infection
goi ng deeper into the tissue of his abdonmen. So he was
put on intravenous antibiotics, and this tine the
cultures canme back wi th Pseudononas, and, indeed, his
Pseudononas was resistant to ciprofloxacin,
am nogl ycosi des and -- oh, sorry, ciprofloxacin and
mer openem but susceptible to am nogl ycosi des.

He didn't do well despite antibiotics. And he
was not a candi date for am nogl ycosi des because of the
ventricul ar assist device. You re not |onger a

candi date if you have renal failure. And he wasn't a
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candi date for another punp exchange. And he wasn't a
candi date for a transplant because they coul dn't
control his infection. So this 46-year-old man

ultimately had to go to hospice, and he passed away as

wel | .

So if you turn to the next slide, these cases
| think -- and many others that mnmy coll eagues in the
room|'msure have seen -- show us that infections from

resi stant pathogens are serious and coul d happen to us
and our famlies. Certainly having drugs that can
target these pathogens would be useful to our patients.
And the data that we have is often |ess than what we
woul d hope. And Dr. Nanmbiar highlighted a |ot of these
issues in her earlier talk.

Certainly, we do often use data from
infections at standard body sites, like urinary tract
infections, for exanple, as the foundation from which
we build. And we have to extrapol ate, as clinicians,
to treat our patients because of the various ways in
which they present. And this allows -- we often rely
on a variety of sources of information to do this.

On slide 18, we know that clinical trials in
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t hese areas are very chall enging, and Dr. Nanbi ar
hi ghlighted a | ot of these issues. But | think there
are really only a few areas where testing narrow-
spectrumdrugs in a clinic is really tractable, and
that would be things |ike Staph aureus and skin
i nfections, gonorrhea, and things like C. diff, and
Pseudononas in cystic fibrosis, as was highlighted
earlier.

Certainly, we know that we need a path forward
for infections |ike Pseudononas and Aci net obacter, and
we're going to hear about sone candi dates that are
energi ng, which is great.

Dr. Nanbi ar highlighted the issue of
difficulty in enrolling in clinical trials because
these types of patients, especially with one
particul ate site of infection, are rare, and, frankly,
that's good froma clinical perspective, we don't want
it to be otherwise. Dr. Nanbiar also highlighted some
of the conplexities and really inadequacies in both
non-inferiority and superiority approaches in this
regard.

Di agnostic tests, and rapid diagnostic tests
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in particular, probably won't fix this probl em because
they won't create the patients. They m ght help us
identify them faster, which is good. And Dr. Rex wll
tal k next about sonme of the other chall enges and
options that we discussed in the July workshop.

On slide 19, several ideas have energed about
ways we can address this challenge. Certainly, PK/ PD
based dose sel ection and validation are very inportant.

Ani mal nodels, in particular, validated ani nal
nodel s, after the fashion of the Animal Rule, are going
to be discussed.

Val i dated external controls perhaps with open-
| abel data even with test agents m ght be useful.

And very small clinical datasets, as Dr.
Nanbi ar nenti oned, perhaps also with pooling of data
fromnultiple body sites, may be options in terns of
ways we can use clinical data.

As we think about overall devel opnment pl ans, |
t hink a couple of themes deserve sone attention. One
is using a fully validated Animal Rule in the settings
when we have no clinical efficacy data in the so-called

Tier D devel opnent that Dr. Rex will discuss. And then
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there is the option perhaps of using good ani nal
nodel s, maybe nultiple different animal nodels, some of
which will be discussed |ater today, along with limted
clinical efficacy data as a path forward.

In slide 20, froma clinical perspective,
think as we | ook at devel oping drugs when we can't have
fully powered clinical trials and when we're thinking
about using animal studies in a bigger way, clinically,
we hope that those infections will have sone reasonabl e
human correl ates and that PK/ PD can be optim zed to
understand and predict efficacy at a variety of body
sites, such as the lungs, the bloodstream and intra-
abdom nal infection, the worst clinical cases.

So in slide 21, pulling this all back together
and kind of summarizing where we are fromthe clinical
perspective on these narrow spectrum i ndications, |
think in 2017, we are forced to use drugs with limted
data in the clinic in order to address the patients
that we see. And |ooking ahead, | think the work in
July, as highlighted earlier by Dr. Nanbiar, really
showed us that additional clinical devel opnent plans,

non-inferiority or superiority studies just may not be
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f easi bl e.

When we | ook at small clinical studies, having
hi gh-quality data is very inportant. Having adequate
safety data is very inportant. That's not necessarily
the focus of today's discussion, but I wanted to make
sure we highlighted that as part of a clinical
(inaudible). And we really think that using clinical
trial networks is a way to help to enhance the quality
of the data that we do obtain. And we hope to see the
inclusion of multiple body sites and infection types in
order to help clinicians have useful data.

Next slide, please. In terns of animal
studi es, perhaps using the Animal Rule in addition to
PK/ PD studi es we believe can provide a foundation for
clinical developnent either in the scenario of the
Animal Rule with no clinical data or in the scenario of
usi ng sonme ani mal nodel s, good ani mal nodels, with sone
clinical data.

The LPAD mechanism as Dr. Nanmbi ar nentioned,
does ensure that the use of these agents will be in a
limted population with needed safeguards. W believe

that | D physician-led stewardship will help ensure that
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these patients are managed in the best way possible.

And, very inportantly, just a couple of days
ago, the WHO rai sed Aci netobacter and Pseudonobnas,
along with CRE, to the critical priority pathogens, and
so they've noved fromserious to critical in the past 3
years. So | think that further enphasizes the
i nportance of our figuring out a way forward for
studyi ng these infections.

And, finally, just to bring us right back to
the nost inportant thing, our patients. The tine to
figure this out is now, and we're very gratified to be
here today, and hopeful that we'll come up with sonme
really good options forward.

And with that, 1'll thank you very nuch for
your attention.

DR. NAMBI AR:  Thank you, Dr. Boucher. Thank
you for agreeing to participate via phone. | know you
have a busy day with other regulators onsite.

So with that, we'll nobve on to the next
session, which is to talk about the "Challenges with
Clinical Trial Design for a Drug Targeting a Single

Speci es of Bacteria.” So we have three speakers in
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this session: John Rex, from CARB-X; Andreas
Val | nofer, from Pol yphor; and Robin Isaacs, from
Entasi s Therapeuti cs.

So I'Il introduce Dr. Rex first, who is well
known to many in the field as an I D physician and drug
devel oper with 30 years of devel opnent and policy
experience focused on antim crobial drugs. Dr. Rex's
experi ence includes noving conpounds fromearly pre-
clinical devel opnment through all the devel opnment phases
in the context of various academ c and non-academ c
posi tions.

Dr. Rex, thank you.

Chal l enges with Clinical Trial Design for a
Drug Targeting a Single Species of Bacteria

DR. REX: Thank you, Dr. Nanbi ar.

And let nme rem nd everybody who is on the
phone, please be on nute. W're hearing all of your
papers rattle beautifully, which is a little difficult
on our end. Thanks.

So thanks, Dr. Nambiar, for the opportunity to
be here. M disclosures and affiliations are shown on

this slide.
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And our focus for today is narrow spectrum
drugs. Let nme just make the observation that we're not
here tal king about narrow spectrum Narrow spectrum
has sonme val ues, there are sone inportant potential
nm crobi ol ogi cal advantages to being narrow, but really
what we're saying is we need drugs for Pseudononas and
Aci net obacter. These are really hard bugs to find
drugs for. And if you narrow your focus to a single
genus, you sonetinmes have nore luck finding a new
agent .

And so |I'm aware now of several candi dates
that they really are focused on Pseudononas or
Aci net obacter, and the nol ecule | ooks interesting, it
just doesn't have other activities. So it would be
delightful if it had those other activities, it would
make it easier to develop, quite honestly, but | don't
want to wal k away from drugs that | ook |ike they m ght
actually work here because | think we need a collection
of things.

Pseudononas and Aci net obacter are sort of the
"Darth Vader" of bacteria, and we really need a bunch

of tools. And so sone of them are narrow, and we need
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to find a way to develop them So that's really kind
of the setup for today.

Wth Andreas and Robin, we're going to do a
little three-part act. W're going to give you three
sonewhat wor ked out exanples of how you m ght devel op a
drug. And the theme that you' re going to hear
repeatedly is Helen has already told you about the
unnet need, what you're going to hear fromthe three of
us is that clinical trials can only get you so far with
t hese drugs, but there are sone things you can do to
hel p yourself nove forward. And there are three key
ideas that | would like you to listen for as you go
t hrough the presentati ons today.

The first is the PK/PD thene that you' ve heard
many tinmes, is that MCs and drug exposures are pretty
strong in this area; they're a little stronger than
they are in other therapy areas. PK/PD gives you an
i ndependent proof of causality that reduces your need
for enpirical validation by clinical trials. Having
said that, though, there have been exceptions. PK/ PD
is inmperfect. And there will again be exceptions, | am

sure.
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And so ny nessage is that we should al ways
seek as nmuch clinical data as possible, but we should
be willing to I ean nore on PK/PD if required.

The second thing, idea, | want to be sure
you're aware of is a bit of mental shorthand that is
hel pful in having these conversations. This is an idea
that we introduced several years ago just as a way to
hel p break down the conversation into useful bl ocks.
And the idea goes under the rubric of the tiered nental
nmodel , which is to say that there are four broad
categories of anti-infective devel opnment prograns.

At Tier A you're in the situation where you
can do nultiple Phase 3 trials. You can generate a | ot
of standard quality clinical data.

Tier D, the other end, is the Animal Rule
situation where you can't generate any clinical data,
you can denonstrate sone safety data, but you just
can't denonstrate, at |east you hope you can't
denmonstrate, clinical data.

I n between, we have Tier B, which is where
it's possible to do a Phase 3 study, maybe once, it's

hard, but it's possible.
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And then Tier Cis the situation where you
can't even quite do the Phase 3 trial, |I should say the
standard di nensi on Phase 3 trial, a fully powered, ful
size, what you woul d expect, Phase 3 trial. And pretty
clearly, we're here where we are today is tal ki ng about
Tier Cand Tier D. It's a hel pful way to put yourself
in the right nental box.

And Tier C, | think of it as animl nodels,
plural, with clinical data. |It's the ani mal nodel data
are hel ping you validate the PK/PD rel ati onship. You
can generate sone clinical data. You're looking for it
to be consistent, but it will not be at the usual
statistical strength. And these are taken together.

Tier D, as has been said, no clinical efficacy
data possible. You can get the safety data. The
animl data are actually -- they are the controlled
trial until such tinme as you do a field trial. And
here you really want the nodels to be even nore cl ose
to being a mmc of the human di sease if you can.

So it's a continuum You do the best you can.
Drug | abeling should be suitably cautious as you go

fromA -- nore and nore cautious as you go fromA to B
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to Cto D. And the LPAD | anguage, and also there is
some parallel |anguage with EMA, that tal ks about how
you m ght describe the limted datasets, should you
have them in that fashion.

The third idea to be aware of is that
superiority is not an escape hatch for us. |I'moften
asked, "Why don't we just show that the new drug is
superior to the old drugs? Because wouldn't that be
easier? The clinical trials would be smaller. It
woul d be cleaner.” And you're right, it would be
cl eaner, it would be smaller, but paradoxically,
superiority is painful, indeed, | would say it's an
ugly path for antibiotics.

We're not treating mgraines. |nadequate
t herapy of serious infections |leads to death. W nust
never know ngly random ze to ineffective therapy.
Hence, if you want to routinely use superiority as the
way you get to new drugs, you're going to have to |let
sone things happen. One is you're going to have to |et
AMR progress such that highly resistant strains are
sufficiently conmmon that you can get themin a trial,

and then the best avail able standard of care needs to
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not really be very good. And then you would see
superiority, but that superiority would be based on
sonet hi ng ki nd of unpleasant, and this is not a
hypot hetical. Let ne show you a real life exanmple.

So Achaogen showed sonme data just before
Christmas this past year about their new product,
pl azom cin, where they were studying it for culture-
proven carbapenemresi stant Enterobacteriaceae
infections. And in this study, they random zed to the
best avail able care these days, which is a colistin-
based standard of care. That is the best avail able
therapy at the tinme they were doing the study.

And what you see in the graph is they've got
these two groups, and the plazomcin group had 11 or 12
percent nortality, and the colistin group had a 40
percent nortality, and that's really quite different.
And notice that the denom nator is small. This is a
small trial, but it actually suggests superiority of
t he plazom ci n-based t herapy.

Now, | point out, why did they see that? |If
you do the math, it means that about six people on the

standard of care arm died due to the standard of care.
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So I'mglad to have the clarity of the data on
colistin's relative |ack of efficacy and the val ue of
the plazomcin control arm but this is a steep price
to pay on a routine basis. As colistin is displaced as
standard of care, | hope that the next drug goes up
agai nst plazomcin, and it just becomes harder and
harder to ever show sonething |ike this again.

So with that as ny context, let ne tal k about
Drug X-1, which is the first of the three drug exanples
where we're going to talk about how you m ght devel op
such a drug. X-1 was a drug that was invented as a
hypot heti cal for a workshop | ast summer where we had
about 100 people, and we spent a day talking about,
"How woul d you devel op this drug?"

And we nade up the case to really sinplify the
storyline. It was an activity limted just to
Pseudononas. We made up very cl ean pharnmacol ogy, a
very clean Phase 1 program The i nmagi nary sponsor even
did an imaginary study in Phase 2 in non-CF
bronchi ectasis and showed that their proposed dose
knocked down organi sm burden in the lung. So the drug

got into the lung and it had an effect on the bacteria.
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It was not a study you can al ways do, but we made up
the sinplest possible case and said, all right, X-1
| ooks really useful. How in the world would you bring
this to registration?

So we thought about it and we said, well, we
could devise a study armif you put X-1 with ertapenem
which is a carbapenemthat |acks activity against
Pseudononas, but it hits all the Enterobacteriaceae,
it's stable to ESBLs, it's indicated for conplicated
intra-ab, it's indicated for skin, it's indicated in
the lung. So it's got all the body sites covered in
terns of getting in there.

And the PK actually has been nodel ed, was
nodel ed briefly |last year, and then Paul Anbrose's
group has nodeled it in nore detail, and we have to say
that ertapenem | ooks like it should be just fine for
ventil ator-associ ated pneunonia. There will be an
abstract on this at ASM M crobe this sumrer.

So if you put ertapenemw th X-1, you' ve
basically got a reginen, you can put it against the
standard car bapenem and anytinme you treated a

Pseudononas, the X-1 would be the conponent that was
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treating the Pseudononas, and so you woul d have a cl ear
denmonstration of that.

There is a bit of an unreserved conplexity
around the need for the frequent wish for initial dual
coverage that we need to resolve, get another debate in
this area, but the point is it |ooks |ike you can
devel op a study arm

The real issue is a mathematical one, which is
the rate of cases of Pseudononas is low. You typically
have to enroll before the culture result becones
avail able. Typical rates of Pseudononas and nosocom al
pneunoni a, intra-ab, and UTI are shown. And a
di agnostic test, inportantly, won't fix this problem
Di agnostics don't create the patients with the
infection, they only help you find them You stil
have to screen the nunber of patients required to find
the patients with these infections.

And this leads to a trial problem which is
that if you just say, "I want a standard di nension
Phase 3 study, endpoint 20 percent failure, non-
inferiority margin 10 percent, power 90 percent," you

need 672 eval uabl e cases, 336 per arm and if you back
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that up to eval uabl e equal s cul ture-proven, you need
ei ther 3,000, 6,000, or 22,000 patients in your Phase 3
trial, which is clearly |arge enough for safety, but
not feasible for actual devel opnent.

And | will observe that we have two exanpl es
recently that show that nosocom al pneunonia trials
sort of enroll between 250 to 300 patients a year. So
that 3, 000-patient study is about a decade's worth of
wor k.

So in designing options for X-1, we put sone
constraints on it. W said it's got to be comopn
sense. We can't have a BFM -- Brute Force, Massive
| gnorance -- solution. W can't presune perfect
di agnostics, instant susceptibility, instant know edge,
that only Pseudononas is present. W're not going to
have a superiority study because we're not going to
have a perfectly tinmed MDR Pseudononas aerugi nosa
out break. We've only got enough noney for about 1,000
peopl e.

And the noney question is an interesting one.
You m ght say, well, maybe we -- because a community

coul d study 20,000, but if you conmt 20,000 to
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studyi ng one drug, you can't study anything else. So
it's not just noney. The idea of studying an enornous
program it interferes with being able to do anything
el se.

Add-on therapy is unlikely to play out.
Standard of care plus X-1 was unlikely to be better
t han standard of care because standard of care could
only be done in settings of susceptible Pseudononas.
In short, we wanted to keep the mracle count |ess than
1. We would accept luck, but we wouldn't expect it.

The i magi nary sponsor invented an imaginary
screeni ng devi ce based on having found a nonocl onal
anti body in the Sigma Catal og to pyocyanin. And we
t hought maybe you could create a little lateral flow
device that would get you up slightly in ternms of your
culture-positive rate. W have (inaudible) you can get
up to 25 percent and 16.5 percent. It wasn't a clear
test, but we thought, well, maybe you could do
sonething like that to increase the rate of
Pseudononas.

So putting it together, and listening to

Hel en, Helen said, "I would like to see data in a
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variety of body sites."” You know, sort of we thought
we would spread it out a little bit. So what we cane

up with was this design on this slide as sort of our
base case: two trials that would generate data in
three indications, and the hope was that if all three

i ndi cations sort of denonstrated the sanme direction in
ternms of response, you would be convinced by putting it
t oget her.

So there was an RCT with separate sub-arns for
nosocom al pneunonia and conplicated intra-ab. And we
tortured the data to create two subsets that were two
tiny non-inferiority studies with absolutely the w dest
mar gi ns we coul d possibly justify based on any data we
could find in the literature, 30 percent for nosocom al
pneunoni a and 25 percent for conplicated intra-ab, and,
yes, those are enornous margins. And we random zed
2:1, and there's the size there, 915 subjects. It just
barely fits. But renmenber, if all of it lined up, you
woul d have nultiple bits of data pointing in the same
direction.

We al so said we woul d do an open-I| abel study

in patients with [imted treatnment options where we
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just play "Go Fish," bring us your nost difficult case
and col | ect sone dat a.

Is it feasible? Well, maybe. Hitting these
numbers woul d be hard. [It's just at the bounds of
feasibility.

Is it credible? Maybe. You know, this really
does -- we really have pushed the design limts very
har d.

The di scussion at the workshop was hel pful
because we had 100 people in the room and people were
very engaged, and as we debated it, what we concl uded
was we hadn't overl ooked sone trick. There wasn't sone
clever thing that we could do instead of this. W were
stuck. And they are going to be |imted.

We also talked a little bit about what
happened when we couldn't even squeak out these very,
very difficult N designs. And, again, no clever ideas
cane up at that tine.

So, in short, our basic conclusion was there
wasn't a trick, we weren't overl ooking things.
Sonetines clinical data would be very limted, and the

tradeoffs were going to be required. And, by the way,
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this has been witten up, and there's a paper that |
think is just about to be able to say it's in press at
JI D that describes these ideas.

So this is nmy last slide, which is to say that
narrow spectrumdrugs, it isn't just that it's narrow,
it's just that for Pseudononas and Aci net obacter, these
are often going to be narrow, and if you want these
drugs, we have to facilitate these pathways.

" ve given you an exanple that we cooked up
| ast sumrer as a possible way. You're about to hear
two nore exanples. And I'll just say again that al
three of the exanples you' re going to hear have clear
l[imtations, but if you want to see any progress here,
we're going to have to accept these tradeoffs. And ny
| ast comrent is that |ack of action would be action
t hat has consequences.

So thank you very nuch.

DR. NAMBI AR: Thank you, Dr. Rex.

So our next speaker in this session is Dr.
Wal | nofer, and he will discuss with us their experience
i n devel opi ng POL7080. Dr. Wallnofer is a clinical

phar macol ogi st with additional expertise in
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phar maceuti cal nedi ci ne and busi ness managenent.

Dr. Wall nofer spent nore than 20 years at
Hof f man- La Roche, where he was a nenber of the R&D
Leadership Team and Head of Clinical Research and
Expl oratory Devel opment. And in his current role, he
is at Pol yphor as Interim Head of Devel opnent since
2016.

Thank you, Dr. Wallnofer.

DR. WALLNOFER: Thank you for the
introduction. And let ne first thank the organizers
for the kind invitation to this workshop.

So ny talk is on behalf of Polyphor. Polyphor
is a Sw ss biotech conpany that has devel oped a novel
class antibiotic agai nst Pseudononas aerugi nosa. And
nosocom al pneunonia is the |eading cause of death of
nosocom al infections in the U S., and Pseudononas is,
as we just discussed, one of the npbst frequent
pat hogens in infections with Pseudononas, have adverse
outcome, and particularly patients that are infected
with MDR strains, they have increased risk of
nmortality. So we really think it's inportant to

devel op such new nedicines for patients' needs and to
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the community in tinmes of increased resistance
devel opnent .

So I"macting as the Head of Clinical
Devel opnment at Pol yphor, and I'm consulting with the
conpany on this program and on ot hers.

The nol ecule that we are tal ki ng about is
mur epavadi n, which is a first (inaudible) of novel
class antibiotics that target specifically proteins at
the outer nmenbrane of Gram negative pathogens. This
speci fic mechani sm of action allows to target specific
pat hogens and nmakes the nechani sm of action specific to
targeted therapies.

The nolecule is highly effective agai nst
Pseudononas, including resistant strains. |It's a
cycl opeptide, as you can see in the right corner there.
It has very favorabl e pharmacokinetics, distributes
well to the lung. Distributionis simlar to the free
pl asma fraction. And it has a half-life elimnation
kinetics of 6 to 8 hours at an acceptable safety
profile.

Now, the drug has been, of course, extensively

studied preclinically. As you can see here, this slide
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reflects the pathogen's specificity of the conpound
with high potency against the different Pseudonpbnas
speci nmen.

Strains fromall geographies of the world have
been assessed. And as is shown here, nurepavadin is
active agai nst Pseudononas for non-resistant and
resistant strains. It's a simlar conparison. And
that's al so shown here. And the drug was investigated
in a neutropeni c nmouse nodel, that you see that the
drug was efficacious even in nodels where pol ymyxi n was
hardly active. There are further data that show that
mur epavadi n can overcone colistin resistance that
i ndi cates the inportance of this novel antibiotic.

The drug is elimnated, cleared, renally, and,
hence, we adjust the dosing according to renal
function. There is a very substantial PK/ PD effort
done for the devel opnent of this program and all this
nodel i ng, integrating the clinical and preclinical
data, we have indicate that at the proposed dosing
regi mnen, we would cover 400 percent at the M C of 0.25
and up to 80 to 90 percent at 0.5.

So this is just a quick screen of the profile
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of the nolecule, and should actually illustrate that
you really have here a very potent anti-pseudononal
agent that is active also against resistant strains.

Mur epavadi n has the potential to beconme a precision
nmedicine. It is suited for guided therapy and
stewardship as a tailored nedicine for patients at risk
of MDR i nfection.

And we al so feel for the data that we have
that the drug has a limted risk of resistance
devel opnent of cross-resistance with other commonly
used antibiotics. And obviously given the mechani sm of
action, it doesn't put pressure on the m crobionme, and
therefore has a | ower risk of secondary infections.

The drug has been already studied in clinical
studi es. Eight studies have been conducted. There was
one study in the target population that was a small
study focused on PK and safety. Nevertheless, sone
early exploratory efficacy data were collected there.
There was a low nortality, and that case was actually
reinfection after discontinuation of the therapy.

There were several cases of MDRs in that trial. And

all of these cases resolved. Obviously, you cannot say
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too much fromsuch a small trial, and nany of the
reports are rather anecdotal. And the true question
is, of course, how can we study this systematically to
really prove the efficacy and the benefit-risk of this
medi cati on?

Here are sone comments about the chall enges
now from a conpany perspective. | nean, it's in a way
reiterati ng what has been said before by Professor
Boucher and John Rex and Sumathi in the introduction.

It is difficult to apply traditional drug devel opment
or clinical trial as scheduled to such a drug.
Superiority trials are al nost inpossible.

And the conduct of the trials is limted, of
course, by the availability of the patients, by the
| ogistics to include these patients within a short tine
wi ndow and get informed consent fromthe relatives, as
wel |l as by co-nedication that may affect the scientific
eval uati on and concl usi veness of these trials. So many
factors have to be managed in order to get to a valid
scientific experinent.

We have done sonme initial feasibility

eval uations of the protocol under consideration, and
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they go into the direction that they probably would
need 10 centers to recruit one patient per nonth. So
it is challenging.

The ot her chall enge that we have faced is that
the different regulatory agencies in the U S. and
Europe, they put enphasis on different aspects. So the
gui dance fromthe European partners was nore about
denmonstrating efficacy in the resistant strains,
whereas the FDA gave us a very clear nessage that
actually what really would help the eval uation of the
drug is to denonstrate efficacy agai nst Pseudononas as
nmonot herapy. Obviously, both points are valid, and
they would form together a conprehensive picture of the
val ue and effectiveness of the drug.

Now, on the very good side is that we have
really -- and | nust really also thank the FDA
col | eagues for the very constructive di scussions that
we have because everybody tries to get their head
around, how can we do this in a correct, scientifically
correct, nedically correct, way? And we reached
conclusions with European and FDA regul at ors about how

we could do this.

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 64

So basically the conclusion from several
di scussions we had with the agency was that we really
woul d actually go down the avenue of this X-1 trial
that John was alluding to. So basically murepavadin
woul d be conmbined with ertapenemin the study arm and
conpared to nmeropenem as an active. It would be a non-
inferiority trial in the m TT populations and only in
the patients that really have confirmed Pseudononas.
There needs to be a diagnostic test in the trial to
identify these patients up front.

And the issue that John raised about the need
for enpiric dual coverage would be managed by all owi ng
am kacin in both arms up to 72 hours with the caveat
that the decision needs to be nade before
random zati on

So taking all of this together, | think it is
chal | engi ng, but we concluded with this joint effort of
the different parties -- clinicians, regulators, and us
-- that it is challenging, but it can be done.

One open question was about the utility of
ertapenemto be the joint partner for nurepavadin.

Cbvi ously, ertapenemis not active agai nst Pseudonpnas.
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That's why it makes it the right setup in this study
design. It doesn't work against Acinetobacter. It
happens, of course, fortunately, only in very few
patients. The issue was, do we have enough coverage
agai nst Ent erobacteri aceae?

And in collaboration wth Paul Anbrose's
groups, we nodel ed pl anned dosing regi men and canme to
the conclusion that it would be okay and suitable and
medi cal justifiable to conmbine our drug with ertapenem
So that design would lead to conceptually to conpare
the efficacy of our nedicine, nurepavadin, as a
nonot her apy agai nst Pseudonpbnas protected by ertapenem
agai nst ot her possibl e pathogens.

The study would run primarily at what we cal
a usual drug resistance center. These are centers
whi ch do not have high incidence of MDR for the sinple
reasons because actually if you end up with too many
patients in double coverage, the interpretation would
be difficult. So we would go primarily to those sites.

And obvi ously fromthat perspective, we wll
have only very few patients that are truly MDR or XDR

They nust be studied in another way, which we are
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di scussing with the European col |l eagues. And we think
that we are close to cracking the problem W don't
underestimate, we really don't underestimate, the
| ogi stic challenges to run such a study, but we feel
that this is one of the npst encouragi ng parts of the
story, that the joint efforts of industry, clinicians,
and regul ators, that we can address this problem and
devel op this novel antibiotic that may be inportant for
pati ents and physi ci ans.

So thanks for your attention. And | think
we'll discuss |ater about it. And sorry for ny voice.

DR. NAMBI AR: Great. Thank you, Dr.
Wal | nofer, for sharing your experience with trying to
devel op this conpound.

So our third speaker in this session is Dr.
Robi n | saacs, from Entasis Therapeutics. Dr. |saacs
wi || be discussing their experience with devel oping a
drug that targets Aci netobacter, Sul bactam ETX2514.

Dr. lsaacs has extensive experience as a
phar maceuti cal executive in the devel opnent and | aunch
of vaccine and infectious disease products. During the

18 years he spent at Merck, Dr. |Isaacs was involved
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with the worl dw de devel opnent, regul atory subm ssi ons,
and approval of many anti-infective products, including
vacci ne products.

Thank you, Dr. I|saacs.

DR. | SAACS: Thank you. And thank you very
much to the organizers of the nmeeting for inviting us
to present. Entasis is a relatively new biotech
conmpany that was fornmed in 2015, and our |ead product
i s Sul bactam ETX2514 for the treatnent of
Aci net obact er.

Before | proceed any further, | just wanted to
put in one disclainer, that the thoughts that are
presented in the follow ng slides represent the
t houghts of Entasis, and represent the evolution of our
t hought s and how we nmay devel op Sul bactam ETX2514 f or
t he treatment of Acinetobacter.

As Dr. Boucher has al ready pointed out,

Aci net obacter baumannii is a significant unnet nedical
need, and that's reflected in the new WHO update to the
|ist of pathogens. |It's one of the six ESKAPE

pat hogens. There are approximtely 60- to 100, 000

infections in the U S., and approximtely 130, 000
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infections in the EUS5 per year based on Deci sion
Resources data. And commonly, Acinetobacter infects
t he bl oodstream |lung, urinary tract, and skin.

There is a significant difference between
Aci net obacter and Pseudonpbnas on two parts. One is the
extraordinarily high level of nortality associated with
Aci netobacter in critically ill patients. |In treated
patients, currently the nortality rate is approximtely
40 percent, and in untreated patients, it's
approxi mtely 80 percent.

The second is that approximately 60 percent of
t he Aci netobacter isolates in the US. -- and in sone
countries in the world, greater than 90 percent of the
isolates -- are nmultidrug-resistant. So the issue with
Aci netobacter is it's a relatively limted pathogen in
terms of nunber of cases, but the majority of the cases
represent nultidrug-resistant cases.

And the data that |'m showi ng here on the
bottomis just to give you sone notion on a worldw de
basis of im penem as an exanple of a broad-spectrum
hi ghly effective beta-lactam and resi stance anongst

Aci net obacter where you can see that on a worl dw de
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basi s, approxinmately 64 percent of strains are
resistant.

Sul bact am ETX2514 is in clinical devel opnent
as a pat hogen-specific drug to treat Acinetobacter
baumannii. As Dr. Rex pointed out, it's difficult to
get broad-spectrum agents which cover everything you
want themto cover, and Aci netobacter and Pseudononas
are agents of infection which have proved particularly
difficult to cover with broad-spectrum drugs.

Sul bactamwi || be famliar to many in the
audience. |It's a beta-lactamthat's widely used as a
bet a-| act amase inhibitor in the conbinati on product
Unasyn. But as a beta-lactam it also has intrinsic
activity, and one of its nost remarkabl e features of
its intrinsic activity is activity against
Aci net obact er baumanni i .

ETX2514 is a novel non-beta-lactam beta-
| actamase inhibitor, and its unique feature relative to
ot her avail abl e beta-lactamase inhibitors is its broad
coverage of Class D beta-lactamases in conjunction with
very broad coverage against Class A and C. And data

from | ooking at panels of contenporary Aci netobacter
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strains indicate that if you're going to resurrect a
bet a-| act am agai nst Aci net obacter, by covering beta-
| act amases, you need to be able to cover Class D as
well as Class A and C

So, for exanple, in a large panel that we
publ i shed | ast year, alnost all of the Aci netobacter
had Cl ass D expression, but only 12 percent of those
expressed only Class D beta-|actamses. The other 88
percent expressed Class D along with either A and/or C,
and in nost cases, nore than one exanple of each of the
bet a-1 act amases in each class at the sane tine,.

ETX2514 is very potent in vitro and in vivo
and restores the activity of Sul bactam agai nst
contenporary nul tidrug-resistant Aci netobacter.
Sul bact am al one in our panels had an M C90 of 64. \When
you add ETX2514 at 4 ncg/m in the wells, the M C90
cane to 4 ng/L, and that is the breakpoint for
Aci net obacter in the Unasyn conbination. And greater
than 99 percent of over 1,000 isolates from 2014 had an
M C |l ess than or equal to 4 ng/L.

So the preclinical profile is very strongly

suggestive of efficacy. The question is, how are we
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going to get it to nmarket and prove that in a way that
satisfies the requirenments of the regulatory
envi ronment ?

So what are the challenges? The chall enges
are that you have to be able to identify patients with
Aci net obacter baumannii infection. They represent
approxi mtely 2 percent of hospitalized Gram negative
infections on a worldwi de basis in the U S. and the
Eur opean countries. The patients are sick. They're
usually hospitalized. They generally have conprom sed
health. They're often in intensive care units. They
generally receive broad-spectrum coverage. And
patients may have renal inmpairnent, |eading to the need
to be able to have renal dosage estimate early in
clinical devel opnment.

About half the patients will have pul nonary
infections either with or w thout bl oodstream
infection. And when we | ook at this, what you're
basically |looking at is a very sick group of patients
in intensive care settings where, as has been pointed
out this nmorning, it's difficult to run clinical

st udi es.
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So how do we translate this into a devel opnent

progran? Clearly, identification of patients with

Aci net obacter baumannii infections is inportant. How
do we enrich for that? Well, in the case of
Aci net obacter baumannii, 1'll rem nd you what | pointed

out earlier, multidrug resistance is actually the norm
rather than the rarity.

The target of a new therapy is to neet the
unmet nedical need, in this case, nultidrug-resistant
pat hogens. And al t hough Aci net obact er baumanni i
infections are relatively uncomon, nultidrug
resi stance is very common. And so if we can use
routine mcrobiology to identify Acinetobacter
baumannii within 48 hours, we can enrich for nultidrug
resi stance by allowing up to 48 hours of prior therapy
to enroll patients in the studies.

Enrol Il ment can be done prior to know edge of
the resistance pattern of the Acinetobacter because
approxi mtely 60 percent on average of what you enrol
will be multidrug resistant.

To reinforce points that may have been nmade

previously al so, rapid bedside diagnostic would help
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enrichnent, but it's not going to help increase the
i nci dence of disease actually in the community. So
it's really a way to try and enrich for popul ati ons
while mnimzing prior antimcrobial therapy. It would
be hel pful, but isn't essential. There are a nunber of
conmpani es, as you all know, that are working in the
rapi d di agnostic space, and we continue to nmonitor this
as a potential way to assist in the clinical
devel opment program

The other elenent of identification, a key
el ement of identification, is where to find the
patients. And there are sone hot spots for
Aci netobacter in the world. 1In the US. and the EU,
it's in intensive care units, where they account for
sonewhere between 5 to 10 percent of ventilator- and
hospi t al -acqui red pneunoni as.

But on a nmuch nore broader geography basis,
and as this slide shows, which is taken froma review
by Chung et al., you can see that in countries such as
Thai | and and Tai wan and ot her countries in Asia, that
actually Aci netobacter is either the nunber one or the

number two pat hogen in hospital-acquired and
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ventil ator-acquired pneunoni as.

So geographic siting of the clinical studies
beconmes a very inportant factor in identifying patients
wi t h Aci net obacter.

The last point | wanted to nmake before | sort
of get to the general plan that we think is achievable
and workable is to discuss the fact and to reinforce
the fact that we're enrolling patients who are sick
with significant co-norbidities. It's inportant to
under stand pul nonary penetration, because pneunonia is
such a common feature, and renal dosage estimte early
in the devel opnent strategy so that when you start
Phase 3, you can enroll all of these sick patients
wi t hout having to restrict enroll ment because you don't
have a renal dosage estimate, for exanple.

There needs to be substantial and substantive
preclinical efficacy data prior to the clinical studies
to establish PK targets |likely predictive of efficacy
and to establish clinical dose using robust nodeling of
Phase 1 pharmacokinetic and preclinical pharmcodynam c
targets. This is to reinforce points that have already

been nade by each of the speakers this norning.
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Wi |l e establishing Phase 3 readiness, it's
inportant, | believe, to generate a |imted anount of
safety data in relatively healthy patients so that you
have a baseline to review safety data in the nuch
si cker popul ation that you will see in the Phase 3
program

So then how do we establish efficacy? And I'm
just going to walk through this slide because it really
is a sequenced di scussion of what the Phase 3 program
woul d 1 ook like. In taking advantage of preexisting
gui dance and the unnmet nedical need, an event-driven
study based on nultidrug-resistant pathogens, enrolling
patients with proven Aci netobacter baumannii
i nfections, and focusing on common infections, that is,
| ung and/ or bl oodstream and a non-inferiority
conpari son agai nst a standard of care reginen, and
utilizing a hard endpoi nt such as 28-day nortality,
woul d require, if you make reasonabl e assunptions as to
how many patients you can enroll and are prepared to
take a certain level of statistical risk, about 200
patients in a 1:1 random zation, so 100 patients in

each arm to provide approximately 118 to 120 patients
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with nultidrug-resistant infections.

This study would be set up as an event-driven
study. And what do | mean by that? You would enrol
all-conmers with Aci netobacter, but the primary efficacy
endpoi nt woul d be anal yzed based on nul tidrug-resistant
i solates, so essentially you would be counting the
nunmber of patients with nmultidrug-resistant isolates,
and you would trigger the final endpoint anal ysis when
sufficient had been enrolled.

The study woul d have 80 percent power. It
woul d assune a mld degree of superiority of 40 percent
nortality in the conparator group, simlar to what
Achaogen showed, and that data was shown earlier by Dr.
Rex, and a small advantage of 35 percent nortality in
t he experimental group.

The other key thing that | feel is -- and this
goes to a point that Dr. Boucher nmade -- you need to
get data which really hel ps physicians understand how
the drug works, and although the primary efficacy
endpoi nt would focus on |ung and/ or bl oodstream
infections, patients who aren't eligible for that

conparative arm so patients with other infection
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sites, could be enrolled into an open-1|abel arm where
they all get therapy with Sul bactam ETX2514, and t hat
data woul d then becone supportive and woul d provide
efficacy and safety data in a popul ati on beyond the
primary efficacy popul ation.

So then what m ght an NDA package | ook |ike
bui It around that single Phase 3 study of approximtely
200 patients in a conparative arn? And what other
supportive data could be generated fromthe subjects
who aren't enrollable in that conparative arnf
Clearly, a strong m crobi ol ogy package; strong evidence
of in vivo efficacy in relevant animal nodels; and
robust denonstration of PK/ PD paraneters based on in
vitro hollow fiber and in vivo ani mal nodel s.

We don't have the ability really to dose range
in a conventional manner with this kind of study
popul ati on, so the dose for Phase 2 and Phase 3 woul d
need to be based on high probability of target
attai nment using robust nodeling of preclinical and
clinical data, simlar to the approach that was
menti oned a few m nutes ago.

The safety database, assum ng that the drug is
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generally well tolerated, of approxinmately 300 to 400
patients consistent with published FDA gui dance
docunents and denonstration of efficacy conpared to
standard of care in a Phase 3 non-inferiority study
with a step-down to superiority once non-inferiority
has been proven.

Finally, you clearly need to be able to
justify the non-inferiority margin based on
conpr ehensi ve review of the available data. And as has
been pointed out by Dr. Rex and others, that's
chal l enging, but there is actually quite a | ot of data
out there that one can work through to establish a non-
inferiority margin.

The | ast point that | want to | eave you with
is that this is not easy, it's conplicated, but we do
believe that as you focus down and drill down to the
ki nd of 200-patient study size, this is sonething which
is achievable over an 18- to 24-nonth time period.

It's inmportant to focus on a relatively short tine
peri od because if the study needs to run too |long, then
you start to end up in the situation of changing

resi stance patterns, changi ng background therapy, and
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an increased reluctance to enroll subjects in the
study. So it's inportant to get a study size which is
enrol lable in a feasible amount of time, and we believe
that that's possible with the kind of approach that we
have suggested here.

Thank you so nmuch for your tine.

DR. NAMBI AR: Thank you, Dr. I|saacs.

What we would do is take 5 mnutes to see if
there are any clarifying questions that people have to
ask of the presenters before we nove to the next
session. | think we're running just on tinme, so if
there aren't any mgjor concerns or questions that need
to be addressed right away, we can do that in the
af t ernoon sessi on.

(No response.)

Lessons Learned and Considerations for Aninmal
Model Devel opnent

DR. NAMBIAR: All right. So seeing none, we
can go into our next topic, which is on "Lessons
Lear ned and Consi derations for Ani mal Model
Devel opnment." We have four speakers in this session.

Qur first speaker is Dr. Judith Hewtt, who is
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the Chief of the Research Resources Section in the
O fice of Biodefense Research Resources and Transl ation
Research in the Division of Mcrobiology and I nfectious
Di seases at NI Al D.

Dr. Hewitt's group is responsible for several
di vi si on-wi de resources that provide research agents,
ani ml nodel s, and screening services to facilitate the
devel opnment of vaccines and therapeutics or diagnostics
for infectious disease other than AlDS.

Dr. Hewitt.

Lessons Learned from the Devel opnent of Ani mal
Model s of Inhal ati onal Ant hrax, Pneunonic Pl ague, and
Tul arem a

DR. HEW TT: Thank you. | amgoing to tell
you today about an ani mal nodel of pneunonic plague. |
want to tell you first of all that this is one of the
| owest hanging fruits in ternms of things that have been
acconpl i shed under the Animal Rule and hopefully wll
convince you that even though it was | ow hanging fruit,
it was still not sinple or fast.

Here is my disclainmer. Very boring Federal

enpl oyee.
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So I"'mgoing to give you the bottomIline up
front about what we were able to acconplish this.
will later get into sone individual animal data. Then
"Il do some study-to-study conparisons to convince you
of reproducibility of the nodel and how we conpared
this ani mal nodel to human di sease, and with sone
recomrendati ons, |essons |earned.

This African green nonkey nodel of pneunonic
plague is rapidly fatal. So |I have two
fl uor oqui nol ones plotted here on this sanme graph. And
so the control groups die quickly, in a matter of 3 to
5 days, where the treated animals -- and the treatnent
is indicated by the bar across the top -- is very
effective. There was one animal in each of these
studi es that died, one due to a catheter failure, so it
was not adequately dosed, the other one was sacrificed
because it had non-plague-rel ated conplications.

This tineline slide gives you a sense of both
the time that it took to conduct the studies as well as
get through the regulatory process with the Ani mal
Rul e.

So early on -- and | want to draw your
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attention to the scale of this tineline starting in
2002 and ending in 2016. So right after the anthrax
letters, an NI H FDA wor ki ng group got together, decided
on a nunber of already approved antibiotics that could
be tested in a nodel. The blue boxes are about the
funding stream N AID then opened up pre-IND file wth
FDA in 2003 and began the work.

So the first thing we did was all the yell ow
boxes along the bottom of this tineline show the actual
animal study work. The first thing we did was a
natural history study where we | ooked at the disease in
these African green nonkeys. W did a nunber of PK
studies for the various drugs that we tested. And the
ci profl oxacin efficacy study was conducted around 2005.

We then did a nunber of additional natural
hi story studies in the 2007 to '08 timeframe because we
wanted to be able to test additional drugs at different
sites. The levofloxacin efficacy study was conduct ed
in 2009.

Qur initial guidance from FDA was that it was
easiest to work with a drug sponsor. W had been

wor ki ng with Johnson & Johnson on | evofl oxacin al
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al ong. That drug was still under patent at that tine,
and so we went with themto their pre-sNDA neeting
where FDA communi cated their desires for what should be
included in the sNDA package. One of those things was
an additional PK study. |'mgoing to come back to
enphasis on PK later. So that's the |ast of the
| evofl oxacin PK studies there. Really, it was a
bridgi ng study that addressed sone concerns |acking in
the earlier studies.

So during these discussions then FDA canme up
with a pathway for NTAID to submt generic drugs. So
we qui ckly put together the ciprofl oxacin package in a
pre-I ND, and both of these packages were submtted to
FDA around the sanme tine, went to advisory commttee
thereafter, and the | evofl oxacin sNDA was approved
within a nonth then. The cipro sNDA was approved
somewhat |ater due to the actual NDA hol der, which was
not NI AID, putting together their package and updating
their |abel.

The other thing I want to point out here is |
al so indicated noxifloxacin here as well. That

efficacy study was done in 2013, and that approval cane
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in 2015. So clearly, with all of the discussions that
we had on this animl nodel, we laid the pathway for
subsequent drugs to have a qui cker route to approval.

So what did the sNDA subm ssion | ook Iike?
400 nmegabytes and 250 files may not be very large in
typi cal drug devel opnent, but this is an Animal Rule
subm ssion, and there is really no clinical trial data
in here. As Sumathi nentioned earlier, these are
approved drugs with a ot of clinical use. W didn't
have to do any new safety data. So 79 percent of the
subm ssion went into Module 4. We have 18 reports that
are listed here along with references, datasets, case
report forns.

Then the inportant thing that we al so
submtted was a white paper into the clinical nodule,
and this is where we described clinical disease and
conpared clinical disease to aninmal disease, and |']|
conme back to that.

So this is a summary of the four natural
hi story studies that we did in the African green nonkey
nodel . The other thing that | need to point out is

that we struck gold with this very first nodel. W
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didn't need to pursue a nunber of different ani mal
nodel s. So what you can see here are the chall enge
doses that we gave all of these aninmals and the nmean
time to death and nortality across these studies. In
this slide, I want to point that in the very first
study we had two animals that survived the chall enge,
but as you can see in the last colum, those two
animal s were neither bacteremc nor febrile. So what
we were able to establish here is a very good
correl ation between bacterem a and fever as signs of
di sease and correlating very well with nortality.

So here are some individual aninmal data from
that first natural history study. W nonitored
bacterem a daily. W were |[imted in terns of the
number of bl ood draws that we can take fromthese
animals. So all of the animals that got sick were
bacterem c by 72 hours, and you can see the two
surviving animls that survived got |ower chall enge
doses and were never bacterem c during the course of
t hi s study.

These aninmals also had telenmetry inplants, so

we were able to nonitor a nunber of physiol ogical
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paranmeters in real time. So in this slide, |I'm show ng
you body tenperature for two animals. The red upper
line is one of the animals that succunbed to disease,
and the blue lower |line was one of the survivors that
got the |l ower chall enge dose. And we al so have
baseline data in addition to the data I'm showi ng you
here, which is just post-challenge.

And you can see a nice diurnal pattern in
tenperature early after challenge, and that's disrupted
around 72 hours, which is the typical tinme that we see
fever in animals that get sick. There is some noise in
tenperature here with a survivor, but that aninal
returns to a typical diurnal pattern and survives.

This next slide shows you heart rate in those
sane two animals. And what you can see here is there
is not quite the distinction between the survivor and
t he non-survivor as there was in the tenperature data.

We al so neasured respiratory rate in this
study visually. And what you can see here is that the
two animals that survived had a nornmal respiratory rate
t hr oughout the study. But beginning sonetinme after 72

hours, really nmore in the 96-hour tinefrane, the
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animls that died of pneunonic plague had rapid and
dramatic increases in respiratory rate. Each of the
ani ml s was anestheti zed when they were show ng signs
of clinical disease, around 80 or 83 hours. And so we
were able to take a chest radi ograph at that tine.

So this is the series fromone of the aninmals.
So zero hour was at the time of challenge. An
i ndependent bl inded radiol ogi st reviewed these
radi ographs later, rated this one as normal. Then at
the 83-hour tinme point, the rating here was mld
di sease. And then the |ast radiograph was taken just
prior to euthanasia of this particular animl, and the
i ndependent radi ol ogist rated this one as severe
di sease.

So this slide puts together all of the
endpoi nts that we measured along with except for the
chest radiographs, this is the sane animal. And so you
can get a sort of conprehensive picture of what's going
on. Around 72 hours or 76 hours, aninmals develop a
fever, and they're also bacteremic at this tinme point.
It takes nmore than 24 hours, typically 48 hours, to

culture the bacteria on a plate, so we really use the
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telemetry indication of fever to give us a trigger to
treat in subsequent drug studies.

So now |'m going to show you conpari sons
across the four natural history studies. So here is
t he Kapl an- Mei er survival across those studi es show ng
consistent time of death, typically in this 3- to 5-day
time range, where the highest chall enge dose studies
resulted in death somewhat earlier than the |ater
chal | enge dose studies. And you can see the two
survivors here.

When we | ook at bacterem a across all of the
studies, we start to see sonme bacterem a on day 2. The
study -- the light blue bar at the far right there is
t he hi ghest chall enge dose study, and in that case, al
of the aninmals were bacterem c on day 2, but the vast
majority of animls are bacterem c on day 3.

Thi s graphic shows you the inpact of challenge
dose on tine to death. So you see sonething of a
relationship in that higher challenge doses lead to a
shorter tinme to death in this nodel. And that's
depicted again here in this slide, where we're show ng

mean tinmes by studies, so the left edge of each of
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these bars is the mean tine to fever in a study. The
ri ght-hand edge of the bar is the nmean tine to death.
And so what we're show ng here is the therapeutic
wi ndow in this nodel, which ranges from 30 to 40 hours.

We al so had a pathol ogist review all of the
slides fromall of these natural history studies. [|I'm
just show ng you the lung pathol ogy here. What you can
see is that in the 34 animals that were di seased, the
vast majority of them showed bacteria, edemn
hemorrhage, and inflammtory infiltrates in the |ung.

So, again, all of this data taken together
summari zed the clinical course of disease in the aninm
nodels. | summarized this while a clinical colleague
went to the literature to find descriptions of human
di sease because there really aren't that nmany cases of
pneunoni ¢ plague in these tines.

But there was sone information on outbreaks in
the nmodern era. There were significant outbreaks in
China in the 1800s, and a | ot of those outbreaks were
transm tted through shipping routes, and we had sone
out breaks here in this country in the early '20s, and

there were excellent clinical descriptions at that
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time. And |I'm showi ng you here one of the references
that we used in our clinical description. This
publication from 1926 had very good descri ptions of
human pneunoni c di sease. | need to point out that nost
cases of infection with plague result in bubonic
di sease, which is a |l ess severe form

So ny clinical colleague used these
descriptions to sumuarize hunman di sease. W treated
our drafts and were both astounded at what we were
reading and how it basically mrrored what we had just
witten for the other species.

So here is a disease conparison of human
di sease and African green nonkeys. The tinme course is
the same, tenperature is elevated in all cases.
Yersinia pestis is present. In the human cases, it was
nostly exam ned m croscopically from sputum whereas in
our animal studies, we were culturing from bl ood or
ung and nasal fluid. Heart and respiratory rate were
el evated in all of the cases. Pulnonary infiltrates
are seen in both nodels. And the |ung pathology is
very simlar.

So now to get into bridging fromanimals to
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human in order to test these drugs. What's inperative
is that you can use human PK information to determ ne a
dose to give animals that gives you a simlar PK
profile so then when you test animal efficacy, you can
be assured that you are not exceeding the drug profile
t hat you woul d expect to see in humans. And then, of
course, you are trying to convince the FDA that this
translates into human efficacy, the question marks here
reflecting that we may never really know how effective
these drugs are in humans.

So what did we | earn throughout this decade-
| ong progran? We need to talk to FDA early about the
sel ection of an animal nodel and the correlation to
human di sease. We were in constant conmunication with
FDA about this. The correlation to human di sease in
this particular case we wote up closer to the end of
the program FDA would like to see that earlier.

You need to standardi ze net hods and reagents
as early as possible. W did this to a |arge extent.
Quality in how the animal studies are conducted is
extrenely inportant. And the pharnmacokinetics are also

extremely inportant. |If there was any weaknesses in
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any of our studies, it really cane in this
phar macoki netic bridge. And there are sone suggestions
here for how you should pay attention to that.

And ny | ast point here is that pivotal Animal
Rul e studi es replace Phase 3 clinical trials. And so
it's really inportant to understand that the
expectation around these ani mal studies on FDA's part
are really the sane as how they would treat Phase 3
clinical trials. Blinded, randon zed, case report
forms on individual subjects, validated assays: all of
that is really inportant as you're thinking about these
Ani mal Rul e studi es.

So this slide really recapitulates many of the
same points, but it's alittle nore forward | ooki ng.
If you were beginning a program how would you go about
this?

So first you have to understand the human
di sease that you're trying to nodel, including the
route of infection. As you devel op that ani mal nodel,
it's inportant, as a community, to identify the
rel evant strain that you want to use, characterize that

strain well, and use master and worki ng banks of those
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strains.
You need to select one or nore species that
are going to be nost relevant to humans. [In our case,

we were very fortunate that we hit that with the very
first species we worked on.

You need to collect data to identify rel evant
endpoints. | showed you sonme of our data on fever and
bacterem a

You need to establish the reproducibility of
your nodel. A nodel isn't a nodel if it only works in
one | aboratory.

| deal |y, you woul d have proof of concept for
intervention and be able to establish a trigger for
treat ment.

| can't enphasize the selection of an
effective dose. Again, this is where PK becones
extrenely inportant, and the quality systens to support
efficacy testing of these drugs under GLP is al so
extrenmely inportant.

My col | eagues wanted to enphasize sone of the
timelines around conducting these kinds of studies, so

we came up with a generic tinmeline for GLP chall enge
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efficacy study. There are ranges here for different
nodel s. And you can see that it takes anywhere from6
to 24 nonths to conduct one of these studies.

Clearly, the conplexity increases as you are
goi ng up in species. You can have savings of time if
you can overlap sone of these different phases of the
studies, or obviously if a study is nore conplicated,
that's going to lead to increased tinmes to get your
final study report.

And with that, I will stop and thank you for
your attention.

DR. NAMBI AR: Thank you, Dr. Hew tt.

Qur next presenter is Dr. Meister, fromthe
Battell e Bi onedi cal Research Center. Dr. Meister has
nore than 15 years of research experience in viral and
bacteri al pathogenesis and in supporting nedical
count er neasure devel opnment. Dr. Meister currently
serves as a principal investigator on nultiple U S.
Governnent - funded prograns that are focused on
devel oping in vivo nodels of infectious diseases and in
assessing efficacy of candidate treatnents agai nst

bi odef ense pat hogens.
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Dr. Meister.

DR. MEl STER: Thank you very rmuch. Thanks to
the organizers for allowing me to be here today. It is
an honor to tal k about sonme of the work that | was
fortunate enough to participate in over the past decade
or so.

"Il start with my disclosure statenent. | do
work for Battelle. W are a nonprofit organizati on,
and we do provide contract research services to
numer ous governnment and commercial entities. | don't
have any personal financial conflicts of interest. |
have no financial relationships with any of the
conpani es we do work for or investnents in any of
products that we test.

And that kind of |leads nme into kind of another
caveat. |1'mgoing to be tal king about Bacillus
anthrasis in inhalational anthrax. And a disease, from
a bioterrorism perspective, was pretty well studied,
| eading up to the devel opnent efforts of a therapeutic
animal nodel. And so | will say we -- and when | say
"we," the folks, to include U S. Governnment, sponsors,

the regul atory agency, the CRGCs, |ike Battelle,
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performng the work in the BSL-3 | aboratories, and the
product sponsors devel oping the products -- had a
pretty good foundation of information regarding the
pat hol ogy of the di sease, sonme of the ani mal nodel s
that were available. And so really I"mgoing to talk
t oday about how we kind of refined and tried to
optimze what we had at the tinme to suit the needs of
t he product sponsors, the regulatory community, and
U.S. Governnent in building stockpile needs.

That being said, we're all well aware of what
happened in 2001, and this initiated obviously an
onsl aught and a lot of research interest in
under st andi ng what we had avail able to conbat Bacill us
ant hrasi s and inhal ational anthrax considering, despite
t he best nedical care, about 50 percent nortality rate
foll owi ng Anerithrax attacks.

There was obviously an unnet nedi cal need.
There were sonme progranms eval uating vacci nes, so sone
antimcrobials. And at the tinme, antibody passive
protection of nonoclonal antibodies or imune globulin
therapies -- and | make a distinction here when | talk

about treatnent indication.
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| believe in 2002, 2003, 2004 tinmefranme, there
was | think an enphasis put upon vaccination in the
sense that if we were to immunize, we coul d probably
protect the general population with an effective
vaccine, but | think that also becanme very clear that
that was going to be very costly, very time-consum ng,
and there was a lot of pressure | think to prepare us
for the, quote, next attack if there were to be one.

And so there was a renewed enphasis put on
optim zed treatnents, therapeutic treatnents
specifically. And so when noving into that area, we
were fortunate in understanding kind of the mechani sns
of pat hology, for those of you not famliar with
Baci |l us anthrasis and what the toxin does. And | wll
caveat ny talk today, | amgoing to be focusing on the
wor k that was done for the nonocl onal antibody that was
devel oped, the nonocl onal antibodies that were
devel oped, for the treatnent of inhalational anthrax.
It was predom nantly based on the toxin.

And so we heard earlier about the Aninmal Rule
and having to understand the pathogenicity of the

di sease, having to understand clearly how your product
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anmeliorates that disease process. You' ve got to be
able to denpnstrate the effectiveness of your product
in nmultiple animal nodels that would reliably predict
an outcone in humans. You have to have a very well -
defined endpoint. And then you have to link kind of
your PK -- you have to have a firm understandi ng of
what your pharmacokinetic profile is so that you can
bri dge what you're observing in animals from an
efficacy perspective to what you're seeing in humans
froma PK perspective.

And so we knew that inhalational anthrax was a
t oxi n-medi at ed di sease to sonme degree, and there was
sonme initial work suggesting that utilizing an
antitoxin shortly after infection or exposure to
Bacillus anthrasis via the inhalational route of
exposure could be efficacious, it could actually
i nprove survival rates quite substantially.

I think some of that early work was questioned
because it was early intervention. W saw a case in
2001 where | think the data strongly suggested the
| onger you wait, the less effective the current

standard of care was. And so | think there was an
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enphasi s put on devel opi ng an ani mal nodel in which we
could begin to understand treatnment after diagnosis,
what the effect of these products would be. And so
thi s mechani sm of pathol ogy and knowi ng this hel ped us
when wor king with the nonocl onal anti bodi es.

But as we began to think about nodeling
therapeutic treatnment, there were I'Il call a few
requi renents that were asked of us. W have to define
the disease at this point in tinme, early 2000s.
think there were a few publications out in the aninmal
model s clearly articulating the pathol ogy, the term nal
pat hol ogy, observed, and | think there were very strong
i nks between the bacteria, the toxin, and those
pat hol ogi cal observations, and nmany of those were very
consistent with the limted clinical cases that we had.
But there was a gap. There was |I think a |ack
of understandi ng of what occurs at the tinme of exposure
to the time of, quote, presentation, if you will. And
so sone of the work that I'll talk about today is what
we did to define the disease progression, at least in
New Zeal and white rabbit.

And in addition to that, at the time of this
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nodel devel opnent initiation, there were two ways in
whi ch we thought about potentially diagnosing the
di sease, a chest x-ray in a rabbit and/or a positive
bl ood culture. In a truncated di sease such as 3 to 4
days until animals succunb to disease, waiting 16 to 24
hours for a positive blood culture could severely
hamper the perceived effectiveness of a product. And
so there was a | ot of work put into developing a rapid
di agnostic that could be used sonewhat as a surrogate
for a blood culture, and I'll talk a little bit about
that |ater on.

And then | think one of the things that we
heard clearly froma CRO perspective fromboth the
product sponsors, the governnent sponsors, as well as
the regulatory world, was we want to mimc a clinical
scenari o.

I think the Animal Rule strongly suggested
that you need a nodel that m m cked what was observed
in human cases, and that included clinical
presentation. Wre you able to diagnose these subjects
as well as appropriate timng of nedical counterneasure

intervention? Was that going to mmnmc what was |ikely
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to occur upon presentation? And I will caveat all of
this by saying that the understandi ng of the clinical
scenario was really based on a very limted clinical
dat abase.

So I'll nmove to sonme of the work that we did.
The details of this particular graph and the lines |
don't think are critically inportant. VWhat | want to
i npress upon you is that we collected as nuch data from
the New Zeal and white rabbits as we possibly coul d.
The top left graph represents body tenperatures that
were coll ected on an hourly basis.

We | ooked at CBCs, to include total white
bl ood cell counts and the neutrophil-Iynphocyte ratio
in the top mddle and top right graphs.

CRP as a nonspecific indicator of inflammtion
was assessed, bottomleft panel.

We di d cage-si de observations every hour
begi nni ng roughly 12 hours post-exposure.

And then bottomright, we collaborated at the
time very initial stages of the animal nodel
devel opnment programwith the CDC to eval uate

circulating LF levels.
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And we | ooked at this data and we said, wow,
that's very intriguing, we see these changes, we see
this increase in body tenperature, we see this
phenonmenon whi ch we observed was a decrease in total
white blood cell count, increase in CRP and NL rati o,
fairly consistent albeit individualized onset of
clinical observations. And this hallmark increased
pl at eau, and then secondary increase in circulating LF
| evel s.

And in | ooking at each paraneter
I ndependently, it was kind of a neat finding to
observe, but when we pulled all of themtogether, we
defi ned the di sease progression.

And so to orient you with this particular
figure, 1've taken all of those paraneters and |'ve
added to that a positive bacterem a culture on the top
axis to illustrate in black the body tenperature
profile.

So the body tenperatures increase at roughly
24 hours post-exposure. They seemto correlate very,
very well with a positive bacterem a culture, which

will admt is actually confirmed retrospectively
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because we do have to wait roughly 24 hours for a
positive blood culture.

And both of those correspond with an increase
in LF, which is illustrated here in pink. And many of
those fall in line with changes that are -- other
clinical changes to include CBC serum chem stry changes
that were also alluded to in 2001, or at |east observed
in 2001, alluded to as nmaybe predictors or at |east
correl ates of inhalational anthrax infection.

And so what we did is we took the data from
t he exposed animals and we conpared themto
unchal | enged New Zeal and white rabbits, and there was a
distinct clinical profile. And now we wanted to be
able to use that clinical profile, diagnose subjects on
an individual basis, and then intervene with a nedi cal
count er neasur e.

And so those were our next steps, denpnstrate
that that anthrax antitoxin treatnent follow ng
confirmati on of disease was effective, and then
evaluate the PK of an antitoxin in the context of the
di sease because to that date, the PK of the product was

observed in healthy human individuals as well as naive
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New Zeal and white rabbits.

And then sone of the constraints, traditional
di agnosi s of inhalational anthrax was inpractical, and
so we did spend a ot of time with NIAID and sonme of
t he product sponsors devel oping a surrogate diagnostic
assay that actually detected circulating PA that
correlated extrenely well with positive bl ood cultures.

And then | will say that in any ani mal nodel,
there are limtations in data collection, and so we had
to work very closely, depending upon the objective of
the studies, to prioritize the data and the data type
as necessary.

And so this is just a Kapl an-Meier curve
representing the results that we observed when we
tested raxi bacumab in New Zeal and white rabbits as part
of the pivotal nonotherapy study. The green |Iine and
the red line represent survival in the two dose groups,
active treatnment arns. The black line represents
survi val observed in the placebo-treated controls.

And so we did not do this data, but | put this
up here to try to illustrate how the product sponsor

| ooked at the pharmacokinetic profile of the nonocl onal
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antibody to orient you with this. The red lines
represent the pharnmacokinetics observed. And then the
orange and the green line represent the actual term nal
| evel s of PA or toxin in circulation that were observed
in the studies that were conducted | eading up to the
efficacy study, trying to denonstrate that there was
coverage of the nonocl onal anti body over the toxin
t hroughout the course of the disease.

This data was taken to the FDA during an
Anti-Infective Advisory Commttee neeting. And when
di scussed and kind of |ooked at in detail, there were
actually two additional observations nade, the first of
whi ch was when you | ooked at inflammtion or the
i nfl ammatory response in the neninges, in treated
animls that succunb to disease, we actually saw an
i ncreased observation of inflammtion conpared to the
pl acebo-treated ani mals that succunb to di sease,
potentially suggestive that there is something going on
t hat needed to be further investigated.

And in addition to that, many of | think the
Advi sory Conm ttee panelists wanted to see nore

i nformation regarding the clinical scenario, and the
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clinical scenario being that a nonocl onal antibody was
not likely to ever be adm nistered by itself, but
actually in conmbination with antibiotics.

St udi es had been run to eval uate that, but
those intervention tines were actually optim zed at the
time of diagnosis, and you can see fromthe bottom
ri ght graph that |evofloxacin alone conpared to
survival with raxi bacumab plus | evofl oxacin were
actually the sane.

And so there was no really data avail abl e at
the time to suggest or support the fact that a
nmonocl onal anti body when given in conbination with
antibiotics would be potentially additive or superior
or provide an inprovenent over antibiotics alone. And
so that started a whole new quest for information and
refinenments to the nodel as they were currently used.
And the goal was to denonstrate that the antitoxin
added benefit to antim crobial treatnent al one.

There were some constraints or sone requests.
A marginal outconme following treatnment with antibiotic
al one was a request based on the 2001 experience. W

were asked to use a humani zed dosi ng of anti biotic.
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And then the third pillar of that stool being
statistical significance observed or a statistically
significant inprovenent in survival observed in the
conmbi nation treatnment versus antibiotic treatnent
alone. And | will say that noving into this or going
into this, we felt strongly these were going to be high
hurdl es to overcone.

And so when we t hought about the designs of
the study, we took into account three things:
anti biotic dose, antibiotic duration, and treatnent
intervention tine.

And so | ooking at this scale, if we' re |ooking
at the New Zeal and white rabbits, the top line
represents when we m ght adm nister antibiotics. The
second |l ayer is the dose that you' re going to provide.
And then the third layer is how long you' re going to
provide it. And | think in the first few studi es that
were conducted | ooking at this potential added benefit
of antitoxins, PEP, or post-exposure prophylactic,
dosi ng was adm nistered. So antibiotics were given
actually early, 7 to 12 to 18 hours post-exposure; an

optimal dose, and when | say "optiml dose,” it was a
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dose that was | think close to a pharnacokinetic
profile that you would see in humans; and then a short
course of antibiotics to mmc kind of patient
conpl i ance.

VWhen we did this, we realized that we weren't
given the antibiotics in a therapeutic setting. The
dose was close to humani zed. CQutcone, surviva
out cone, observed after cessation suggested that
ani mal s that succunb to di sease were |ikely succunbing
to di sease because of a lack of antibiotic coverage in
a |ater portion of the disease progression. But we did
observe added benefit. Unfortunately, this did not
meet the three requests of the nodel.

And so we | ooked at therapeutic dosing, and
t hat woul d be dosing upon diagnosis. W kept the dose
and the duration. The dose was close to humani zed.
Antibiotic efficacy was near 100 percent, and,
therefore there was no margin of error or margin of
di fference that we coul d observe, therefore, no added
benefit could be concl uded.

And there was, | guess, a potential for

assessi ng antagoni sm which I think was a di scussion
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hel d at sone |evel.

And then, lastly, we tested del ayed treatnment.
And so we gave a dose that was close to humani zed. We
| ooked at the efficacy of the antibiotic, and if we
del ayed dosi ng | ong enough, we could get near 50
percent survival in the antibiotic treatnent alone.

And then we actually did observe an increase
or an inprovenent in survival enpirically. | wll note
the P factor, or you will note the P value, is not near
0.5, as we had hoped to achieve, but we did observe an
increase in survival in conbination treatnment versus
antim crobial treatnment alone.

So with that, just to sunmarize, we were --
and when | say "we,"” all of us in the MCM comunity
that were working on this particular problem-- did
have historical data that was the foundation of
optim zing the nodels that we eventually used to assess
ef ficacy.

The indication of the product dictated the
devel opnment pathway. We knew how the products were
going to -- or we thought we knew how t he products were

going to be utilized, and we tried to devel op ani mal

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 110
nodel s that would mimc that. Many iterations were
requi red before we got to the final nodel.

| can't overenphasi ze enough that a quality
managenent systemwas critical to the successful
regul atory review of these studies. W put a |ot of
time and effort in docunentation practices,
verification, accuracy, data integrity, and I can tel
you sitting across the roomfrom FDA i nspectors, having
to run GLP efficacy studies, not just safety tox
studies, is a very stressful situation, but in the end
| think the data stood for itself.

And then, lastly, this was a collaborative

effort. This wasn't anything that was done by a single

entity or organization. |t was done by many, many
people, not only at Battelle, but across the MCM. So
to that end, | just want to acknow edge the Battelle

team the U S. Governnent agencies, all of which that
partici pated, and obviously the product sponsors.

Thank you.

DR. NAMBI AR: Thank you, Dr. Meister.

So our next speaker is Dr. Julie Hutt, who is

a veterinary pathologist with over 15 years of
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experience devel oping snmall and | arge ani mal nodels for
infectious diseases. Dr. Hutt is currently at the
Lovel ace Respiratory Research Institute, and she has
been there since 2002.

Approaches and I nportant Considerations in
Ani mal Model Devel opnment for Bacterial |Infections

DR. HUTT: Thank you. And, again, thank you
to the organi zers for inviting ne. Today |'m going
tal k about the devel opnent of a non-human prinmate nodel
of inhalational tularema. W devel oped this aninmal
nmodel , non-human primate nodel, of inhal ational
tularem a. The work was performed over approxinmately a
4- to 5-year period, and it was funded by NI AlD.

| have a quick disclosure statenment. Like
Gabe, | work at an entity that perforns regul ated
research for comrercial and governnment sponsors, but |
have no financial conflicts of interest nyself.

So an overview of tularem a in humans at
least. It's caused by the species Francisella
tul arensi s, subspecies tularensis, the type A strains.
The clinical presentation in humans generally takes one

of six fornms, with the glandul ar and ul cerogl andul ar
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form bei ng the nost common, and the pneunonic form
bei ng generally the nost deadly.

| should also nention here that there are
currently no new drugs or vaccines under regul atory
review, so ny focus today will be on the ani mal nodel
devel opment process and qualification process.
wanted to mention that once the nodel has been
qualified, it will be available for use by the general
scientific community for devel oping and submtting new
vacci nes and therapeutics under the Ani mal Rule.

So for our studies, simlar to anthrax, we
were fortunate to have a pretty substantial historica
dat abase from work that was done in the '40s through
the '60s as part of the bi oweapons program We
sel ected our strain as the highly virulent SCHU S4
strain. And we selected the cynonol gus nmacaque as our
primate speci es.

As | said, there was abundant historical data
on primarily using rhesus and cynos back fromthe '50s
and '60s. At the tinme that we started these, the cynos
were much nore readily available for the studies than

rhesus macaques were. And they're also a very robust
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species to use in the | aboratory.

We sourced our animals from mai nl and Sout heast
Asia. We specifically aborted the animal source from
the island of Mauritius because these animal s have been
geographically isolated for many years, and they have
devel oped sonme uni que and distinct inmunol ogic
characteristics that aren't necessarily representative
of the species. All nonkeys were prescreened for pre-
exi sting hunoral and cell-nmediated i mmunity prior to
initiation of the studies.

Qur approach, as | said, based upon the
abundant historical literature, was first to establish
an LD50 in cynos after head-only inhal ati on exposure to
aerosolized SCHU S4 and then to follow that up with a
natural history study in which we had one arm of the
study in which the animals had surgical teleneters
surgically inplanted to neasure heart rate, respiratory
rate, and core body tenperature. And then we had a
second series of studies that we did where we
eut hani zed aninmals at predetermned tinme points for
bl ood coll ections for hematol ogy, clinical chem stry,

and quantitative m crobi ol ogy.
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So for our LD50 study, we used 28 nml e and
femal e cynos. They were approximtely 2 years of age,
2 to 3 years of age. Qur presented doses ranged from1
6

to up to 10 CFUs with particle size of 1 to 3 mcrons.

Deat h occurred on these studies between day 3 and day

46 post-challenge. And our cal cul ated LD50 was | ess

than 10 col ony-form ng units.

What we di scovered fromthe LD50 studies was

that the clinical presentation, the disease course

time to fever and death were highly dependent upon the

chal | enge dose, not surprisingly. Animals that were

5 6
chall enged with the very highest dose ranges, 10, 10
CFUs, generally died within 3 days. Their clinica
signs were donminated by the clinical signs related to
the respiratory tract, and they had a severe
bronchopneunoni a at deat h.

The ani mal s exposed to the | owest clinica
doses, on the other hand, |ess than 100 CFUs generally,
they animals could survive up to 6 weeks. Death was
primarily attributed to the dissem nated di sease in the
liver and spleen. And the clinical signs were

primarily related to anorexia, weight |oss, and just a
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general i zed mal ai se.

Al animals had pleuritis. Al animls had
pyogr anul omat ous to necrotizing lesions in the |ungs
and ot her organs after dissen nation. The |esions
varied in chronicity dependi ng upon how qui ckly the
animl died after exposure. Overall, the |esions were
simlar to what has been reported in the literature for
t he human di sease.

So this exanple shows sone of the great |ung
| esions that we got, and shows sone of the extrenmes of
the disease. On the left, the animl shown here has a
very multifocal pneunonia. This animl was exposed to
30 colony-form ng units and survived for 10 days. As |
said, the lesions were fairly well distributed. Most
of the lung is relatively normal here, and the | esions
were very chronic. This animal had very extensive
lesions in the liver and spl een.

The animal on the right was exposed to over
300, 000 col ony-form ng units and survived for |ess than
3 days. This animal had very few lesions in the liver
and spl een, but as you can see here, a very extensive,

very acute bronchopneunoni a at death.
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However, both animals died fromtularem a.

So fromthe LD50 studies, we selected a target
chal | enge dose of 1,000 CFUs. Part of the rationale
for this was to be able to -- 1,000 CFUs was a
reproduci bl e dosing regimen. It produced a
reproduci bl e di sease and reproducible tine to death.

It allowed the animals to survive | ong enough for us to
actually be able to intervene and eval uate and conpare
the efficacy of vaccines or therapeutics.

And the other reason we chose this again goes
back to the historical database. There were studies
done in the '50s in both humans and i n macaques where
they were testing the efficacy of the |ive vaccine
strain, and they used a challenge dose of 1,000 CFUs in
both the humans and the nonkeys.

So for the first part of the study, we had the
animals inplanted with telenmeters to neasure core body
tenperature, respiratory rate, and heart rate. \Wat we
saw again was a fairly consistent fever onset between 2
to 3 days post-exposure, with that |ost of diurnal
variation in core body tenperature. This correlated

with an increase in heart rate and respiratory rate.
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As the di sease progressed and the animals got
si cker and sicker, their core body tenperature
eventual ly started to decrease as they approached
death. This |ater became useful as a euthanasia
criteria for subsequent studies.

And, again, one of the things that we
identified, as was done for the plague studies, was
that the onset of fever becanme a very useful and
consi stent feature for later antibiotic efficacy
studies as a trigger to treat.

So this shows sonme of the data fromthe
telemetry studies. On the top is a sunmary of the
results for the 12 aninmals. As you see, the average
time to fever onset was 47 hours plus and m nus 4, and
the average time to death after that was 113 hours
after the onset of fever. And this was pretty
consi stent and resulted in the death of the nonkeys
generally between 6 and 7 days.

On the bottomleft, you see the variation in
core body tenperature. The tinme of exposure to
tularensis is marked at the bottom as the chall enge

time. You can see the normal diurnal pattern that we
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nmonitored for 6 days prior to challenge, and then at
about 48 hours, the loss of that normal diurnal
variation with the onset of the febrile response. And
then out at about 160 hours, the core body tenperature
began to decrease as the animl was essentially cooling
down to room tenperature.

The two slides to the right of that show the
correspondi ng for the sane individual animl, changes
in C-reactive protein. |It's a neasure of the acute
phase response. And increase in white blood cells,
particularly neutrophils, that increased again in that
sane 2- to 3-day tinefrane.

So the next part of the natural history
studi es were done as, as | said, essentially a serial
pat hol ogy study. We had 16 nonkeys, and we euthani zed
four each on days 2, 4, 5, and 6 post-challenge. W
did quantitative blood and organ culture. W did gross
and m croscopi c pathology on all of the organs.

What this showed us, again, it was very useful
in that it showed that there were nultiple portals of
entry after head-only exposure, not just the |ungs,

which isn't surprising in retrospect.
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Many of these animals had secondary bacteri al
infections in the nasal cavity associated with
presumably commensal staphylococci. W saw |l oca
inflammation initially at the initial site of
deposition. This was followed in tine by progressive
i nflanmati on of the draining |ynphatic vessels, and
followed in time again by progressive inflammtion of
the draining | ynph nodes, and ultimately resulting in
hemat ogenous di sseni nati on to macrophage-rich tissues,
such as the liver, spleen, bone marrow, and other | ynph
nodes in the body.

And, again, in this study, it correlated with
i ncreased white blood cell counts, activation of the
acut e phase response between 48 and 72 hours. And
termnally, fairly consistently an increase in |iver
enzynmes, as these animals had fairly substanti al
necrotizing inflammtion in the |iver.

So the chal |l enges and | essons | earned, don't
| augh, sone of them seem very obvious now, but they
weren't necessarily at the beginning of these studies.

Having a well-characterized starting materi al

in vitro growth conditions, and aerosol generation
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conditions is really, really critical for
reproduci bility of your disease nodel.

Rel ated to the aerosol chall enge, again, the
presented dose is a calculated dose. It's based on
pl et hysnmography. The anount deposited and the | ocation
of deposition vary significantly with breathing rate
and death, which, in turn, varies with the depth of
anest hesi a of the nonkey.

The particle size dramatically influences the
site of deposition and ultimately the LD50. The
particle sizes we used in our studies were -- we were
targeting between 1 and 3 mcrons. |f you get up to
| arger size particles, 5, 10 mcrons, and above, you're
going to be depositing higher in the respiratory tract
as opposed to the deep lung, which nmeans your
nmucociliary clearance is going to be greater and your
LD50 is going to go up

And then, as | said, it's obvious to us now,
but head-only chall enge allows the organisma portal of
entry, not just fromthe tracheobronchial tree in the
deep lung, but also fromall other nucosal surfaces

t hat were exposed to the agent.
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From t he standpoint of telenetry, sone of the
things we | earned were with respect to where the chips
or where the probes were inplanted. Initially we
pl anted the probes on the diaphragm Well, if you get
an animal with extensive pleuritis, as the disease
progresses, they're going to start to breath much nore
shal l owl y, which neans that the di aphragmatic
excursions are going to be less, and you're going to
| ose your signal.

We did sonme studies where we conpared
subcut aneous tenperature chips to telenetry to detect
the onset of fever, and, again, it's obvious now that
when you're inplanting a tenperature chip in the
subcut aneous region, at the onset of fever, you're
increasing the core body tenperature, so the sub-Q
chips really aren't going to work very well because
it's shunting that blood away fromthe skin.

And then also realize that human activity in
the roomis going to inpact some of the physiologic
paraneters that you're neasuring. So in our case,
heart and respiratory rate pretty consistently went up

when we had people in the room cl eani ng cages.
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Prioritize your sanpling. In these nonkeys,
we took bl ood sanples over a few days up to daily for
the first week. W calculated that we could collect 2
m s of blood from each ani mal based upon their body
wei ght, using a publication that describes what | refer
to as the Diehl guidelines.

The Di ehl guidelines for blood collection are
witten for healthy animals. Animals with a subacute
to chronic inflanmatory di sease don't regenerate the
way that a healthy animl would. So you just need to
noni tor your hematocrits in real tine and prioritize
t he sanpling because you don't want to continue to be
drawi ng blood froman aninmal with a hematocrit of 15
percent, or you're going to be inpacting the course of
t he di sease.

| can't stress enough then also the
establishment of endpoints for these types of studies.
| cringe when | see the term "noribund eut hanasi a"
because "nori bund" has very dramatic differences in
meaning to different people. Use a clinical
veterinarian for the first studies to really get a good

handl e on what is a good indicator of when it is tinme
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to euthanize. And then once you establish those
eut hanasia criteria, be very consistent in foll ow ng
t hem

And, finally, this is fromthe perspective of
t he pat hol ogi st, collect tissues widely for
hi st opat hol ogy. If you aren't |ooking at tissues,
you're not going to see lesions in them Keep in mnd
that the studies will eventually be used to detect --
to exam ne the safety of your test article, of your
antibiotic, as well as the efficacy. So you're going
to want to have a very broad |ist of tissues that
you' re exam ni ng.

In our case, it helped us to identify that
there were nultiple portals of entry, it helped us to
expl ain sone of the differences that we saw in clinica
presentation in the disease course with differences in
initial dosing. And it also helped us to identify sone
potenti al background infections.

Monkeys, in particular, are not pristine
i nbred ani mals. Background | esions and infections can
i npact the di sease outconmes. There's a very good

example in the literature describing a nosocom al
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infection of an indwelling catheter with Serratia for
anthrax studies in an African green anthrax study, in
whi ch case animals that were not being treated and
shoul d have died did not die, and it was primarily
because of nonspecific imune stinmulation fromthe
i ndwel I i ng cat heter contam nati on.

We had a sim|lar experience, at |east we think
we had the simlar experience, with the "tuli" studies
in that we had one set of studies where the housing
facility where we purchased the animal s had had an
out break of Chagas di sease, and the animals, in fact,
when we went back and | ooked at sone of the tissues
around the heart, the aninmals did show evidence that
t hey had previously been infected with Chagas.

And, finally, as Gabe nentioned, these are
very large studies, and it's really a teameffort. And
t hank you.

DR. NAMBI AR:  Thank you, Dr. Hutt.

So our | ast speaker for this session needs no
introduction. Dr. Edward Cox is the Director of the
O fice of Antim crobial Products at CDER, FDA.

DR. COX: Thanks, Sumathi. And |I'm just going
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to make a few comments here fromthe table. And for
fol ks that are watching on the webcast, | don't have
slides. I'"mjust going to speak a little bit here.

And | want to just first start out by thanking
Judy, Gabe, and Julie for really the excellent work and
the description of all that was done in the aninm
nodel devel opnment work that you've done, and to thank
all the folks that have cone here to join us today.

And when we started out on this, folks my
notice we've got colleagues from Nl Al D and BARDA at the
table, and we brought this idea to them and the good
news it was is that it was enthusiastically enbraced,
in fact, the response we got fromthe N Al D and BARDA
folks is, "Yeah, we're already thinking about this,
we're glad you called.”

So it's good to have everybody trying to work
t hrough this, and also the industry fol ks that have
been pushing along and trying to help us in thinking
about potential solutions for species-specific drugs
for Pseudononas aerugi nosa and Aci net obacter baumanni
to try and solve these probl ens.

"Il ramble a little bit, but I think I'll try
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and make sone points that | hope are of interest to
folks. And I thought we would first tal k about some of
what we just heard in the presentations. And as you
can see, there was really a ot of work that went into
devel opi ng the ani mal nodel s descri bed.

And one thing that is | think noteworthy in
t hese particular animal nodels is that the particul ar
pat hogen that folks are working with is intrinsically
virulent in the animal nodels, and that helps a |ot.

It helps a ot when you're trying to get to a | ethal
ani mal nodel that in fact you have an organismthat is
hi ghly pathogenic in the aninmals.

And if you |l ook at the animal nodels for
anthrax, they were able to devel op ani mal nodels that
if you line up the sequence of events, the tissue
pat hol ogy, and what's going on, many features of the
di sease, there's a |ot that seens really quite simlar
to what we see in humans. And we've been able to use
these nodels really to evaluate the efficacy of both
anti bacterial drugs and antitoxins, so they've been
particularly useful.

And anot her thing that cones into play or
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anot her factor to think about is that at |east for
anti bacterial drugs, oftentines we know about their
utility in the treatment of other human infections.
It's al so another very inportant piece of information
to be thinking about the antibacterial drugs that are
approved for post-exposure prophylaxis of anthrax or
pl ague, they're approved for a nunmber of other human
infections that occur every day, and that occur in many
of the sane body sites.

Simlar to what we | earned about the anthrax
ani ml nodel, the plague ani mal nodels, again shows
many simlarities to human di sease, and that again
hel ps. And we've simlarly been able to use that nodel
for the approval of sonme drugs in the eval uation of
their efficacy.

So these are sone of the cases that are
probably nost anenable to the devel opnent of ani nal
nodel s of infection because of the intrinsic virul ence
of the organisns that we're dealing with here. In
essence, you don't need to fight nother nature in order
to devel op an ani mal nodel of infection.

And one | ast comment before we | eave pl ague
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and ant hrax and things of that nature, we often think
about these organisns in the setting of bioterrorism
but if you think about at |east plague, there are, in
fact, opportunities and fol ks who have done sone
clinical trials out there in the real world. Clinical
trials are usually small, difficult to do, take a | ong
time, but there are sone studies out there, including a
prospective trial, nostly cases of bubonic plague, so
it's not inhalational route of exposure.

So it's really not that no clinical assessnent
can be done, it's really nore that doing a powered
study, even if you accept a fair degree of uncertainty,
is not really practically feasible for these
conditions. So you can see that there are sone
di seases that have sonme degree or sone conponent of
di sease that occurs naturally, but it's really still
not practically feasible to conduct a clinical trial
where the Animal Rul e has been appli ed.

And even in situations where the ani mal nodel
is simlar in many ways to the di sease in humans, there
still really is a considerable degree of uncertainty as

you're extrapolating to humans. And to sonme extent,
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that can be minimzed to a significant degree if you
have a drug that is approved for a variety of other
i ndi cations in humans, based upon evi dence from human
clinical trials.

Now, | want to transition just a little bit
and tal k about an area that nmay be less famliar to
fol ks that have been particularly involved in the area
of antibacterial drug devel opnent, and that's some of
the issues that have been encountered as we've tried to
evaluate the work that's gone on out there to devel op
animal nodels for viral diseases.

And for the purposes of illustration, it's
probably nost helpful to junp to one of the nost
chal | engi ng circunstances, and that is the devel opnent
of animal nodels for small pox, you know, a unique
pat hogen that's been eradicated and has really a
tremendous specifies specificity for humans.

We had a workshop and an advisory conmttee
nmeeting to tal k about snmall pox drug devel opnent,
smal | pox ani mal nodels, that would be utilized to
eval uate drugs. And just in general, the process

served us well because we had a particularly
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chal l enging issue to try and solve, so starting with a
wor kshop, di scussing some of the science, noving
towards an advisory comm ttee.

It would provide an opportunity for
transparency, for learning, and sharing with the world
what sone of the chall enges are and what sone of the
sol utions are and what sone of the options are for
solutions and why in this circunstance it's a
reasonabl e way to proceed.

And you can see here, the pathogens we're
dealing with today are not small pox, but you can see
we're trying to use a simlar process to solve sone of
t hese probl ens.

So we've nentioned really the strong species
specificity of smallpox for humans, and if you want to
take variola virus, smallpox virus, and to cause
pat hogenesis, a lethal nodel, in non-human pri mates,
you essentially have to give a huge dose of snall pox

8
virus. You have to give like 10 plaque-form ng units
in order to get lethality, somewhere in that
nei ghbor hood.

And really folks started to | ook at that and
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think, what's -- | mean, that's a fairly extrene
Situation to have to get to. It also involves working

with small pox virus, which raises a bunch of other
consi derati ons.

So the discussion in the advisory committee
al so tal ked about the role of other -- using other pox
viruses such as nobnkeypox in nonkeys, npusepox in mce,
rabbitpox in rabbits. And the idea here was, | nean,
you can see we're sort of using a surrogate virus in a
surrogate animal in order to predict efficacy. The
i dea here was to be able to get to a nodel that was
able to be utilized in order to evaluate the efficacy
of these products for this really exceptional
circunstance of trying to evaluate a therapy for
treat ment of small pox.

So that's sort of at the other end of the
spectrum | just wanted to throw that out there so
that fol ks are aware. CObviously, we're hoping not to
be at that other end of the spectrum but there are a
range of different devel opnment pathways that have been
consi dered under the Animal Rule with the degree of

exceptional ness, if you will, dependent sonewhat on the
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pat hogen and how it behaves in the particul ar ani nal
speci es, the animl nodels that are being utilized.

And if you think about just animl nodels in
general, animl nodels are generally designed and
devel oped in order to be able to show an effect. And
you choose the inoculumsize. The species that you
choose, their degree of intrinsic resistance or
susceptibility of the particular pathogen has obviously
a huge inpact upon the nodel, and at what point in tine
of di sease you intervene. | nean, all of these things
are chosen in a way in order to be able to show an
ef fect.

And the other thing that we run into
sonetimes, too, that also adds to the challenges is
that oftentines animals nmay clear the drug differently.
So if you're trying to match the human exposure, you
may have to give a mni dose sonewhere in the interva
bet ween when you're going to try and hit sort of a next
peak level. So there are a |lot of things here that do
add to the chall enges.

And from the Ebol a experience, we gained sone

insights into animal nodels of infection, and w t hout
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going into too nuch detail, | can tell you it's very
humbling to have a finding in an ani mal nodel of
infection that you think correlates with what should be
human effectiveness only to see when a conpound goes
out, even in a trial that's fairly messy, but it |ooks
li ke the drug didn't have the effect that we had
t hought we had seen in the -- or that we did see in the
ani mal nodels. So understandi ng what effect you need
to see in animls, because sonetines you can see an
effect, and what correlates with human efficacy can
al so be quite chall engi ng.

So | think as we think about Acinetobacter and
Pseudononas aerugi nosa, we do have sone things that can
help us. We'Ill get to hear nore about the quality and
characteristics of animal nodels as the day goes on.

But another thing that we have here that could
be hel pful is that we do have sone drugs that have
performed sort of marginally, if you will, and have
that. So we've got drugs that we nay be able to
utilize in the animl nodels of infection in order to
be able to help us understand, can the nodel

di scrim nate between a drug that seens to have margi nal
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efficacy and one that's doing better than that?

And we all would love to see an informative
clinical trial, even if that trial is associated with
consi derabl e uncertainty. And really consistent with
the desire to think about solutions first, to be able
to have a clinical trial conducted was the July 18 to
19 wor kshop that we had | ast year where we tal ked about
trying to do everything possible to try and nake a
clinical trial feasible.

But really what we're here tal ki ng about today
is sort of two conponents, if you will: the supportive
informati on that we can gather from ani mal nodels, and
then also trying to think about the circunstance of if
in fact a clinical trial is not feasible and what role
ani ml nodels mght play in the overall assessnent of
efficacy for a drug targeting a species such as
Pseudononas aerugi nosa or Aci netobacter baumannii. And
if we in fact find that these clinical trials can't be
done, we will need to be able to rely to a greater
degree on the ani mal nodels of infection.

If we end up there, using an approach that

relies on a greater degree of understanding of efficacy
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fromani mal nodels of infection will lead to a greater
degree of uncertainty that everybody grapples wth:
devel opers, regulators, health care providers,
pati ents, payers, everybody. But that could
potentially be the reality here that we face.

And | think where we are today -- and in
Hel en's slides, she showed the WHO priority pathogen
list. Where we are today with nultidrug-resistant
Pseudononas aerugi nosa and Aci net obacter baumannii, |
mean, in this really limted circunstance, it is
reasonable to take on a greater degree of uncertainty
so that the devel opnent of new options can nove forward
and provide safe and effective options for patients
with serious infections who |ack alternatives.

And we thought about this a fair bit, and as
you start to think about, well, what does the data
package | ook |ike for such a product? And it's
interesting, alnost sort of regardl ess of what route
you end up taking or how things cone out, the package
really is probably fairly simlar

And you' ve seen this on sone of the slides

projected already today. | nmean, you really do the
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best preclinical work that you can do, you'll do the
best PK/PD that you can do, you do the best ani nal
nodel s of infection that you can do, you know, | ooking
for response in the animals, you do the best human PK
that you can do, and also try and get some PK from sick
patients, and then you'll try and do everything you can
to do the best feasible, practical clinical trial, you
know, within reason, to be able to | ook at human
response.

And you can see that folks who have thought
about this a lot are trying to do everything they can
to attend to the details of trying to nake the trial to
be -- increase the likelihood that the trial is likely
to be an informative clinical trial. And I think
that's really what this is all about.

It may still be that there is so much
concom tant therapy or prestudy therapy that the trial
is difficult to interpret, but |I think every step is
being taken in order to be able to try and nmake the
trial interpretable.

And you've heard fromthe fol ks at Pol yphor

and Entasis and the steps that they've taken to try and
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design their trials and take steps to increase the
i kelihood that the clinical trial will be both
feasible and provide interpretable data, even with a
greater degree of uncertainty. So | think that's a
really inmportant part of the effort here.

And | think everybody recognizes it's really
in everyone's interest to denonstrate efficacy froma
clinical trial, but also recognizing that if in fact
that's not achi evabl e because of the small nunbers of
patients in the trial, prestudy therapy, the tinme it
takes to make a di agnosis, concom tant therapy, or
pati ents who have m xed infections who require
concom tant therapy, that the reason that we're here
today is to talk a little bit nmore about what the role
of clinical trial data -- or how clinical trial data
can be conpl enented by data from ani nal nodel s of
i nfection.

And one thing to keep in mnd, too, that if
the drug fails in a clinical trial as opposed to the
trial not being feasible or not being interpretable, |
mean, if the drug truly fails in the clinical trial, it

woul dn't be appropriate to try and rescue the program
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with an ani mal nodel of infection or data from ani nal
nodel s of infection.

And | think what we're trying to get to, and I
think we're really quite close and perhaps even there
in sone ways, is a route to be able to nove forward
now. You know, the clinical trials, the design
consi derations and getting to a clinical trial that is
feasi bl e and possible, | think you've heard sone really
excel | ent ideas about how to make that achievabl e,
recogni zing that there will be a greater degree of
uncertainty.

We' || hear about the science of animal nodels
of infection here. Folks may have noticed, and you'l
hear nore about this in a later presentation, we have a
Request for Information out there about ani mal nodels
of infection and additional research that could be
done.

And | think we're looking at this sort of with
a two-pronged approach. One is, what are sonme of the
short-termrefinenments that may be able to be done
relatively quickly that can help inprove the ani ma

nodel s of infection that can help folks that are
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devel opi ng drugs now? And then also thinking towards
the longer termof things that may go into the future
with regards to devel opnment of ani ml nodels of
infection for A baumannii and Pseudononas aerugi nosa.

So there are paths forward here, and we're
working to mnimze the degree of uncertainty and
increase the |ikelihood of a successful program and
eval uating drugs that are species-specific for
Pseudononas aer ugi nosa.

And then if we think down the road, | nean,
for drugs that do show safety and efficacy, it will be
very inportant to have full transparency on the
limtations of the data that were generated in order to
evaluate a particul ar conpound.

And | think that the tools that LPAD provides
will be very inportant here, provide tools to mtigate
the risk and uncertainties for drugs that have shown
safety and efficacy using a nore |imted and
streanm ined pathway. And it will also be an inportant
signal to the health care comunity because the health
care community obviously will play a very inportant

role in the prescribing choices that they make to use
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such products.

So just to sort of briefly summarize, | think
there are pathways. There are still challenges in
devel opnment and uncertainties that will be encountered,
but as you can see from sone of the proposals with
regards to clinical trials for species-specific drugs,
we're getting to sonme reasonabl e options here given the
circunstances. And we're also considering if the
clinical trials turn out to be infeasible or
uni nter pretable, how ani mal nodels of infection m ght
be able to be utilized and with a greater reliance upon
the findings there.

So I want to thank you for your attention.

And I'Il hand it back to Sumat hi .
DR. NAMBI AR: Thanks, Ed. | think we're
running a few mnutes late, so if it's okay, we'll take

a break right now and if possible, reconvene at 11:15,
if that's possible. Thank you.

(Break.)

Pat hogenesi s

DR. MLLER  Okay. W're going to have two

tal ks on the pathogenesis of these opportunistic
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infection organisnms. And the first is Joanna Gol dberg,
from Enory University on the "Pathogenesis of
Pseudononas Aerugi nosa."

Pat hogenesi s of Pseudonpnas

DR. GOLDBERG. Thank you very nuch. And thank
you for the organi zers for organizing this what seens
to be a very interesting and tinely neeting. | am
going to be telling you about the general background of
the outline of pathogenesis of Pseudonobnas. And | have
not hing to discl ose.

So the genus Pseudononas is a predom nant
m crobe in the environnment. It has nunerous niches and
can interact with a variety of hosts. As shown here in
this cartoon, Pseudononas aerugi nosa, which is the
focus for today's discussion, can |live on dead plants
and insects. It can also pronote plant growth and, in
some cases, cause diseases in plants. It's also
i nvol ved in bioremediati on and can produce sever al
novel secondary conpounds. Mst inportantly for today
is that this bacteriumis the cause of human di sease.

It is ubiquitous in the environnent. It has

mniml growth requirenments. |t can actually even grow
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in water. It can grow at tenperatures between 4
degrees and 42 degrees. |It's a facultative anaerobe

and can grow anaerobically in the presence of arginine
or nitrate as a term nal electron acceptor.

Most inmportantly, it is highly antibiotic
resistant and it's quite resistant to anti m crobi al
agents. This resistance is due to it intrinsic outer
menmbr ane of the outer nmenmbrane inperneability, and it
al so has nunerous efflux punps as well as its acquired
resi st ance.

As previously nentioned, carbapenemresistant
P. aerugi nosa has just been listed as a Priority 1
Critical Pathogen on the WHO priority pathogens I|i st
for research and devel opnent for new anti biotics.

So when we tal k about Pseudonobnas aerugi nosa,
as we're doing today, there's a | arge amount of
infrastructure available. The first sequenced strain
of Pseudonobnas aerugi nosa was PAOlL, and that was
sequenced in 2000. It has a | arge genone, |arge
circul ar chronosone, of about 6.6 negabases, and it
al so has a | arge nunber of open reading frames of over

5,580. It also has a high G+tC content.
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This strain PAOL was a spont aneous
chl oranpheni col -resi stant nmutant of the original PAO
strain, which was isolated in 1954 froma wonman in
Mel bour ne, Australia.

Since that time, there has been a | arge
international effort put forth to sequence thousands of
Pseudononas aerugi nosa genones. The Internationa
Pseudononas Consortiumis a repository of isolates from
various infections and environnental sources, including
fromplants and fromanimals. The strength is that
this resource actually has a | arge anount of netadata
associated with it, including its source as well as --
its source, the bacterial phenotypes and genotypes, as
well as the clinical characteristics of these strains,
including their antibiotic-resistant profile.

As of this |ast week, there were 1,588
isolates in this consortium and 979 genones that were
avai |l abl e.

In addition, this is not the only -- could you
give ne a hand with this?

(Technical interruption.)

DR. GOLDBERG. Ckay. Thank you.
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Okay. So not only is there a |arge anount of
genom c data avail able, but there is actually a
fantastic bioinformatic resource that's available to
t he Pseudononas comrunity. Pseudonobnas.comis a
website that was devel oped by researchers in the field
t hat provide annotation, transcriptone, and pat hway
data analysis. The site is manually curated and
conti nuously updated and is basically the gold standard
in terms of genom c analysis for any mcrobe. And it
currently includes 184 conpl ete genones.

In addition to the vari ous genones that are
avail able, there are two different ordered transposon
mutant |ibraries that have been devel oped. One is
based on PAOL and another one is based on strain PAl4.
PA14, another genom c sequence strain, was isolated
froma burn patient, but is also shown to be virulent
in a nunber of different animl, mammualian and non-
manmmal i an nodel s, including infections in the plant
Ar abi dopsis, zebrafish, and wax noth | arvae.

The Pseudonmpnas field also has state-of-the-
art genetic tools, including a nyriad of vectors for

the construction of nutants and for the transcriptional
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and translational fusions. There are both | um nescent
and fluorescent constructs available for nonitoring the
expression or | ooking at bacteria as single cells or
for looking at the bacteria in ani mal nodel s of
i nfection.

In addition, there are transposons avail abl e
for transposon sequencing experinments, and with these
avai | abl e genones, there are a |l arge anpbunt of RNAseq
projects that have been undertaken.

Now | et's tal k about the pathogenesis of P.
aerugi nosa. Most inportantly, as it's been said, it's
an opportuni stic pathogen. So unlike the situation
t hat we heard about plague, anthrax, and tul arem a,
this nmeans that this bacteria generally doesn't cause
di sease in healthy individuals. [Infection occurs
pretty nmuch only when there is a conprom se to the
i nnate i mune system This can be i nmunoconprom sed
such as individuals undergoi ng chenot herapy or a breach
of the skin or basically any nucosal surface.

Wth respect to ani mal nodels, |ike hunmans,
nost animals are generally resistant to infection. For

exampl e, intranasal infection of a wild type P
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aerugi nosa strain in a typical healthy inbred nouse is
5 7
| ethal at about 10 to 10 colony-formng units, but if
this nmouse is made neutropenic, the lethal dose is
100
about 10

P. aerugi nosa can cause infection at many
sites. It is the nost common cause of bacteri al
keratitis after injury either by traum or in sone
cases by danmmge by contact |ens.

It can cause swimer's ear and infection of
the outer ear canal that devel ops when water remains in
the ear after sw nm ng.

It can cause intra-abdom nal infections and
nosocom al urinary tract infections as well as
bl oodstream i nfecti ons and ot her catheter-rel ated
i nfections.

It can cause skin and soft tissue infections
varying fromthe non-lethal hot tub folliculitis to,
nost inportantly, life-threatening infections follow ng
wounds and burns.

P. aeruginosa is one of the nbst commobn causes
of hospital -acquired acute pneunonia, especially in

mechanically ventilated patients, and these infections
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can di ssem nate and be associated with a particularly
high nortality rate.

It is also the cause of chronic respiratory
infections in patients with cystic fibrosis or with
COPD. In CF patients, these infections are the nost
conmon cause of norbidity and nortality.

Interestingly, eye infections and chronic |ung
infections in CF patients al nost al ways stay |ocalized
to the site of infection, while infections in these
other sites can often dissem nate.

Nurmer ous virul ence factors have been
recogni zed in P. aeruginosa. This slide shows sone of
t he select ones that have been associated with acute
infections. For the nost part, these have been defined
and characterized by the construction of nutants
| acki ng i ndividual factors and then tested in, in vitro
or in vivo nodels of infection.

This cartoon shows a sanpling of some of the

secreted factors, |like proteases and the secreted toxin
mol ecul e, |ike pyocyanin. It shows one of the
si derophores, pyoverdin. It also shows sone nol ecul es

t hat act as adhesions, including the flagella, the
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pili, and the LPS.

It also shows the secretion systems. O
particular interest is the Type Ill secretion system
that injects exoenzynes directly into the host cell.
However, the situation with P. aeruginosa is even nore
conplicated than is shown in this slide, as certain
strains fromcertain types of infections express
particular virulence factors, for exanple, strains from
corneal infections generally express ExoU and do not
express ExoS.

Al'so not shown in this slide are the
extracel | ul ar pol ysaccharides, including alginate, Psl,
and Pel, all of which have been shown to have a role in
bi ofi I m formati on.

The situation is even nore conplex when you
conpare strains fromacute infections or fromthe
environment to those that emerge during chronic
infection in cystic fibrosis. Those fromearly
infections are generally simlar to those found in the
environnent, and the environnment is probably the source
of the initial infections in CF patients. However,

during chronic lung infection, the P. aeruginosa evolve
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and adapt to the |ung.

This cartoon represents sonme of the changes
t hat have been noted during | ongitudinal studies of
isolates fromcystic fibrosis patients. Most
predom nantly, as you can see on the left, the strains
make a |l ow | evel of the exopol ysaccharide al gi nate, and
on the right, this green bar represents the
pol ysacchari de bei ng overproduced, giving the bacteria
a nmucoi d phenot ype.

The bacteria tend to beconme nonnotile and | ose
their flagella and pili. Strains tend to nutate, the
LasR gene involved in quorum sensing, and therefore
their quorumsensing is differentially regulated. The
chronic isolates secrete | ess proteases and | ess
toxi ns. They change from maki ng a |i popol ysacchari de
that's conplete to making one that's LPS "rough" and
rendering these strains serumsensitive, and they al so
change their lipid Ato nmake it |ess inflammtory.

Interestingly, loss of these factors make
these strains less virulent when tested in acute nodels
of infection, but it's obvious that their |oss has an

inportant role in the pathogenesis of chronic infection
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in cystic fibrosis.

So there are a nunber of issues | think we
need to think about as we discuss the devel opnent of
ani ml nodels of P. aeruginosa. W need to renenber
t hat healthy people are generally resistant to
infections, that some acute infections can dissem nate
fromthe initial site of infection and cause sepsis,
whil e other infections can stay |ocalized; that P.
aer ugi nosa adapts during chronic respiratory infection
in CF patients, and that this situation is actually
even nore further conplicated by the fact that cystic
fibrosis itself is a disease that can be caused by one
of over 1,700 different recognized nutations in the
CFTR gene in the human popul ati on, so not all rmnutations
in CF are actually equivalent with respect to their
severity.

And, finally, strains from particul ar
infections may express different virulence factors that
may be inportant in different types or sites of
infection or at different tinmes during infection. And
| think these are the nost inportant things to consider

as we devel op a standardi zed ani mal nodel .
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DR. MLLER Okay. W'Ill npve on to our next
speaker, Dr. Robert Bonono, from Case Western Reserve,
who w Il tal k about the pathogenesis of Acinetobacter.

Pat hogenesi s of Aci net obacter

DR. BONOMO: Thank you very rmuch. Unlike to
contrast to Pseudononas aerugi nosa, in Acinetobacter,
having dealt with this pathogen for close to 20, 25
years in the clinic, | have a little different view
about Acineto. This is an organi sm where resistance
and virul ence are converging in what we consider now a
critically inportant pathogen.

These are ny disclosures. | would like to
t hank the FDA, Mark Adans, Brad Spell berg, and Phi
Rat her, whom |'ve worked with, with Acinetobacter over
the years. The funding sources. And | do preclinical
wor k for some pharmaceutical conpanies to basically do
bi ochem stry on their beta-lactanase inhibitors.

So Aci netobacter. You know, in ny m nd, when
you think about this and you have to tal k about an
organi smthat you' ve studied for 20 years, | sort of
got a little philosophic. | thought about this, and |

said, ny god, this is one of the nost conpl ex
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pat hogens.
And when you |l ook at it, you can make a
statenent |ike that because this organismhas a really

sordid past. It went by the name "M nma," then it went
by the nane "Herella,"” and then it went by "Bacterium
anitratum"™ It even picked up a letter and a nunber.
It's alnost |ike sonmebody trying to avoid the police.

(Laughter.)

DR. BONOMO: And high diverse, it's a very
di verse organism There are nore than 50 species that
are known. Sone species cause infections. And it's
really difficult in this field because the m crobi ol ogy
| abs often identify sonething as Aci netobacter X, Y, or
Z, when in reality it's Acinetobacter A B, C

And there's a lot of nystery and
nm sconception. The term "Aci netobacter” conmes fromthe
term "aki neto," and everybody knows those are the
actual Geek letters, | can't read Geek, but I"'mtold
they're really Greek, and where this conmes from and
this nmeans that it's a nonnotile rod.

And probably one of the npbst dubious

distinctions is that the organism | oves an environnent
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that is warmand wet, so | don't know what you want to
t hi nk about that, but it's probably not sonething that
ot her organi snms actually go into.

And t hi nki ng about Aci netobacter over a nunber
of years, | hate to use the phrase, it's characterized
by sone quantum spooki ness. And you have an organi sm
t hat when you | ook for inmages of what it |ooks |ike on
el ectron m croscopy or scanning el ectron m croscopy,
the red i mage that you see | ooks nowhere |ike the green
i mage that you see, and both of them are Acinetobacter.

This is alnost one of those things where we
really can't tell what we're studying sonetines because
its genetics are so conplicated, its classification is
so conplicated, and its norphol ogy changes.

And it's fraught with m sconceptions. [It's
supposed to be nonmotile, yet the inmages that you see
on this slide, and if you shine blue light on it,

Aci net obacter noves. Believe it or not, it noves to
photo stinuli. It noves when you change the
tenperature in an environnent. And it also nobves when
you change the consistency of the agar that it's being

plated on. So there are a variety of conplexities that

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 154
we have with this organi sm

And, in addition, it causes a variety of human
infections, with increased attributable nortality:
hospital -acquired or health care-associ ated pneunoni a,
and it even causes comrunity-acqui red pneunonia. It
has a nortality of up to 70 percent. And if you are in
parts of the world where there is heavy al cohol use,
even in the community setting, it can cause significant
di sease. It is characterized by bl oodstream
infections, and in sone areas of the world, neonatal
sepsis. It can cause burn infections, skin and soft
tissue infections, nmeningitis, osteonyelitis,
endocarditis.

And when the clinician is faced with these
chal l enges, the nost difficult thing is not only are
you not certain which type of Acinetobacter you have
because the lab is not 100 percent sure, MC testing is
chal l enging. You get things |like skip-wells, that you
wll see the cutoff point is at 4, and then all of a
sudden you pick up the pathogen again at 8, and at 16
you lose it, at 32, and you pick it up again at 64.

The organism if you put an Etest on, you find
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out that the organismthat was susceptible denonstrates
het er oresi stance, and there are a | ot of
i nconsi stencies with the measurenent of colistin.

So this singular successful pathogen brought
this in ny mnd uni que conbi nati on of resistance and
virul ence. And in Acinetobacter baumannii, you have a
resistone | think that you have to face when you
devel op an ani mal nodel, and you have a virul osone.

And in this, you have to keep in mnd that
this organismhas this remarkable capacity to acquire
and rearrange genetic determ nants that play a critical
role. The Acinetobacter that you have at the beginning
of the infection my not be the sane Aci netobacter that
you have at the end of the infection because you have
t hese nobil e genetic elenents that are hoppi ng around.

So how do we know that Acinetobacter is
virulent? What are the clues? WIIl, good observation
is inmportant. Finding nodels and defining virul ence
traits are the key to this. So a long, long tine ago
in a kingdom far, far away when we first started
working with the Walter Reed Arny Medical Center, Dr.

Col onel Kraft there sent us these isolates, and we were
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very, very fortunate to get these isolates fromhim
and we did a genetic determ nation of the antibiotic
resi stance genes.

It occurred to us in a separate manuscri pt
that, you know, it's actually funny that sonme of these
resi stance determ nants were associated with
particularly bad outcones. So we didn't know what this
nmeant at this tinme because we were very young, a | ot
younger than | am now, al nobst a decade or nore, we
didn't know that carbapenem resistance was associ at ed
with the need, not the success or failure, but with the
need for nechani cal ventilation.

We al so di scovered that certain particul ar
car bapenenmase genes were associated with ventil ation,
| onger hospital stays, |ICU stays, conplexity,
durations, and changes nade to the antibiotic reginen.
We had no clue. W had no clue what this neant. This
was an observational study, but it sort of got the bal
rolling.

So we thought that, well, maybe, just maybe,
bl aOXA- 23, or the carbapenenase gene, is a marker, and

we started thinking about the |ink between bacteria of
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proteins in the periplasmc space and the cytosol, and
could there be any virul ence determ nation that cones
fromthat? But regrettably at the tinme, we focused
nore on the resistance side of Acinetobacter than we
actually | ooked at this sort of interesting virulence
t hi ng.

But the rest of the world went on luckily.
And then Aci netobacter started being descri bed as doi ng
sonme really strange things, |ike devel opi ng outer
menbr ane vesicles where part of its outer wall forns
another little bubble, and that bubble gets popped off
t he Aci netobacter, and in that bubble is a resistance
gene, and then people started | ooking further, and not
only were resistance genes in these little lipid
bubbl es call ed outer nmenbrane vesicles, but other
protei ns associated with pathogenesis and virul ence and
speci al i zed secretion systens for the delivery of
virul ence factors.

So what's energing here is an incredibly
conmpl ex organism Resistance is the center of what
defines it in the lab. |Its genetics change constantly

due to nobile genetic elenments that are hopping around.
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And it's put together in probably a way that -- | don't
under st and Pseudononas as well as | should -- but in a
way that's probably very unique, and simlar to
sonething |1've had to think about.

So how do you put together an understandi ng of
nodel s of infection? Well, we all recogni ze here that
they are inportant to identify virulence. These help
us identify the factors that are inportant between host
and Aci netobacter. But there is a caveat, the in vitro
assays, including adherence to human cells, cel
i nvasi on, biofilmformation, have often | acked
correlation in the current nodels with in vivo
virul ence in Acinetobacter when studi ed head to head.

And | think that this observation or this
statenment actually nade by Brad Spellberg, in a
publication in Clinical Mcrobiology Reviews, speaks
not because the nodels are bad, because the organismis
very conplex. And the nodels of infection that we
have, this is a pictorial representation, a nouse, rat,
a waxy worm and C. el egans.

Some of the mce nodels, they' re useful in

some ways, but they're challenging. You have to give
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9
sonetimes a high inoculuminfection at 10. That's not
really relevant to what patients actually face. To

make m ce neutropenic to actually study an

Aci netobacter infection, well, clinically, or at |east
in the real world -- in the clinical world -- the
clinical world is the real world sonetinmes -- in the

clinical world, neutropenic patients don't get

Aci net obacter infection, they get other things. So
maki ng a nouse neutropenic to give them an

Aci net obacter infection is limting.

The di abetic nouse nmay be a little bit nore
rel evant because di abetes is one of the risk factors
and it can be used for antibiotics. To inject
Aci net obacter into the intraperitoneal cavity using
porcine nmucin is a stretch, is a stretch, because,
first of all, Acinetobacter doesn't really cause a | ot
of peritonitis in humans.

It's rarely recovered froma belly infection
or spontaneous bacterial peritonitis. |It's got other
niches, it's nore the lung. And so giving it an
irritant and recovering it froma belly infection

doesn't really help us understand virulence all that
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wel | .

But there are strains of mce that are
intrinsically susceptible due to dim nished cytokine
responses, and these are actually probably a good
nodel. And there is also another strain of mce that
is also a very good nodel, but we're not sure.

Rats actually have little bit better nopdels of
infection. The pneunpnia nodel in the rat, you can
give a rat pneunonia and non-i mmunoconproni sed. There
have been rat nmpodels of skin and soft tissue infection
to study burn. And there have al so been wound nodel s
using to nake the mce a little bit imunoconprom sed
with cycl ophospham de and using particul ar strains.

And there are non-manmmualian nodels. And it's
really interesting that the waxy noth, even though it's
non- mammmal i an, actually for some studies, like in
assessing virulence and for sone studies, assessing
antibiotic efficacy, has done reasonably well. | can't
speak to C. elegans or zebrafish |arvae, but |
understand they performsimlarly in this way. W have
had experience in our lab with the waxy noth, and once

you get a handle on howto deal with it, it's actually
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pretty good.

But these nodels |ead us to define virul ence.
And when you think about virulence in Acinetobacter, |
wish | could say it's one thing, but just like the
conplexity of nam ng the conplexity of the genone,
there are a lot of virulence factors. |t can persist
in dry environnents. It expresses nmotility when it's
not supposed to.

The virul ence genes get turned on by ethanol.
Now, your mnd is not supposed to go to the spot, but
just |ike humans, | guess.

Bi ofi | m mechani sns are at play. Iron
acqui sition pathways. Polysacchari de nmenbrane.
Alteration in penicillin-binding proteins. And pilus
formati on. And these are all conplex things that
unfortunately we can't put together in a single npdel
yet as to why all these different factors are worKking.
It's nore like there's a constellation of factors
working at the sane tinme. And I'lIl show you a paper at
the end that shows this really very well.

And then there's the essential role of LPS.

And | love this figure about LPS because when you go to
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medi cal school and you study biochem stry, and you have
to nenorize all these little sugars and how they go
around in circles and how they get chained, and it's so
conplicated. Just |ook at a nolecule of LPS, and you
say, "I'mdone."

(Laughter.)

DR. BONOMO: There are too many chains, too
many Os, too many circles. It's hard for us even to
understand this on a chem cal level and its
nodi fi cation, but be certain that LPS has a critical
role in Acinetobacter in evading the host inmmune
response and triggering the host inflammtory response.

And then there's the central role of OmA, and
this is one of the nost inportant proteins that has
been studied so far. On this slide, | have a sumuary
of the things that it's been involved in: serum
resi stance, biofilmformation, adherence. And the
Spel | berg | ab has shown that reconbi nant OmA conserved
across 90 percent of strains generates a hunoral inmune
response that is protective. So this is an inportant
protein and the genesis of it.

So when you start | ooking at all the papers
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that are witten and you start identifying virul ence
factors, the conplexity begins. You have what [|'ve
menti oned, LPS and OmpA, and then you have superoxi de
di smutase. And then as you begin to go through those
virul ence factors, you see that sone of these virul ence
factors are also involved in antibiotic resistance,

OXA- 24, pnmrB, which is involved in colistin resistance.
You have a variety of other genes involved in this, and
even am nogl ycosi de-nodi fyi ng enzynes, as well as
ef fl ux punps.

So this is an organismthat has its virul ence,
its virome sort of interacting with its resistonme. But
we do have i mmunol ogic factors that can go against it:
cyt oki nes, avoi dance of polys, macrophages. Zinc and
magnesi um sequestration are inportant.

And to lastly put it together, the sort of
integrated view is that there is a very inportant role
for the capsule in Acinetobacter baumannii. The
capsule is the primary defense agai nst conplenment. |t
hel ps ward off white cells. You have the LPS. You
have the fact that in many, many infections, it has

been observed that there is a large infectious
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i noculum so the nore Acinetobacter you have together,
the nore virulent it can become. And this is alnost a
predi ct abl e consequence of not being able to treat this
organismw th an effective antibiotic. You can't get
rid of it in the wound, and the nunmbers grow, grow,
grow, grow, then you get these quorum sensing signals
that are triggered, and you go into sepsis.

So effective therapy hel ps the host rapidly
cl ear the bacteria, avoids damage, whereas ineffective
t herapy enables the bacteria to persist at higher
| evel s, becone nore dense, and triggering host damage.

And what about targeting virulence and
resistance? |Inhibiting LpxC protects mce from
resi stant Aci netobacter by nodul ating inflanmati on and
enhanci ng phagocytosi s.

A very inportant paper that asks the question,
Can LpxC inhibition block the ability of bacteria to
activate the sepsis cascade and enhance opsono-
phagocytic killing of bacteria and protect mce? And
the answer is yes, and it was based on very inportant
sci ence that was published in Cell by Christian Raetz a

number of years ago, who devel oped this approach to it.
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This was unappreciated at the tinme, how inportant this
pat hway was. Now | think that people are beginning to
t hi nk about LpxC inhibition in the -- ny screen just
went away. It went white.

(Technical interruption.)

DR. BONOMO: So basically what | was going to
get to is that, yes, this actually works, and you can
interfere with the inflammtory cascade by interfering
with LpxC inhibition. And this is a way to sort of get
at sort of a novel approach and to get to the punch
line basically.

When you start to integrate all these various
pat hways together, you find that, well, when you | ook
at the genomc plasticity that this organi smhas, and
you |l ook like at its responses to therapy, | think it's
tinme to start devel opi ng a novel way of |ooking at
Aci net obacter, and | think that's the role of this
comm ttee today, because there is significant urgency.

And the urgency is here, a very inportant
out break that was described. | think Dan is going to
tal k about this later. This was a huge out break of

Aci net obacter strains. They found that the strains
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were genetically related to strains that had previously
went around the world. In nurine nodels, these strains
were very, very virulent. They had a high virul ence.
They used iron netabolism-- they discovered iron
nmet abol i sm genes, protein secretion, and they al so
devel oped a PCR assay in this paper that could help
themidentify this.

So we conme back to this sort of synthesis in
t hi s organi sm where many, nmany genes have been found,
about 300, that were required for survival and for
growt h of A baumannii, and there are many
transcription factors also required for this. And the
subset of these transcription factors that are invol ved
in virulence are also involved in resistance.

So |l think this is a way to | ook at the
vi rul osone of Aci netobacter and to begin to think of it
in different ways.

So in conclusion, resistance and virul ence |
think actually are very linked in Acinetobacter. |
think the way to approach this is to start to del ve
into systens bi ol ogy approaches that can reveal these

incredibly tight associations between what's happening
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on the outside of the organi smand what's happeni ng on
t he inside.

I think we need to start thinking about
di fferent ways, antisense therapies, or siRNAs. They
have genes that are involved in resistance have dual
roles. W need to begin putting our heads around what
is the role of outer nenbrane vesicles in transporting
i nformati on acr oss.

I think there are unexpected patterns of
infections that we have to be aware about, and in one
strain of Acineto, in one infection in a patient in
Cl evel and, we discovered that the patient was actually
infected with two genetically different strains but was
bacterem c with Aci netobacter by two genetically
different strains circulating in the bloodstream This
is a way to think about this. And actually that was
publ i shed by Mark Adanms in an nmBio paper. And | think
that we have to link resistance to virulence in novel
strategies.

So the take-hone point, what | think is the
future for Acinetobacter. Well, |I think we have to

take a three-pronged approach -- we have to think about
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i mmunot her apy, we have to think about biologics, and we
have to think about drugs -- because it's a very
cunni ng pat hogen.

And | made a very sinple figure, you have your
resi stance genes on this side, you have your virul ence
genes, you have the link between, and | think it's a
teeter-totter how to think about this. And | encourage
this commttee, this group, to think about
Aci net obacter in a broader sense.

Thank you.

DR. FARLEY: For folks on the WebEx, we are
having technical difficulties, and you'll be able to
see the screen after lunch, hopefully. But you should
be able to follow along with the slides that are
avai |l abl e on the neeting website.

We'll now turn our attention to short fornal
public presentations. These were requested in advance
per the meeting announcenent.

| would like to invite Dr. WIliam Weiss, from
the University of North Texas Health Sciences Center to
t he podi um

Public Presentati ons
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DR. VEISS: So 5 mnutes to put ny 2 cents in
on this subject of animal nodels for Pseudonobnas and
for Acinetobacter. And Joanna and Robert just did sone
excel l ent presentati ons on pathogenesis of both these
strains, so | won't belabor the point on this first
slide other than to say that the organi sms share common
clinical infections and indications.

And the main areas of concern would be UTI
pneunoni a, bacterem a, and skin and skin structure
infections. And along those lines, there are
resistance determ nants in the strains we're
encountering today that are of big concern.

In the case of the Acinetobacter, we're
t al ki ng about a whol e host of beta-Ilactamases, Cl ass A,
B, C, and D, particularly the Class D with the OXA-23
t hat Robert just nentioned.

In the case of Pseudononas, it's a high
percentage of infections seen in the hospital settings
t hey cause with pneunonia, UTls, and bl oodstream
infections, and, in particular, eye, ear, nose, and
throat. And, again, wound infections and nmultidrug

resi stance is a bigger issue.
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Now, the Preclinical Services Group at the
Uni versity of North Texas runs a host of these ani nal
nodel s in evaluating new therapies for treating these
types of infections, and |I've been doing this for 35
years. | wanted to share sonme of the ways if you're
devel opi ng a new ani mal nodel or the way we've
devel oped the ani mal nodel s and have run them that |
feel are very inportant, particularly for these two
or gani sns.

So in running these animal nodels, there's a
need to have representative current clinical
indications. You're not going to run a Pseudononas
agai nst sone type of infection where it doesn't occur.
And this goes back to the UTI, the pneunonia, the
bacterem a, and the wound. These are the nodels of
concern, these are the nodels you want to have running.

You want to make use of relevant clinical
strains. ATCC strains are great, but if you're going
to test a new therapy, a novel therapy, you want to do
i sol ates that are of clinical relevance, that they cane
froma site of infection.

If you want to develop a UTlI nodel, you're not
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going to take a Pseudonpnas that came from a
bl oodstream i nfection. The best possible case of
success in devel oping one of these nodels is to use an
isolate that came fromthat indication and to acquire
that and put that into the nodel, and that's what we
do.

The other need is to use current strains of
concerns. Again, you want resistant strains. You want
somet hi ng expressing an OXA or an NDM 1. You want
sonet hi ng that nmaybe has an efflux nutation in it.

This is what you're trying to treat. A susceptible
strain, whereas it mght develop an infection, is not
that relevant to evaluating new therapies. So there is
a need to acquire those strains. And this is where |
woul d encourage people to share sone of these strains
if they have them and not hoard them We need to put
these into the nodels to devel op the proper efficacy

st udy.

We need to involve proper doses and dosing
regimens. Now, for a |ot of the evaluations we're
doing early on, we don't know humani zed doses. It's

hard to do so. You want to have a dosing regi nen that

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 172
you can show a cause and effect. W always try to have
a dose range that gives a maximal effect and mnimal if
we can do it. That's a true indication that the nodel
i's worKking.

The humani zed PK or adapting to PK needs to
cone |ater on after you've done your initial screening.

You need to define the nmeasure of efficacy.
What is your endpoint? And in a |lot of these cases,
it's bacterial titers. Efficacy is defined as a
reduction in those bacterial titers at the site of
infection foll ow ng therapy.

Survival is good, but it's an all-or-nothing.
You can't really tease out any little idiosyncrasies of
the nmodel if you're just doing survival

So with that in mnd, I would like to go over
four of the nodels, the common nodels, but it's four of
t he nmodels that we work with on a regul ar basis, and we
work with on a regular basis with Pseudononas and
Aci net obacter, and how it can be done, and different
ways to do it.

Robert tal ked about different strains of mce,

and, yes, there are different strains of mce that work
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better than others. He tal ked about neutropenic versus
non-neutropenic. |In the case of the |lung nodel, you
can do both. You can do normal mice in a |ung nodel,
Pseudononas in particular works really well.

Neutropenic is usually needed for Acinetobacter.
They're a little bit tougher to establish that
i nfection.

I ntranasal inoculation. O her people can use
tracheal. Intranasal inoculation, again, it's a conmnon
route of infection for people. So we try to do it by
i ntranasal route.

Treatment can be del ayed. We don't want to do
a lung nodel where you treat imrediately. That's
really just knocking down the inoculumthat you're
putting in. So mnimmof 4 hours out to 24 hours,
dependi ng on the etiology of your strain, is
accept abl e.

Single/multiple dosing ranges over tine. \Wat
that will tell you with multiple ranges is if the
conmpound you're testing with will accunulate in the
lung to a high enough percentage to inhibit, it's nore

clinically rel evant.
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In terms of endpoints, again, lung titer.
Survival can be used. |In a nouse nodel, a |lot of these
strains will go bacterem c and cause deat h.

PK/PD in the lung nodel is very comopn. You
can nmeasure both plasma and ELF to get a neasure of
efficacy. And, again, we have this working with
several strains that cane from endotracheal aspirates
or bronchial lavage froma clinical study. The
rel evant strain works much better.

The UTI, or what we run is an ascendi ng
pyel onephritis. It can be done in normal mce. It can
al so be done in diabetic mce. Particularly for
Pseudononas, the diabetic nmouse nodel works very well.
It's transurethral inoculation, so it really is a
source of infection, and ascends to the kidney to cause
i nfection.

Treatment, again, we don't start until 4 days
|ater. We're tal king about an established infection.
You don't go to the physician just getting a UTlI, you
al ready have the UTIl, it's already there, you al ready
have an issue. So it's inportant to wait that anmount

of tine.
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Your endpoint isn't just kidney. W want to
nmeasure different aspects of it. Were does the
conpound go? Where is it nost effective? So we're
| ooki ng at kidney, we're |ooking at urine, and we're
| ooking at the bladder tissue itself in case there was
a biofilmtype formati on maybe with the Pseudononas
there. And, again, we have urine clinical isolates we
have obtai ned and put into the diabetic nodel that give
very good reproducible results for both new therapies
and common nol ecul es.

Skin and skin structure, there are a couple of
different ways to do skin and skin structure. One is a
superficial, the other is a subcutaneous abscess.
You're | ooking at bacteria titers, you' re | ooking at
wounds, you can del ay infection, you can del ay
treatnment of infection, and then start. W have wound
i sol ates that we're using. You could also do m xed
i nfections, which are comopn, Pseudononas and a Staph
aureus to do wound infection nodels.

Then, lastly, septicema. It can be done by
| P infection, which delays the onset of it that

produces a steady infiltration of the bug. Robert
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alluded to it, gastric nmucin in the G tract is not
quite the way to do it. You could also hematol ogically
provide this infection.

Treatnment has to be a little bit quicker
because this goes pretty fast. You can do a survival
endpoint. | know | said survival endpoints aren't
necessarily great, but we also do tine studies where
you can track CFU in the bl ood and the spleen to | ook
at efficacy of your agent.

And here again, we have this working with
Aci net obacter and Pseudononas of various resistance
mechani snms, including the ones provided.

So I think that was my 5 m nutes. Thank you.

DR. FARLEY: Thanks. Dr. Jennifer Hoover,
from d axoSm t hKl i ne.

DR. HOOVER: Thank you. | want to thank the
wor kshop organi zers for giving nme the opportunity to
speak today. | lead the Bacterial Infection Model
Group, which consists of seven scientists, including
myself, in Antibacterial DPU at GSK.

What | wanted today was give a brief overview

of the pneunonia nodel that we use to evaluate our
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conpounds agai nst Pseudononas and Aci netobacter.

We i nduce the pneunonia by placing a bacteri al
suspension in nolten agar deep into the lung using a
nonsurgi cal intubation technique. The technique can be
alittle tricky for someone to learn, but it is very
doabl e, and once soneone is skilled, they can perform
it quickly and easily.

We did recently publish an article in the
Journal of Visualized Experinments which details this
nodel . It includes both a witten manuscript as well
as a video denpnstration of how to performthe
technique in both rats and m ce.

One of the advantages of this nodel is that
many different isolates will actually establish
infection, and this gives us a lot of flexibility
because we can choose and change the isolates that we
put in the nodel based on an MC for a particular
conpound or a particular resistance phenotype that
we're nost interested in.

In the graphs shown on the slide here, you can
see the growth of representative strains of Pseudononas

in the top panel and Aci netobacter in the bottom panel.
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The lighter colored bars represent the CFU fromthe
l ungs of the animals at baseline, which, in this case,
was 1 or 2 hours post-infection, but that could be
del ayed to give a higher bacterial burden at baseline,
as desired.

The dark col ored bars represent the CFU from
the lungs of the animals at the end of the experinent,
which, in this case, was either 48 or 96 hours. W
typically do not see bacterial clearance of these
organisnms within 48 or 96 hours using this nodel. And
the nmodel is highly reproducible and it's very
consi stent both between animals as well as from
experinment to experinent. Typically, we use
i mmunoconpetent animals for this work as well.

In terms of validation, we have tested
comercially avail able antibiotics and shown that they
do not work agai nst isolates which are resistant, and
t hey work against isolates which are susceptible, and
this is using doses in the animals that are relevant to
the PK that you would get in humans using rel evant
clinical doses as well.

We've done a little bit of histology work in
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rats, which shows that the pathol ogy using this nodel
does appear to be simlar to that seen in human
pneunoni a. Wat we would really like to have woul d be
sone additional validation work based on achieving
PK/PD targets. We have a little bit of that data, and
it looks very good, but we would |like to have nore of
that for additional conpounds.

W would also like to see sone additional
pat hol ogy work to, for exanple, |ook at mce to | ook at
the tinme course of infection as well as to better
understand the inpact that the agar has on the
i nfection and the di sease progression.

Because of the tinme limtation today, |'m not
actually going to show you data fromthe nodel. |
woul d refer you to our JoVE, where we do have
representative studies that you can go and | ook at.

And |'m happy to speak with anyone either today or
sonetine after this workshop to share any data that we
have.

In summary, we feel this nodel offers another
approach to eval uate conpounds agai nst Pseudononas and

Aci net obacter preclinically. And it does have
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advant ages over sone of the existing nodels. Qur goals
fromthe presentation today are threefold. First, we
woul d sinply like to raise awareness of the nodel.
Second, we would like to see collaboration wth other
scientists who m ght be interested in either this nodel
or other animl nodels. And, third, we would like to
of fer our expertise and continue to be part of the
ongoi ng di al ogue regardi ng these ani mal nodel s.

In nmy group at GSK, we have been doing these
types of nodels for over 20 years, and we would really
| ove to share our experience as well as our industry
perspecti ve.

We are very commtted to high quality ani mal
wor k and robust nodels, and we fully support using
t hose nodels which will best help us translate fromthe
lab to the clinic. Thank you.

DR. FARLEY: Thanks. Dr. Lynn Mesel, from
Eur of i ns Panl abs.

DR. MESEL: H . [I'mLynn Mesel, and I'm
from Eurofins Pharma Di scovery Services. And |I'm going
to tell you about our Acinetobacter and Pseudononas

i nfecti on nodel s.
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So Eurofins Pharma Di scovery Services is a
preclinical contract research labs. [It's an
international network of labs in the United States, in
Europe, and in Taiwan, and we offer in vitro and in
vivo testing services to evaluate the safety and
efficacy of test articles. And we service nmultiple
t herapeutic areas and have over 40 years of experience
in contract research. And our infection nodels are
performed at the AALAS-certified or -accredited
| aboratories and Panl abs in Taipei, Taiwan.

Can you hear nme? Okay.

So Eurofins Panlabs perfornms anti-infective
drug di scovery services in areas fromtarget |ID and
validation through to candi date sel ections. It
i ncludes both in vitro and in vivo testing services as
well as the safety, testing, in vitro, and in vivo non-
GLP.

So we have over 40 nodels that are already
val i dated and ready to go, and we readily devel op
cust om nodel s upon request. And we work with over 160
Pseudononas and Aci netobacter strains for these nodels,

i ncluding 130 strains that we just recently obtained
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fromthe FDA-CDC AR Bank, and we're very grateful to
the CDC and FDA for this great resource. The infection
nodel s that we work with include a variety of infection
types, and we work with both susceptible and MDR
organi sms, Gram negatives, including KPC, NDM 1, and
MCR-1 strains, Enterococci, G ampositives, and fungi.

So the lung and thigh infection nodels are the
wor khorse nodels that we offer to clients for
evaluating initial efficacy as well as PK/ PD anal ysis.
And exanples are on the left-hand side, a nodel with
Pseudononas, a cystic fibrosis carbapenemresistant
Pseudononas strain, LES-431, that we use for both the
lung and thigh infection nodel.

And with all of our nodels, we perform
val idation studies to denonstrate an increase in
bacterial counts between the initial inoculumand the
final data point at 24 hours after treatnent. We |ike
to see at least a 2 log increase in bacterial counts.
And we strive for mninmum data scatter as well as
reproduci bility fromday to day, and dose-responsive
efficacy of a standard of care agent over realistic

concentration ranges.
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And, again, we have these nodels with NMDR
strai ns, Pseudononas and Aci netobacter.

We al so performthe survival and infection
nodel s, such as the peritoneal nodel. And | agree with
the comments raised before about the rapid | oss of
survival in untreated animals with these nodels, but
t hese nodels offer the benefit that they're perforned
w th i mune conpetent animals, and in that way, it
allows us to evaluate efficacy of vaccines and i mune
nmodul atory agents, that are not so effective in the
t high and lung infection nodels with neutropenic
ani mal s.

Again, these nodels are optim zed to
denmonstrate dose-responsive efficacy. And we have 160
MDR strains available for testing in this nodel,
al though the optim zation is done with classical
strains.

So | amhere to discuss any questions that you
may have or any inquiries about our services. And |
want to thank the organi zers for the opportunity to
present.

DR. FARLEY: Thanks. Qur final presentation
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is by Dr. Craig Rayner, from D3 Medi ci ne.

DR. RAYNER: Thank you very nuch for the
opportunity today. So just in ternms of disclosures, |
am the President of D3 Medicine, A Certara Conpany. W
work with many, nmany biotechs and pharnaceuti cal
conpanies as well as the |ife science investnent
community, and also with governnents in providing
strategy and stewardship on conpl ex drug devel opnment
progranms. But today |I'mhere in the capacity of
representing the Australian Departnment of Defense, the
Def ense Sci ence and Technol ogy Group, or DST.

And it's quite a wonderful opportunity to
announce sonet hi ng proactive and progressive in this
area, and that is, as part of the Australian Gover nment
Next Generation Technol ogy Fund, wi th about $750
mllion appropriated, there has been approxi mately $40
mllion which has been allocated for the support of the
devel opnent of nedi cal counterneasure products, of
which clearly multidrug-resistant bacterial pathogens,
of which we're tal king about today, is well and truly
i n scope.

So it's the intention that this initial fund
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will be |leveraged to nore than $100 nillion, and al so
to create a self-sustaining public-private partnership
so that this will be sonmething which will continue into
the future

So firstly I would like to thank and
acknowl edge a nunber of people in this roomand al so
ot hers on the phone because we've been working on this
for quite along tinme. It's involved quite a | ot of
advocacy over a |arge nunber of years, and we've been
able to get to this point.

And what |'mhere to do today is to really
just acknowl edge the community and, second of all,
encourage you, if you're interested in finding out nore
about it, if you're interested in collaborating,
becom ng involved, is to reach out directly ne. MW
emai | address is up on the website. And | would just
i ke to thank the organi zers for the opportunity to
present today.

DR. FARLEY: Thanks very much. We will turn
t he nmeeting now back to Dr. MIler and Dr. Bonono for
an opportunity for some panel discussion.

Moder at ed Panel Di scussion (wth Audi ence Q&A)
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DR. MLLER | thought I would start out by
maki ng a few comrents about the norning since it's been
so informative.

First of all, I think if we can contrast the
ani ml nodel devel opnent and the FDA approval that
we' ve done for plague and anthrax conpared to what we
hoped to do as a group or a community for these
pat hogens, this is obviously a nmuch nore conplicated
probl em

In terms of the bugs, both plague and ant hrax
are very highly evol ved pathogens. They maintain their
stability on plates, because they have evolved to cause
pat hogeni c di sease, and we could easily devel op,
relatively easily devel op, new ani mal nodel s.

Now, with these pathogens, they're unstable on
pl ates. We know that they | ose their genetic integrity
and devel op del etions as they're passed on rich nmedi um
probably because they're environnental organisns that
l[ive in a nitrogen- and carbon-poor environnment in the
soil and water, and when they nove either to a hospital
to adapt or to human tissues, there is nore food and a

speci ali zed environnment that causes themto change and
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adapt .

So not only are they diverse because all the
envi ronment al sources out there are extrenely diverse,
so we've got all this diverse genom c and
characteristic features of these organi sms because of
their diversity in nature, but then they beconme nore
di verse.

And if we look at clinical trials and think
about clinical trials that we m ght seek where these
are causing greater diseases at a greater incidence, we
know t hat these organi sns have the ability to cause
epi dem ¢ out breaks where a single clonal organi sm
evol ves over 10 or 12 years, changing its genetic
material in the hospital, perhaps adapting to the
hospital environment to adhere to plastic, to patient
lung tissue.

Then when we think about the clinical disease,
we've got this huge diversity of disease as well where
we sort of have two classes of patients. There are
many, many nore classifications we could do, but if we
t hi nk about how we m ght classify them there are the

i mmunosuppressed patients with typical -- they' re on
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chenot herapy or they're neutropenic, who are highly
susceptible to these organisns. And then there's the
class of barrier integrity loss, which is where they
may be extrenely healthy people, the person who gets
Pseudononas pneunonia after intubation for a routine
surgi cal procedure that's an el ective surgery, the
person who gets Aci netobacter due to getting a
cat heter.

And so any ani mal nopdels that we want to
devel op or try to take into account have to take into
account this organismdiversity and at | east probably
have to fall into these two categories of barrier
function, loss of integrity, and immunosuppression if
we want to accunul ate that dat a.

And | think that a point of discussion that we
coul d hear nore about from other people and begin to
t hi nk about is how we coul d conbi ne sone clinical
efficacy data in humans with the ani mal nodel data.

Of course, we've known for a long tine that
many organi sns are susceptible in vitro to an
antibiotic, the classical exanple being Sal nonella

bei ng susceptible to first-generati on cephal osporins on
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a plate but totally resistant in vivo because we know
t hat m croorgani snms change when they get into the
envi ronment of animal or human tissues.

So we can't exactly reproduce in these ani nal
nodel s human tissue, but it's closer, and if we use
sone diverse animl nodels, | think we can get a | ot of
good data about this that m ght be nore consistent in
many ways than some of the human trials because the
human trials are going to have extrenely diverse
patients in them and that is going to confound sonme of
t he dat a.

So this is a very thorny problem And |'|
turn it over to anyone else who wants to coment about
these difficult issues that |'ve raised.

DR. COX: W're going to bring you a
nm crophone so fol ks can hear you. There are sone fol ks
online, too.

DR. MAI RA-LI TRAN: Thanks. This is Tonas
Maira, fromthe Brigham and Wonen's Hospital in Harvard
Medi cal School. So basically I was going to talk a
little bit about our experience with Acinetobacter and

the animal nodels primarily. We have been working with
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l ung infection nodels on bacterem as. So although

Aci net obacter has been considered for a while | guess

as a low virul ent pathogen, we've seen in our

experience that obviously depending on the strain you

use for infection, the LD90s can vary dramatically. So

9

we've seen the strains in the 10 range, but we've seen
4 7

al so many strains in the 10 and 10. So | guess you've

seen one of these fairly virulent strains is going to

help in these types of infections.

Also, in the nouse strain, we've seen also
like it's very inportant, and we conpare a panel of
different strains, for exanple, in our studies, and we
clearly see that this has a great inpact in the outcone
of infection, for exanple, strains |like C57s are much
nore suscepti ble than C3H or (inaudible) in mce.

And, again, also | agree with the fact that
usi ng neutropenic nodel of infections are not really --
| nmean, they are not clinically relevant since we know
neutropenia per se is not a risk factor for infection.

And, finally, we've seen that working with
mouse nodels of infection, that sticking to the sane

vendors and even sticking to the sane roons in the
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vendors help us a lot to get consistent results. So
the m crobione nmght play a role as well here.

PARTI Cl PANT: Can you identify yourself?

DR. MAI RA-LI TRAN: Yes. Tomas Maira, fromthe
Bri gham and Wonen's Hospital, Harvard Medi cal School.

PARTI CI PANT: Thank you.

DR. REX: So as a nental nodel, | guess, it
feels |ike we've got a choice between two poles. One
pole is that you say to yourself, I'mnot going to get
happy wi th Pseudononas or Aci netobacter until | can do
something with the clarity of plague, you know, you say
that's what you want. Your other pole is to say that
no matter how many variations | do, every one of them
is going to have sonmething wong with it. [It's going
to be not enough strains or the strain varied or it's
only in the lung or it's not in the -- there are going
to be lots -- there are going to be quirks around each
one of them

And it feels to ne like if you sort of |ay
t hose two things out, you could spend a long tine
trying to get -- and hearing the presentations, | think

you could spend a long tine trying to get to the
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clarity of the plague with Pseudononas or
Aci netobacter. It's not obvious to ne that you woul d
get there. 1t would be nice if you did, but everything
we're hearing says you won't.

And so rather than drive ourselves berserk
trying to achieve that level of clarity, it does fee
-- you know, the great value of this conversation is
that it says that in fact what you need to do is do 10
di fferent animal nodels with Pseudonobnas, with your
drug, just do it a bunch of different ways. And if
each way, if it's all consistent across all of those,

t hen great.

And also, | don't get too hung up -- you
comment ed a second ago about neutropenia. Neutropenia
for me is not neant in an animal nodel to mmc
neutropenia in a human being; it's sinply a tool to
enabl e the organismto beconme aggressive. And | just
view that as yet another way to set it up so that | can
do sonet hing nore sophisticated than work just in a
test tube. And I think use a variety of nodels and
| ook for paraneters, PD paranmeters, that seemto cut

t hrough them and you include in those nodels reference
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drugs, sort of standard benchmarks, standard
candl esticks, and make it all line up. Because | feel
li ke otherwise we're just going to spend forever trying
to get these nodels to work beautifully.

DR. MLLER: | think that's right. | think
you coul d today design -- How many? is the question,
and how many bacteria? Because you're going to have to
use sone diverse different bacteria that you know
bacteria that have caused maj or outbreaks, bacteria
fromthe environnent, bacteria that are current
clinical isolates. You're going to have to use -- and
they will need to be well characterized to understand
what's different about them so that that data can be
applied in the future if things change.

So you start getting this matrix of, how many
bugs and how many ani mal nodels and nuch is that going
to cost? Now, it's way cheaper than clinical trials,
and maybe things would have to make it through sone
sort of hierarchy |like that before people would spend
the nmoney on a nore limted clinical trial which would
show enough efficacy that people would use it or used

in a different way.
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| mean, getting -- | don't know how the FDA
has dealt with, say, stool transplant in C. diff, even
where there's a clinical trial showing its efficacy,
whet her we woul d start having to give sonme of these
drugs an ID after they were effective in an ani nal
nodel unless there's a better pathway to get them
approved.

DR. COX: Yeah, so the goal here really would
be to study the drug and gather the data that would
support an application that would lead to approval to
get out there. What we tal ked sone about, too, is sone
of the tools that sonething |ike LPAD offers, which
woul d help to identify the drug as being a product of a
nore |imted database.

But recognizing that for patients with
Pseudononas aerugi nosa or Aci netobacter who don't have
ot her options, it's a reasonable risk-benefit scenario
to consider using a drug when alternatives are not
avai |l abl e for patients who have those serious
i nfections.

DR. ZURAWSKI: So | would like to second

everything that John just said. | think it's really
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i nportant. Qur experience with the Arnmy with
Aci net obacter, the goal of our program was basically to
take a strain that we felt confortable with and we
showed it established an infection across seven
different animl nodels. And so the real key is seeing
this consistency across all the nodels and doing al
the nmodels, |ike John suggested. You can't just do
one, you've got to do nmultiple ones so you can feel
good about the drug or whatever therapy that you're
testing.

The second thing | would like to say is about
the neutropenia. | again second what he's saying.
It's a tenporary neutropenia. Anybody who has done
these nodels can tell you that the white bl ood cel
count cones back on day three, both max and neutrophils
cones back on day three. And all it is, is a tool to
allow you to start with a very low i noculum and then
build up to what is a classical infection.

So what we see in the animals, what we call a

8 9

classic infection, is anywhere from 10, 10 program of
tissue. So to get to that point, you want to start out

with a lower inoculum and what we do for our wound
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4 6
nodel s 10 we do for our |ung nodels 10.

We're allowing the bug to go through its
normal stages of pathogenesis. How does it attack a
cell? attach to a cell? disrupt nmaybe the barrier,
epithelial barrier? things like this that are invol ved
in the pathogenesis that then allows it to establish
that infection and get to that anount.

So by having nodels that start with a | ower
i nocul um and then build, | think that really has to be
i ncor porated in.

And, finally, I would like to nake a conment
about strains. One thing, as a mcrobiologist, as a
Ph.D. researcher, you're always kind of limted to the
strains you get from people. Right?

So when we get strains that we want to
research, oftentinmes that cones from patients that nmay
have passed or had a serious infection, and sonmebody is
pul ling that isolate mybe a week, 10 days, after the
infection is established. It's usually fromthe
bl oodst ream where you' ve got massive sepsis and that
patient is going down. That's not really the isolate

we want to study.
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Otentines, that isolate, especially with
t hese two organi snms, where their genones are very
pl astic, they change rapidly, and certainly in the
stress of the host they're actively changi ng, you want
earlier isolates that are involved in again that early
pat hogenesi s and how they establish an infection.

So | think you can get |ucky and sonetines get
t hose isolates when you're | ooking at a wi de range of
strains that you're getting from numerous places, but |
do want to caution that just taking a bloodstream
isolate froma patient that's 14 days old, it may not
be the sane bug when you started, fromthe begi nning.

DR. GUINA: | would Iike to make a conmment. |
agree that it's really inportant to | ook at many
different animal nodels at this stage if you, as a
comm ttee, are deciding on what ani mal nodels may be
nmost appropriate, but I think it wll be nore clear
after the afternoon's presentations how wel |
characterized are these nodels. | think that
eventual |y hopefully the field will conme to several
nodel s refl ecting back to the nmonkeypox and snal | pox

nodel s that were used to approve drugs and vacci nes.
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I think that disease progression could better
characterize sone of these nodels. Pathol ogy has
al nrost been done to al nbst an extent in sonme of these
nodel s. The committee nay want to agree what are the
i nportant di sease bi omarkers that are going to be
qual ity checkpoints. So there is still lots of work to
be done.

So while | agree that at this point if you're
a researcher, it's good to test your strains in
different nodels, but | believe that if you approach
this systematically, we may end up with two or three
nodel s that may represent different stages of disease
or different nmaybe even to sone degree patient
popul ati ons.

And, of course, strains are absolutely
i nportant and where they're comng from So that's why
we have basic researchers here at the panel, because
they have to inpress that upon us, that it's really
inportant. W can have totally different disease if
you use different strains.

DR. M LLER  Just to underscore Tina' s point,

even when you take a classical pathogen, |ike
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Sal nronel l a typhi murium and you take an ani mal nodel
such as the (inaudible) nouse where one organismw ||
kill that animal, if you get 10 clinical isolates from
people, they all have different pathogenicity in
system c infection nodel in terms of how many it wll
kill.

So you're |l ooking at -- and this is sonething
where we understand the pathogenesis pretty well, and
we don't know why that's the case for these organi sns
and what the basis for any of this is. And so we are
going to have to pick sone nodels and standardi ze them
to some degree, and this is going to be particularly
chall enging with these organi sns because of their
pl asticity and because they're not used to living on
pl ates, on growth nedia, and stuff, and they wll adapt

very quickly to that.

DR. MARRA: |'m Andrea Marra, from Melinta
Therapeutics. And just building on Dan's point -- and
| think the discussion is comng around to this -- but

| " ve been doing this a long tinme, devel opi ng ani nal
nodel s of infection for antibacterials, and | think the

key thing is the strains, and this is what we've been
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tal king about. And I think the nost hel pful thing,
especially with these two organisns, is a repository
that we all have access to.

So those of us in biotech, we don't have
access to the strains that people in other areas do.
And | can't get the clinical isolates that, say, Dan or
ot her people in government can get, and we don't have
the resources and budget and tinme to put lots and |ots
of strains through these nodels. So |I think the best
way to nove forward would be to have access to the
strains that we can actually use to test our conpounds.

DR. BONOMO: | know they are devel opi ng right
now bi orepositories of strains that have been supported
by the NIH through the Antim crobial Resistance
Leadership Group. There are at |east 100 strains of
Aci net obacter and at |east --

DR. MARRA: (O f m crophone.)

DR. BONOMO: Well, they were the sane ones
that cane fromthe wounded soldiers at Walter Reed Arny
Medi cal Center. So you could check what happened to
them but that's all published data, whether they were

bl oodstream i nfection or wound i nfection or pneunonia,
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it's all listed as part of the netadata that's part of

t hat coll ection.

DR. MARRA: No, | appreciate that point, but
know that if | get 50 strains in, | mght find one that
is actually mouse virulent. And like | said, we don't
have the time or the noney or the resources to do that.
And | know from Dan's experience that that's the case.
So a repository of nmouse-virulent strains would be the
nost hel pful thing.

DR. BONOMO:  Wel |, mouse virul ence and human
virulence are different. Muse virulence and human
virul ence, there could be a different nuance there, and
how sone of these drugs act in a nouse are very
different than how they act in a -- they could be
different than how they act in a human.

DR. MARRA: Yeah, they need to add to the
nouse.

DR. COX: Yeah. It seens that both are
agreeing on that, that there are differences in the way
t he bacteria may behave as you nove fromthe human to
the nouse. And | understand. So the idea was to have

a repository of strains that could be available to
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fol ks devel opi ng drugs.

Is it directly relevant to the | ast comment?

PARTI Cl PANT:  Yes.

DR. COX: Okay. Is yours?

PARTI Cl PANT:  Yes.

DR. COX: OCkay. Then we'll go in order.

We'll be right back with you in a sec.

DR. CAMPBELL: | guess what | was wonderi ng,
and we tal ked a | ot about animal nodels, but | know
there are nore and nore people are devel opi ng organs on
chips. |1'"mJoe Canpbell. |I'ma programofficer in
Judy Hewitt's section. Devel oping organs on chips that
do start with human tissues. And | was just wondering
if relevant to some of this -- and especially Dr. Rex's
comments got me thinking about this -- that we're going
to have nmultiple nodels which all naybe have sone
weaknesses, if human organs on chip nodels are
sonet hi ng that shoul d be di scussed.

DR. MLLER | nean, | think there are
advant ages, particularly for Pseudonobnas and
Aci net obacter, particularly for even just polarized

epithelial cell nodels or tissue wound nodels that are
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-- because it's human tissue derived. So, | nean,
those would be early stage, but it probably isn't going
to substitute for animal nodels or lead to actua
approval of a drug, but | think they could be useful
nodel s for early testing of conmpounds that woul dn't
i nvol ve animals, which is advant ageous.

DR. ZURAWSKI : | think you just have to do
both. | nean, | think it's your conpound or whatever
you're bringing forward, you have to do as many things
as you can to feel good about it. W are personally --
i ke our lab now is noving towards doing some hunman
cell work, tissue culture cell work, and the goal would
be to correlate what we're doing in animals with that.
So | think if you can have a correlation again across
t he board and feel good about it, yeah, do it and feel
better about your drug. | don't think it's a bad thing
to do.

PARTI CI PANT: | just wanted to point out the
antibiotic resistant bank offered by the CDC and FDA
It's a collection of 130 Pseudonobnas and Aci net obact er
organi sns that are serious, a lot of different

antibiotic resistance nmechani sms. The genone sequence
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is known. | think it's a fantastic resource that the
FDA and CDC group are offering. ©h, and avail able for
free in the United States.

DR. COX: Yeah, we're aware of that. | don't
know the full extent of it, but we can certainly get
you a contact, too. We'Ill try and do that before the
day is out.

And t hen another comment? No. Ckay.

DR. MLLER. W're going to have a | ot of
di scussion later, and we were running a little bit
|ate. So maybe we should break for lunch and we'l
conti nue the discussion |later.

(Lunch.)

Approaches to Ani mal Moddel Devel opnment, Future
Di rection/ Next Steps

DR. KNI SELY: Wel cone back from | unch,
everyone. It's 1:35, so | think we better go ahead and
get started, and hopefully others will trickle in. So
this afternoon we're going to have a kind of whirlw nd
tour of what's out there, at least a glinpse of what's
out there in ternms of existing animal nodels for

Pseudonbnas and Aci netobacter. And then we'll have a
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panel discussion about the features of those nodels and
where we m ght need to go.

So our first speaker this afternoon is Dr.
David Andes. He is a professor in the Departnent of
Medi ci ne and Medi cal M crobiol ogy and | nmunol ogy and
Head of the Division of Infectious Di seases at the
Uni versity of Wsconsin, and Director of the Wsconsin
Antim crobial Drug Discovery and Devel opnent NI H Center
of Excellence. Hi s research progranms are
mul tidisciplinary and strive to identify strategies to
conmbat antim crobial drug resistance.

PK/ PD Consi deration for Animal Model
Devel opnent

DR. ANDES: Great. Well, thanks very nuch for
the invitation to cone today. This has been great so
far.

Can you hear ne back there? AlIl right. Now
can you hear me? Great. All right.

So |'ve been asked to tal k about use of npuse
infection nodels to answer PK/PD questions. Here are
my disclosures. | primarily work with a variety of

drug conpani es doing PK/PD. And here's what | woul d
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like to discuss. So first, what PK/ PD questions can
these infection nodels hel p address? What study
vari abl es can inpact the PK/ PD answers we get? And can
t hese nodel s and PK/ PD anal ysis be used to predict
clinical efficacy in patients?

So first, why do we conduct PK/PD infection
nodel studies? And sinply put, it's to inprove the
probability of a positive therapeutic outcome in our
patients.

So what do we do? Sinply put, we tie drug
potency, in this case, MC, to antim crobial exposure
| ooking for a relationship between exposure and effect.

You' ve al ready seen the two workhorse nodel s
i ntroduced during the public comments earlier today.
These include the nmurine lung and thigh infection
nodel s. They roughly m mc soft tissue infection,
sepsi s, and pneunoni a respectively.

They are neutropenic. This allows the growth
of organisns that otherw se are not pathogens in these
model s. Wth neutropenia, they support the growth of
nost bacteria. W utilize organismburden at the site

of infection as the primary endpoint. And | can tel
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you that this correlates very closely with survival in
these animals using a rmuch | ower nunber of ani nals.

You woul d have to use anywhere fromthree to five tines
t he nunber of animals for statistical significance
usi ng survival as an endpoint.

A | arge nunber of conparator antimn crobials
have been exam ned in these nmobdels. And, inportantly,
as | hope I'Il convince you in a bit, that outcones
from PK/PD anal ysis in these nodels have been useful
for forecasting efficacy in patients.

So this is roughly our study design. Here on
the left, we have an imge of a nopuse getting a thigh
infection. And we initiate therapy in these animals 2
hours after infection. This allows the organisns to
grow into the | og phase of growth.

These are both acute nodels. And the endpoint
after therapy is at 24 hours, where bacterial burden is
assessed, followed by an analysis of the relationship
bet ween t he pharmacokinetics at the infection site to
out cone.

So how do we determ ne how nmuch and how often

to adm nister an antibiotic? the first PK/ PD question
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we ask.

So to do this, we, in these infection nodels,
vary not only the dose |level, but the frequency of
adm ni stration, varying in what's called a dose
fractionation design.

Here's an exanple of data output from one of
these studies. This is with a cephal osporin antibiotic
in the thigh infection nodel, and you can see here on
the right, on the X axis, we see increasing doses. And
in these dose fractionation studies, we've adm nistered
five total doses of drug fractionated into four
different dosing intervals. And what you can see is as
t he dosing interval is shortened fromonce daily to
every 3 hours, you see a shift in the dose-response
curve to the left, indicating enhanced efficacy. So
adm ni stering smaller doses frequently would be the
nost effective dosing strategy.

We then exam ned these exposures
phar macodynam cally. So each of these dosing regi nens
is expressed as one of the three traditional
phar macodynam c paraneters, percent tinme above MC

Cmax/ M C, and AUC/M C, using a Signmoid Enmax Model. And
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you don't need to be a mathematician to see that in
this case, the tightest data fit is with time above
M C, as you would expect with a cephal ospori n.

And these types of anal yses have, | woul d
argue, been conpleted for every antibacterial that has
cone to market. And this study design has been,
wi t hout an exception that |I'm aware of, been useful for
di scerning the pharmacodynamc driver. Is it tine
above M C, AUC/MC, or Cmax/ M C?

So the first question, again, is, Wiich is the
driver? And | think it's clear fromthe published
literature that dose fractionation in these nodels
reliably defines the PK/PD driver. This works with
Pseudononas and Aci netobacter as well.

The second critical question is, How do we
define the pharmacodynam c target, or how nuch drug do
| need for efficacy? So to do this, we used the sane
i nfection nodels and the sane type of analysis, in this
case, introducing additional bacterial isolates,
preferably isolates with MC variation. And then we
cal cul ate the anount of drug required for a variety of

endpoi nts, varying fromstasis, which is the burden of
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organisns in these tissues at the start of therapy, to
killing endpoints, 1 and 2 log kill relative to the
anmount of drug required relative to the burden of
organi sns at the start of therapy.

As | nentioned, | would also |like to discuss
sonme of the pharmacodynam c vari abl es that can inpact
t he pharmacodynam c target, and I'll discuss a few of
these. [|'Il discuss those related to the organi sm and
sonme of those related to the host and how the host
handl es these anti biotics.

Let's first start with the organism And so
here is data again with the cephal osporin with a
Pseudonmonas infection, in this case, the thigh nodel.
And we have a treatnent study with two organi sns.

So the Pseudonpnas strain on the |left you can
see with over this time above M C exposure, the
response curve has shifted to the left, conpared to the
Pseudononas isol ate nunmber 2. What this results inis
a stasis target for the strain 1 of 16 percent, and
al nrost 40 percent for strain 2. So which of these, if
either, is the pharmacodynam c target? And how do we

address this?
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To address this, we add additional strains, in
this case, 14 strains, again in the sane nodel. And
you can see here in doing so, we reduce the variability
and identify the pharmacodynam c target for stasis, in
this case, is a time above MC of 30 percent, nmoving to
40 percent for a 1 log kill.

So how many strains do you need to incorporate
into these nodels to robustly define the pharmaco-
dynamc target? | would say that's a difficult
guestion to answer definitively, but you would
certainly like to have enough isol ates where your
medi an and nmean approach each ot her and have the | owest
coefficient of variation as possible. | probably
woul dn't put less than 8 to 10 of these strains in
t hese nodel s because of strain-to-strain variability to
define the pharnmacodynam c target.

We would also Iike to exam ne the inpact of
M C variation. And here this slide represents a very
| arge number of studies, so this is 65 dose-rangi ng
studi es, 65 organisns, several cephal osporins,
penicillins, and carbapenens with M C range for each of

t hese drug cl asses varying nore than 1, 000-fol d.
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And in this case, each of these data points
represents the time above M C exposure needed for a
stasis target. And what you can see is within drug
class, that the pharmacodynami c target is in each of
these situations relatively simlar across the
different M C phenotypes.

We can di ve deeper and | ook at the inpact of
speci fic drug resistance nechani sns on the
phar macodynam c target. Here's an exanple with strains
expressi ng -- produci ng extended spectrum bet a-
| act amases, a large variety of them

This is data with 20 organi sns and 4
cephal osporins. And you can see the relationships are
very simlar on the left with the ESBL-producing
organi sns, and on the right, and, in fact, if you
superi npose these two graphs, you see that the
phar macodynam c target in this case is the sane
regardl ess of whether or not an ESBL produced or you
have a wild type strain w thout ESBL production.

Let's nove to the host and how t he host
handl es the drug as a PK/PD variable, in this case, the

i npact of protein binding. So this is data fromthe
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mouse thigh nodel with seven fluoroquinol ones. So for
the fluoroqui nol ones, the PK/PD driver is the 24-hour
AUC/ M C. And what you can see when one | ooks at total
drug levels, it would seemthat the anount of drug
needed for, in this case, stasis in the thigh nodel is
quite a bit higher for gem floxacin and garenoxacin,
but what you also see is that the nouse protein binding
for these two drugs is quite a bit higher than the
ot her fluoroqui nolones studied in this case. However,
when you normalize for free drug levels, you get a
| evel playing field, and that across the board, you
woul d need an AUC/MC in this case. And this is a
study agai nst pneunpbcoccus, you need a 24-hour AUC/M C
of about 25.

So it's inportant to consider protein binding
in these studies. |It's also inportant to realize while
nost comonly the degree of protein binding in mce is
siml|ar and approximtes that in humans, there can be
differences. So this needs to be accounted for in
transl ation of these animal nodel PK/PD studies to
patients.

I nfection site. So for Pseudononas, and
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Aci net obacter, as we've heard earlier, the lung is an
inportant site of infection. W are able to | ook at
the inpact of infection site and infection site PKin
these nmodels. This is data in an MRSA infection nodel,
both the thigh and the lung, with an oxazoli di none, and
each of these vertical bars represent the oxazolidi none
AUC/ M C needed for on the left, the stasis endpoint,
and on the right a 1 log kill.

And what you can see is you needed quite a bit
nore drug for the same endpoint in the thigh conpared
to the lung. These are fromtwo different [abs. And
we specul ate that the reason for this is because of the
hi gher ELF concentrations relative to bl ood
concentrations of the oxazolidinones in these infection
nodel s and in patients.

We can | ook at that nore specifically in each
of these infection nodels. Here is data with an anti -
infective that's under devel opment where we would
predict efficacy would be the sane in the lung and the
thigh. And | say that because the ELF pharmacoki netics
approxi mate the free drug plasma pharmacoki netics of

the sane antibiotic in the sane mce. And, indeed,
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that's what you see in treatnment studies with this
antibiotic where the AUC/MC in ELF and free drug
plasma is the same for stasis and 1 log kill are very,
very cl ose.

Now, as with protein binding, it's inportant
to recogni ze that, again, while ELF pharmacoki netics or
infection site pharmacokinetics can be simlar in the
mce and in patients, there can be differences as well,
so you can't rely solely upon the nouse ELF
phar macoki netics to predict what's going to happen.

Patients, | think the best exanple of where
that was a problemis with ceftobiprole, where in the
mce, the EFL to plasnma penetration ratio was close to
.7, and it was nmuch lower in patients, and | think npst
of us know how that drug fared in those pneunoni a
trials.

So the value, an additional value, of these
particular nodels is that there is a | arge anount of
experience in defining the pharmacodynam c target. 1In
fact, there is experience with nore than 100 i ndi vi dual
drugs, nore than 2 dozen drug classes, with a

st andar di zed panel of organisnms, including clinical
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i sol ates, ATCC isol ates, and those with defined
resi stance mechani sms.

One of the points that came up earlier was the
i nportance of studying these clinical isolates and the
debat e between whet her or not you should study ATCC
strains or clinical isolates. | think studying both is
i nportant.

The value of the ATCC strains is we have a
| arge anmount of experience across a wi de variety of
drugs. So if you've got your new drug, we can tell you
how t hat perfornmed agai nst these other 100 drugs and
how t hose did in patients.

So what | hope |I've convinced you now is that
t hese nouse nodels can define the PK/PD target, but,
again, there are inportant variables to consider,
particularly protein binding and infection site
phar macoki netics. But does this nean anything for our
patients? Can we use the answers fromthese nouse
nodel s to forecast efficacy in patients? Wy m ght
this work?

Despite the fact that the mce are smaller and

t he pathogenicity of these organisns in the mce is
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sonewhat different, as |ong as we account for infection
site PK and recogni ze and renmenber that the drug target
is not in the nouse or in the patient, but in the
organism so if we express the exposure
phar macodynam cally relative to the MC, we should get
t he sane pharmacodynam c target in the nouse and in
patients.

And there is actually data to suggest that
this is indeed the case. This is data that sone of you
may have seen before, and Dr. Anbrose presented this in
the summer. And this is a conparison of the answer we
get fromthe ani mal nodels and the answer we get from
treatnment trials of these same antibiotics in our
patient.

So on the left here we have data fromthe
mouse thigh nmodel with an antibiotic called
tigecycline. And you can see here as we increase the
AUC/M C, we see stasis and then we see up to a 2 |log
kill with AUCs/M C greater than 100.

When we can then do, or what ICPD folks did
nicely, is to |l ook at the exposures with tigecycline in

patients. So they |ook at infection site
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phar macoki netics fromthese clinical trials, and in
this case | ooked at the M Cs of organisnms fromthese
clinical trials, and you can see here that the exposure
of tigecycline in the HAP/ VAP studi es woul d have been
enough for the stasis endpoint in this infection site.

It's a bit worse when you break this out for
ventil ator-associ ated pneunonia than it is for
hospi tal -acquired bacterial pneunpbnia. And it's not
surprising that with these | ower exposures and | arge
ampunt of PK/PD variability that you m ght expect
treatment failure, as was observed in this clinical
trial.

The nodels can al so predict success. So this
is data in the nmouse lung nodel. This is fromArnold
Loui e and George Drusano's group where with neropenem
agai nst Pseudonpbnas aeruginosa in this nodel, you can
see a nice relationship between the free drug, in this
case, infection site time above MC, so the ELF tine
above M C, with maxi mal efficacy up near tinme above MC
val ues at greater than 75, sonmewhere between 75 and 100
percent.

Vhat were the nmeropenem exposures in the
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treatment trial? In this case, | believe this was 2
grams every 8 hours, and one sees that exposure, while
there is a |l arge amount of variability, the nmean
exposure was up near the plateau for efficacy in this
treatnment trial, and one would have predicted in this
case treatnent success, and treatnent success was
observed.

So just so that you don't think that they were
cherry-picking with these exanples, here is a group of
data that they pulled together fromtreatnent trials
for community-acquired and hospital -acquired pneunoni a.
So 20 different drugs, all of them but one studied for
hospi tal -acquired pneunonia. There are 14 of these
antibiotics for which treatnment was successful and
regul atory approval obtained, and six that failed to
gai n approval

What does this data | ook |Iike when you | ook
back at predictions fromthe infection nodel PK/ PD? So
if you're a visual person, |look on the left, and this
is the relationship between the probability of PK/ PD
target attainment in the animals and the probability of

NDA approval, with the solid synbols representing those
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treatment trials for which the drug was approved, and
the holl ow synbols representing those failures.

So as you nove up and increase the likelihood
of target attainment, you see nore drug approvals.

Now, there are sone drugs that had high |ikelihood of
target attainment for which the NDA was not approved,
in this case, due to, on the far right, safety, this is
with garenoxacin, on the left, below here, is the

dapt onyci n exposure.

And if you're nunerically inclined, you can
see here the probability of target attainnment. And so
by target attainment in this case, | nmean you achi eved
alto21logkill inthe lung nodel with these
antibiotics. And you can see if you achieve that
target, you had a very, very high |ikelihood of FDA
approval .

What have we learned fromthis type of
analysis? | think we've |earned that these nouse PK/PD
nodel s can be used to forecast efficacy in patients.
And we al so get sone sense of where we shoul d be, what
t he hurdles should be, in these infection nodels for

the infection site. So if one is going after hospital-
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acquired pneunoni a, one should be probably |ooking for
a 2 log kill in the infection site nodel in the mce.

But as you've heard in the discussion earlier,
a mouse is not a human. There are differences. These
i nfection nodels for PK/ PD purposes are not neant to
study organi sm pat hogenesis or virulence. These nice
are not susceptible normally to these pathogens. There
are occasional strains that can produce infection in
non- neutropeni ¢ ani mals, but nost of these organisns
need the absence of neutrophils for recovery.

And there can be pharmacokinetic differences
between the m ce and patients. But as long as you take
that into account, differences, potential differences,
in protein binding, potential differences in ELF, |
think it's clear that these nodels can be used to
forecast effective reginens in our patients.

And with that, 1'll thank you for your tine.

DR. KNI SELY: Thank you, Dr. Andes.

Qur next speaker is Dr. Matthew Lawenz. He
is interested in defining interactions between
bacteri al pathogens in the host immune system 1In his

research, he routinely uses animal nodels to study both
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bacteri al pathogenesis and for vaccine and therapeutic
testing. Many of his efforts have focused on pl ague,
but since 2014, he has al so been using the nouse nodel
for preclinical screening of novel therapeutics
targeti ng MDR Pseudonobnas aer ugi nosa.

Mouse Model of Pseudonopnas |nfection

DR. LAWRENZ: All right. | would like to
start by thanking the organizers for the invitation.
It's great to be here in a Pseudononas field instead of
just a Yersinia field.

The nodel that |I'mgoing tell you guys about
t oday was devel oped at the University of Louisville,
and this has been done in collaboration with a good
partner of mne, Jon Warawa, who is also in the
M cr obi ol ogy Departnment. And we have a team at the
Center for Predictive Medicine that's shown on the left
there that is our animal core that runs all of our
ani mal experinments for us and allows us to do these
experinents, as they're very | abor-intensive.

| also want to nention that this nodel was
designed in collaboration with NIAID, specifically to

start to go after and | ook at new therapeutics for
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Pseudononas.

The npdel that I'mgoing to tell you guys
about today, | want to highlight a couple things as we
go along, and | probably won't be able to hit all of
the different itenms that go into this node
devel opnent, but this has been published, just so you
guys are aware, in a couple papers that are on the
bottom

What |'mgoing to highlight today is alittle
bit on the installation nethod that we used to
establish a lethal infection. And this is a lung
infection, so we're |ooking at a pul nonary infection.

We have tal ked a | ot today about the
di fferences between i mmunoconpet ent and
i mmunoconprom sed. We tend to use the
i mmunoconpr om sed nodel for all of our therapeutic
testing, but I'Il show you a little bit of conparison
bet ween those two. Mdre of this is covered in the
publ i cati on.

We spent a long tine devel opi ng nonsubj ective
bi o endpoints, bionetric endpoints, for this nodel, and

we did that because, as you saw, we have a | arge team
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of people that we work with. W also have multiple
health check tinme points over the course of this
infection nodel. And so we wanted to be able to rotate
people in and out w thout |osing or | guess gaining
variability based on behavioral characteristics that
can be used.

And then at the end, I'Il highlight sone of
the nmultiple paraneters that we can use to nonitor
t herapeutic efficacy in this nodel.

When we first devel oped this nodel, again,
this is a pulnmonary or lung infection nodel, and so
there are different ways that we can introduce the
bacteria into the lungs. And, of course, one of the
nost commmon is intranasal. W do that a |ot for our
pl ague nodel, but we have to worry about for certain
i nfections whether or not there is going to be sone
conplications due to involvenent of the upper
respiratory tract.

There is also the potential for variability in
the inoculumas the intranasal or the droplet of
bacteria descends the upper respiratory tract into the

| ower respiratory tract. And so we didn't want to
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i ntroduce those variables into the nodel.

The other method that's used widely is a
conventional intratracheal nodel that is usually a
surgical nmodel. It can be a little technically
difficult. 1t can be slow. And we were worried about
the potential for blood contam nation during that
surgi cal procedure.

And so the method that we came up with is an
i ntubated nediated instillation nethod, we call it
IMT. Essentially we intubate the animals, the
anest hetized ani mals, and then gui de the catheter down
the trachea using an otoscope. W then insert a blunt
needle into the catheter, and we instill about 50
mcroliters of bacteria through that using a Ham | ton
syringe. W also include about 100 mcroliters of an
air pocket behind that, and so we're essentially
causing the animal to take a nice little deep breath
after the bacteria are instilled.

We can do this with a team of about two
peopl e, and when they're well trained, we can do |ess
than a nouse a mnute by this method. And so that

allows us to be able to do | arge groups of animls when
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we're using this instillation nethod.

These two i mages here show sonme of the
benefits of IMT. So one of the things that we notice
when use this is that we get a broad distribution of
the inoculum So in the center, there are the |lungs of
an animal that was instilled with Coomassie dye, and
then we harvested the lungs imedi ately after the
instillation process. And you can see the dye is
di stributed throughout the lungs in this case.

The other thing about the IMT nethod is that
it's highly efficient at its delivery. So the graph on
the right-hand side there shows the CFU that was
intended to be delivered to the lung on the X axis, and
then what we recovered in the lungs 20 m nutes post-
infection or instillation on the Y. And you can see
with those different doses that on average we were able
to recover about 98 percent of inoculum So we have a
very good idea of how many bacteria we're instilling in
the lungs each time we performthis.

Furthernore, it's very reproduci ble. At each
one of those doses, there are nultiple animals in

there, and you can see that it's very tight in the
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i noculum So we feel very confident that at |east as
we start out on the inoculation that we're not
introducing a lot of variability into this nodel.

So using the IMT nodel, we were able to
establish lethal infection in both i munoconpetent and
i mmunoconprom sed animals. All the data that |'m going
to show you fromhere on out is using a clinical
i sol ate of Pseudonponas called UNC-D, which is a |ung
clinical isolate. On the left-hand side is just our
BALB/ ¢ nodel, which we consider our imrunoconpetent
nodel, and on the |left is our |eukopenic or neutropenic
nodel that is established using cycl ophosphanm de.

And what | what to highlight here is, of
course, as we've been discussing today, introducing
neutropenia allows us to establish an infection with a
much | ower dose of bacteria. And, again, we tend to
use this for all of our therapeutic studies. There are
problenms with the i munoconpetent mce if we put |arge
numbers of bacteria in the lungs and then hit themwth
antibiotic. The immune system doesn't really |ike dead
bacteria and LPS floating around, so there are sone

conplications based on that.
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As | said, the other thing that we wanted to
do when we established this nodel was to establish
those bionetric endpoints. And so |I'm show ng you data
here on the tenperature. Wth these aninmals, they al
have transponders, so we nonitor their tenperature. W
al so nonitor the heart rate and oxygen levels using a
nmouse ox system And then we've devel oped a checkli st
based on the kind of natural history of this disease.

So the tenperature is on the right-hand side.
The colors match to the infectious doses in the
survival curve on the left-hand side. The synbols that
are open are animls that succunmbed to the infection.
The ones that are closed are animals that survived.
And the grey box is kind of our normal range for
tenperature. And we did this for both heart rate and
oxygen al so.

Based on these, we knew that our primary
i ndicator of norbidity is tenperature, and we know t hat

once we reach about 26.6 degrees, that those aninmals

won't make it till the next health checkpoint. And so
based on these criteria -- these are also | think
fairly stringent -- we're trying to get as close to
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death as we can get, and these allow us to get there.
And so individuals that go in use this checklist in
order to nmonitor norbidity.

In addition to tenperature, there are a | ot of
ot her things that we can nmeasure in this nodel to | ook
at therapeutic, potential therapeutic, efficacy. So,
of course, we have survival and nean tine to death that
we can | ook at.

The tenperature, that's all froma |ethal
infection, but we have seen with therapeutics that we
get a nice rebound in the tenperature if those
t herapeutics are going to work.

We can al so | ook at bacterial load in the
lungs. So at the site of infection, our primary place
where we want to | ook

But we can al so follow whether or not the
bacteria dissem nated in the bloodstreamfromthat site
by | ooking at the spleens.

And then, finally, for our animals, we also
harvest the |ungs and we | ook at pathol ogy, so we can
|l ook at if there are differences in the host response

or the devel opnent of pneunonia in these aninmals.
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For the last couple m nutes here, | just want
to show you a couple of exanples of sone antibiotics
that we've run through this nodel. The two antibiotics
that | chose for today are polynyxin B and neropenem
The data that's on the slide right nowis the in vitro
EC50s of these drugs, and the M Cs are shown at the
bott om

You can see with polynyxin -- again, |'lI
rem nd you guys, this is a nultidrug-resistant UNC-D
strain of Pseudonobnas. And the MC for polynyxin was
at 1 ncg/m, making it -- it falls into the sensitive
category. Wth nmeropenem it's alittle nore
resistant, it falls into that internmedi ate category at
8 ncg/m .

When we | ook at lung, the lung burden, and so
these animals were instilled with a | ethal dose of the
bacteria. Three hours post-infection we began
antibiotic treatnment by subcutaneous inocul ati on, and
we continued that treatnment every 8 hours for 5 days,
and then continued to nonitor the animals 2 days after
we ended treatnment. The lung data here is pulled at

the tine that the animls were euthanized, so either if
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t hey succunbed to the infection or if they made it to 7
days post-infection.

You can see with the polynyxin, which is on
the left-hand side, that as we increase the dose of
pol ymyxin over the course, we begin to see significant
decreases in the bacterial load in the higher doses.
And we see the sane trend in neropenem even though it
is in that internedi ate resistance category.

| also want to point out on the meropenem side
that you can see that there are several animals, the
dotted line indicates the limt of detection, and so
there are animals in this case that we were unable to
recover detectable bacterial |oads in the |ungs.

So even though we were able to see a decrease
in the bacterial |oads in sone of the higher doses of
the polynyxin treatnment, when we | ook at the survival
curve here now, we were unable to differentiate any
di fferences between treatment with polynyxin and the
vehicle-only controls. W also saw no change in
di ssem nation. So there was no control of getting to
the spleen, and there were no significant differences

in the devel opment of pneunopnia in these ani mals.
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On the other hand, when we | ooked at
meropenem we see a nice dose-dependent increase in the
mean tinme to death, nmoving fromleft to right, there is
fromlowest dose to highest. W can cal cul ate an ED50
in these studies. W also saw that the higher doses of
mer openem where we're seeing protection are protecting
the animals from devel opi ng septicem c infection by the
or gani sm

And |'m not showing you it, but the ability of
the bacteria to protect the aninmals also results in a
decrease in pathology in the lungs.

So | just want to | eave you guys with a little
bit here. The nouse nodel is very anendable to many
di fferent things when we | ook at it. So we can use
several different routes of adm nistration for these
t herapeutics in our hands. | showed you data from
usi ng subcut aneous treatnent, but we've also done IP
injection. W've |ooked at nol ecules that can be
directly instilled into the lungs. W can do that
either by intranasal, or we can actually go back and
reintubate the aninmals and treat themby IMT al so.

And we al so have used nebulizers to | ook at aerosol

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 233
delivery into the I ungs.

Importantly, | think this nodel has the
capability not only to screen nonot herapies, which
showed you today, but al so combination or adjunct
therapies. So especially with meropenem where we're
at that internmediate range for treatnment, if there are
potential therapies that m ght be thought to inprove
the ability of existing antibiotics to work agai nst
t hese organi sns, the neropenem at |east in our hands
and with this strain, allows us to do adjunct
t her api es.

Using this nodel, so far we've been able to
test 11 different novel therapeutics, and | just wanted
to highlight that those have ranged anywhere from nove
antibiotics to small conpounds or even bi ol ogi cal s.
And even though this is a | eukopenic nodel at the
begi nning, we're also able to test therapeutics that
may potentially target the host as opposed to just
targeting the bacteria, so an i munonodul atory type of
conmpound.

So | would like to thank you for your tine,

and | guess |I'Il leave it up for the next speaker.
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DR. KNI SELY: Thank you, Dr. Law enz.

Qur next speaker is Dr. Daniel Zurawski. From
2009 to the present, he has been contracted by the U S.
Arny to manage a | aboratory in the Wund | nfections
Departnment at Walter Reed Arny Institute of Research.
And he is also an adjunct professor at the University
of Maryland Dental School in the Departnment of
M crobi al Pat hogenesi s.

Mouse and Pig Mddel s of Aci netobacter
| nfection

DR. ZURAWSKI: Al right. So good afternoon,
everyone. |I'mgoing to try and keep you awake here in
the afternoon. After |lunch, everybody is getting a
little sleepy.

So I'"'min the Wound I nfection Departnent
literally I think it's 8 years today, to the very day.
| started March 1, 2009. And the work |'mgoing to
show today was really the first probably 3 or 4 years
of work that we did there. And the typical disclainers
here for a governnment enpl oyee.

One of the things that we care about obviously

with the Arny are | ED bl asts and sol diers getting
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wounded, and then the consequences of that oftentines
is infection afterwards. And so these are just sone of

the nunbers on that. And the typical bad actors that

we see there are the ESKAPEE pat hogens. |'m addi ng an
E there now because of E. coli, where we've seen a big
uptick of E. coli, but certainly Acinetobacter was a

big player in this with the Irag War, and we needed
count er neasures, and we needed to understand the bug
better.

As Dr. Bononp pointed out earlier, we still
don't, even to this day, understand the pathogenesis
very well and how Aci netobacter does its thing, but
we're learning nore and nore as nore people are working
on it now So that's what | decided to focus on when |
started.

But at the present day, our departnment is
doing quite a bit of things. W're still studying
basi ¢ science, pathogenesis. You can see that, it's on
the left there of the slide, and that funnels into al
t hese therapeutics that we're using and attenpting to
use. A small nolecule programwe have that's run by

ET, Experinmental Therapeutics. W have a pretty robust
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phage program now. |'m working on nonocl onal
anti bodies. And then we al so have the kitchen sink
there. And we also partner with pharma and academ a
al so testing their therapeutics as well, all funneling
into our animl nodels.

And | did want to bring up one point in the
l[ittle intro here about Acinetobacter because sone
peopl e have suggested that it's not a good pathogen or
it's a low virulence pathogen. | disagree. | actually
think if the situation is correct, it wll take off and
cause quite a bit of problem and clearly the amunt of
patients where the nortality levels are so high, it's
definitely an issue.

And | wanted to bring up that the CDC nunbers
are 750 deaths a year in the United States. That neans
every day two patients die from Aci net obacter. Now,
that may not seemlike a lot, but to nme, it's a lot.
That nmeans today, just doing this neeting, two people
di ed because of this bug, and it shouldn't be the case.
We should be able to get over this and really start
maki ng new drugs and get on it. Those are people's

fam lies that are being affected.
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" mshowi ng this slide because | wanted --
this is a recent study fromBrazil -- | wanted to show
that all these bugs are playing a role in wound
infections. This is actually a wound infection study.
But if you actually conbine Aci netobacter species
t oget her, so you've got baumannii there, and you' ve got
t he other Acinetobacter species, it actually makes 12
percent of all the wound infections that they're seeing
in Brazil. And this actually holds true, if you | ook
at a lot of studies in Central America, South Anerica,
Asi a, this nunber actually holds very true nost of the
time. So it's actually one of the things that fromthe
worl d's standpoint is very inportant. W're seeing a
ot of it in Third World countries as well.

So I"'mgoing to go through nodel devel opnent.
|"mgoing to take this into three parts: so strain
sel ection, then tal k about our nurine pul nonary nodel
of infection, and then go through our wound nodels. W
have two wound nodel s of infection, we have a nouse
wound nodel and a porcine nodel as well.

So strain selection. We were kind of getting

at this earlier. Which strain are you using? What are
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you going to use? And so when | first started in 20009,
| had tried using the ATCC strains in a |lung nodel of
infection, and | could never get the aninmals that die,
and I1"'mlike, how are we going to do this? W don't
have a survival nodel to test anything. And | was
really interested in virulence. | wanted to find the
genes that were required for virulence so we can naeke
monocl onal s against them and we're still doing this to
this day. But if you don't have a strain that kills
the animal, it's really hard to do a survival study to
| ook at virulence.

So that really pronpted ne to go in and dig
into these other strains, certainly the clinical
i sol ates that we have the access to with the Arny, we
were getting themfrom patients very routinely. And
then | set up basically a criteria of what | wanted
that strain to be.

So | wanted it to be clinically relevant, it's
got to be a recent isolate, it's got to have actually
shown to have an infection in a human. | want themto
be MDR/ XDR to fit the current problem of drug

resistance. | want it to be genetically anenable so we
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can actually |l ook at virulence factors. So it had to
have basically sonme susceptibility somewhere so we can
actually use markers to knock out genes. So we put
that on the list. Cause sone nore infections across
all different animals of infection.

So I"'mgoing to show you these nodel s today.
But we've also done a rat wound nodel at one tinme. W
did a rat fracture nodel with sone col | aborators. And
this sane strain carries through all these nodels.

We wanted sonething that's nore virulent. So,
of course, you want a nore virulent strain to kill the
animal if you're doing a survival study, but it's also
about enhancing the therapeutic window. So if you can
actually show a | arge difference between sonet hi ng
that's treated versus untreated, that's really
important. And with our wound nodel, I'Il show you why
that's inportant.

Can we predict efficacy? So Matt just showed
sone stuff where he took FDA-approved antibiotics
al ready through his nodels and shown that they actually
work and kill bugs. W can do the same with our

models. And can it be standardi zed across nore than
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one nodel? And as | said, we did that as well.

So early literature. ATCC strains. Those
strains are 60-plus years old now. They're from 1955.
They' re just conpletely not relevant at all. They're
not virulent at all. It doesn't take into account any
recent evol utionary changes.

And as | nentioned earlier, the Acinetobacter
genone is extrenely plastic. It changes within a
patient literally in hours. It can pick up DNA very

readily, incorporate it into its genone, picks up

pl asm ds fromall over the place, it will pick up a
Klebsiella plasmd, it will pick up a Sal nonella
plasmd, and utilize it. And it can go into its genone
or keep it as a plasmd. | nean, it's very, very

volatile as far as its evolution goes. So when you're
using strains that are that old, you're nmissing a | ot
of these recent events, and those strains are not --
they're literally susceptible to every antibiotic.

So we went into the recent literature, and
sonme French groups were | ooking at clinical isolates
for virulence. And then Tom Russo, at SUNY Buffal o,

was al so | ooking at a rat pneunonia nodel as well, and
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he was | ooking at some strains. So we kind of used
t hose folks to kind of set up what we did.

And so here is a list of 33 strains that we
| ooked at. These are all mlitary isolates. They al
cane from patients that actually had an active
Aci net obacter infection. And they're basically set up
here as far as their clade, and the clade is based on
pul sed field gel analysis.

And if you look at all the mlitary data from
2003 to the present, you can basically put
Aci netobacter into 34 different clades. And there are
four maj or clades. And so that's the first ones at the
top there. And then there are 30 m nor ones. And so
you can basically group theminto that just based on
PFGE.

The PFGE is not necessarily the best way to
characterize strains, obviously we use MLST and all the
ot her things now as well, but this did give us a way
just to ook at variability.

And then these isolates, |I chose them for
their variability based on PFGE, but | also chose them

for where they were isolated from So we have sone
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that are from bone infections, sone that are from
bl ood, sone that were from wound infections, to really
give a nice diverse set here that we can use and | ook
at .

And so this is just PFGE data that shows how
different they are. And clonal conplex there on the
right is how the European groups originally started
classifying Aci netobacter into three clonal conpl exes.
Now there's a fourth conplex, and you can kind of see
the four conplexes there, howthey're laid out. And so
these m nor clades are actually little subtle changes
in the genome within the four major clonal conpl exes.

And i f you evaluate these strains |ooking at
different in vitro characteristics, you can | ook at
bi ofil mdiversity here. So you can see all these
strains make varying biofilnms. Some nake really great
biofilms, sonme don't, but this is all in vitro.

And Dr. Bonono nmentioned notility before. So
this is a slide showing notility, and it's al so being
ki nd of superinposed on top of optical mapping. So
optical mapping is a way to chew up DNA and put it on a

gl ass slide and look at it, and so there's a conpany,
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OpGen in Gaithersburg, that's doing that. And you can
actually sort your diversity that way just based on
what the DNA | ooks like via the optical mapping. And
if you do that and also put notility there, you can see
how di verse they are. They just all do different
things. They swmon plates differently, and there are
different patterns. So clearly this set is very
di ver se.

But what we cared about was virul ence, and so
here's virulence in the wax worms. This is the first
nodel that we started with because there was a
publication by Anton Pel eg about it. And you can see
here that the strains all have varying virulence in
t hi s nodel .

We also have a little biolum nescent
Aci net obacter down there. We use biol un nescent
Aci net obacter as well in some our nodels. [|'m not
going to go into that as nuch as | probably should have
today, but if you want to ask questions about it, you
can ask questions later.

And this nodel is very black and white.

They're either dead or they're alive. And the worns
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ei ther turn black when they die or they stay white.
That's how it works. And you can see that there is one
strain, the square bar there, that's going across that
pretty nmuch by 24 hours over 90 percent are being
killed or over 80 percent at |east are being killed by
this strain. And that's AB5075.

We do like this nodel because sonetines it
does appear to translate into mce later on. And we
| ove the nodel because we can do tons of worns.
They're super cheap. You can buy 1,000 worns for |ike
$50. So like our N group of 20, | mean, you can do
tons of stats on this and really eval uate and get sone
good dat a.

Ckay. So on to the pul nonary nodel. So once
we got an idea that the strain 5075 was nore virul ent,
in this nodel, we wanted to then follow it up and see,
does this really hold true into a pul nonary nodel ?

So we're using an intranasal inoculation.

6
We're pretty consistent with this. W do 10 nost of
the time. We |ose about a log sonetinmes in the nose
and the areas, stuff like that, but we're pretty
5

consistent. W always get at least 10 into the |ungs
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every tinme. And we've neasured at tine zero.
So it is cyclophosphamde. It's a tenporary
neutropenia. It allows us to start with a real |ow

6
i nocul ati ng dose, 5 tinmes 10, and then we see di sease
progress. And basically, with 5075, we see death in
just 48 hours.

We can do clinical scores, our endpoints, our
clinical scores, and CFU enuneration. W always take
CFU day two. This is right before the animls
basically start to perish. So we are getting our
control group, and then we're also getting our treated
groups as well at that point.

And | just wanted to show, here are bacterial
levels in lung tissue, just between the different
strains | showed earlier. So you can see 5075, the
white box, has a higher CFU burden in all these strains
than the other strains, and then that, in turn, |eads
to what we see as di ssem nation, enhanced
di ssem nation, with that strain, and basically nore
death, nore death by day two.

The hi stopathol ogy, if you | ook at the |ung,

the lung sections here are A and B, and in B, there's a
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smal|l arrow there on the right pointing to basically
what we see are droplets, they're alnost |ike droplets
of bacterium which | think are actually biofilmlike,
probably in the mddle, and then you have pl anktonics
on the outside as they're growing in the |ung.

Typically, the bacteria are on the sides of
the | obes of the lung that are closest to the trachea.
So Aci netobacter is strictly aerobic. It does not do
so well in | owoxygen conditions. It does okay, but it
doesn't do great. So as far as the actual pathol ogy of
t he nodel, you're actually seeing the Acinetobacter
focus nmore in those | obes closer to the trachea.

However, after about 24 hours, getting into
that day 2, we start to see dissem nation fromthe
lung. It then goes to other organs in the body. On
the left there, that is the adrenal glands. On the
right, D, that is the kidney. So it goes to both of
t hose pl aces, col onizes both organs. W also see a
col oni zed spleen, liver, heart as well. So we | ooked
at all the organs of the animal. And that basically
| eads to organ failure, and then death.

| would like to think that that's what's going
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on in patients, in human patients. | don't know if we
really know for sure. | don't knowif a |ot of work

has been done clinically on how we | ooked at organs
after patients have died and what kind of col onization
we see. It's sonmething we can nmaybe tal k about |ater.

We al so put through rifanpin as a proof of
concept, so we've got varying doses of rifanpin here.
And you can see that 5075 with sub-MC treatnents or
subclinically relevant treatnments will still kill the
animl at 48 hours, but if you increase the
concentration up to 10 ng/ kg, we start to see
cl earance, and the animals survive. And so we can use
that to our advantage when | ooking at things.

And so one point that | want to show is show
t hat advantage as an application. W partnered with
Spero Therapeutics and | ooked at their conpound,
SPR741. This is a new conpound that potentiates, it
actually pokes holes in bacteria and allows other
antibiotics to get into the bacteria nuch nore readily.

And in this case, we actually took advantage
of the rifanpin data that we had where at 5 ng/ kg we

only see 50 percent survival, but if we take that

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 248
concentration and then mx it with Spero's conpound,
you can see we push that up to 95 percent survival in
this situation.

So under standi ng how the antibiotics work with
your nodel strain, you can then use that to your
advant age and al ways have clinical conparators
t hr oughout .

And then if you | ook at CFU, we can al so
nmeasure CFU, and the conbination there are the pink
animls, and we see about a 5 to 6 log reduction with
t he conbi nation, whereas the rif alone, it's about 4
|l ogs. And so the combination is definitely all ow ng
for a better hit on the animals, which, in turn, is
| eading to this clearance.

Okay. So that's the lung nodel. W' re going
to nove to the wound nodel now. The sanme concept here
where we do a tenporary neutropenia. W inject
cycl ophospham de day -4, -1. Concentrations there are
150 ng/ kg, and at 100 ng/ kg, that's basically
t hroughout the literature for nost of these nodels.
Agai n, tenporary neutropenia the first 3 days.

| wish | had brought the slide where we see
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the white cell count just conme up at day 3. It drops
to about 1,000 or less, by day 3, it's up to like maybe
5- or 6,000, like it's already starting to skyrocket.
Nor mal white blood count in a nouse is anywhere from 3-
to 5,000. So it actually goes above that normal count
with the infection there at that day 3 point, so it
really cones roaring back.

The other note | wanted to make about the
neutropenia is that there are other insults to injury.
Wth the soldiers, we see nmassive blood |loss. They're
i kely getting norphine because they have crush injury
or blast injury on top of the actual wound infection
and things. And we know that that systemcally plays a
role in basically danpening the i mmune response.

Okay. So both Pseudonobnas and Aci net obacter,
we know the innate i mmune response is clearing these
bugs out. That's the thing that is you're a nornmal
heal t hy human, clears these bugs out no problem that's
what's doing it, it's neutrophils and white bl ood
cells. If you're getting norphine, norphine danpens
t hat i mmune response. |If you lose a ton of blood and a

| ot of bl ood replacenent, danpens the inmmune response.
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So all that neutropenia is doing is trying to
tenporarily danpen that inmune response to kind of get
sonmething clinically relevant.
In this situation, so you can see the
endpoi nts up there, wound measurenent, CFU enuneration.
4
In this situation, we're only doing 5 tinmes 10
Aci net obacter, very, very | ow dose, we think very
clinically relevant. W can kick that dose up to 1
5
times 10 or go actually nore than that, probably Iike
a log higher, we'll actually see dissem nation fromthe
wound, they'll go septic, and kill the animals.
So we had to play around to find that dose.
If we went too little, we didn't see a nice wound
infection. |If we went too high, we were killing the
animals via sepsis. So finding that dose was key. And
we can use this nodel, by the way, for all ESKAPEE
pat hogens, not just Acinetobacter. And we had to do
the same thing for all of the strains that we're
wor ki ng with.
We have an anmmzing team They're rare. CQur
ani mal teamright now consists of four people, and so

it literally beconmes like a factory assenbly |ine where
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each person has a different station.

And so one person anesthetizes and shaves the
ani mls, the next person wounds them passes the nouse
on, where we neasure the wound with an Aranz
instrunent. This is the older instrument. W have a
better instrunment now that fires a laser, actually two
| asers, to measure the wound, and then we neasure the
wound over tinme with the instrunent down the road. And
then the next team menber is then inocul ating.

We also inject with a small anount
buprenorphine to keep the animals pain-free, and then
we put a Tegaderm dressing overtop.

So basically there are all these stations, and
each person is doing their job. And we can rol
t hrough 60 mice in about an hour and a half, 2 hours.
And it's amazing. Every week we're doing 60 m ce.

It's 52 weeks a year. Qur capacity nowis up to 300
mce if we really wanted to, that our teamis
expanding. So it's quite an effort.

And this is just sone of the data that you can
get. So we can take punch biopsies out of that wound,

we can do SEM we can do 16S for m crobiome, we take
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bl ood fromthe animl, |ook at systemc, if there is

anyt hing systenic going on for the i nmune system W
can certainly plate and do CFUs at different tinme
points. You can just do gross pathol ogy, |ook at the
wounds itself.

So this tinme we've got antibiotic conparators
here. So on the left side you've got your untreated
nasty wound i nfection, goes all the way out post-day
21. We see it close maybe around day 25. Again, the
animal is not dying. The wound eventually cl oses and
heals. But if you treat with rifanpin or you treat
with doxycycline, these are two antibiotics that this
strain is susceptible to, you start to see the wound
cl ose around day 15. So you can see that there in that
pi cture.

And what that |leaves is this big 10-day what
call therapeutic wi ndow where if you have an antibiotic
or a new conpound or sonething you want to test -- and
we test lots of things, we're testing predatory
bacteria now, we're testing bacteria phage, we're
testing lots of different antibacterial approaches --

but if you want to get an idea of how well it's
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working, it nmay not be as good as rifanpin in this
t hi ng, your wound may not close at 15 days, but it may
close at 18. And so what that does is it provides
gui dance back to our partners, hey, this worked well,
maybe not as well as rifanpin, nmaybe you could tweak
your nmolecule a little bit, go back to the chem stry
drawi ng board, nmake it, | don't know, nore sol uble,
make it nmore efficacious, just give themnore ideas to
work with. So that's how we kind of work with the
fol ks we work with.

For wound area, you can see obviously a big
difference in treated versus untreated, and, again,
that carries through those tinme points. And this is
all published, by the way, in AAC, and you can see the
reference there.

Hi st opat hol ogy, we can do the sane thing and
track wound closure and the re-epithelialization. 1've
heard some comments that, well, mce don't heal the way
humans do because they have contractile healing. That
is true. You can add a splint so there isn't
contractile healing with mce, and then they will heal

by re-epithelialization. All that being said, it stil
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is -- again, we're seeing efficacy and we can still use
this to | ook at efficacy.

| wanted to show this. It wasn't in the

original slide deck, but this is using a PNA FI SH
probe. We're actually | ook at Acinetobacter throughout
t he wound bed and even all the way down. So what's
ki nd of cool about this, all the way down here is
nmuscl e and then bone.

And what we saw in patients, what we saw in
i nfected humans, was the Aci netobacter actually
progressed its way -- | was getting stuff from doctors
all the tine over at Walter Reed telling ne, |ook, we
see Aci netobacter going fromthe wound all the way to
muscle, it's progressing throughout the tissue. It's
not just staying in that wound bed.

And so when we saw the sane thing -- and
that's not the greatest slide, but we were seeing
Aci net obacter in E, which is the basal bottom of that
muscl e down there, and we were even seeing it sonetines
associ ated with bone. So we were seeing what we
t hought was very close to what's going on in human

patients, and this is what | was hearing fromthe docs
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over at Walter Reed.

Okay. So CFU. Obviously, we can take punch
bi opsi es out of the punch that we made and then count
CFU, and, again, there's a nice difference there. And
everybody, of course, tal ks about wound infection and
bi ofil ms, and so we certainly wanted to eval uate
bi ofi |l ms as one of our nethods, and we just do this
SEMs, so we take that punch out.

You can see the biofilmis really nasty in the
pl acebo, but with treatnent, it kind of clears out when
we use different treatnments. What's really left there
is just it looks |like polysaccharide and red bl ood
cells that are left when we treat properly.

So I want to give one exanple. This is not
publ i shed yet, but | hope to publish it soon. One
exampl e reviews the wound nodel to | ook at sonething.
So in this situation, |I'mlooking at a nonocl onal
antibody to a virulence factor of Acinetobacter, the
type six secretion system We add the antibody
prophylactically day -1, and then we just run our wound
nodel the way we normally would, and you can see that

it actually curbs the wound size, it actually allows
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for the wound healing to take place a little faster.
We're still working on this. W're actually making a
cocktail against the nunber of targets on the surface.
But the proof of the pudding is always actually | ooking
at the aninmals thenselves, | think.

And if you just |l ook on the left, these are
really nasty infected Acinetobacter wounds, and this is
actually at day 15, real nasty, but if you |look at the
anti body treatnent, you see nuch |ess swelling, you
don't see the necrotic tissue kind of expandi ng out
fromthe site, and we're kind of keeping that infection
nore |localized to the initial wound bed where we had
it. And this is just one anti body dose prophylactic.

And if you neasure CFU at day 3, you can see
there is an effect on CFU. So it's only about a |og,
maybe a | og and a half tops, but that's enough that it
keeps that infection a little nore limted. And so |
just wanted to show you an exanple of where we've used
t he wound nodel in the past.

Endpoints of this nodel: tinme to close is
obviously the big one; CFU/ g for tissue; biofilm gross

pat hol ogy; hi stopathology. W can al so do i nmunol ogy,
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ani ml weights we found to be very predictive. So if
we neasure the animl weight in actually the lung or
t he wound nodel, any infection, it doesn't matter what
bug it is, we see 20 to 25 percent decrenent in aninal
wei ght. Treated animals, if they | ook good, even at
day 1, we won't see that weight decrenent, so it's
sonmething to look into. And we can certainly | ook at
m crobi ome as wel | .

Further optim zation of the nodel. W're now
starting to look at adding urinal nitrate to basically
humani ze excretion. So if you add this, this actually
prevents the kidneys to work as well in the mce, and
then you get a little nore PK/PD nore |ike humans as
far as excretion is concerned. W' ve |ooked at other
strains of Acinetobacter because |I thought some people
woul d ask about that. | said earlier if we increase
t he dose, we can get dissenm nation and sepsis.

We're al so | ooking now at other nopuse strains.
We're using diabetic mce. Dr. Bonono nentioned the
AlJ mce and this other nouse strain that are nore
susceptible. And we're also |ooking into humani zed

m ce now, and we've done sone work with them just
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recently, and that's sonething where | really want to
keep pursuing, because these humani zed m ce actually
have a human i nmune system and we're going to be
utilizing those nore. And that work is all funded
t hrough a DARPA project on predatory bacteria. So
that's where we're going with that.

Finally, we want to | ook nore at the inmune
response. So that's the wound nodel. |'m happy to
answer questions about that in the nouse. I'mgoing to
nove to the pig now.

The pig nodel, again, very simlar to al
t hese ot her nodel s except here we are | owering the
cycl ophospham de dose. So unfortunately, there is a
| ot of, again, on-the-fly learning here on what's going
to work best for a pig. Now, when | say "pig," |I'm
tal king a Yorkshire pig. This is a 25-kilo, 30-kilo
pig. This is not a mni pig. This is a pig where it's
on a farm and you get bacon fromthem That's how big
this pig is.

Wal ter Reed has an amazing facility. It's a
100, 000- square-foot animal facility in our basenent.

It's huge. Okay? No one has sonmething like this. And
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soit allows us to do all sorts of animals. W have
non- human pri mates, pigs, sheep. W have all sorts of
t hi ngs going on there. But the pigs are really -- what
| like to say about themis if there is a drug that
you're interested in getting approved, there is an 80
percent correlation to FDA approval using a pig nodel.
So if you can get it to work in a pig, they ve seen 80
percent FDA approval rate there. Now, | don't know if
it's going to hold true for this, I'mjust saying that
that's what's out in the literature right now.

So we wanted to make this wound nodel
obviously in their Wund Infection Departnent, and it's
doi ng the sane kind of idea where we do
cycl ophospham de, but what we had to take into account,
m ce have very robust innate i mune systens. They
clear everything. They live in the wild. They're a
dirty kind of animal. Pigs are actually a lot nore
like us --

(Laughter.)

DR. ZURAWSKI: And so the cycl ophospham de
we've got to use is very, very small, it's only one

dose at 25 ng/kg. | told you before, we're doing 150
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and 100 ng/kg in mce. So it's 4X, 6X in mce, and
pigs -- and it's only one dose in pigs, but still at
day -4. W based this off of a Haenophilus paper where
they' re | ooki ng at Haenophilus infections in pigs, but
we had to really do sone playing around with that dose
to get it to go.

VWhere we've seen infection, so we're dosing

5
with about 10 Aci netobacter, and, again, the nunbers
9 10

rise to about 10, 10 in that wound site. |If we go
too high, again dissem nates sepsis, the pig dies
unfortunately. |If we go too |low, we don't get those
same high CFUs that would be associated with infection.

The ot her beauty of the pig is that we can do
nmul ti pl e wounds on the back of the animals, so it
allows us to facilitate |ots of woundi ng and | ots of
trials. W basically take a nunber of wounds at any
given day. And it's a 12-mllimeter punch biopsy, but
then we can do again smaller punches within there.
Those are 6-mllimeter punches within the 12-mllinmeter
where we can then take it and then do other data
aspects afterwards.

This is what a | ayout | ooks |ike on the pig.
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So you've got the actual |ayout that we have like in
our protocol. We random ze it. So sonme people were
conplaining, well, if I do stuff on one area of the
back of the pig, howis that going to reflect to the
ot her area of the pig? So now we're just |ike forget

it, we're just going to random ze it, we just do

what ever .

And then you can see what the actual pig back
| ooks like there. Again, it looks a lot |ike human
skin. And, again, we can pull, we can do a punch

bi opsy out. That's us pulling the punch out. W
basically set up a DuoDERM ki nd of |ayer on top where
t he wounds are being made, and that allows us to keep
our inoculumlocalized to that area.

Once we do that, we put a dressing overtop.
So that's the bottom Then we put a bandage ki nd of
over those dressings. And then a jacket so the pig
doesn't actually like try to scrape it off or shake in
hi s cage or whatever where he is. And, in fact, this
keeps the wound cl osed and basically nonoinfected with
Aci net obact er.

| did want to nention that, too, a |ot of
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peopl e say, "Oh, mcrobionme, you nmust have 200

different bugs in there when you're | ooking at this

stuff.” While true, we do have other bacteria in there
for sure, Acinetobacter conpletely dom nates. It's the
5

only one that's there present above 10. So it's there
at a huge level. It basically takes over that wound
site irrespective of the other things that are there.

So, again, with this nodel, this is what it
| ooks like. W can do punches out of that. And then
we can do -- in this situation, we're doing placebo
versus polynyxin treatment, which is typical, found in
Neosporin. And here we did |ike a polymyxin gel. You
can see that we see a CFU decrenent over tine.

And so to sunmarize, we're basically | ooking
at a pathogen that we actually think is nmuch nore
aggressive than people said in the past. Dr. Bonono
mentioned earlier there is one clade that actually
killed people that weren't conprom sed at all. That's
Col onel Lesho's work and ny postdoc's work, Crystal
Jones. And basically they had little wounds on their
arm and in 24 hours those patients died. It went

septic and killed them Thankfully, this is only one
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cl ade of Acinetobacter. |It's called Clade B. It's
only 10 percent of what's out there, but it's out
there. So it's sonmething to take into consideration.

5075, the strain I"musing for all the work I
showed here and for the rat nodels, it's an ST2 strain.
ST2 is the nost isolated ST group of all the
Aci net obacter and all the outbreaks in the world. So,
again, we're trying to use a strain that is clinically
rel evant.

We devel oped two nurine nodels with that
strain that rely on neutropenia, and we feel that that
reflects the pathogenesis that we see with the organi sm
when | talk to doctors over at Walter Reed. W also
devel oped a porcine nodel using simlar techniques.

On the whole, we've tested 14 different
antibacterials in the last 2 years using our nodels and
conpared themto the standard of care. And this is
just a list of themthere. Sone of them are bl acked
out due to our people that we're working with, but the
bottomline is we've tested a ot of things in these
nodel s, and we've been doing it now for quite some tine

and know how t hi ngs behave.
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Sol will end there. Any questions -- or
probably we just have to nove on.

| do want to acknow edge our group, which is
amazi ng, and the former nenbers who hel ped with al
this. This is not a one-person job; this is a nulti-
person job. These animals take a |ot of effort to do,
and as | said, it's quite an ordeal. So I'm very happy
and honored to represent them today.

DR. KNI SELY: Okay. Thank you. Yes, we w ||
nmove on from pigs to bunnies.

Qur next speaker is Dr. Binh Diep. He is an
associ ate professor at the University of California,
San Francisco. His research is focused primarily on
t he epi dem ol ogy and pat hogenesi s of Staph aureus, but
he has recently adapted his rabbit pneunonia nodel for
preclinical testing of novel nopbnoclonal antibodies for
Pseudononas aer ugi nosa.

Rabbit Mbdel of Pseudononas Pneunoni a

DR. DIEP: Hello. Thank you very much for
giving me the opportunity to share with you two
different rabbit nodels of Pseudonobnas pneunoni a.

These are ny disclosures. W receive funding fromthe
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Nl H as well as various industry partners to devel op,
val idate, and use different rabbit infection nodels.

So | first would Iike to make sone comments
on, why rabbits? Every year annually in the United
St at es, about 140,000 rabbits are used in research
conpared to 10 to 20 mllion rodents. And so rodents
of fer distinct advantages over rabbits, including the
fact that they are inexpensive, easy to handle. You
can really do cool genetic studies with mce that you
can never do with outbred New Zeal and white rabbits.

And it's also |long thought that |agonorphs,
whi ch include rabbits, are nmore simlar to Rodentia,
which include mce and rats, than they are to primates,
based on their sheer norphol ogi cal characteristics. So
why go through the trouble of using rabbits? However,
it has been shown that prinmates and | agonorphs are nore
closely related to one another when you align 91
aut ol ogous protein sequences fromthese different
species, that they're nore closely relate to one
anot her than to the rodents.

And it's also known for many, many years that

rabbits are rather simlar to humans and chi npanzees in

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 266
their susceptibility to LPS. So, for exanple, in
rabbits, 2 to 4 ng/kg of LPS injected intravenously is
sufficient to induce a threshold change, physiol ogical
changes, like an increase in tenperature as well as
TNF- al pha.

So conpare that to 1 to 5 ng/kg for human and
chi mpanzee, and you see it's quite simlar. For mce,
one would need to go to 500 ncg/ kg to see a threshold
change. And when you | ook at the |ethal dose in
rabbits as well as in swine, it's 10 ncg/kg. In mce
and rats, it's 8 to 15 ng/kg. So you need 800 to
1,500-fold nmore -- 1,500-fold nore LPS to cause
lethality.

So in ny |ab, we use about 1,000 to 1,100
rabbits annually, nostly for Staphyl ococcus aureus.

But recently we started working with Pseudonpbnas
aerugi nosa as well as Klebsiella pneunoni ae.

And we use many different types of invasive
nodels in rabbits, and they can be roughly categorized
into two different groups. The higher throughput
rabbit nodels for which we can do about 32 rabbits per

week, it doesn't seem nuch when you conpare it to mce,
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but 32 rabbits per week, and these sort of ani mal
nodel s are suitable for initial |ead candi date
sel ection and validation. You need the high
t hroughput. And this includes the rabbit nodel of
acut e pneunoni a, rabbit nodel of severe sepsis, rabbit
nodel of acute bacterial skin and skin structure
i nfection.

We al so have | ower throughput surgical nodels
for which we can only do 6 to 10 rabbits per week. And
this is nore suitable for further efficacy testing or
mechani sm of action type study. And this includes the
aortic valve endocarditis nodel, prosthetic joint
infection nodel, and nore recently we started working
with a ventilator-associ ated pneunoni a nodel .

So what I"mgoing to do today is share with
you data on testing the protective efficacy of a novel
monocl onal anti body devel oped by Medl mmune in two
different rabbit nodels, the acute pneunonia nodel as
well as the ventil ator-associ ated pneunoni a nodel .

So this nol ecul e, MEDI 3902, from Medl mmune, is
a nultifunctional by specific antibody targeting

Pseudononas aerugi nosa. The Fab portion of the
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anti body targets the virulence factor PcrV, and the
scFv portion of the antibody targets the persistent
factor Psl. It also has a typical hinge-Fc portion
that's required for OPK

And | should nention that this nolecul e has
been tested extensively in mce already, and it has
been shown to be protective across nultiple different
i nvasi ve nouse nodels. So here what we wanted to do
was to test it in a different species, in rabbits, and
we wanted to know if MEDI 3902 can reduce nortality
and/ or prevent major norbidity in a different species.

So first the rabbit nodel of acute pneunoni a.
In this nodel, the rabbits, these are New Zeal and white
rabbits, outbred, about 2.5 kilograns. They were
random zed for either prophylaxis at 24 hours before
infection or treatnent at 1 hour post-infection with
di fferent doses of MEDI 3902 or a control antibody. The
control antibody is an irrelevant isotype matched
control anti body.

These rabbits were chall enged endobronchially
with 9e7 CFU of Pseudononas aerugi nosa Strain 6077.

This is an ExoU-positive cytotoxic strain. The rabbits

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 269

were then nmonitored every 2 hours, at |east every 2
hours, for the first 36 hours post-infection, and then
three tinmes daily thereafter. They are then euthanized
at 96 hours post-infection. The humane criteria for
euthanasia is a respiratory rate greater than 90
breat hes per mnute, the animal is cyanotic and has a
cough. Death in these animals is inmm nent, so they
shoul d be eut hani zed.

Here are the Kapl an- Mei er survival curves.
You can see that the animals treated with a control
anti body have five out of six of those animals die --
unfortunately -- oh, there it is.

So between 12 and 24 hour post-infection, nost
of the animals die, five out of six die, and then the
| ast animal die at 52 hours post-infection. At the
| owest dose of MEDI 3902, at 0.3 ng/kg, what we see here
is 50 percent overall survival. And in animls that
were treated at 1, 5, and 15 ng/ kg, they all survive.

And t hen when you | ook at the lungs of these
ani mal s and take the weight of the lung, aninmals that
were treated with 15 ng/ kg, they all die and they have

very large lungs. The lung wei ght/body weight ratio
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for an infected rabbit is 4. That's |ike 10 grams, a
typi cal weight of 10 grams, for the |ungs divided by
t he body weight of 2.5 grans. So that's a 4. These
animls, the Iung wei ght/body weight ratio is between
15 and 24. So the lung goes from 10 grans to 40 to 60
gr ans.

And so why is it so heavy? Wien there is
damage to the al veol ar endothelial barrier, there is
this massive influx of fluid fromthe blood into the
air space, and that resulted in just respiratory
failure and death in these animals. So the |ung
wei ght/ body weight ratio is a direct nmeasure of acute
lung injury.

Animal s that were treated at .3 ng/ kg, three
of the animals die. They' re shown here in the closed
synbol. The three that survive are in the open
synmbols. And you can see that the ones that die have
bi gger lungs. Now, animals that were treated with 1,
5, and 15 ng/ kg have very significantly | ower |ung
wei ght / body wei ght ratio.

So this suggests that MEDI 3902, its nechani sm

of action in this nodel, the reason it's protective is
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it's protecting against acute lung injury and deat h.

That was data for prophylaxis. Here are the
data for treatnment. What we see here is the treatnent
was adm nistered 1 hour post-infection, and all of the
animals die in the control group. Four out of six
animls survive at the | owest dose at 1 ng/kg. And at
5 and 15 ng/ kg, all of the animals survive. And
survival again in this nodel was correlated with a
significantly | ower |ung wei ght/body weight ratio.

So these are the lung CFU count. And you can
see that at the highest dose of MEDI 3902, you get quite
a significant reduction in CFU count. Renenber, we put
into the lungs about 9e7 CFUs, so it's quite a drop,
and it's very significantly different from ani mals that
were treated with a control antibody. And that's al
consistent with data in the nouse showi ng that this
anti body enhances OPK

So we also recently only in the past 6 weeks,
7 weeks, started working with another nodel,
ventil ator-associ ated pneunonia. We worked with this
nodel for a while in Staph aureus, but we have adapted

it for use with Pseudononas only very recently.
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And so in this nodel, rabbits were random zed
for prophylaxis at 24 hours before challenge with a
control anti body or MEDI 3902, and here we only have
four rabbits per group. The rabbits were nechanically
ventilated with a lung protective |owtidal volune of 6
to 7 m/kg, for 2 hours, and then they were chall enged
t hrough the endotracheal tube with 2.5e7 CFU. So this
is three-, four-fold |l ess bacteria than required for
t he acute pneunoni a nodel presumably because of
ventil ator-induced lung injury that predi sposes the
lung to this [ ower inoculuminfection.

These rabbits were nonitored continuously for
36 hours post-infection. Blood sanples were obtained
every 2 hours. And you can do this with a big aninal
like a rabbit. And we did conprehensive blood anal ysis
for each of the time points. W do a five-part WBC
differential. W nmeasure bl ood gas, acid-base,
el ectrolyte, creatinine, |lactate, glucose, and various
enzynmes, markers of renal and liver injury. So |l
show you those data. What |'Il show you today, |'lI
show you the rabbit.

So these rabbits were intubated under view
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control with a pediatric endotracheal tube, a cuff,
endotracheal tube, and then they are connected through
a one-way breathing circuit to an anesthesia
ventilator. And we have six of these ventilators, so
we can ventilate six rabbits concurrently. And so the
ventilator is set at an FiO2 of 35 percent, isoflurane
1.5 percent. The peak inspiratory flowis 4 liters per
m nute. Respiratory rate of 35. PIP, 15 centineters
of water. PEEP, 6. |:E ratio of 1:2. So all of the
settings is really to achieve a lowtidal volune while
al so achi eving normal ventilation, normal carbon
dioxide in arterial blood of 35 to 45 mrHg.

So the carotid artery is cannul ated for
i nvasi ve bl ood pressure, but it also has a port here to
be able to take arterial blood fromwhich we then
measure all sorts of things.

The rabbit is also cannul ated on the ear
artery for infusion of, in this case, a fluid with 5
percent dextrose. This is the basic setup for our
ventil ator-associ ated pneunonia nodel. And we al so
have a nore advanced setup where we do transpul nonary

cardi ac out put neasurenent as well as m xed venous
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oxygen saturation, but |I'mnot showi ng you those today
because those are what we do with Staphyl ococcus
aur eus.

So here are the basic data. So the rabbits
that were treated with a control anti body, they al
die. Two of the rabbits die at 12 and at 13 hours
post-infection. And then one rabbit died at 17 hours
post-infection, and another one at 24 hours post-
infection. And they get different colored synbols so
you can track the chronol ogy of events |eading up to
deat h.

So all the animals that were treated with
MEDI 3902, they all survive, they all survive to 36
hours post-infection, when we euthanize them

So here are the lung wei ght/body wei ght ratios
for these animals. The two animals that die |ate, they
have huge lungs. This one has a 40 grans |ung, and
this is 51 granms lung, and you can see it here. And
the lungs are huge, and they are necrotic. |It's likely
that these animals die fromrespiratory failure, and
"Il show you the evidence for that.

But, curiously, there are two ani mals that,
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the blue and the green animls, they have small |ungs
that are not so nuch bigger than normal uninfected
l ungs, and yet both of those animals die. Wen you
| ook at the lungs, even though the lung is small,
there's a |l ot of necrosis. Wen you | ook at the |ungs
from MEDI 3902, the lungs | ook relatively normal
conpared to infected lungs, very few areas of necrosis,
So suggesting that, again, MEDI 3902 protects by
preventing this acute lung injury.

So we took serial blood sanples so we can do
serial blood cultures, and you can see that animls
that were treated with a control antibody all develop a
bacterem a that then peak at the tinme of death. Sone
of these are in the 1,000 CFU mM in the blood, so it's
qui te hi gh bacterem a.

Three of the animals in the MEDI 3902-treated
group had no bacterem a, but one of the aninmals did
have a very high-titer bacterem a, but it did survive,
at least to 36 hours post-infection.

When you | ook in the lungs at the CFU count,
those animals that were treated with a control anti body

have significantly higher CFU count than those that
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were treated with MEDI 3902. In the spleen, kidneys,
and liver, no difference.

So what causes death in the four control
anti body-treated rabbits? Although MEDI 3902, the
fourth rabbit that survived, what are the effects of
the persistent bacterem a on the host? And we want to
be able to answer these two questions. And so what we
wanted to do was to | ook at the blood for some clues as
to why these aninmals die.

And here these are conpl ete bl ood counts.
This is the white blood cell count. And you can see
that animals that were treated with a control anti body,
the white blood cell count dropped rather dramatically,
especially at the tinme of death. Platelets remained --
platelets a little bit decreased. Curiously, one of
the animals that was treated with the MEDI 3902, but
t hat survived, had high bacterema. It has slightly
el evated platelet |evels.

But | ook at neutrophils. Neutrophils
significantly decreased. There's neutropenia. And
neutropenia, again, there's neutropenia in the

peri pheral blood, so the neutrophil is getting traffic
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somewhere. And so often the case with ventil ator-
associ ated pneunonia, they get traffic into the |ungs
where the neutrophils actually participate in the acute
lung injury. And we'll be able to confirmthat this
pr of ound neutropenia in peripheral blood is actually
due to the trafficking of neutrophils into the organs,
and the histology will confirmthat, which we don't
have ri ght now.

The nonocytes, also there is a dramatic
decrease i n nonocyte count.

Now, the pO2/FiQ2, this is a very reliable
clinical marker of hypoxem a. And you can see that
three of the animals that were treated with a control
anti body have very, very severe pQ2/Fi Q2.

And there is also a concomtant increase in
carbon dioxide in the blood, suggesting that these
three animals die of respiratory failure, but very
curiously, one of the animals, the animal in the bl ue,
the control -1gG ani mal nunber 2, it has normal
pO2/ Fi 2, and yet it has -- the carbon dioxi de tension
in the arterial blood is |less than 10.

This is very severe hypocapnia. And
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hypocapnia is, actually when you | ook at the old
literature, hypocapnia, very severe hypocapnia, is a
consi stent feature of Gram negative septic shock. So
we wonder if it is the case that this animal died of
mul ti pl e organ dysfunction, septic shock-induced
mul ti pl e organ dysfunction. And do we have any cl ues
to the nultiple organ dysfunction in this animl?

So let's keep tracking of the animal in the
blue. It has very severe base deficit. There's a
massi ve increase in lactate level. So |lactate, when it
gets to this range of 19, 20, it really indicates very,
very severe tissue hypoperfusion consistent with septic
shock.

And when we | ook at the potassiumlevel,
potassiumis filtered and excreted by the kidney. So
this is a marker of kidney injury, of acute kidney
injury, and potassiumjust increased very, very
sharply. Creatinine also increased sharply in that
particul ar ani mal, suggesting the involvenent of acute
kidney injury in this animl.

We al so | ooked at liver enzyne al ani ne

ani notransferase, and we see that it's also i ncreased
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for this animal, as well as the anylase. Anylase is
produced in the pancreas. So this is suggesting that
maybe there is also acute pancreas injury in this
particul ar ani mal .

So taken together, so this is the blue aninal
It has many of the features that are consistent with
septic shock. And so the cause of death in that one
particul ar ani mal seens to be septic shock. But for
the other three animals, control 1gGtreated animals,
1, 3, and 4, they likely die of just profound
respiratory failure. |It's pulnonary failure.

The animals that were treated with MEDI 3902
| ook rather good when you | ook at these different blood
mar kers, except one that has this persistent high
bacterem a, but it didn't die, and it |ooks |ike
| actate at the very end | ooks pretty good. So there's
no evidence really of severe sepsis and septic shock in
this one particular aninal.

This work was done by postdocs and graduate
students and undergraduate students in ny |ab, who are
very dedi cated. You can see that this is a 36-hour

experinment continuous. And it's also done in

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 280
col | aboration with Tony, Bret, and Ken at Medl nmune.

Thank you.

DR. KNI SELY: Thank you.

Okay. So from bunni es back to pigs, our |ast
speaker in this section is presenting renotely. He is
Dr. Ganluigi Li Bassi. 1Is he on the line?

DR. LI BASSI: Yes, | am

DR. KNI SELY: Wonderful. Geat. So Dr. Li
Bassi is board-certified in anesthesiology and critical
care nedicine. In 2013, he obtained his Ph.D. on the
managenent and prevention of infectious interstitial
and cancerous pul nonary disease. And he is the head of
the Division of Animl Experinentation and Attending
Physician at the Departnent of Pulnmonary Critical Care
Medi ci ne at the Hospital Clinic, Barcel ona.

Okay. Your slides are up and we're ready to
go.

Ventil ated Pig Model s of Pseudononas Pneunoni a

DR. LI BASSI: Very good. Thank you, Sumathi,
for the nice introduction. Can you hear ne well?

DR. KNI SELY: We can.

DR. LI BASSI: Ckay. Perfect. So in the next
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15 mnutes, my main objective is going to be to try to
convince you that we still need | arge ani mal nodels to
study these Pseudonpbnas aerugi nosa nodels of infection.

These are ny potential conflicts of interest
related to this presentation.

Next. So, of course, we |learned from many of
previous talks the inportance of ani nal
experinmentation. And in ny daily routine, of course,

t he Decl aration of Helsinki, we have this declaration
in our lab that clearly states the inportance of ani nal
experimentation before translating any result into the
clinical setting.

Next. So in particular, the rationale for the
use of pneunpnia nodels, these nodels, they clearly
el uci date the pathogenesis of the disease. They even
characterize the interaction between the pathogen and
the host, and, of course, even that we are in this
wor kshop organi zed by the FDA, we can test new
antim crobials, new drugs, against these pathogens.

Next. So far, you guys have focused
particularly in small animal nodel of Pseudonpbnas

aer ugi nosa pneunoni a, and we do have many nodel s, say,
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rats and mi ce and rabbits.

Next. I'ma critical care physician, and we
primarily focus on pneunonia that develops in patients
that are admtted in the ICU. And, of course, one of
the main challenges to devel op a nodel of these
patients is that animals, and particularly snal
animal s, that there are many chall enges in ventilating
this animal, even giving henodynam c ventilatory
support is inportant to these aninmals for |ong period
of tine.

Next. Many of the previous speakers presented
many nodel s of pneunonia and even ot her infections.

"' mnot going to go, of course, into any detail on this
nodel .

Next. But | would like to particularly draw
your attention on the nunmber of publications throughout
the years in small animal nodels and | arge ani nal
nodels. As you can see in the top part of this slide,
t here has been an exponential increase throughout the
decades of the nunber of publications in nmy mce, rats,
and rabbits. Instead, if you |look at publication in

pi gs, sheep, in general, in large animl nodels, there
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was a steady decline in the nunber of publications.

And | was very happy to hear Daniel, from
Wal ter Reed, that we have a |ist, 85 percent of FDA
acceptance of new drugs, and when they are tested in
| arge animal nodels. And as | said, one of ny purpose
here is try to convince you that irrespective of this
decline in the nunber of publications, we still need
t hese kinds of |abs and these kind of animal nodels.

Next. Now, many of the previous speakers,
t hey show you the benefit of m ce nodels of Pseudonpnas
aer ugi nosa pneunonia. And we do know that these snal
animls, they have limted cost, and this is very
i nportant. They have potential for extensive genon c
mani pul ation. This is very inportant because you can
even create a specific condition that then you can find
in the clinical setting and to | ook at their response
of a challenge with this pathogen. However, there are
also limtations in these nodels.

Next. And in particular, very careful, there
are dissimlarities in the anatony of these mce in
conparison with humans. Even the physiol ogy of the

respiratory tract have sonme differences. And even the
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i mmunat ory system and their response to a bacteria
chal l enge sonetines is different than the real response
i n humans.

Next. And some other limtations, in
particular, limtations in ny specific field of
i nvestigation, which is intensive care nmedicine, is
t hat | ong-term nmechanical ventilation in these nodels
sonetines is absol utely unfeasible.

Al so, you cannot nodel the sane |evel of
severity of patients in the |ICU because when you reach
a very high level of severity, these animals, they just
die, and this is not the case in humans in the I CU
For specific diseases, |ike ventilator-associated
pneunoni a, you cannot even replicate the exact
pat hogeni ¢ mechani sns. And there are many scientists,
that they are just skeptical on the possibility of
translating these results in the clinical setting.

And one of the reasons in particular in the
ICUis -- next slide, please -- one of the reasons is
just that ICU patients are very conplicated. There are
many co-exi sting di seases. They vary for age. There

are many supportive therapies. The severity of the
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illness sonetines is so high they cannot even be
reproduced in mce. So, of course, we need nodels that
they closely resenble this condition.

Let nme give you an exanple. Next slide. This
is an interesting study in which they nmeasure the
growt h of Pseudononas aerugi nosa with vasoactive drugs,
and wi thout these drugs. And vasoactive drugs, like
nor epi nephrine or dopam ne, are drugs that we daily use
in any ICU. And as you can see here, when you use
t hese drugs, for sone reason, the bacteria growh was
even hi gher.

Next slide. And even the biofilmformation
was nuch hi gher when you use these drugs. And, of
course, if you cannot even provide all this henmobdynam c
support on the small aninmals, then you don't have a
reliable nodel.

Next slide. One other limtation particularly
inthe ICUis that you cannot use the sane devices that
we are using in the ICU, endotracheal tube, the sane
ventilator, and these, of course, are a limtation.

But particularly, ny major concern -- next

slide -- is the length of the nmechanical ventilation.
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We do not have ICU patients highly severe that they are
ventilated just for a few hours.

And the only way to increase the | ength of
i ntubation and keep these animals alive -- next slide
-- is to prolong -- to change the nodel.

Next slide. And to change the nodel and use
| arge animals: dog, baboons, sheep, pigs. So when you

have doubts in science, it's always better to ask the

experts.

Next slide. Let me give you sone exanples
fromhighly brilliant mnd. For instance, Traber,
Daniel, he was a brilliant physiologist fromthe

University of Texas, and he was very clear in his mnd
in what kind of animls we should use to nodel the |ICU
patient. Wuld you, as a critical care physician,
accept data froma drug study on intensive care

pati ents who was not only not resuscitated with fluid,
but who did not even have bl ood pressure and heart rate
nonitored. And sonetinmes this is what happened. And
you cannot resuscitate or give vasoactive drugs to

t hese ani mal s.

Next. And one of ny nentors fromthe Nationa
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Institutes of Health, Theodor Kol obow, who was anot her
brilliant physiologist, one day he told ne that it's
rat her unreasonable to believe the results from snmal
ani ml studies, started right after breakfast in the
cafeteria and conpleted in tinme for dinner, could be
safely translated into valuable therapies for |CU
patients.

Next, please. So what are the ventilated
ani ml nodel s of Pseudonpbnas aerugi nosa pneunoni a that
we use in our |ab?

Next. Now, before starting with the nodel s,
you need to carefully consider some features. And many
of the previous speakers, they highlighted the
i nportance of the burden of the bacterial inoculum the
bacterial strain.

M nd you, unless you talk with an I D physician
or a m crobiologist, many physicians in many hospitals
wor | dwi de, they think that Pseudonobnas is just
Pseudononas, and all the strains are the sane. This is
not the case. The bacteria strain, we know from many
previ ous presentations, they can conpletely change the

di sease and the kind of burden to this aninmal.
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And even you have to decide the right type of
animls, for instance, sheep, they produce a | ot of
saliva, pigs, they do not. And even decide what the
proper |length of mechanical ventilation.

Next. Let me give you an exanpl e based on our
data. For instance, we use nmany Pseudononas aerugi nosa
strains, and sone of these strains, they have a
mortality of 20 percent, and sone others are nultidrug
suscepti ble, they do not have a high nortality rate.

Next, please. Even for the need of a
vasoactive drug |ike norepinephrine, sone strains, they
produce huge septic shock, and they need
nor epi nephri ne, and sonme others, they do not have these
requi renents.

Next. | believe that first the nodel and the
gol d standard for Pseudononas aerugi nosa nodels in
| arge ani mals was devel oped from the (inaudible) set by
Johanson.

Next. They actually -- this was (inaudible).
They were not supposed to devel op a nodel of
ventil at or-associ ated pneunonia. They tried to create

a nodel of acute respiratory distress syndrone
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injecting oleic acid.

Next. But then after a few days of nechani cal
ventilation, what they found was Pseudonobnas aerugi nosa
-- well, they found ventil ator-associ ated pneunoni a.

And when they | ooked -- next, please -- at the
positive pathogens, they found that the majority of
t hese pat hogens of this pneunonia were caused by
Pseudononas aeruginosa. So this is not a pure nodel of
Pseudononas aerugi nosa. And there are nany advantages
and limtations of this nodel.

Next. OF course, | said that this is the gold
st andard because they have the sane anatony, they are
very close in their response to the bacterial burden,
but they just aspirate whatever pathogen they have in
their oropharynx after intubation. So many tines,
there is not even the right -- there are heterogeneous
amount of pul nonary chal | enge.

And, of course, using prinmates has high cost,
there is scarce animal availability, and there are
strict legislation. For instance, in our university,
we cannot even use these nodel s.

Next. A nmobdel that is matched easier and has
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had huge devel opnent in the |ast decade was the Luna's
Model . This was a nodel devel oped in pigs. These are
ani mls nechanically ventilated for 72 hours, and they
are managed exactly like in an | CU

Next. So these are animals that they are
chal | enged with Pseudonpbnas aerugi nosa through a fiber-

6
optic bronchoscope with 15 m of 10 col ony-form ng
units per milliliter of a suspension of Pseudonobnas
aerugi nosa, and this 15 mlliliter into each | obe.
They have five | obes, so a total anount of 75
mlliliters.

Next. And after approximately 12 to 24 hours,
they already have the first sign of infection. The
upper part on the left, you can see the sharp increase
in tenperature, and on the upper part of the right, a
decrease in pQ2: FiO2 ratio, which is a marker of
pul nronary fail ure.

Next. And if you can at the end of this
study, when they dissected the |ungs, they found
ext ensive severe pneunonia in all the | obes.

Next. So the main advantages of this nodel,

there is a rapid devel opnent of severe pneunonia. This
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is a highly severe pneunonia. |It's ideal to study
efficacy and safety of new drugs, but there is an
ext ensi ve pul nonary bacterial challenge, and many tines
this is not the real pathogenesis of pneunpnia because
patients, they do not have this kind of bacterial
chal | enge.

Next. So in 2014, 2013/14, we decided to
devel op anot her ani mal nodel, in particular, of
Pseudononas aer ugi nosa VAP.

And our goal -- next -- was specifically to
reproduce the pathogenic nechani snms of VAP. W choose
it through aspiration of pathogens across the
endotracheal tube cuff.

Next. So we use the sane kind of pigs, which
were oro-tracheal intubated and nechanically ventil ated
for 3 days. Standard sedation, anal gesi a.

Next. And this is very inportant.

DR. KNI SELY: Sorry to interrupt. Can | ask
everyone who i s not our speaker to please nute
t hensel ves online? W're hearing soneone else's
conversation. Thank you.

Okay. Pl ease continue.
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DR. LI BASSI: Yeah. So this is very
i nportant, the position. Wen you keep the aninmal in
this position, they have the trachea in an oblique
orientation, so they start aspirating across the
endotracheal tube cuff, and this is exactly what

happens in humans who are mechanically ventilated and

i nt ubat ed.

Next. So we chall enged not the |ungs, but we
chal | enged the oropharynx just 5 mlliliters after 4
hours and 5 miIliliters after 8 hours of a high

concentrati on of Pseudonpnas aerugi nosa nulti-
susceptible. And then, as | said, they started
aspirating this pathogen.

Then after 72 hours -- next -- we perforned
t he autopsy. You can go ahead faster here because they
are just a picture of the autopsy.

These are standard met hod, straight
(i naudible). And then we obtained the lungs. 1In the
(i naudi bl e) sanples, we biopsied each | obe of these
| ungs, and export the results.

Next. We found an exponential increase in

tracheal secretion colonization, and this is the proof
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that these animals, they were aspirating throughout the
time on nechanical ventilation.

Next. But the nopst inportant data are
regardi ng the colonization. This is not a broad high
col oni zati on by Pseudononas aerugi nosa like in the
previ ous nodel, just the nost dependent region, right
medi al | obe, right |ower |obe, which are gravity
dependent in this nodel, gets the highest col onization,
and this is exactly |like humans, that usually
ventil ator-associ ated pneunoni a devel ops in one or two
| obes.

Next. Histology confirm pneunonia in one or
two | obes.

Next. And there are many advant ages, as |
said, in particular in this nodel reproduce exactly the
pat hogeni ¢ mechani sm but there are al so sone
limtations: high cost, |abor-intensive, and timnme-
consum ng, and you need 3 or 4 days and a huge team of
investigators to performthis study. But it's ideal to
study particularly preventive neasures for this
di sease.

Now, briefly, just for the application --
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pl ease go ahead, and again -- we received consistent
funding by health care industry, governnent agencies,
and nedi cal societies, but I would like to draw your
attention particularly on the health care industry. As
| said before, there has been a strong decrease in this
ki nd of lab, particularly in the U S., throughout the
years.

And if you go to the next slide, anmong all the
i ndustry that we receive or we are receiving funding,
the majority is fromthe United States because they are
| ooking for |abs that could performthis study because,
as | said before, there are sone |imtations in smal
ani mal nodel s.

Therefore, in conclusion, many of the previous
speakers -- I'msorry, go ahead -- many of the previous
speakers clearly explained the inportance of ani nal
model s of pneunonia. And several animl nodels, |ike
t he Johanson nodel, is one that represents a m | estone
inthis field.

Next. But particularly for the pig nodel,
ventilated pig nodel, we still think it's the nost

appropriate if you want to be 85 percent sure that
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you're going to receive FDA approval or even you can
transl ate your findings closely into humans | think
because there are close anatomcal simlarities with
t he humans, good survival, irrespective of the
severity, and this is the inportant possibility of
pr ol onged nechani cal ventilation. And in the second
nodel , we presented reproduction of the main pathogenic
mechani smns.

Next slide. Thank you very nuch for your
attention.

DR. KNI SELY: Thank you. That was
fascinating.

DR. LI BASSI: Thank you.

DR. KNI SELY: Thank you very nuch.

We're running a little bit behind schedul e.
Let's take a 10-m nute break, cone back at 3:40. Thank
you.

(Break.)

Research Support and Resources

DR. NAMBI AR: Qur first speaker in this | ast
session is Dr. David Boucher, who is from BARDA, and he

serves on the NIH Adjudication Conmttee, Data Review
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Conmittees for Actelion and Medtronic, and is the
Treasurer of the |DSC.

Dr. Boucher.

DR. BOUCHER: All right. Thanks a | ot,
everyone, for the organizers. Thanks for giving nme a
little time to talk up here. 1'll try to keep it
brief. 1'mgoing to go off my slides. |'monly going
to go into about the third one, so if it looks like it
paused if you're online, don't worry, you're fine.

I["mw th BARDA. That's the Bi onedi cal
Advanced Research and Devel opnent Authority. For those
of you not famliar with our organization, we are a
menber of the PHEMCE.

Are typical mssion space is to pick up
prom sing progranms from our partner agencies -- the
NI H, NI AID, CDC sonetines -- at that | ND phase,
Phase 1, area; bring those through what's commonly
called the "Valley of Death,” this area of clinical
devel opnent characterized by high costs, high
attrition.

Qur ultimate goal is |icensure of products.

For products wi thout a commercial indication, we |ike
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to be able to extend that to procurenment, and hand it
off to CDC for inclusion in the Strategic National
St ockpi | e.

| have a slide here | abeled "CBRN Profile,"
that's chem stry, biological, radiological, and nucl ear
counternmeasures. | ampersonally within the biol ogical
portion of that. And even within biologicals, | do
t herapeutics, so this is a very biotherapeutics-centric
slide. If it was sonebody from another area of ny
di vi sion, you would see different counterneasures here.

But we are historically a biodefense
organi zation. |If you |look at our portfolio, our nore
mat ure prograns -- our anthrax, smallpox, botulism--
we have several counterneasures approved and in the
stockpile. Recently, particularly with the response to
Ebol a and Zi ka, we've becone active in the energing
i nfectious disease area. And also in public health, we
have several antibacterials in |ate-stage clinical
devel opnent, and we're one of the drivers of the CARB
accel erator.

I think John Rex was one of the first ones to

mention that Tier C/ Tier D area of the Animal Rul e. | f
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you kind of focus on the upper two-thirds of this
slide, that's kind of where we spend a | ot of our tinme.
We rely heavily on the Animal Rule. We do a |ot of
ani mal studi es.

The way we get that done is through a non-
clinical network. This is a network of private and
academ c partners that we reconpete every 5 years. W
are | ooking at capacity, we're |l ooking at capabilities,
we're | ooking heavily at quality.

Membership into this network allows you to bid
on proposals or Request for Proposals that we would
issue in the formof task orders. Proposals fromthe
network cone back to us. That's a conpetitive process
i ndi vidually.

And for those individual task orders, whether
it's an NHP efficacy study, if it's nodel devel opnent,
if it's strain panel production, we're going to take a
| ook at the offerors' capabilities, their relative
experience in that area, we're going to pick the one
that we think m ght be able to help us the best, and
then we sign a contract with them W work very

cl osely through these contracts on the execution of the
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task order.

That's kind of where |'mgoing to go away from
my slides. I'mgoing to put this up. |'mjust going
to talk very |l oosely. When we do ani mal devel opnent,
agai n because of the phase of devel opnent we're | ooking
at, we're not so concerned with downsel ecti on of
candi dates. We're not |ooking at optim zation of
| eads. We are |ooking exclusively at studies that w ||
support licensure. W are going to be bringing these
studies to the FDA, so we mght have a little bit of a
different slant on how we see the ani mal nodel
devel opnent .

Typically, what we're going to do is we're
going to start with the challenge material. W want
recent clinical isolates. |If nortality is a suitable
endpoi nt for the pathogen that we're | ooking to devel op
count er neasures agai nst or a nodel for, we want strains
that were involved in recent clinical cases that ended
in fatalities. Again, in nost of the pathogens we're
| ooking at, nortality is a suitable endpoint.

We're | ooking to push that nodel such that

when we're using it, an untreated control animal, we're

www.Capital ReportingCompany.com
202-857-3376



10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 300
| ooking for as close as we can get to 100 percent
nmortality. This raises the bar for therapeutics that
we' re devel opi ng and al so reduces the ani mal nunbers
that we need to neet statistical objectives.

W will take isolates. If we're |ooking at a
pool of potential isolates, the first cut we make is
only those isolates that will be available and free to
use. We don't want to have restrictions on those. W
want to be able to share themwth who we want to share
themw th, and that's typically anybody who asks.

And we want, again, clinically rel evant
isolates. W want recent isolates. For a specific
pat hogen, we downselect further. | was involved with
C. difficile, and what we | ooked at was things |ike
ri botype toxin production, drug resistance, that type
of thing, to get down to a panel that we think is
clinically relevant at that tine.

We produce master and working cell banks. W
do extensive characterization on this, including deep
sequenci ng, other things. And we put those on
stability. Wen we go back into liquid nitrogen a year

fromnow, we |like to know what we're taking out.
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When we go to ani mal nodel devel opnent, agai n,
we're | ooking at pushing those ani mal nodels so that we
will be able to do efficacy studies that stand up to
FDA scrutiny. And we are |ooking heavily at quality.
VWhen we | ook at who can conplete this work for us, we
want technical expertise, of course, but we are heavy
on quality, and we are kind of hamrering docunentation
constantly.

So in the interest of tinme, |I think Il
probably stop there. | think there are probably a | ot
nmor e people you want to hear about Aci netobacter and
Pseudononas particularly.

If you're interested in the C. difficile
program the Burkholderia slide that | had up just a
nmoment, just grab ne. There are a couple other people
here from BARDA. Any of us will be happy to talk to
you nore.

DR. NAMBI AR:  Thank you so nuch, Dr. Boucher.

Qur next speaker to talk about research
support and services is Dr. Tina Guina, who is a
program officer in Drug Devel opnent Section in the

Di vi sion of M crobiology and Infectious Di seases at
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NI Al D/ NI H.

DR. GUI NA: Thank you very nuch for inviting
me. And | think there have been a | ot of good
di scussions today. So, again, | won't also take much
of your tine.

| just wanted to share sone information about
i nportant research and devel opnment resources, including
devel opnent and application of medical animl nodels
for testing therapeutics.

So I'"'min the Division of Mcrobiology and
| nfecti ous Di seases, and as you know, NIH and NI Al D, we
cover basic research, early transl ational research, and
drug devel opnent in preclinical phase and through
Phase 1. And our division works on all infectious
di seases except for AIDS, so you can inmgine there are
| ots of prograns and there are |ots of npdels that we
are working on.

NI Al D Anti bacterial Resistance Programis
aligned with National Strategy for Conbating
Antim crobi al - Resi stant Bacterial Infections. And we
actually support devel opnent of new di agnosti cs,

t herapeutics, and vacci nes.
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We al so have published recently new
Ant i bacterial Resistance Program docunent that talks
about "Current Status and Our Future Directions," and
this docunent describe our intention to support new
types of therapeutics, such as non-traditionals,

I ncl udi ng those that actually act on human i nmmune
system for exanple, bacteriophages, and al so narrow-
spectrum anti bacterials that are sort of topic of this
wor kshop.

Since we actually provide support and cover
devel opnment, both basic and transl ational and early
clinical research, we have a nunber of different
mechani sms to fund investigators and devel opers to
| ower the risk of product developnent. So there are a
number of different types of grants that are avail able
for nore early research and devel opnent.

And then we often enter into contracts with
sponsors or investigators that actually have sone kind
of therapeutic candi dates or clinical candi dates that
are in nore advanced preclinical devel opnent. W
typically establish those contracts and fund them

t hrough early clinical and soneti mes Phase 2
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devel opnent, but nost often after successful Phase 1,
we transition it over to our colleagues at BARDA.

In addition to devel opi ng i ndi vi dual
t herapeutics and products, we also have a whol e host of
preclinical and clinical devel opnent services. And |
just want to -- |I'Il take a nmonent a little bit later
to tal k about them because apparently |ots of
i nvestigators are not aware of them and | think they
shoul d be, because we can test your therapeutics in
various different animal nodels and to help you with
many ot her stages of devel opnent at no cost to you
under confidentiality agreenents.

So I"'mnot going to go nuch in detail on this
slide. | just provided this slide so that you see what
type of fundi ng nechani sns we have, and also a couple
of useful links. For sponsors, they're kind of |ooking
ahead, and they already have sonme kind of, | would say,
t herapeutic | eads or clinical candi dates, and they have
to put together very |arge proposals, and they're
| ooki ng for source of funding a year ahead or 2 years
ahead or 6 nonths ahead.

| encourage you to actually |l ook at the N Al D
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website on which we'll list our N AID Council-cleared
concepts because often at NI AID Council, together with

external advisory board, we discuss potential funding
opportunities that are up and comng. So this actually
can help you to | ook ahead and plan your proposals.

In terms of product devel opnent services,
actually we have an ever-expandi ng host of services
that include various types of in vitro and in vivo
nodel s for testing therapeutics. W also have sone
additional chem stry support and devel opnent.

Then toxicol ogy, we can do toxicol ogy studies
for investigators, GW manufacture for
bi ophar maceuti cal products and vacci nes.

We al so can help you with regul atory advice
and hel p you put together docunentation for |ND

And we provide these services through actually
establishing contracts simlar to BARDA and sonme ot her
organi zations. W establish a network of providers
that are either at different CROs or at different
academ c | abs that actually have the capacity, and we
heard about sone of themtoday. And in the past, we

actually have worked with themvery closely also to
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develop -- in collaboration, to devel op nodels for
testing of therapeutics for biodefense indications, as
you heard this nmorning. So we work with them very
closely. But we also use these contracts to either
devel op new ani mal nodels, or we establish contracts
with providers that have these nodels in place to test
your therapeutics and vacci nes and potenti al
di agnostics. So actually this is again at no cost to
you, and it's done under confidentiality agreenents,
and you keep your IP, and all the data is yours.

And | should nmention also that we al so have
sone Phase 1 units and vaccine testing and eval uati on
units that actually we can provide support for Phase 1
testing of new therapeutics, but also we have abilities
to performclinical trials in some special popul ations.

And Anti bacterial Resistance Leadership G oup
is actually on the network of investigators and
clinical trial sites that is |looking into different
aspects of working in antimcrobial resistance space
such as potentially evaluating new di agnostics or maybe
new regi mens or dosing for already existing

antibiotics. Those are just sonme of the exanples.
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So these resources are avail able to everyone.
They are actually gap filling. So, for exanple, if you
were going to do your entire devel opnment through these
services, it would take very |long because there's a
process at every step. You have to provide some proof-
of -concept data and prove that you're eligible to go to
the next step of devel opnent and actually use the
resources. So they're not really intended as a sole
source of devel opnment funds, but they can fill really
i nportant gaps that can help you get to the next stage
of funding either with NI Al D or BARDA or sone ot her
organi zati on externally.

Everybody is eligible. 1It's open to academ c,
i nvestigators, and from any ot her organizations. And
also it's open to everybody around the world, so we are
not limted only to the U S. investigators.

And you do not have to have current N H
funding to be eligible. You just need to have sone
pr oof - of - concept data and good ideas, and we will be
talking to you and hel ping you all along. And we al so
actually have I ots of experts in-house who are very

famliar with different stages of especially early
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preclinical drug devel opment, and they can provide lots
of advice as you go along. And, as | said, this is al
done under confidentiality agreenents.

So NI AID has a website on which actually,
believe it or not, all of these resources are |isted,
and I"m providing the website |Iink here. Wen you go
t hrough this website, you can go through different
resources and actually at every resource there is an
emai |, a nanme of an actual person who is a contact and
a program manager for that space. And they have been
very successful lately hel ping the ever-increasing
number of investigators in doing both devel opnent of
t herapeutics and vacci nes.

And that's it. Thank you very nuch.

DR. NAMBI AR:  Thank you, Dr. GCuina.

Qur | ast speaker for the day before we nove
into the panel discussion is Dr. Thushi Amni, who is
the Associate Director for Research in the Ofice of
Antim crobial Products at the FDA

DR. AMNI: So in 2011, FDA devel oped a
strategic plan for regulatory science to facilitate the

transl ation of breakthrough di scoveries into

www.Capital ReportingCompany.com
202-857-3376




10

11

12

13

14

15

16

17

18

19

20

21

22

Public Workshop March 1, 2017

Page 309
i nnovative, safe, and effective products for tonorrow.

On Decenber 19 of last year, we issued a
Request for Information to devel op ani mal nodel s of
infection. The purpose was to solicit information
i nput from our external stakeholders to evaluate the
current state of animl nodels for different types of
pneunoni a due to Aci netobacter baumannii and
Pseudononas aerugi nosa; and, secondly, to conduct
studi es of an animal nodel or nodels of serious
i nfection caused by these two pathogens. W' ve
extended the deadline until March 22.

I n addition, FDA has an ongoi ng broad agency
announcenment. The purpose is to solicit research and
devel opnent to support regulatory science and
i nnovation. The deadline to submt white papers is by
March 31, and full proposals are due by June 26. And
this is an open announcenent.

The Office of Antim crobial Products research
area within this BAAis Research Area 2.4. And we
state that FDA's role in conbating antibacterial drug
resistance are to facilitate the devel opment of new

anti bacterial drugs to treat patients and to advance
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the science of clinical trial design

Specifically in FY17, our research will focus
on Section 2.4.2, which is to advance the science of in
vitro ani mal nodel and/or PK studies to facilitate
anti bacterial drug devel opment. Qur research funding
to devel op animal nodels this fiscal year is
approximately $5 mllion.

So what are the next steps? W wll take al
the information that we receive fromtoday's workshop,
as well as the responses fromthe Request for
I nformati on and review them W encourage potenti al
applicants to submt white papers through the BAA
process. The deadline for white paper subm ssions is
March 31 for funding.

We will then review the white papers on
technical nerit and contribution to FDA' s m ssion.
Those that neet the eligibility, we will then notify
the O fice of Acquisition Grant Services, or OAGS, to
send a letter to submt full proposals. And the
deadline that OAGS will send these letters is on
June 5, and full proposals are due to the FDA by

June 26.
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W will then evaluate the proposals. We wl]l
rate and rank them And then we will award the study

t hrough a BAA contract. And we will try to do this al
during the summer so that we can initiate the research
study by Septenber.

If you have any questions, please feel free to
contact ne. M information is right here on this
slide. All the information |'ve discussed today can be
found on the Ofice of Antim crobial Products research
web page, which can also be accessed through the OAP
mai n webpage.

That's it. Thank you.

Moder at ed Panel Di scussion (wth Audi ence Q&A)

DR. NAMBI AR:  Thanks.

Al right. So I think we have about 45
m nutes for our panel discussion, and we're running a
few mnutes late. So we do have four questions that we
were hoping to get input fromthe panel nmenbers.

So | think in the interest of time, what we
could do is maybe have a discussion around Question 1
and 2, and then we can nove into Questions 3 and 4,

whi ch sort of are nore focused on what nobre work needs
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to be done.

Wth Question 1 and 2, | think the main focus
really is that we've heard about different nodels
during the course of the day. W' ve heard the pros and
cons, the nerits and denerits, of using the nouse or
using the pig nodel or using the rabbit nodel. So I
think we just want to get a feel for, are there any
ot her nodels that need to be consi dered when one is
devel oping or trying to understand infection due to
Pseudononas and Aci netobacter other than the nodels
we' ve already di scussed?

And | think another inportant point to discuss
woul d be whether or not we actually need to do studies
in large animals. Dr. Li Bassi's presentation, it did
appear that he is very much in favor of |arger nodels,
studies in larger nodels, and not necessarily in the
smal | er nodel s.

So |l think it would be very hel pful to hear
fromthe different panel nenbers on your thoughts of
what m ght be the role of snmaller aninmal nodels versus
| arger animal nodels in the context of devel oping drugs

that treat these specific organisns. So |I will open
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that up to discussion and see if sonebody wants to
start.

So, Dr. Li Bassi, it sounds |ike you do have a
gquestion for Dr. Diep about the rabbit nodel? |Is that
correct?

DR. LI BASSI: Yes, | do have a question about

the rabbit nopdel --

PARTI Cl PANT: He's on the phone. |'mnot sure
if we're -- are we nuted?
DR. LI BASSI: ~-- large animal nodel. So the

question is about you nmentioned in your presentation
that you intubated these aninmals for the bacterial
chal l enge. After the challenge -- | didn't get from
your presentation, after the challenge, you extubate
the animal s? You keep themalive up to 36 hours? O
t hese animals are continuously ventil ated?

DR. DI EP: The rabbits are continuously
ventilated for 36 hours post-infection. W also in our
St aphyl ococcus aureus study, the animals are
conti nuously ventilated for up to 60 hours post-
infection. And we can ventilate themas |ong as you

can do with pigs, so we can ventilate themout to 96
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hours post-infection.

It just depends on the study. W don't have
so much experience working with Pseudononas aerugi nosa.
We only started working with Pseudononas in the |ast 6,
7 weeks. But with Staphyl ococcus aureus, you can go
out | onger because it's needed to |ook at a variety of
different paranmeters. But, no, so to answer the
guestion, the endotracheal tube is in place for the
mechani cal ventilation for the duration of the study.
They' re not taken out.

DR. LI BASSI: GCkay. And what about the
septic shock of these animals? Do they devel op such
septic shock that you need to provide vasoactive drug?
Or as soon as they reach this |evel of severity, they
are at the end and they die?

DR. DIEP: So fluid resuscitation is going to
be needed if we're going to prolong the animl, so keep
them alive | onger so we can test the protective
efficacy of whatever it is, antibiotics or antibodies,
and so we do, do that. Right now we are taking a very
conservative approach to fluid nmanagenent because it's

a doubl e- edged sword, as you know. Too much fluid can
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i nduce acute lung injury.

So in this nmodel, we don't have so nuch
experience again with Pseudonpbnas, so we are very
conservative. W put in 3 m/kg/hr. But in the
context of septic shock, perhaps it is necessary to
adm ni ster nore fluid.

Shock is defined clinically as a 20 percent
decrease in cardiac output. Fornerly, in the nodel of
Pseudononas aerugi nosa, we have not neasured cardi ac
out put, but we do measure cardiac output with a thernal
dilution catheter in our Staph aureus nodel, and there,
there is an decrease in cardiac output as well as mean
arterial blood pressure, all of these paraneters we can
measure. We just don't have enough experience with
Pseudononas, so we don't know

DR. LI BASSI: And do you use vasoactive
drugs?

DR. DIEP: No. W have not done that for
ei ther Staph aureus or for Pseudononas. But that could
be added to any treatnent nodality, of course.

DR. LI BASSI: O course. ay. And the

comrents about -- one of the problens, particularly in
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critical care nedicine, now we are tal king about in
general Pseudonpnas aerugi nosa infection, but
specifically in the infection that they are ultimtely
treated in the ICU, in general, we had a |lot of failure
in many medi cations, not just infection, acute
respiratory distress syndrone, septic shock, of many
drugs that were devel oped and tested specifically in
m ce, and then they were translated in ICU patient.

So the I CU physician is particularly inmportant
to highlight in this FDA-sponsored workshop, that we
still have a huge gap in this field of investigation.
Many of the drugs that they are very efficacious in the
m ce nodel, they do not reproduce the sane results in
| CU patients. W do not know the exact reason why. O
course, we are a lot of (inaudible) because the
conplexity of these patients, but this is sonething
t hat absolutely should be taken into consideration in
this field.

DR. MLLER 1'd nmake a couple of comments as
sort of a nore neutral observer perhaps. First, |
think in terns of antibiotic drug devel opnment for the

FDA, the nouse nodels are not -- the anatony is such
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that | think that's going to be difficult to accept
mouse nodel data just because of the anatoni cal
differences. And that will be difficult to accept that
as part of the Animal Rule.

So then | think we're noving toward the
rabbits and pig nodels as reasonabl e nodel s that have a
reasonabl e LPS type response simlar to humans but al so
have sonme anatom cal characteristics simlar to humans.

| think when you start to get to very high
| evel s of bacteria that you have to instill as part of
the nmodel, then the nodel starts to get iffy, too,
because in sone of these nodels, you're instilling the
equi val ent of a dose of LPS that wll kill the animal.
And so then you start to get into a very difficult
nodel as well.

What probably hasn't been expl ored enough, in
humans, there is probably sonme lung injury often
associated with the actual disease, and probably what
hasn't been explored is the ventilating animals
associ ated with some sort of lung injury as a way to
establish the infection nore acutely.

And | don't think there has been a | ot done
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with that type of thing, but it's probably nore likely
what's associated with the human di sease at the tinme of
surgery or in a particular situation, there's a |lesion
t hat occurs, a thronboenbolus or actual damage from
surgery or something that has contributed to the actual
inciting part of the infection.

So | think there m ght be room for devel opnent
of lowering the infectious dose with a conbi nati on of
injury and ventilatory conbi nati on.

DR. LI BASSI: If I can just add, this is a
very interesting coment. W do have two pig nodels
for particularly acute respiratory distress syndrone
that we create, for instance, bacterial challenge or
saline |l avage of the lung, and then we created the
second hit with ventilator-induced lung injury.

But this is absolutely a great coment.

Usual ly, animals, they many tines in nmany di seases, in
reproduction of many di seases, they need a two-hit
nodel . That could be with the injury of the
ventilation or sonetines even they need not just one
single inoculum but two or three inoculations in order

to have that kind of disease simlar, even a smualler,
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| ower concentration of the bacterial challenge. Very
i nteresting conment.

DR. COX: Yeah, so just hearing the comments
have been very hel pful information. Just ny crew and
were tal king about this, and that's sort of the
difference in animal nodels that may | ook at sort of
antim crobial activity/infection versus di sease nodel s.
So if you're actually trying to sort of nodel the
di sease, and the greater role that an ani mal nodel
m ght take, to get into the space, to have sort of
simlar physiologic conditions may help to get
sonet hing that nay have a greater |ikelihood of being
predictive of a human response.

DR. MLLER | like the way that you' ve
distilled that. | think these | arger nodels seemto be
really inpressive as far as pathophysiology and | think
provide really nice conplementary information in drug
developnment. | think it would be hard to utilize them
al one for dose finding. So I still there is a |ot of
value in the smaller nodels for the PK/PD studies and
then use these larger nodels for validation studies,

| ooking for a signal of, gosh, maybe this isn't going
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to work.

DR. M LLER: And even these nodels tell you
sonet hing, particularly if you get bacteria in the
bl oodstream you're at |east putting themin an
environnent different than a culture plate and
different than the environnent, and so you're getting
sonme information even in the nouse nodels, no question
about that. But for antibiotic devel opnent, you get --
but it's incremental.

DR. COX: Just to agree with your coment,
David, | nean, the idea of using small ani mal nodels of
i nfection, you know, try and work things out, learn as
much as you possibly can, and utilize the smaller
ani mal nodels, the activity nodels, as sort of the
earlier nodels to choose a conpound, work on dosing,
all those sorts of things, and then as you' ve | earned
enough fromthat, | nean, the paradi gmof then noving
forward to the bigger sort of physiologic nodels that
are nore difficult logistically and they use | arger
animals, it seens conpletely reasonable and a very
rati onal way to approach this.

And the small animl stuff will add sonething,
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but the bigger animals will -- or the disease nodels |
shoul d say, it doesn't necessarily have to be a large
animl, but a disease nodel |I think will help to get to
t hat physiology you're trying to replicate.

DR. LI BASSI: Yeah. |If | can just add a
small coment. Usually, for instance, to give you sone
ki nd of cost of these |arge ani mal nodels, just for one
animl, we usually -- the aninmal's sedati on,
ventilation, staff, this experinent, just one
experiment, can cost between 3,000 and 6, 000 euros,
which is very close to $3,000, $6,000 U.S. dollars.

So absolutely you need to first know -- when
the health care industry approach us for potenti al
col I aborati on, we cannot even start if they do not have
sone kind of good results in mce, an idea, at |east a
broad i dea, of dosage, because, otherwise, it's just
unfeasible to test hundreds of these aninmals in a
normal setting, it's just inpossible. So you can do in
one week 50 mce, 60 mce, but you can do just two or
three pigs per week in these nodels.

DR. GUINA: | would like to make a coment.

So | definitely agree, and I think we all agree, that
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mouse nodel s are very useful, and they're really
critical for evaluating PK/PD and studying clinical
doses and targets. | think nmaybe if we may could start
considering -- could we start maybe di scussi ng what
sort of bionmarkers we would | ook for in a | arger nodel
or ani mal nodel that would be nore close to human
physi ol ogy? | think there were a couple of great
presentations, and actually al nbst no presentations
peopl e di scussed that.

So if people are doing ani mal nodel studies,
woul d you like to coment on what you think would be
the critical biomarkers that would reflect nore human
di sease? And | would like to hear fromclinicians
al so, what is your opinion on that?

DR. ZURAWSKI: | think with the wound nodel
and with pigs, Stephen Davis, at the University of
M am , has done quite a bit of work, | nean, over
25-years-plus work, |ooking at the host biomarkers as
far as wound closure and healing. So if you're going
for an SSTI indication for your FDA, | think you want
to | ook at those kinds of wound-healing markers. And

so there is matrix netall oproteinases and things |ike
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that that are involved in wound healing that are
conserved even in humans from pigs. They're not the
exact sane, but certainly you can use sonme of those as
mar kers for healing wth wounds.

As far as pneunonia and HAP/ VAP, | don't know.
| think I would be nost concerned about sepsis because
| think -- | nmean, certainly, lung function is
i nportant, but we're clearly seeing this dissem nation
out of the lungs going into the bl oodstream and |
think if you have markers for sepsis, which | know are
out there, | think that would be inportant to | ook at.

DR. DIEP: So | would like to conment on the
bl ood markers that can be used for ventil ator-
associ ated pneunoni a or septic shock or severe sepsis
in that case, and these are the standard bl ood tests,
bi ochem stry tests that's done in the clinic. You |ook
for, you know, if you think there is an acute ki dney
injury, you |look for creatinine, you | ook for
potassi um you | ook for BUN

Now, these are the standard markers that's
used in the clinic. |If you think there is liver

i nvol vement, it's ALT/ AST. And all of that can be
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measured in any ani mal nodels. The biochem stry tests
are the sane. The only problemis if you're using a
tiny animal |ike a nouse, there is only so much bl ood
that you can get through |ike submandi bul ar bl ood.
That's only like 2-, 300 mcroliters that you can get.

And so the advantage of using sonething bigger
like a rabbit or a pig or a dog or any of these aninals
is that you can take serial sanples and | ook at the
chronol ogy of events leading up to the septic shock,
| eading up to death. And they tend to correlate very
well with what you woul d observe in the clinic.

And |'m not a physician, but fromreading the
di fferent papers on what are the predictors of
survivors versus non-survivors, and you see those sane
correl ates happening in the severe animl nodels, |I'm
not sure whether that is observed in the ventilated pig
nodel s.

It didn't seemlike, fromthe data that was
presented here, that the infection got to the point
where it's very severe ARDS, because if | renenber
correctly, the FiQ2, the pOQ2/FiOQ2 in those animals,

it's still in the range of 200, and in that range,
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there is not very severe -- it's classified, ARDS is
classified, using three different tiers. And so you
have very severe ARDS when the pO2/FiO2 is less than
100, and it's noderate ARDS when it's about 200, and
you have very mld ARDS when the pQ2/Fi Q2 is about 300.

So it depends on how severe you want to get.
But these bl ood markers that are used in the clinic can
be recapitulated in the ani mal nodel, you just have to
do it.

The problemis again of course it's very
costly. Every tinme you do a blood sanple and you | ook
at bl ood gas analysis and you do all of this
bi ochem stry, it's about $100 at each time point. And
for the study that I showed you there, it's 16 tinme
poi nts per rabbit. And so suddenly it's |ike $1, 600
for just the blood work. So it can get expensive very
qui ckly in these nodels.

DR. LI BASSI: Yeah. I'msorry, |I'msorry.
Go ahead.

DR. WALLNOFER: | wanted to add to the
di scussion. M inpression fromthe presentations is

primarily | think that the large nodels will allow to
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investigate a |imted number of questions. It needs to
be focused with a clear plan in mnd. And this can be
useful actually to validate what we have observed in
the small er nodels, validate, for exanple, your PK/ PD
nodel i ng.

And then the other aspect where it could be
hel pful is it could conplenment the clinical trials that
you do. Now, what is nore difficult to understand now
from ny perspective, how val uable that would be seen.
| think to the clinical real data that you generate,

t hose could be further substantiated, those specific
guestions addressed. W stated that they have been
generating in such a large nodel. So that would be ny
reading fromthis discussion.

DR. LI BASSI: Ckay. So for our nodel,
usually we focus on the lungs. So these are nodel s of
pneunoni a, and we specifically | ook at inflammtion and
(i naudible) and injury of the lungs. And one of the
mai n advantage of this nodel is that you can get
sequenti al bronchoal veol ar | avage. And this give you
some data on the inflammtion, |ocal inflammtion, that

you could even conpare with system c inflamuation with
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inflanmatory markers in the blood and bronchoal veol ar
| avage. Then you can neasure the Pseudononas
aerugi nosa growth in the lungs through these
bronchoal veol ar | avage. And at the end of the study,
you can even culture the tissue and do hi st opat hol ogy
of the tissue, and you can | ook at the severity of the
injury and severity of the bacterial burden in these
ani mal s.

In terms of clinically val uabl e data, now,
many of the clinical trials on new drugs, they | ook at
the inprovenent at 48 hours, 72 hours. And when we
| ook at inprovenent, patient inprovenent, after 2 days
or 3 days of treatnment, we |ook at |ung function, and
usually pO2/FiOQ2 ratio is a good marker of |ung
function. And bacterial culture. Many tines we either
get tracheal aspirates or bronchoal veol ar | avage of
t hese patients to corroborate the good response. So
these are the things that usually we can obtain from
t hese nodel s.

DR. NAMBI AR: To answer your question,
Andreas, | think our main focus here, as we discussed

today, is try to get the best clinical data we can
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because that would really be ideal. But then we al
realize froma practical standpoint that that m ght be
doabl e or m ght not be doable, and there m ght be
practical difficulties in getting to the nunbers you
had set out to do.

So | think this discussion is around, what is
t he best we can do with the animl nodels that we have?
And what nore needs to be done? What are the areas
that we need to focus on so that at the end of the day,
if soneone tries to do a clinical trial and only once
you attenpt it will you know how successful you're
going to be, how difficult it's going to be.

And if the trial is just not feasible, so
we're not tal king about a trial where the drug has
shown it doesn't work, | mean, then the drug is dead,
but if you have a drug that has the potential, but you
just cannot do the human trials, then we want to have
t he best body of information we can get for how the
drug perforns in animals. So | think all kinds of
ani mal nodels have their different rules. The smaller
ani ml nodels play a different role.

So | think that's the purpose of this
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di scussion. It's not that these are to replace hunan
data, but it's to sort of conplenent whatever human
data you can get, which I think we all have to be
practical and think that there m ght be a situation
where you're really not going to get human data that's
going to be interpretable.

And then you cannot start planning what next,
you start planning now. And that's the purpose of
havi ng this di scussion.

DR. ANDES: | think that before you can use
these larger animal nodels to try and predict what's
goi ng to happen in patients therapeutically, it would
be nice to see -- | saw sone exanpl es where people took
a drug that was approved, treated the aninmals, and they
did well. It would be nice to see, try and |like has
been done in the mce, take a drug that failed, take a
drug that doesn't work, mmc the PK in patients and
show that it failed, show that it's predictive, and
| ook at then, what of those endpoints tracked al ong
with that failure?

DR. NAMBI AR: That's a very valid point,

sonet hi ng we' ve certainly discussed, having both two
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ki nds of controls, ones that you know. Unfortunately,
we have a few exanples of drugs that haven't worked in

humans, so we can use those exanples. And we al so have

exanmpl es of drugs that really do well in humans. So
having both, | think, and testing themin animals is a
good i dea.

DR. MLLER  Since we were asked, one of the
guestions was other nodels, and so | think that we
shoul d al so be working on bacterem ¢ nodels because
bacterem c nodels are very reproducible usually if
you're injecting bacteria directly into the bl oodstream
in animls, and they have a lot of -- they're short
term there are good endpoints. Particularly with
rabbits, the LPS aspect is very predictable for humans.

So | think bacterem c nodels have a | ot of
appeal. It's a short-term nodel conpared to the
ventilatory nodels, which are really conplicated, which
we need, but | think there are a | ot of advantages to
bact erem ¢ nodel s.

DR. NAMBI AR: Any other comments fromthe
panel nmenbers for Questions 1 and 2? Dr. Rex, you have

a comment ?
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DR. REX: [I'msort of thinking about the
intersection of what David and Andreas were talking
about, and trying to think al so about the way that --
you know, the standard we have for drugs, about
substantial evidence of efficacy based on adequate and
wel | -control | ed evidence.

And the words are not defined nunerically.
And we've tal ked a | ot about justification for you
could say larger NI margins or a different al pha. |
mean, all those are sort of functionally equival ent
mani pul ati ons of the statistical boundaries.

And maybe this is saying that one way to | ook
at this is that if you've clearly devel oped your PK/ PD
argunent in mce, and maybe do a couple rabbits, and
then you do a tiny nunber, which is all you're going to
be able to do, of pigs, and prove to yourself that in
fact when | treat a 40- to 50-kilo pig, which is a
reasonabl e fraction of the size of the human being and
a |l ot of the sane anatomny, it worked again, then that
actually would permt you, if you could not do adequate
clinical data, to say that a different dinension

statistically -- it's sort of |like saying it's Bayesian
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prior, it's another way to say it, it's actually
creating that sort of an argunent.

And | actually do think it's inportant that we
get down to discussing that because another part of
sort of the whole scenario, game-playing this all the
way out to the end, is that even being approved doesn't
mean that other people will understand the basis of
approval or why they should pay for it or use it.

So the fact that this very sophisticated group
sits down with an agency and says, "Yes, you've done
t hese studies, and, yes, you've got this little bit of
data,"” it actually needs to be sonething that others
can see reasonably well in terns of justifying whether
or not they would reinburse for it.

So, again, it feels like that's the kind of
| ogic that other people could get behind. It steadily
adds up. So I'mvery cogni zant of the other
st akehol ders that have to ultimtely decide that, yes,
not only was it approved, but that it makes sense to
me, too. The agencies do not have the last word in
that regard; there are many ot hers whose opi ni ons

really matter.
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So | think | cane in today not as certain that
| knew why you would do the big pigs. And | had | ooked
at Dr. Li Bassi's slides, and | thought, wow, that is a
huge anopunt of work, but maybe there is a reason for
doing a small set of studies there, particularly if
you've really run that nodel well, if you' ve really
characterized it and you know that a humani zed exposure
of X doesn't work when it shouldn't work and it does
wor k when it should work, you've put in all your
standard candl esticks. You've actually -- you've
really nmeasured it --

DR. MLLER  You have the controls --

DR. REX: You have the controls, you really
know.

DR. MLLER: -- of antibiotics that work and
antibiotics that do not work, and you have a few
surrogate markers --

DR. REX: Yeah.

DR. MLLER -- that are fairly equivalent,
then | think you could approve it for an indication
when there was not sonething el se avail abl e that was

approved, you could include that in the approval.
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DR. REX: Well, but now, you' ve put in

sonething that |I'msure | would be careful about that,
sonething -- nothing el se approved. | --
DR. MLLER Well, not -- when there is no

ot her agent avail abl e.

DR. REX: Well, for use when there is no one
there to let it run

DR. MLLER  Yes.

DR. REX: But | would be careful about saying
that we can't approve sonething else unless there is
not hi ng el se anywhere in the universe that --

DR. MLLER No, that's not what |I'm saying.

DR. REX: Yeah, that's -- be careful about
t hat .

DR. M LLER: Because there are clinical uses
wher e approved drugs that would work cannot be
clinically used for various reasons.

DR. REX: Right. Yeah. Dr. Boucher showed us
one of those today.

DR. MLLER: Human allergy or many sorts of
situations. So it would just be when anot her approved

antibiotic is not avail abl e.
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DR. LI BASSI: Yeah, if | can add to
sonething. | think we should put all this discussion
in the context of 2017. And as a clinician, we are
very worried that many agencies, |like the Food and Drug
Adm ni stration, the European Agency for Drug Approval,
and even health care industry, they are -- considering
t hat we do have an increasing nunber of pathogens that
t hey are becom ng drug resistant, there is not a
paral l el inprovenent in the research, devel opnent, even
approval by these agencies to facilitate the
devel opnent of new drugs.

As a clinician, every day | go to an |ICU where
there is a patient with a Pseudononas aerugi nosa
resi stance to everything except colistin. So | think
that one of the goals that Food and Drug
Adm ni stration, and Europe as well, should have in
mnd, is to try to not nake the entire approval process
nmore difficult than it has been throughout the years,
but much nore easier, because if there is the
devel opment of drug, then we wait for mce, then we
wait for drugs, and the multi-institutional random zed

clinical trial, this just nmake the devel opnent of new
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drugs so difficult that the health care agency and
health care industry, they just shift to other kind of
busi ness that they are nore proficient in terns of
nmoney. And so this is a very inportant conversation
particularly in the era of nultidrug resistance.

DR. KNI SELY: Okay. Thank you. Oh, Ed, go
ahead.

DR. COX: | was just going to say, | nmean, a
| ot of what today is about is trying to bal ance
benefits and risks, and recogni zing the unnmet needs
that are out there for patients with serious infections
who need new opti ons.

So I think really what you're descri bing,

Dr. Li Bassi, is consistent with what we're talking
about here, which is trying to find feasible pathways
here so that there are options out there for patients,
recogni zing the trenmendous need.

DR. KNI SELY: Right. So now let's nove on to
di scuss Questions 3 and 4, which are kind of nore
forward-| ooki ng questions on what we need to do noving
forward.

These have al ready conme up, but what are kind
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of the key highlights of research questions that need
to be addressed in order to nove this idea forward,

i ncluding other sites of infection that should be
prioritized? Dr. MIler already brought up bacterem a.

DR. DIEP: I'll make a comment. So in the
Staph field, Staphylococcus aureus, the gold standard
nodel for testing antibiotics is the rabbit nodel of
aortic valve endocarditis. This nodel would produce a
persi stent bacterem a.

And the reason that this nodel is the gold
standard nodel for testing new drugs against MRSA is
because it's a biofil mbased nodel. [It's very
difficult to treat. And the rabbit nodel of aortic

val ve endocarditis al so exists for Pseudonmonas, for

Kl ebsiella, for A. baumannii. And it's for the sane
reason, it's the biofilm It's very difficult to
treat.

And it's very easily adaptable for any bugs,
and that's because of the way that the nodel is done,
it's a low inoculumnmodel. And the reason that it's a
| ow i nocul um nodel is the carotid artery is cannul ated

with a catheter, and the catheter is placed across the
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aortic value, and that cause val vul ar damage, providing
this deposition of platelets and fibrin, and it sets up
a niche for bacteria to bind to. So you can use often

4 5
10 or 10-fold less bacteria to cause the endocarditis.

And this is also a relevant infection for
opportuni stic pathogen |ike a Pseudononas. It occurs
in injection drug users. Right.

DR. COX: Can | ask, in the last question, we
were tal king about the things that you m ght do early
on, and as you nove from sort of activity nodels, you
woul d then nove to di sease nodels. Where would you put
the nodel that you're describing, biofilms, aortic
valve? |Is that something you would do early or is that
sonet hi ng you're thinking about doing later on just in
the overall devel opnent progranf

DR. DIEP: | can actually comrent on that. So
the sort of nmodel that |like a rabbit bacterenm a nodel
or a severe sepsis nodel, those are really easy to do,
just like they are in npuse. It's just an intravenous
injection. The surgical nodels are conplicated, and
they cost a lot nore to do. For exanple, it was

mentioned that for the pigs, it's 3- to 6,000 euros to
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do a ventilated pig nodel. To do a rabbit ventilated
nodel, it's $6- to $8,000 U.S. dollars. |It's extrenely
expensi ve, nore expensive than the pigs it seens, nmaybe
because | abor in the United States is higher than it is
el sewhere.

(Laughter.)

DR. LI BASSI: That's a good point.

DR. DIEP: But | think cost is the key issue.
And so if you can do -- you know, it depends on how
much nmoney is available to fund the study. An
endocarditis nodel is, | would consider, a |later stage
type mechani sm of action study. And | would use, for

exanpl e, a bacterem a nodel first because it's a |ot

cheaper.

DR. ZURAWSKI: | would like to comrent about
the biofilmaspect. So when we tal k about drugs that
fail, oftentimes it could be because of resistance that

we see. And one of the things that | used to often
banter with Jared Silverman about was there is really
no good nodel for resistance when it cones to ani nal
nodel s and when we're | ooking at antibiotics. W can

do as nmuch hollow fi ber as we want, we can do a | ot of
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PK/'PD in these nodels, but a lot of that is short term

And | think one of the things that isn't --
that we should just invest nore in are sone |onger term
nodel s, sonething like this, where we've got a biofilm
that's going to change your -- actually, it's going to
change your PK/ PD because sone of those biofilm
bacteria are just not going to be able to get hit by
the drug that you're looking at. And so we need
sonething that's |like a week | ong where a nmutant can
arise, all those kinds of things, and we just don't
have good -- we're not addressing that very well right
NOW.

There's a rabbit ear punch nodel that ny
col l eague Kylie (ph) Young was doing at USAI SR for
Kl ebsi el la, but you could probably adapt that to any of
t hese ESKAPE pat hogens if you used the right strain
again. There you actually have a biofilmgrow ng on
the ear of the rat making a wound, simlar to our wound
nodel s where we see biofil ns.

We oursel ves have not addressed that very well
even in our nodels where we've | ooked at nice and pigs

over a prolonged period of tinme where it would be nice
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to do a study where we use rifanpin, sonething where we
know resi stance pops up routinely at a certain nunber,
see if we can recapitulate that. And then maybe where
we've seen failures in terns of resistance, also see if
we can recapitulate in the aninmals as well, that we've
seen in humans.

| don't want to throw stones, but, | nean,

i ke the Anacor conpound, for exanple, that failed, it
fail ed because of resistance reasons. | think if that
conpany had done nore work up front in animls and saw
resi stance crop up, it may have never gone to clinical
trial, or it shouldn't have. So just something to
bring up there. But the biofilmconmponent is a huge
conponent of pathogenesis that we're not really

di scussing, and it's a big deal. It's literally a
1,000-fold change as far as how sone of the antibiotics
wor K.

DR. COX: Can | ask another one? So we've
been tal king about activity in disease nodels, and it
sounds |ike we've got disease nodels for Pseudononas
aeruginosa in the lung. And what |I'm not so clear on,

there are sone nice public presentations, but sonetines
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it's hard for ne to tell sort of when we're talking
about activity and when we actually nove to disease.
And | wel come comments from any of the speakers that
are available to tal k about this that presented
earlier.

How are we doing for Aci netobacter for a
di sease nodel in the lung? Dan, you presented sone
ni ce nodels, but they were skin nodels, if I'm
remenberi ng.

DR. ZURAWSKI : Well, we have a nouse |ung
nodel that's simlar to all the other ones that people
are running for Pseudononas that works very simlarly.

There is a rat pneunonia nodel that Tom Russo

devel oped at SUNY Buffalo that works with fairly | ow

7
inoculum | think the inoculumis 10 | want to say.
So the inoculumis still pretty high, but you don't

have to do neutropenia, so you're taking that el enent
out because the rats have | ess of an innate inmmune
response than mce.

So | did want to bring that up because
Question 1, we're tal king about other animls that

shoul d be discussed. | think rat is left out quite a
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bit. | like the rabbit quite a bit, but rats | think
maybe shoul d al so be included. W've done a rat wound
nodel that | didn't talk about today. W' ve kind of
done that | ow frequency, but it recapitul ates
everything that we're seeing in nice and pigs, and
certainly in humans, where we see this penetrative
infection of SSTI. But as far as |long goes, really
it's just nouse and rat at this tine.

|"m sure the nodels we saw for Pseudonobnas
| ung today coul d be adapted to Aci netobacter if the
right strain were used and you get the danage that Dr.
MIller was tal king about. [|'m sure you could get
Aci net obacter working in that setting.

DR. COX: Do you think that the rat nodel,
lung infection, Acinetobacter, is it a disease nodel or
are we | ooking nore at activity there?

DR. ZURAWSKI: | think it's a disease nodel.
| mean, what Dr. Russo showed, you have the
Aci net obacter dissem nating fromthe lungs into the
bl oodstream and killing the animal. | nmean, | really
think that's what's happening in ICU patients as well.

So it's not perfect, but | think it's a very good first
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step, even | ooking at disease.

| think where things go wong as far as
efficacy go is when we just do |like a nouse thigh or a
rat thigh, and, "Oh, | see a 2 log drop. M conpound
is great. W're nmoving on." That is not -- you need a
pat hogenesi s pi ece because these bugs do sonet hing
differently in every different part of the body. There
are different stresses in every part of the body. |
feel like you have to have a biofil mconponent. Sone
of that gets addressed in the rat pneunoni a nodel .

| believe even when we do a nouse | ung nodel
there are conponents of biofilmthat are going on there
with those bugs. | wouldn't call it a true biofilm
but you get these droplets, like I nentioned, that you
probably have biofilmlike or stationary phase-like
bugs and then planktonic around them And we see that
even within 2 days, 1 to 2 days pathol ogy-w se. So
they are di sease nodels. They are not necessarily just
efficacy.

DR. M LLER: But | think even for Pseudonobnas,
where there has been a | ot nore work done, the

reproduci bility of these nodels and their
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standardi zation with specific bacteria, it just has not
been there over the years.

And so there needs to be nore work done with
both of themif the nodels are going to reach the
standard that you're probably looking for in nore than
one site and very specifically designed experinents |
think to devel op these nodels that coul d be accepted
with the right bugs and devel oped so that there could
be a specific nodel where you could point to and say,
"This is what we think needs to be acconplished,"”
because they haven't been using drugs that work or
don't work, or they're a specific strain or a specific
nmouse strain, or just --

And any ani mal nodel, anything invol ving host-
pat hogen interactions can be difficult to reproduce
bi ol ogically, and so you're going to have to be

convi nced that you can biologically reproduce it in

nore than one site. Just like in clinical trials,
right?

DR. DREIER: |I'm Tom Dreier, from BARDA. Just
a question. It's not per se sonme of these questions

that you have here, but who's going to deci de what
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bacteria strain you use for the nodels? | look at this
and | thought -- and we've done a lot of work with

BARDA and the FDA, but the first step is always you've
got to define the strain so you can define your

problem So who's going to define the strain? Wo's
going to grow the strain? And who's going to put it on
di stribution?

DR. COX: Since | don't devel op ani mal nodel s,
| guess I'mfree to answer that question.

(Laughter.)

DR. COX: No, |'mjust kidding around. It's
getting late in the day. And I'Il wel come the coments
fromfol ks who actually do devel op ani mal nodels, but |
woul d think that it seens |ike the host that you're
studying and the strain go together. And we heard sone
di scussions earlier about picking a strain that has
certain properties based on its clinical behavior. And
then it sounds like that strain needs to be well
pedigreed in the ani mal nodel of infection and such.

But maybe sone of the ani mal nopdel devel opers,
who actually do this, will tell nme how enmbarrassed |

shoul d be for what | just said there.
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DR. ZURAWSKI: |'Il speak for Acinetobacter.
| mean, even though | laid out those criteria, we just

don't know enough how this thing is causing disease.
Right? So, |I nmean, | would like to say that -- you
know, | haven't -- we have data that we haven't
publ i shed yet that we're working on where we've
identified virulence factors that we know are pretty

i nportant. And there are sone that | think may be

i nportant that we identified that could be inportant,
let's say, and one of those m ght be barrier function.
So breaking the tight junctions in the epithelial
barrier, it may possess a toxin that does that.

So you don't want to use a strain that doesn't
have that toxin. Right? So if that's a key part of
its virulence and howit's -- there are going to be a
percentage of strains that don't have that toxin. W
know by | ooking at the 1,000 sequenced Aci netobacter
that not all of them have it or they have different
variations of it.

So how are you going to -- it's hard, | think
to get at this, to crack the nut, because we're still

so early -- | nean, Pseudononas, there's nuch nore work
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on that that's been devel oped on the pathogenesis side
where we know a | ot of the toxins, we know a | ot of the
things that it does pathogenesis-wi se that | think we
can exploit, but with Acinetobacter, it's nore of an
open questi on.

DR. GUI NA: Well, | would like to just add to
that. | think it's really inportant to pick strains
t hat are obviously very | ow passage, they've been very
wel | characterized, and al so those that reproduce as
cl ose as possible to human di sease in any of the ani mal
model s, that we pick based on sone agreed upon
bi omarkers and endpoints that actually are the quality
checkpoints for the nodel. Because there are so many
strains, we'll never agree to agree.

DR. GOLDBERG. And | think you should not just
rely on one strain, but you should always | ook at a
panel of themto see how they're holding up to one
anot her.

DR. MLLER And that's part of the chall enge
of devel opi ng these nodels, is whoever is devel oping
these nodels will consult with experts and decide on a

set of strains, and that's what w |l get devel oped, and
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once -- but they will need to be continually validated
that they haven't changed, just |ike stocks, just |ike
you would with any other biologic, there will have to
be endpoints that it still has that biological
characteristic when the animl --

DR. COX: It sounds like in part that speaks
to the inportance of having control animls and
nmonitoring your strain over time, too, it seens |ike.
Thank you all for hel ping ne.

DR. LI BASSI: | have a question. Should the
decision of this strain be also regulated by the
agenci es based on the preval ence of the strain in the
human popul ati on?

DR. REX: No.

(Laughter.)

DR. REX: So John Rex says no. And you don't
want to wite sonething down |ike that and create such
a hard rul e because things may change over tine. And I
think that as we go al ong, what you want for Drug B
wll be different than what you wanted for Drug A
because of the existence of Drug A. So you've got to

be careful not to overspecify here.
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DR. LI BASSI: Ckay.

DR. KNI SELY: Any ot her questions fromthe
audi ence? Ckay.

DR. GELHAUS: Carl Gel haus, MRl d obal .
Previously, all the antibacterial products that have
been approved under the Animal Rule use non-human
primates. So we saw a non-human prinmate nodel briefly.
|s there any thought about the need for a non-human
primat e nodel ?

DR. COX: Al right. Am1l going to have to go
first again?

(Laughter.)

DR. COX: So really what we're trying to get
at are animal nodels that are predictive of human
efficacy. So | think the question sort of, you can
distill it down to, what are those potential aninal
model s? And can you do that in animls other than non-
human prinmates and do it in a way that's sufficiently
predictive for establishing the |ikelihood of efficacy
i n humans?

So in some cases, it seens that the non-human

primate is in fact the nodel that gets you to that
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poi nt of having sonething that really you ve got good
reason to think that it's likely to be predictive.

So | think it nmay depend upon the particul ar

bacterial species, howit interacts with the host, and

whet her you can get information from-- or from which
ani ml species you'll actually be able to get
information that you think is based -- that's likely to

predict efficacy for humans. And it may not al ways be
a non-human prinmate, it may be sonething other than
that. In sone instances, it may be a non-human
primate, but | think that's really sort of a scientific
gquestion, and fol ks here have descri bed a nunber of
different species and the animal nodels that they've

| ooked at.

DR. LAWRENZ: Keep in mnd, too, when you | ook
at plague and tularem a and anthrax, there aren't a | ot
of human cases that you can nove then and do those
smal |l clinical studies, where with these bugs, there
are availability to nove to that next step. And so |
don't know that the requirenment for a non-human primate
is going to be as high when you | ook at these guys in

the clinic.
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DR. MLLER  And there is no evidence that
t hese bacteria would be nore pathogenic or nore |ike
humans i n non- human primates than in pigs, whereas for
ot her human- adapted pat hogens that are really human
specific, say |like Francisella or sonething |like that,
then that makes nore sense.

DR. DIEP: | would like to nmake a comment on
that. Sonetinmes the non-human primte does not neke
the best animal nodel either. 1t depends on what is
the target. 1In the field of Staphyl ococcus aureus,
where | conme from there is a particular kind of toxin
call ed Panton-Val entine | eukocyte, and it's associ ated
with this epidenm c of MRSA that we saw in the past
decade.

And this particular toxin targets a C5a
recept or on human neutrophils, and also targets at the
sane |l evel sensitivity to rabbit neutrophils. The C5a
receptor for rabbits and for humans are rather simlar
to one another. And when you | ook at nonkeys, nobnkeys
are very resistant to this particular toxin.

And so to test an antitoxin against the

Pant on- Val entine | eukocyte in the rabbit nodel is |ike
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testing it in the nouse and the rat, which are al so not

susceptible. So sonetines nonkeys are not -- non-hunman
primates are not the best nodel. And it depends on the
pat hogen.

Li ke Staphyl ococcus aureus and Pseudononas,
t hose are natural pathogens of rabbits. There are
out breaks, natural disease outbreaks, that occur in
rabbit farns. That's why it makes for a good nodel for
that, also for that reason. But it all depends on what
is the target and whether the host is susceptible to
the target or not.

DR. NAMBI AR: No other comments before we --
oh, there's one nore comment.

PARTI CI PANT: Thank you. So | wanted to nake
two comments actually. First | want to address the 052
guestion because | was heavily involved with those
studi es, and we did an enornous anount of animl work.
We di d neutropenic nouse, lung, thigh. W did
conpet ent nouse studies. W did rat thigh studies. W
did rat pneunpnia studies. W did recreated human PK
profiles in rat pneunonia studies. W did al nost

everything you can do. And we never saw the resistance
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in those studies.

We even tried after the fact to recapitulate
t he resistance, and we couldn't get it to happen unl ess
we spiked a certain nunber of nutants into the
i noculum So anyone who has worked with trying to
resi stance studies in animals, it's incredibly
difficult to develop those nodels. So | felt |like we
really deserve a little bit of credit for doing a whole
| ot of work.

DR. ZURAWSKI : | understand. And, again,
wasn't throwi ng stones, it's just -- | understand.
That's what -- it's a high bar. | nmean, that's -- if
we can get that, that would be wonderful, if we have a
resi stance nodel .

PARTI Cl PANT: Yes, | agree. | think one of
the difficulties there is you need a high enough
i noculum We've done a lot of work with rifanpicin,
and even that notorious conmpound, you need to get at

8
| east 10 bugs in there to really get any nutants to
come back out. So it's difficult, and the animls tend
to die when you get those high inocula, so you just

can't follow through.
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So the other comment | wanted to make was
around this idea of picking a nodel and one strain. |
think that's incredi ble dangerous, and | really woul d
encourage us to not go that direction. Thank you.

Cl osi ng Renmar ks

DR. NAMBI AR:  All right. So thank you,
everybody. It's 5:00, and it's been a | ong day.

| just wanted to thank all the panel nenbers

for their participation and presentati ons today. Very

hel pful .

I want to thank the audience for their
participation as well. Thank you for coni ng

And | also want to thank people who are
joining us renotely. | think this was an extrenely
hel pful wor kshop, and we will take your feedback and

di scuss it and hope to continue the dial ogue because we
really need to find a way forward to get these products
to patients who need them So thank you very much and
safe travels.

(Appl ause.)

(Wher eupon, at 5:02 p.m, the neeting was

adj our ned.)
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CERTI FI CATE OF NOTARY PUBLI C

I, M CHAEL FARKAS, the officer before whomthe
foregoi ng proceedi ng was taken, do hereby certify that
t he proceedi ngs were recorded by nme and thereafter
reduced to typewriting under ny direction; that said
proceedings are a true and accurate record to the best
of my know edge, skills, and ability; that I am neither
counsel for, related to, nor enployed by any of the
parties to the action in which this was taken; and,
further, that | amnot a relative or enployee of any
counsel or attorney enployed by the parties hereto, nor
financially or otherwi se interested in the outconme of

this action.

M CHAEL FARKAS
Notary Public in and for the

State of Maryl and
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|, DEBORAH ARBOGAST, do hereby certify that

this transcript was prepared fromaudio to the best of

my ability.

| am neither counsel for, related to, nor
enpl oyed by any of the parties to this action, nor
financially or otherwi se interested in the outcone of

this action.
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