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1 APPEARANCES 1 PROCEEDINGS
2 lain J. Abbott, MBBS, PhD 2 DR. KIM: Good morning, everyone. | am

3 Tomefa E. Asempa, PharmD

4 Timothy Bensman, PharmD, PhD
5 Radu Botgros, MD

6 EricaBrittain, PhD

7 Zhixia(Grace) Yan Danielsen, PhD
8 Dimitri Drekonja, MD, MS

9 Scott Evans, PhD, MS

10 Kerian Grande Roche, PhD

3 Peter Kim. I'm the director of the division of anti-

4 infectivesin the office of infectious diseases at the

5 Center for Drug Evaluation and Research FDA. And |

6 wanted to welcome you to this virtual public workshop.
7 Wearejoined by industry, thought leaders, and fellow

8 regulators from the European Medicines Agency for

9 discussions focused on drug development considerations

10 or antimicrobial drugs for the treatment of

11 Kapana Gupta, MD, MPH 11 uncomplicated urinary tract infections, also known as

12 Tom Hadley 12 uuTI.

13 Hiwot Hiruy, MD, PhD 13 In particular, we will hear about the

14 Thomas Hooton, MD 14 current state of clinical care for

15 Dmitri larikov, MD, PhD 15 uUTI, non-clinical considerations, and

16 Salim Janmohamed, BSc, MBBS 16 pathophysiology, microbiology, and clinical

17 Nadia Kadry, PhD 17 pharmacology, tools and approaches, and clinical trial

18 Peter Kim, MD, MS 18 design considerations. We are also looking forward to

19 Xianbin Li, PhD 19 arobust discussion later today related to primary

20 CristinaMiglis, PharmD, MS, BCPS 20 endpoint considerations for uUTI studies, acceptable

21 Harry L.T. Mobley, PhD 21 active comparator agents for non-inferiority study,

22 Mukil Natar a_| an, MD 22 and the pros and cons regarding the development and
Page 3 Page 5

1 VaeriePrice

2 Sailgja Puttagunta, MD

3 Jason A. Roberts PhD, B Pharm (Hons), B App Sc, FSHP,
4 FISAC

5 Keith A. Rodvold, Pharm.D., FCCP, FIDSA
6 Dan Rubin, PhD

7 Nicole Scangarella-Oman, MS

8 Jala Sheikh, PhD

9 Ann Stapleton, MD, FACP, FIDSA
10 BarbaraTrautner, MD, PhD
11 Janice Tufte
12
13
14
15
16

17

18

19
20
21
22

1 use of urine specific break points for antibacterial

2 drugsfor uUTI.

3 We would like to thank our speakers and

4 pandlists for their efforts preparing

5 for the workshop today. A full list of the workshop

6 panelistsis provided on Page 4 of the agenda. And

7 everyone's affiliations can be found using the link to

8 the workshop webpage. Just a bit of housekeeping as

9 we get started, we ask that folks speak clearly and
10 stick to their alotted time so that we can stay on
11 timetoday and ensure that we have adequate time for
12 discussion.
13
14
15 1, Dr. Timothy Bensman from the FDA and Dr. Barbara
16 Trautner from Baylor College of Medicine. So, thank

At this point I'm going to turn the
program over to the cochairs of Session

17 you very much. And Drs. Benjamin and Trautner, please
18 takeit away and begin Session 1. Thank you.

19 DR. BENSMAN: Great. Well, thank you

20 doctor Kim and good morning, everyone. My name's Tim
21 Bensman, I'm aclinical pharmacology reviewer in the

22 division of infectious disease pharmacology in the

2 (Pages2-5)
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1 Office of Clinical Pharmacology at the FDA. And |

2 have the pleasure of co-moderating with Dr. Trautner,

3 our first session on the background of clinical and

4 preclinical approaches or considerations, drug

5 development of uncomplicated urinary tract infection.

6 This dide depicts our Session 1

7 speakers. It should be an informed discussion. That

8 will help set the stage for panel discussions at the

9 end of today as well as our future conversations.
10 Mindful of thetime, | will now turn it over to my co-
11
12
13
14 much. First, alittle bit of housekeeping, we're not

moderator, Dr. Trautner who will introduce herself and
kick us off asthefirst speaker.
DR. TRAUTNER: Terrific. Thank you so

15 going to be able to address questions after each

Page 8

1 Next slide please. What are we going to cover today?

2 1I'm going to talk about the definition of

3 uncomplicated UTI. I’m going to talk about what

4 organisms cause UTI and their resistance patterns.

5 I’'m going to talk about the current Infectious Disease

6 Society of Americatreatment guidelines and the

7 reality of what people are using and doing nowadays.

8 I’m going to talk about three treatment

9 trialsthat were published since the IDSA guidelines
10 cameout in 2010. And then I’ll address briefly
11 knowledge gaps about uncomplicated UTI, the most
12
13
14 for defining uncomplicated UTI, well there are areas
15

important of which is how important is asymptomatic
bacteriuria after treatment. Next slide please. So,

of consensus and there are areas of disagreement.

16 presentation, but we will have a discussion session 16 Next dide please.

17 with our panel this afternoon. Please feel freeto 17 There'salot of agreement, and

18 type your questionsinto the Q and A box in Zoom. 18 everyone seemsto agree, on signs and symptoms of

19 WE'll try to address these in the Q and A box or 19 cydtitis, and by everyone, | mean clinicians,

20 during arelated panel question discussion astime 20 publications, practice guidelines, regulatory advice.

21 permits. And now | will introduce myself. 21 Pretty much everyone agrees that dysuria, urgency,

22 Perhaps | could have my first dlide? 22 frequency, and suprapubic pain are symptoms associated

Page 7 Page 9

1 Allright. So, I'm Dr. Barbara Trautner. I'man 1 with cystitis or bladder infection. Next slide
2 infectious diseases clinician investigator at Baylor 2 please.
3 College of Medicinein Houston, Texas. And | work as 3 There' saso alot of consensus on what

4 -- aso at the Houston VA Medical Center. For the
5 past two decades I’ ve been studying two aspects of
6 urinary tract infection 1.) isnovel strategiesto
7 prevent and treat UTI and the other isimplementation
8 of antibiotic stewardship guidelinesfor UTI.
9 | am also currently cochairing the
10 Infectious Diseases Society of America committee to
11 update the UTI clinical practice guidelines. Today |
12 am very honored to have the opportunity to speak with
13 you about clinical care for uncomplicated UTI in the
14 United States. Next slide please. For disclosures|
15 had funding from Genentech to study COVID pneumonia,
16 whichisnot related at all to what we' re covering
17 today. But the main disclosures I’ ve focused this
18 presentation on UTI in the United States ignored some
19 very interesting and important global data.
20
21 dataand opinion about urinary tract infection. And

And also, | will be presenting both

22 I'll try to makeit clear between the two of these.

4 the signs and symptoms are for upper tract, or

5 systemic disease, these are fever, chills, rigors,

6 flank or costovertebral angle pain, nausea and

7 vomiting in someone with urinary tract symptoms,

8 someone with unstable vital signs, or if you're

9 concerned about prostatitis, pelvic or perineal pain
10 in men would be an important clue. Next side please.
11 And that’s where we get out of the area of consensus,
12 where we look at the definition of uncomplicated UTI.
13
14 time. | have -- I'm going to discuss four
15
16
17
18
19
20
21
22

What' s happened isit’s evolved over

definitions. And we'll start with what | call the
classic definition as described in the 2010 Infection
Diseases Society of AmericaUTI Treatment Guidelines.
Uncomplicated UTI was defined as cystitis or bladder
infection in a premenopausal woman without neurologic
abnormalities or comorbidities or pregnancy.

The FDA updated this definition
somewhat in the guidance to industry in 2019 defining

3 (Pages6-9)
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uncomplicated UTI as occurring in aadult woman with 1 to publish. But thisis how our discussions have gone
pyuriaand at least two sides of cystitis without any 2 sofar.
of the symptoms or clinical manifestations of a 3 Next slide please. So, to make it very

complicated UTI. Up to Date, however, in 2021
published a definition of uncomplicated UTI that's
much more aligned with clinical practice. And lest
you think that it's been different, people doing this,
actually the two authors of the Up-to-Date definition

© 00 N o o b~ W N B

are Kalpna Gupta and Mac Hooton.

=
o

And of course, Kalpna Gupta was the
lead author for the IDSA guidelines, F1810 and Mac

Hooton was a co-author. So, their published a change

e I
w N P

in the Up-to-Date definition, ’ 21, reflects a change

[EEY
SN

in clinicians thinking over time. But acute

=
a1

uncomplicated cystitisis acute UTI confined of the

=
(o]

bladder in women or men, so including men in the

[EEY
~

definition. And then people who lack signs and

=
(o]

symptoms of upper tract disease.

=
(o]

And having a anatomic abnormality or

N
o

diabetes or immune compromised does not necessarily

N
=

exclude someone from having uncomplicated UTI. For
the IDSA guidelines update definition, let’slook at

N
N

4 clear, | put the four definitions of UTI in one table

5 so that we can go through these over time. IDSA in

6 2010; premenopausal women was the focus. FDA 2019 is

7 adult women, and it’s focused on cystitis. Up to Date

8 2021 isal adults, patients with cystitis, no

9 infection beyond the bladder. And the IDSA guidelines
10 update, we're looking at asimilar definition.
11

12 redlly do not consider pregnant women, renal

Please note that all four definitions

13 transplant recipients, or catheterized patientsto

14 have uncomplicated UTI. All right, next slide please.
15 So, now we're going to talk about what's causing

16 uncomplicated UTI in the United States. Next please.
17 Next slide please. Okay. So, when you want to figure
18 out, for a presentation such as this, how many

19 uncomplicated UTIs occur in the United States per

20 year, | have some news for you.

21 Y ou're going to have to use older data.

22 There've been two national surveysthat really al the

Page 11
1 thenext dlide. So, in the guidelines that we're

2 working on now, or the update, we' re going to follow

3 very closaly the Up-to-Date definition on

4 uncomplicated UTI. And the reason isour guideline

5 panelists believe that the approach to treatment

6 should guide the definition of uncomplicated UTI.

7 And when you're treating a patient,

8 what you redlly care about is, do | haveto

9 hospitalize this person? And do they need IV
10 antibiotics? So, our definition will be guided by the
11 extent of theinfection in the bladder or beyond and
12 the severity of illness. Uncomplicated UTI is going
13 to be defined as local bladder signs and symptomsin
14 the absence of upper urinary tract signs and symptom
15 such asfever, flank pain, systemicillness.
16 WEe're not going to require pyurial or
17 bacteriuria. Becausein clinical practice, it is not
18 mandatory in al casesto get a urine specimen before
19 treating uncomplicated UTI. We will not include
20 catheterized patients under uncomplicated UTI. And
21 again, thisiswhat | think we' re going to do, | can’t

Page 13
1 papers and references refer back to. One wasin 2001
2 and onewasin 2007. Now thisis aambulatory
3 healthcare survey, data published by the CDC. So,
S 4 that estimate in 2007 was that there were 8.6 million
5 visitsfor aUTI per year in the United States. Next
6 dlideplease. So, if you want to figure out how many
7 of those visits for women and men, | got bad news for
8 you, you got to go back farther in time.
9 And we're going to be using data from
10 theyear 2000. And the best sources of this
11 information is the Greibling publications on
12 neurologic diseases in America project, with one
13 publication on women and one publication on men with
S14 UTI. And from these publications we can learn that
15 obviously women have a higher lifetime risk of UTI
16 then men. Andin women, UTI’s common throughout adult
17 lifespan. Whereasin men, it's uncommon before age
18 50, but not unheard of.
19 There are men before age 50 that have
20 what | would consider an uncomplicated UTI not related
21 inany structural defects. Aswomen and men age, the

22 guarantee that thisisword for word, what we're goin

022 instance of UTI comes closer in both groups being very

4 (Pages 10 - 13)
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1 similar by age 90. Inyear 2000 6.3 million office

2 vigitsfor UTI were made by women and close to 2

3 million outpatient or office visits were made for UTI

4 were made by men. But the most stark differenceisin

5 how many randomized control trials there are of

6 treating UTI.

7 In women there are many, | would say

8 high quality trials that we look at for guidelines

9 thereare 50 to 100. In men, randomized control
10
11
12
13
14
15
16
17
18
19
20
21
22

trials of treatment, | am aware of four trials. So,
asa VA care provider, where most of my patients are
men, that’s areally important knowledge gap for me
and other healthcare providers who have male patients.
Next dide please. So, now we're going to talk about
antibiotic resistance in the urine pathogens that are
causing outpatient UTI.

Next dide please. So, there arealot
of different publications. But | will tell you
upfront, there's some limitations on the data. It'sa
little hard to sort out what happened inpatient and
what happened outpatient in terms of antibiotic

resistance. And alot of the studies focus

Page 16
1 lighter to tan, that’ sincreasing resistance. What we

2 know from this publication is that across the United
3 Statesin general among the gram negatives found in
4 the urine, all of them have more than 20 percent
5 resistance to the -- I'm sorry. All of the drugs that
6 we choose empirically for UTI, there's a higher than
7 20 percent resistance rate, so Bactrim 22 percent,
8 fluoroquinolones 22 percent, and nitrofurantoin 22
9 percent.
10 So, you' re thinking to yourself, “Wow,
11 the IDSA guidelines of 2010s that don’t empirically
12 use Bactrim if there’' s a higher than 20 percent
13 resistance rate. So, there’'sno drug | can use
14 empirically.” But that’'s not the case. What this
15 dataaretelling usisthat we haveto focus on
16 patient level resistance factors when we are choosing
17 an empiric agent to treat apatient. Count -- a
18 countrywide antibiogram is going to be too general.
19 And we' d probably haveto drill down
20 on, does this patient have a likelihood of having an
21 organism resistant to this drug that I’ m thinking of
22 choosing? Next dlide please. So, what are the

Page 15
specifically on E. coli. But when my patient comes to

see me and says they think they have a UTI, they don’t
have a sticker on their forehead that says, “1 have E.
coli,” or “I have Klebsiella.”

So, | think it’s helpful to find a
study that looks at alot or organisms, not just E.
coli. Also, fosfomycin testing is rarely reported.
So, | cannot tell you much about that. However, | put

© 00 N o o b~ W N B

alot of references on this slide if you would like to

=
o

look thistopic up later. But next slide. I'm
11
12 from the study using Becton Dickinson labs across the
13 United States.

14
15
16
17
18
19 And it shows you trimethoprim-sulfamethoxazole are
20
21
22

presenting just one referenceto you all. And thisis

And | choseit because it’srelatively
recent, those two years 2018 to 2020 made it clear the
difference between inpatient and outpatient and looked
at avariety of gram-negative organisms. So, what you

seeisan example of one of the figures from this.

Bactrim non-susceptibility. In other words, thisis
map of Bactrim resistance across United States.

And as the color changes from blue to

Page 17
1 current recommended treatments for uncomplicated UT1?

2 And what are people doing in reality? Next slide.

3 So, thisisfrom IDSA cystitis guidelines in 2010.

4 And the three first-line agents, nitrofurantoin,

5 trimethoprim-sulfamethoxazole and Fosfomycin.

6 Fluoroquinolones and beta-|actams were

7 not recommended, those are considered second-line

8 agentsand to be avoided if thereisa available

9 first-line choice. Now the phrase that everyone
10 remembersisthe part about, “Don’t use Bactrim is the
11 resistance prevalence is known to exceed 20 percent.”
12 So, that's an antibiogram type recommendation.
13

14 forgot | was preparing this, if you don’t use

What people forget, including me, |

15 trimethoprim-sulfamethoxazole, if it was used for UTI
16 in this patient in the previous three months, see that
17 second half of the phrase is directing you to the

18 patient specific risk factors. And we're going to be
19 trying to compile and assemble that evidence on

20 patient specific risk factorsin the IDSA UTI

21 guidelines update, because | think that is key to

22 empiric treatment of UTI currently.

5 (Pages 14 - 17)
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1 Next slide please. So, how long do you

2 treat acute cystitisin women? The mnemonic ideasi
3 teaching is 531, nitrofurantoin is five days,
4 trimethoprim-sulfamethoxazole is three days, and
5 Fosfomycinisoneday. Now, although thisis not
6 stated explicitly in the guidelines, test of cure
7 urine culture for uncomplicated UTI is not
8 recommended. In fact, aurine culture in some cases
9 isnot needed at the time of treating the patient, so
10 test of cure urine culture’s especially not needed.
11 And the state clinicians are guided by
12 whether or not the patient’ s symptoms have resolved.
13 Next dlide please. So, there are guidelines and then
14 there' sredlity, that’s why we have implementation
15 research. But -- so -- if you look at data prior to
16 2015, treating women with uncomplicated UTI, almo,
17 half of the drug choice was fluoroquinolones, which ¢
18 courseis not recommended. Looking more recently,
19 data up to 2019 made use of fluoroguinol ones was sti
20 about athird.
21 And of course, if you look at how long
22 people aretreating, in 2017 75 percent of antibiotic

Page 20
1 UTI by their provider and prescribed either

N 2 trimethoprim-sulfamethoxazole or ciprofloxacin. We
3 randomized them to receive seven vs 14 days of those
4 two agents and if they were in the seven-day crew; if
5 they got a matching placebo for the following seven

6 days. Patients who were blinded to what they were

7 receiving, seven or vs 14 days.

8
9 symptoms at 14 days. Next dide please. And what we

And we looked at resolution of clinical

10 found is that seven days worked as well as 14 daysin
11 terms of symptom resolution at 14 days and recurrence
12 of UTI symptoms at 28 days. What | wasrealy
13
14
15
stL6
D17
18
19
20
21
22

intrigued by though is that, out of the men who had a
urine culture done before treatment almost 1 in 4, 23
percent had no growth. And we were very lenient on
growth, if there were 100 organisms, we'd call that
growth which of course islower than the clinical
|aboratory thresholds.

So, that means that either onein five
or one in four men actually didn't have aUT], here
the provider thought they did. Or, they had aUTI

caused by a non-cultivatable organism, which is also

Page 19 Page 21
1 courses were longer than recommended for that 1 possible. Next slide. Study No. 2 1’'m going to talk

2 particular antibiotic agent. Next slide please. | 2 about is Angela Huttner’ s and team'’ s study of

3 redlly like this study because it shows the change 3 Fosfomycin vs nitrofurantoin for UTI in women. They

4 from 2015 to 2019, in that fluroquinolone useis 4 enrolled adult afebrile non pregnant women with

5 decreasing for uncomplicated UTI. But what you can 5 urinary symptoms and a positive dipstick test.

6 barely see, unless you look right at the top of the 6 Women received either five days of

7 dide, is Fosfomycin use, which isless than one

8 percent of all outpatient UTIstreated with

9 Fosfomycin, which isvery interesting sinceit’s one
10 of the three guidelines recommended agents.
11
12 about three randomized control trials of treating
13 uncomplicated UTI that were published as the 2010 IDSA
14 UTI guidelines. Next slide. So, thefirst wasthe
15 male UTI trial led by Dimitri Drekonjawasinvolved in
16 thistrial. And what we weretrying to find out is,

Next slide. So, now I’m going to talk

17 how long should you treat men with UTI because
18 references of literature states 7 to 14 days, but

19 that'saredly big difference.

20 So, patients that could enrall in this

21 were afebrile outpatient men with one or more UTI

22 symptoms. And they had to have been diagnosed with

7
8 open label. The patients knew they were either

nitrofurantoin, a one dose of Fosfomycin. Thiswas

9 getting one day or five days. And the primary outcome
10 wasclinical response at 28 days when they also used a
11 pretty generous standard for a positive urine culture.

12 Next dide. So, out of the women that were

13 randomized, again, much like the men, close to 25

14 percent or more than 20 percent had a negative

15 culture.
16

17 symptoms, positive dipstick negative cultures. So,

So, these were women with urinary

18 did they not have aUTI, or did they have an
19 uncultivatable organism? In terms of clinical
20 outcome, the five days of nitrofurantoin was superior

21 to Fosfomycin in terms of clinical resolution at 28

22 days, aswell as microbiologic resolution. Next slide.

6 (Pages 18 - 21)
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1 Now this study has some data that were not published, 1 choicein pregnant women. We don't really know how
2 that Angela shared with me that can give us some 2 long to treat men with UTI. Yes, we did one great
3 bearing on what does bacteriuria at the end of cure 3 randomized trial, but gosh we need more on that topic.
4 mean? 4 And aso, do people with diabetes need to be treated
5 S0, to include awoman in the datal’m 5 for longer? Inthe United States, at least 1.4
6 going to present here, she had to be microbiologically 6 million adultsidentify astransgender. | have a
7 evaluable which meant positive culture at enrollment 7 transgender woman in my clinic. How do | treat her
8 and also provided a urine culture on day 14 and also 8 UTI?
9 had to be clinically evaluable which means they stayed 9 | really don’t know how long or what to

=
o

in the study and provided clinical data at 28 days.

[EEY
[N

So, what we're going to ook at is there were 224

=
N

women who did not have clinical failure day 14 and met

=
w

al these evaluation criteria.

[EEY
SN

Of these 224 women, 23 or 10 percent

=
a1

had bacteriuriaon day 14. So, they’ve received their
antibiotic treatment but by day 14 they had

R
J o

bacteriuria. So, who went on to clinical failure at

=
(o]

day 287 Seventeen percent of those with bacteriuria

=
(o]

on day 14 vs nine percent of those who did not have

20 bacteriuriaon day 14. Now, the p valueis non-

N
=

significant, these avery small numbers. But it

N
N

raises the question that is there a signal there?

=
o

choose. We can use biomarkers that help us determine
11
12 symptomatic bladder colonization. Which also raises

when someone actually has a UTI rather than a

13 the question of the value of the point of cure

14 testing. A lot of companies are developing devices
15 that can tell you at the point of care, if there are

16 bacteria present, what the bacteria are present, and
17 what they’re resistant to.

18 All that will be helpful, but it still

19 won't tell usif the patient has urinary symptoms
20 whichisaclinical decision. And that brings meto
21 the question of the clinical significance of

22 bacteriuria after treatment. Next dlide please. This

Page 23
Probably so, | mean it’s reasonable to

think that bacteriuria may predict subsequent UTI, but

it does not necessarily mean that that treatment of

the bacteriuriaat day 14 is possible to prevent UTI.
Okay, next dide. And then thethird trial I'll

mention briefly was Mac Hooton, Parita Roberts, or Ann

~N o o~ WN P

Stapleton looked at Cefpodoxime vs Ciprofloxacin,
8
9 their primary outcome was clinical cure at 30 days

randomized women to three days of either therapy, and

10 finding that Cipro was superior to Cefpodoxime for
11
12
13
14 beta-lactams for this outcome. Next slide. So, |

clinical cure and microbiologic cure.
So again, these are two second-line

agents, but the fluoroquinolones just superior to the

15 presented the evidence, let's talk about gapsin
16
17
18 uncomplicated UTI in women were working on updating
19 the data and determining the individual risk factors

20 that matter for the revised UTI guidelines.

21

22 your choice in men and very little data to guide your

knowledge. It'svery hard to know right now what is

the best empiric choice of antibiotics for

There' svery little data that guide

Page 25
1 isfrom another study by the Hooton, Roberts, and

2 Stapleton team. They looked at women with a curren
3 UTI who were enrolled at the time of presenting for
4 treatment of the UTI. And then three months provide
5 daily assessments of the white blood cellsin their
6 urine -- the urine culture, and they kept a symptom
7 diary.
8 In this study, UTI was defined as the
9 women felt bad enough to cometo clinic saying, “I
10 think | have aUTI,” and have a culture that had at
11 least 100 organisms. Very interesting datato come
12 out of this study isthat asymptomatic bacteriuria
13 defined as at least 10 to the fifth organisms was
14 present on 2.5 percent of the patient days overall,
15 typically it was transient though, only lasted one to
16 two days, and then most cases resolved.
17 Admittedly it was more common in the
18 daysprior to UTI, but there was also alot of days
19 with these asymptomatic bacteriuriathat didn’t lead
20 to UTI. Pyuriaturned out to be not-predictive at
21 al. Eighty percent of the women pyuriaon at least

t

o

22 onenon-UTI day. And most interesting of all, there

7 (Pages 22 - 25)
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1 were 11 subclinical UTI events. Which meant on that

2 day the women, who all have urinary symptoms, had

3 pyuria, had bacteriuria, but did not comeinto the

4 clinic.

5 Sorry about that. And in many cases,

6 the mgjority of those cases wasresolved. Next slide

7 please. I'mreally sorry about the phone. Okay. So,

8 | was fortunate enough to do an editorial on this

9 article. And then you can see | used really advanced
10 graphical design skillsfor the smiley faces. But
11
12
13
14
15
16
17
18
19
20
21

what’ simportant is| think ASB and (inaudible) are
continuum rather than clinically distinct conditions.

And there are a number of women who may
start with no bacteria, develop asymptomatic
bacteriuria, subclinical UTI symptoms, and then
resolve. Or some they bounce back and forth between
ASB and subclinical UTI for along time. Whereas
others, as soon as they get ASB, proceed directly to
symptomatic UTI. And we don’t really know right now
what determines the direction in which they go and
whether or not they have advanced a UTI.

Page 28
1 Horizontal DNA transfer has generated a variety of E.

2 coli pathotypes. If welook at our commensal strain -
3 - ancestral commensal strain has been bombarded with
4 virulent strains by transformation, conjugation, and

5 transduction to give us different pathotypes that

6 include bacteriathat can cause dysentery, diarrhea,

7 hemolytic uremic syndrome, meningitis, and UTI.

8 Next slide. Next slide please. So,

9 principally we have two categories of E. coli one that
10 can cause diarrhea. There' s six types of E. coli that
11 can cause diarrhea, you could have it your way. And
12 then there are E. coli that live outside the
13 gastrointestinal tract including, what we talk about
14 today, neuropathogenic E. coli but also strains that
15 are associated with neonatal meningitisin cows,

16 mastitis associated E. coli and lung infectionsin

17 birds.

18 Next slide please. These

19 neuropathogenic E. coli or UPEC are tremendously
20 genetically diverse. Commensal strains have average
21 size of 4.64 mega base, (inaudible) base that is. And

22 Next dide please. That'sall | have 22 UPEC is5.16 million base pairs on average, yielding
Page 27 Page 29
1 to present with you all today. Thank you so much for 1 about 500 extragenes. The core genesfoundinall E.
2 your attention. And I’'m looking forward to the panel 2 coli are about 2,600, or about half of the genes. And
3 discussion this afternoon. 3 certain strains can have up to hundreds of unique
4 DR. KIM: Okay. Well, thank you Dr. 4 genesthat are not found in any other E. coli strain.
5 Trautner. Our next speaker is Dr. Harry Mobley. Dr. 5 To get afed for the scope of how many
6 Mobley isthe Federick Novy distinguished university 6 genes can bein the E. coli species, two studies were
7 professor in the department of microbiology and 7 done. Four thousand seventy-one E. coli ST131
8 immunology at the University of Michigan Medical 8 isolates, which is spread around the globe, have a
9 School. After 23 yearsat Maryland, Dr. Mobley was 9 total of 26,000 genesin all of those strains. And

10
11
12
13
14
15
16
17
18
19
20 isto give acrash course on various studies and
21
22

named Chair of the department of microbiology and
immunology at the University of Michigan Medical
School in 2004 serving in this role until 2019.

Dr. Mobley’ s research focuses on
neuropathogenic E. coli proteus mirabilis, but also
has studied helicobacter pylori in gram negative
bacteria species causing bacteriuria. With that, 1’11
turn it over to Dr. Mobley.

DR. MOBLEY: Thank you Tim. And thanks,

welcome to everybody out in the virtual ozone. My job

properties of bacterial strains, principally E. coli

causing uncomplicated UTI. Next dlide please.

=
o

then EXPEC strains that cause bacteremiain a 10-year
study in London, 1,500 non strains yielded almost

B
N P

70,000 genes. So, thisiswhat we're up against when
13
14
15 talk about asymptomatic bacteria. And E. coli isthe

we're battling E. coli

Next dide please. Just for a moment

16 most common cause of that. These strains evolved from
17 virulent UPEC but have mutationsin key virulent

18 factor genesincluding type 1 fimbriae and P fimbriae.
19 And half of the strains -- only half of the strains

20 havetype 1 fimbriae. And lessthan 10 percent of the

21 strains have P fimbriae. These strains also have

22 dower growth ratesin invitro urine cultures in the

8 (Pages 26 - 29)

www. Capital ReportingCompany.com


www.CapitalReportingCompany.com

Meeting

June 3, 2022

Page 30

laboratory.

In one particular strain however
outcompetes UPEC invitro urine culture, and the mouse
model, and | think also in humans where it’ s been used
therapeutically in Sweden. These strains do not
activate the innate immune response, and therefore we
don’t have the inflammation. And we don’t have the

symptoms. Other species can cause asymptomatic

© 00 N o o b~ W N B

bacteriaincluding (inaudible). And it’s thought that
10
11
12
13
14
15
16
17
18
19
20
21
22

antibiotic treatment is not recommended except in
pregnant women.

Next dide. Next dlide please. Also,
in catheter associated bacteria briefly, long term
catheterization, those patients catheterized for more
than 30 daysis 100 percent chance of infection. And
usually, those infections are probably microbial with
10 to the fifth colony forming units with three or
four different species simultaneously. Y our most
common here are probably just (inaudible) proteus
mirabilis, awimpy version of E. coli.

And pseudomonas aeruginosa and

Morganella morganii, three of these are urea positive

Page 32
1 infect and persist in this model, commensally E. coli

2 does not colonize for more than 24 hours. The
3 bacteria can ascend to the kidneys, that can cause
4 bacteremia. And the histopathology is similar between
5 the mouse mode! -- between the mouse and the human.
6 Cytokines are licited which trigger neutrophil
7 infiltration which peaks at six hours.
8 And finally, UPEC gene expression in
9 miceishighly correlated with that in humans. 1'll
10 show thoseto you abit later. Next dlide please.
11 Visualy we can look at one representative mouse in
12 thisimaging study. These are live mice that have
13 been inoculated with E. coli reviewing them from the
14 ventral side both from two to six hours and on the
15 dorsal side also during that time period. We' ve used
16 alight emitting CFT73 bacterium which has lux fusions
17 of flagellagenes.
18
19 thetop left, an active infection into the bladder

And we could see the ventral sidein

20 oncethey’ve been inoculated. And then we can tell as
21 we moveto theright, they’ re spreading somewhere, but

22 it'sdifficult to see unless we turn the lights over

Page 31

1 asnoted and could be involved in stone formation.

2 Next dlide please. Our model of bacteria

3 pathogenesis developed over the yearsfor UPEC. In

4 that colonic organisms and step, one make their way to

5 the periurethral area and contaminate that region,

6 ascend the urethra to the bladder, and then number

7 three, Scott Hoper's Lab has shown that type one

8 (inaudible) that line the transitional epithelial

9 cellsand indeed can enter these cells and then later
10 reflex from those cells causing acycle.
11
12 organisms are found planktonically in the urine

However, the large preponderance of

13 floating around, perhaps moving up the ureters. Next

14 dideplease. So, what'sthe animal model of the

15 ascending urinary tract infection? Thisisimportant,

16 we can't dwayswork on humans. Next slide please.

17 The mouse model of ascending UTI mimics the human UTI
18 quite well. It uses female CBA/J mouse species, or

19 other species. It was developed by Hagberg and

20 colleaguesin 1984.

21 It's been used in greater than 1,000

22 published studies and 108 in our lab. UPEC strains

Page 33
1 sowe could see the back. So, here we see graphicly,

2 like for example, three hours we can see that they
3 ascended the ureter to the kidney. In four hours,
4 they’ve gone up to both sides.
5 There' s astrong movement in five hours
6 totheright kidney, and then six hours both --
7 they’ve moved up to both kidneys. Next dlide please
8 So, we can use this a number of ways but here’ s one
9 example: We can follow infections over timein the
10 mice. Inthetop panel what we ve doneiswe' ve
11 collected -- we've inoculated 10 to the 8th bacteria
12 inthe bladder and followed this over a seven-day
13 period. And in red we see the colony forming units
14 per mil of urine.
15 And we can see that they peak at really
16 early on. They'rereally growing fast. And then the
17 bluelineisadoubling time. And so, the lower the
18 point, the faster the bacteria are growing. So, at
19 six hoursthey’re actually at peak doubling time.
20 They slow down alittle bit as they move up. And the
21 consequently the CFU per mil go down. But then
22 something signalsit to speed up the gross rate and
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1 then the CFU move up again.

2 In the lower panel we can seethat in

3 the black line, the cytokinesthey’ll six -- or peaks

4 at six hours. And that’s of concordant with

5 infiltration of neutrophils. Next slide please. So,

6 what are the traditional virulence factorsthat are

7 expressed by E. coli? Next dide please. Inthis

8 graphic we'll show you that. Starting at the top

9 left, UPEC can produce any number up to 12 different
10 adherence factors called fimbriae or pili.
11
12
13

14 so these are quite colonel. They also can produce a

They produce LPS like all gram
negatives, okay antigens. Seventy five percent of
strains are represented by only six (inaudible) types,

15 polysaccharide capsule. They’re motile by flagella,
16
17
18
19
20 avery limited number of virulence factors produced
21 (inaudible).

22 Next dide please. Virulence factor

which | showed earlier. And they have complex iron
acquisition systems which I'll expand onin alittle
bit. And they produce exotoxins such as somnol escent.

Not all strains produce al of these, in fact some are

Page 36
1 percentage of strains with these fimbriated adhesins,

2 toxins, and iron receptors. Whereas cystitis and

3 pyelonephritis strains have significantly greater

4 percentage of strains that carry these virulence

5 factors not surprisingly.

6 Next slide please. The bacteriafight

7 for iron with the host. Theiron sequesters -- | mean

8 the host sequestersiron. So, the bacteria depicted

9 here has developed dll of these different systemsto
10
11
12
13
14 transporters that could bring in other compounds such
15
16
17
18
19
20
21
22

captureiron. On the top row there are a (inaudible)
receptors that bind (inaudible) that’s bound to iron.
On the right side we have receptors that bind heme and

extract iron from the heme. On the bottom we have

asfor citrate.

And so, you can see they’ ve devoted
quite abit of energy to taking iron into the cell.
Next slide please. Also type 1 fimbriae expression we
think is critical for infection. 1t's controlled in
an interesting fashion by an invertible element. Its
phase varies, what that meansisit’s agray box the

promoter can face these (inaudible) genes and turn

Page 35
1 genes are often encoded in what we call

2 pathogenistides, maybe 30 to 100 kilobases, DNA that’s
3 been acquired by horizontal gene transfer. What I'm
4 showing you is a circuited chromosome of E. coli CFT73
5 isolated during a ceftazidime vs (inaudible) study of
6 pyelonephritis from the blood and urine of a
7 hospitalized patient with acute pyelonephritisin
8 1982. Andit’'sahighly cited organism, it'll bea
9 sole professor by now.
10
11 insertion of (inaudible) that carry virulence factors

The large blocks are the sights of

12 around the chromosome. Indeed, they represent 17
13 percent of the genome pair. And so, they’ ve acquired
14 various factors from avariety of sources. And each
15 dtrainisgoing to have alittle bit different

16 pattern. Next dlide please. If welook at the

17 prevaence of virialized genes found on (inaudible),
18 it's 315n strains were surveyed.

19
20 fecal cystitis and pyelonephritis strains. And the

And we looked at the prevalencein

21 prevalenceisindicated by the diameter of the circle.

22 So, we can see that the fecal strains have very low

Page 37
1 those on and make the fimbriae. Or recombinase can

2 flip thisin the opposite direction just like alight
3 switch and turn it off.
4 WEe' ve developed a PCR assay to
5 determine whether that switch isin the on or off
6 position. And below are datathat | won’'t go through
7 indetail. But you can determine whether the switch
8 ison during a human UTI where urineis collected
9 immediately during -- in the doctor’ s office and
10 stabilized. Next dlide please. If you look at all of
11 these different, | think 12 strains, we look at the
12 level of type 1 fimbriae expression, for the most part
13 they're elevated.
14 We don’t know when these patients came
15 into the clinic and that’ s something that we're
16 interested in knowing. Below you can see whether th
17 switch isin off position whereit's not expressed or
18 some that were measured in the on position where
19 they're highly expressed. Next dlide please. So, are
20 these virulence genes all that are required for
21 infection? So, of course not. Next slide. Here we
22 look to the things that we learn like the TCA cycle.
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1 The TCA cycleisthat we learn the TCA

2 cycle and then we forget the TCA cycle. But other

3 pathways were glycolysis, gluconeogenesis, pentose

4 phosphate pathway, and Entner-Doudoroff pathway have

5 produced metabolic enzymes that are required for

6 infection. So, which pathways are important for

7 infection? We made mutants in each pathway that

8 inactivated that single pathway and tested all of

9 those mutantsin the mouse model. Next side please.
10
11
12
13
14
15
16
17
18
19
20
21
22

What we found were that mutants with
defectsin TCH cycle or gluconeogenesis, that is
making glucose, have impaired fithess during UTI. But
shockingly, to me anyway, that glycolysis pentose
phosphate and Entner-Doudoroff pathways are
dispensablein vivo. Thisis because the bacteria
don't use -- the E. coli principally does not use E.
coli amino acids are the primary carbon sources. And
thus, peptide transporters are induced in urine and
required for infection.

To the top right peptides are brought
in to make amino acids, broken down into amino acids

that can then go to upsell (inaudible), go back up to

Page 40
1 genome had 2,653 genes were present in all 14 strains

2 and these are the ones that we focused on in our

3 study. Weisolated the RNA that had been stabilized

4 immediately after collection from the (inaudible) and

5 conducted RNA seq. studies.

6 And let's go to the next dide. And

7 here we have these (inaudible) type diagrams. And

8 I'll -- they're different from other ones you' ve seen

9 because I’'m going to explain them. On theright -- on
10
11
12
13
14 invitro.
15
16
17
18
19
20 the UTI, and that’s sugar catabolism genes and sugar

theleft, I’ m sorry, there isavolcano plot. And
what we see is genes on the right side, or ones that
are upregulated during UTI in women. That's compared

to culturein filter sterilized human urine that is

And so, those genes that |’ ve depicted
here are associated with the translation replication
machinery like ribosomes and amino acid transporters
bringing in peptides and amino acids. Thingsthat are
downregulated, or things the bacteria doesn’t need in

21 transporters because it doesn’t use glucose and other

22 sugars principaly.

Page 39
1 gluconeogenesis or fuel the TCA cycle. Thisis quite

2 interesting. Next slide please. So, that prompts the

3 question is, what E. coli are doing during aUTI in

4 women with uncomplicated UTI. We know what they're

5 doing in the test tube | think, but not in women.

6 Next dide please.

7 So, we conducted this study, 86 women

8 were attending the university health service with

9 symptoms of cystitis. They were provided in the form
10 of consent, and it was obtained. And most importantly
11
12
13
14
15
16
17
18
19
20
21
22

we gave them a $10 Starbucks card. Urine collected
and stabilized immediately in RNAprotect, which we
used 17 liters which were by asmall minivan. The
samples were cultured. And half of the women, exactly
half had bacteriuria, and 88 percent or those were E.
coli

So, these strains were isolated in
sequence. Next dide please. So, we wanted to know -
- we wanted to characterize the core genome
expression. If welooked at the number of genomes,
they have 14 strainsin which -- and how many genes

werein al of those strains? On the right-side core

Page 41
1 We have similar data on the right side

2 which show two panels, urine cultured invitro -- |
3 mean abacteria culture in urine invitro, and then
4 these patient urine samples, there are 14 strains, so
5 14 boxes. But then we'relooking at what's
6 upregulated. Red isthe most highly upregulated. An
7 thisrepresents ribosomal proteins and other
8 tranglation of machinery DNA synthesis and so on,
9 amino acid transporters. Flagellaare downregulated
10 in green.
11 Next slide please. So, the bacteria
12 haveto figure out what resourcesto alocate. And
13 they alocate them away from metabolic enzyme
14 production. So, on the left panel I'm showing in the
15 blue bars, these are gene expression of E. coli
16 cultured in human urine in the laboratory. And then
17 thered bars are from the patient. What we seeisthe
18 core genes represent about 50 percent of the total
19 rigs because they’re 50 percent of the genes. That
20 makes sense.
21 But if we look more closely in the
22 second panel, we can see an incredibly difference. If
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1 welook at ribosomal subunit gene expression, that is
2 theprotein factory. That'simportant for growth
3 rate. Inurine, it'sonly 7 percent of the genes your
4 associated with ribosome production, but a startling
5 27 percent in the human UTI. There'sno freelunchin
6 these bacteria so they have to downregulate in the
7 patients, other things like catabolic gene expression,
8 breaking down macro molecules for anabolic gene
9 expression, building up macro molecules.
10
11
12
13
14
15
16
17
18
19
20
21
22

Next slide please. But the gene
expression is conserved between patients whether it's
cultured in the laboratory or in the patient. So, if
we compare the gene expression pattern of each strain
to every other strain and all those combinations. We
see that whether or not they’re cultured in urine or
the patient, they have a high correlation coefficient,
this creates about 9.2 a Pearson correlation
coefficient.

However, if we compare the gene
expression of individua strainsin the patient and
then in the laboratory, we see that they’ re not the

same. And so, we have a different genetic program

Page 44

1 black at the bottom. The bacteria are growing slowly.

2 They will initiate bad directional of growth and

3 proceed all the way down to bottom without restartin

4 replication.

5 However, if they’re fast growing,

6 they’ll begin the replication process. And then

7 they’'ll start that process again and perhaps even

8 again before it reaches asingle replication. Next

9 dlide please. So, this can be shown thisway. If we
10 sequence the entire genome of bacteriagrownina
11 different -- selected at different times at during at
12 growth curve. On the upper left we see atypical
13 growth curve. Before hours we have exponential
14 growths, rapid growths.
15
16 hoursthe origin of replication, the number of copies
17 of the origin replication are much higher than the
18 terminus. However, when we go into stationary phast
19 say six or seven hours, we can see that the number of
20 copies are the origin of the same as the terminus
21 because they’re slowly growing. Next dlide please.
22 So, we can convert thisto a standard curve of the

And we can see that at three and four

Page 43
even though we have highly heterogeneous strains and
highly heterogeneous hosts. We have the nearly
identical gene expressions of a core genesin the
patients. Next dide please. Fortunately, core gene
expression of neuropathogenic E. coli in womenis
recapitulated in the mouse model.

In abeautiful study by Arwen Frick-
Cheng and colleaguesin our lab, she compared the

© 00 N o o b~ W N B

expression of al genes from one strain where RNA was
10
11 And we see an excellent correlation of .88. And this
12
13
14
15
16
17
18
19
20
21
22

isolated from the mouse vsisolated from the patient.

is particularly good news to us and so we don’t have
to retract 180 of the patients. Next slide please.
So, this brings usto the point. The ribosome
suggested the bacteria are growing, but how fast are
UPEC growing during urinary tract infection?

And so, I'll tell you about estimating
growth ratein vivo. Next dide please. The number
of (inaudible) chromosome replication forks are going
to vary with growth rate. So, on the left circle we
see the bacterial chromosome, the origin of

replicationisin red at the top, the terminusisin

Page 45
1 peak to trough, that isthe origin of replication to

2 theterminus ratio and then growth rates that we've
3 measured.
4

5 excellent standard curve to judge, to measure PTR and

And to log transform this we can see an

6 then calculate growth rate. Next slide please. So,

7 here are eight genomic sequences from the bacteria

8 that were covered directly from ahuman UTI. And we

9 can see they haven’t exaggerated peak to trough ratio,
10 amost all of them. And if we average these, we
11 actually had to extrapolate the growth rate because it
12
13
14
15
16
17
18
19
20
21
22

was so rapid with a mean doubling time of 22.4
minutes.
What does that mean? So, that’s about
4 or 5 minutes slower than the fastest that E. coli
can grow under the optimal |aboratory conditions. So,
thisisastartling finding. 1t would mean that it
would take about 80 minutes to go from 10 to the 4th
bacteriain the (inaudible) to 10 to the 5th. So, you
can see why these symptoms become so acute so quickly.

Next slide please. We'll summarize what I’ ve told you

J

today, that UPEC can infect the bladder, kidney, and
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1 aso leave the bloodstream.

2 These bacteria are heterogeneous and

3 have about 500 more genes than commensal E. coli. The

4 virulence gene expression does vary between patients,

5 but the core genome is the same. The mouse model

6 recapitulates gene expression in the women with

7 uncomplicated UTI. And thisisapowerful tool for

8 thelaboratory. Asl said, “Core genome expressions

9 conserve, but ribosomal genes are over expressed
10
11
12
13
14
15
16
17
18
19
20
21
22

suggesting rapid growth. Amino acid transporters are
upregul ated because these bacteria are doubling up
amino acids and peptides available to them in urine,
but do so preferentially over carbohydrates.

And they grow extraordinarily rapid in
the urinary tract. So, | liketo thank all the
members of my laboratory and their national institutes
of health for their support and for your attention.
Thank you very much.

DR. TRAUTNER: Thank you Dr. Mobley.

| alwaysreally enjoy hearing your work and what’s
underlining the pathogenesis of UTI. Group, we're

going to have agreat chance now to take abreak. We

Page 48
1 of the presentation is to touch on the common animal

2 models used for anti-bacterial PK/PD and efficacy for
3 the uUTI model. I'll touch on the strengths and
4 limitations of these models. And then I’'ll wrap up
5 with some pre-clinical, clinical correlates. Next
6 slide please.
7 S0, just arefresher on anti-bacterial
8 PK/PD. PK/PD has been tremendous in the development
9 of anti-infectives. You look at the FDA packages of
10 the recent approved drugs and you can see PK/PD,
11 especialy in anima models, has been influential in
12 the development process. So, PK/PD iskey in alowing
13 usto understand the relationship between dose
14 exposure and response. And we can do thisin vivo or
15 in vitro.
16 The two things we are looking out for
17 at the PK/PD index, which allows us to understand if
18 an agent is time dependent or concentration dependent,
19 and then the target, which is the magnitude of
20 exposure required to attain a certain PD endpoint.
21 And these PD endpoints can be stasis, it can be one

22 long reduction. There's agood amount of data out

Page 47
have a 10-minute break. We will reconvene at 10 am.
Eastern time. See you then.

(Break)

DR. TRAUTMAN: | assumeit'stimeto
introduce our next speakers. Moving along. So, | am
very happy to beintroducing Dr. Tomefa Asempato you.
Dr. Asempa serves as the associate director of the
center for Anti Infective Research Development at

© 00 N o o b~ W N B

Hartford Hospital with a primary focus of

=
o

understanding the in vitro potency, pharmacokinetics,

[EEY
[N

and pharmacodynamics of investigational and approved

=
N

anti-bacterial agents and their trandlation of the

=
w

positive patient outcomes. Dr. Asempa.
DR. ASEMPA: All right. Good morning,

everyone and thank you for this opportunity to present

=
o 0 >

some data. I'm glad we're able to follow Dr. Mobley

[EEY
~

because we're going to touch on a few things that he
mentioned. So, the goal of thistalk isto catch us
up to speak on the anti-bacterial PK/PD in the

N B
o ©

uncomplicated UTI animal model. Next Slide please.

N
=

Dr. Nicolau and my disclosures are
listed here. Next slide please. The goal at the end

N
N
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1 there showing that these endpoints are good

2 microbiological surrogates for clinical efficacy.

3 The whole goal of PK/PD redly isto

4 help us develop an optimized doses and at the end of

5 the day, de-risk clinical studies, so hugely important

6 studiesthat need to be done in the pipeline. Next

7 dlide, please.

8 So, alittle bit of history. The first

9 UTI model was developed in the ‘ 70sin the dog, in the
10
11
12
13
14
15
16
17
18
19
20
21
22

canine model. And then after that, we moved on to
rabbits and then rats. Thefirst UTI model in the
mouse model was developed in’ 67 by Kenan Freeman.
After that, the mouse model by far and large become
the dominant workhorse for the UTI model until date.
Next slide please.

So, thisis agreat review people can
goto. It touches on the models used to understand
virulence and pathogenesis and PK/PD. So, going
counterclockwise, you have your ¢ elegans, you have
your teleost, you have your avian models. These are
really to understand virulence, not applicable for
PK/PD. But then the porcine and the rodent model,
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1 which I'll touch on in the next few dides, are models

that you can use for PK/PD. Next slide please.
So, the porcine model is highly
desirable. And that’s because it shares similar

2
3
4
5 physiology and anatomy and immune system to humans.

6 Somuch soitisused for immunological studies. It

7 isalso used to study pyelonephritis and renal damage

8 intrying to understand vesicoureteral reflux, which

9 isahuge problem in infants. Vesicoureteral reflux
10
11
12
13
14
15
16
17
18
19
20
21
22

iswhen you have urine backing up from the bladder and
ascending the urethrainto the kidney. And this can
cause damage. If you do have bacteriain the blood,

it can also trand ocate and cause a kidney infection.

11l talk about that in alittle bit. Next side,

please.

So, porcine model does exist. And the
investigators were able to show you can have achieved
persistent epithelial colonization on the bladder and
bacteriuria. Next slide, please.

Unfortunately, the porcine model is
tremendously expensive. Y ou need a dedicated facility

and large animal expertise to do these studies. So,

Page 52
1 terms of anatomy. The bladder of the mouseisonly

2 threeto four cellsthick, versusfive to seven cells

3 thick in humans. The question hereis how does this

4 play interms of colonization or the ability for

5 bacteriato cause intracellular communities between

6 these two infection models. So, that’s aquestion

7 that still needs to be answered.

8 And in the mouse model, the mouse

9 hardly stow urine. | mean, you pick up a mouse and
10 they will void immediately. The question is does thig
11 also affect the shape and the stretching of bladders
12 and how does this affect colonization. So, these are
13 till some unanswered questions. Next slide, please.
14 So, there's not alot of data of robust
15 invivo datafor PK/PD. So, | thought it would be
16 best served if | touched on the challenging variables
17 that we have contend with and how as a collective we
18 can move the needle in trying to really optimize this
19 model. Next dide, please.
20 So, the first being the mode of
21 infection. So, predominately, most people infect
22 through the urethra. So, there's atransurethral.

Page 51
it's not common in the PK/PD world to be using the
porcine model. Next dide, please.

The murine model, by far and largeis
what most people use. Again, it'srelatively
inexpensive. It'seasy to handle. And there are some
similarities. Thisisan excellent study from Dr.
Mobley’slab looking at the transcriptomes of free
uropathogens and comparing them between the human
infection in the UTI model. And they showed that less

© 00 N o o b~ W N B
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than six percent of the three strains had
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significantly different expression levels. So,

=
N

meaning, more than 90 percent of them were conserved

=
w

in terms of expression levels. They showed gene
14
15 were highly similar between the mouse model and human
16
17
18
19

20 showing it is useful to mimic the human infection.

expression levels of metabolic and virulence factors

infection model.
So, the conclusion being that the mouse
model recapitulates the human infection model. And he

touched on several studies. So, there are studies

21 Next dide, please.

22 There are certainly some differencesin

Page 53
1 There'saso theintraurethral and periurethral. This

2 diagram does a beautiful of showing an episode. The

3 first oneisthe transurethral that most people do.

4 Most people do this. And apractical reason for this

5 isif you wereto do any other method, you' re going to
have leakage of the (inaudible) and then you' re not

going to know how much was delivered. That'swhy lots
of people end up doing this. Next slide, please.

© 00 N O

Then the question is how does this
10
11
12
13 transcending up versus in the mouse model, you're
14 actually delivering it straight into the bladder. So,

15
16
17
18
19
20 vesicoureteral reflux going up into the kidneys. So,

relate to human infections because, you know, human
infections, you have bacteria from the vagina or the
Gl tract actually get into the periurethral and then

there’ s a question about what does this do the
pathogenesis of your pathogens.

And then vesicoureteral reflux, so this
is a huge variable we need to contend with. If you

are delivering the bacteria to the bladder, you have

21 you pull many of these papersthat are talking
22 cystitis model and you see that they do in fact
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harvest the kidneys and show CFU and bacteria burden.
It's something we need to wrap our heads around. In
our lab, we do the complicated urinary tract infection
model with the understanding that if you're able to
treat a complicated urinary tract infection model, you
should have some efficacy with the uncomplicated
urinary tract model.

S0, it’sjust something we need to

© 00 N OO 0o B~ W N P

content with. When you' re talking about your research

=
o

or publishing it, you need to highlight it either asa

[EEY
[N

limitation or discussit. Because the models are

=
N

different. But unfortunately, for most of the

=
w

uncomplicated urinary tract infection models in the

[EnY
N

mice, you do end up causing akidney infection. Next

=
a1

dide, please.

=
(o]

PK sampling. Thisisvery important in

BN
~

understanding the exposure of the drug, either in

=
(o]

plasm and for this infection model in the urine. We
need to be able to understand that to actually create
aPK/PD model. Unfortunately, like | mentioned, mice

N N
= O ©

hardly store urine, so it's quite achallenge. You're

N
N

going to need alarge number of mice to collect agood
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1 unableto use urine. And they noted it, whichisa

2 challenge of using urinein the animal model. Next

3 dlide, please.

4 Another variable isthe efficacy

5 endpoint. So, the goal isto be able to assess

6 bacterial burden after administration of the drug.

7 You can look at it in urine, bladder, the kidney, or

8 you take dides and look at it under the microscope.

9 And the goal for the UTI model and the consensusis
10 that achieving bacteria stasis is good enough because
11 it'snot aCD infection. We reserve one log and two
12 log reduction for CDI infections.
13 So, | think it'simportant to note that
14 thisendpoint is limited to tissue in the animal
15 model. Whilst, in human, clinicaly, you're looking
16 at microbiological reductionin urine. So, there'sa
17 huge gap in our knowledge in trying to correlate this
18 endpoint and tissue versus this endpoint in humans
19 because they're different matrices. Next slide,

20 please.
21 Another variable to discussis the
22 inoculum. So, | think it'sfair to say that the goal

Page 55
1 number of urine at each time point. And if you do

2 collect the urine, it's highly variable. Andthisis

3 related to the hydration status, which is also made
4 worse by the ongoing infection in the mice. Next
5 dlide, please.

6 Thisisjust toillustrate this. This

7 isaPK/PD study for miceinthe UTI model. It'sa
8 doseranging. So, inthefirst graph in the top, they

9 delivered 0.75, 7.5, and 30 milligrams of Fosfomycin.

10 So, thisisin plasma. You can see the beautiful

11 concentration time profile there.

12 Below isthe drug concentration and

13 urine. The concentration time profile on the bottom
14 isthe 0.75. And then you can seethe 30 and the 7.5
15 actualy overlap, which isaproblem in trying to

16 understand the exposurein urine. Also, look at the Y
17 axis. So, for plasmaat the top, it'slinear. You

18 look at the bottom and it'salog scale. So, those

19 standard deviations are tremendously wide. Again,
20 thisisaproblem in trying to actually understand how
21 much of adrug isin there. So much so that the

22 authors of this paper only used plasma. They were

Page 57
1 isto use auropathogen in the UTI model. And that's
2 because of the presence of pili and fembrey to allow
3 for colonization. Unfortunately, to conduct robust
4 PK/PD in the animal model, you need to include
5 pathogens that have a wide distribution of MIC and
6 diverse resistance profiles. Unfortunately, the Ven
7 diagram of the uropathogens and the Ven diagram of
8 these challenging bugs don't always intersect. So,
9 it'svery hard, sometimes, to get a good number of
10 representativesto actually use in the model.
11
12 inoculum that's actually delivered ranging between 10
13 to the 6th and 10 to the 9th. Next dlide, please.
14 And then the last variable | like to
15 talk about is the actual mouse strain. Thisisa
16 great study where they infected 10 strains of mice,

And finally, there’ s variability in the

17 including BALB/C and C-57 with the same inoculum, same
18 volume. You can seethe left is the bacteria burden

19 inbladder. The A isvariahility of theinitial

20 count. And over 14 days, you also have variability at
21 14 daysin how much bacteria was recovered. You can

22 seeintwo strains, you actually have an increase.
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1

2 you can also they recovered bacteriain the kidney.

Even though thiswas the intravesical,

3 You can see tremendous variability initially and also
4 attheend. So, it'salso important to pay attention

5 to the mouse strain that isused. Next slide, please.

6
7 clinical correlates we havein the literature. The

I'1l just touch on some preclinical and

8 first being gepotidacin. They used the rat
9 pyelonephritis model and acknowledged that the authors
10 did say they used this model because it isaworse
11 case and believe if you can treat that, you can treat
12 acystitismodel. So, they hooked up these rates to
13 continuous IV pumps and delivered two doses. Next
14 dlide, please.
15

16 thesetwo dosesrelativeto levo. So, thiswasin

And they saw significant reduction with

17 kidneys and bladders and there was no urine. Next
18 dlide, please.
19

20 currently ongoing. There's limited data from a Phase

So, the Phase 3 for gepotidacinis

21 2, sothiswasin AIDS patients, showing 88 percent
22 (inaudible) at the test of cure and at follow-up

Page 60
1

2 the mouse pyelonephritis model. We administered

Okay, thisiswork from our lab using

3 humanized cefepime/taniborbactam dose to neutropenic
4 mice and measured bacteria burden in kidneys. Next

5 dlide, please.

6
7 the pathogens we used. Now the phase 3 for

And we saw significant reduction across

8 cefepime/taniborbactam was not published. But there
9 aretoplineresults. And cefepime/taniborbactam met
10 the primary endpoint of noninferiority and
11 demonstrated superiority to meropenem, whichis
12 recapitulated in our mouse model.
13
14 use -- we didn’'t always use uropathogins. And that's

| just want to mention that we didn’t

15 because we really wanted to assess the efficacy of

16 thisdrug. So, you can seein thelast bar graph, you
17 actually have growth of one pathogen. Thiswas a

18 highly resistant bug that we used. It wasn’t a

19 uropathogen. But just to show that if you deliver

20 clinical dosesto abug that isresistant, you can see

21 failure, which we're able to show in the animal model.

22 Next dlide, please.

Page 59
1 achieved microbiological success. So, | think the

2 script isyet to be written for this. But thisisn’t

3 aclassic PK/PD study. It'sjust an efficacy study.

4 But will still give us data because the dosein rats

5 was humanized. Next dlide, please.

6 The next is omadacycline. They used a

7 mouse cystitis model, delivered transurethraly in

8 immunocompetent mice and did adose ranging. So,

9 was two milligram per kilogram to 128 milligram per|
10 kilogram. So, thiswas no formal PK/PD. It wasjust
11 adoseranging. And they also saw significant
12 bacteria reduction in kidneys and bladders. There
13 wasno urine. Next slide, please.
14 And thereisclinical data. There'sa
15 Phase 1B and a Phase 2. The Phase 1B, in 18 patient
16 they saw favorable microbiological response. The
17 Phase 2, though, with 87, omadacycline performed
18 poorly compared to nitrofurantoin such that the
19 sponsors have gone back to the drawing board to try
20 and optimize the dose for omadacycline. But again, i
21 vivo, there was no formal PK/PD study in the UTI
22 model. Next dlide, please.

Page 61
1

2 there are several UTI models, uncomplicated UT models

All right, so the take home points are

3 and the mouse model being the most common. Each of
4 them hasiits strengths and weaknesses and costs
5 associated with it. | think the take home for al of
6 usisthe uncomplicated UTI model ultimately leads to
7 akidney infection model, most of thetime. You can
t 8 optimize the volume and change that, but most of the
9 timeit doeslead to akidney infection model.
10
11 UTI, isthat appropriate in trying to trandate to
12 efficacy in the uncomplicated UTI. Which the
13 consensusisthat it does, which is what we do.

So, the question is does complicated

14 Urinary endpoints and breakpoints are challenging to
515 ascertain in rodent studies. And that’s, again,

16 because of the variables | mentioned.

17

18 PK/PD data. That'swhy in our lab we develop PK/PD

19 modelsin the dye infection model. And then with the
PO sponsor, develop the humanized dose and then do a

There' snot alot of robust in vivo

21 confirmatory efficacy data -- efficacy study in the
22 mouse model. Just because the PK/PD -- defining PK/PD
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1 parametersin the UTI model can be challenging. 1 going to talk about the comparability of thesein
2 And finally, there’s not alot of limit 2 vitro models to animal models and the correlation with

3 -- there’slimited preclinical to clinical outcome

4 correlates. So, hopefully, after this study, we can

5 talk about ways to try and optimize some of the

6 variables| highlighted in this presentation. Next

7 dlide, please.

8 I'd like to acknowledge Dr. Nicolau and

9 Dr. Kuti and al the members of the Center for Anti-
10 Infective Research and Development in Hartford,
11 Connecticut for help putting this together. Thank
12 you.
13 DR. KIM: Great. Thanks, Dr. Asempa
14 for awonderful talk about really the considerations
15 of trandating PK/PD from alaboratory animal to
16 humans for dose support and things like that. Our
17 next talk is going to cover considerations of non-
18 clinical invitro infection model efficacy datato
19 support trandations to humans. So, we'll hear apre-
20 recorded presentation by Jason Robertsand lain
21 Abbott. I'd like to note that they will be available
22 for the panel discussion.

3 clinical outcomes. Clearly, there'snot alot of data
4 on thistopic because otherwise, there would be more
5 timeleft in this presentation for this.
6 So, compared to in vitro models, animal
7 models do have some shortcomings as has been very well
8 described in the presentation from Dr. Asempa. Of
9 course, challenges associated with sampling depending
10 on the animal itself, the challenges on which
11 inoculant to use are all important considerations,
12 which are limitations for animal models.
13

14 which compares animal and in vitro models directly to

Unfortunately, there’' s not much data

15 help understand what correlations between these may
16 exist. Butin vitro models, of course, have the

17 advantage over animal models because they are ableto
18 allow changing the permutations of each of the

19 settingsto align with adesired scenario, be that a

20 low urine output or a high urine output or ahigh or a
21 low inoculum. So, that’s an advantage that thein

22 vitro models have.

Page 63
Now, Dr. Robertsisaclinica

pharmacist at Royal Brisbane and Women's Hospital and
an Australian National Health Medical Research Council
Leadership Fellow at University of Queensland. He

also leads the Center of Research Excellence Respond,
which aims to develop optimized and biotic dosing
regiments to improve patient outcomes and minimize the
emergency of anti-biotic resistance super bugs.
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Dr. Abbott is an infectious disease

=
o

physician and clinical microbiologist at the Alfred
Hospital Central Clinical School of Monash University

B
N P

in Melbourne, Australia. He leads the pharmacology

=
w

research group within the Department of Infectious

[EEY
SN

diseases and examines the optimization of
15
16 vitro models. lain sits on the Australian

17 Antimicrobial Susceptibility Testing Committee. With
18 that, I'll turn it over.

19 DR. ROBERTS: Thanks very much, Dr.

20 Abbott for that excellent review of the previousin

antimicrobials using dynamic antimicrobial PK/PD in

21 vitro UTI models, aswell asthe key in vitro
22 considerations when simulating UTIs. I'm briefly

Page 65
1 The can, obviously, test many different

2 pathogens. The urodynamics, as | mentioned, can be
3 different as well as the pharmacokinetics. And
4 probably most importantly, in some ways, anyways, i
5 vitro models can run for much longer durations. So,
6 thiscan allow for assessment of the application of
7 resistant sub populations over time. This can be very
8 valuable datafor urinary tract infections.
9 So, again, there aren’t much data which
10 correlate clinical outcomes or clinical observations
11 without seeing inthein vitro models. Part of this
12 isrelated to the difficulty of sampling in the
13 clinical situation, particularly for uncomplicated
14 urinary tract infections and then being able to match
15 up what is observed in the in vitro model.
16 But of course, this highlights one of
17 thelimitations for in vitro models, is that they
18 aren’t able to consider, in some cases anyway, the
19 physiology of the host, immunological factors as well
20 asthe effective pathology. That can have, at a
21 systemic level for the patient or the human host. So,
22 there's, obvioudly, various factors that are listed
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1 there which in vitro models just can’t account for.

2
3 correlation, a clearer picture of the human urine

However, to improve the clinical

4 antibiotic concentrations in the variahility in this

5 isquite important. Most importantly, | think, isthe

6 selection and testing of contemporary clinical

7 uropathogen idets. Thisincludes multi drug

8 resistant strains. But many of you all know clinical

9 trials are commonly done in uncomplicated urinary
10 tract infections. This provides the ultimate
11 correlation and support for dosing regimens that
12 initially developed, at least, in vitro infection
13 models.
14 We would like to conclude there. Thank
15 you very much for the opportunity to contribute to
16 thisexcellent meeting. We'd just like to highlight
17 that there are unique in vitro considerations when
18 simulating the treatment of urinary tract infections.
19 Wethink that in vitro models can be very flexible ang
20 can provide robust antimicrobial PKP data, potentiall
21 to abetter extent than what animal models can. Thex

Page 68
offer? Well, mainly, they quantify the fire code

dynamic index. By simulating known human
pharmacokinetics, we can optimize dosing schedules, we
can perform dose fractionation experiments, and test
combination therapies. Really, in vitro models have

the capacity for long duration experiments with

multiple sampling time points. Thisreally generates
adense dataset. We can identify which pathogens are

© 00 N OO 0o B~ W N PP

the best targets for antimicrobial therapy. We can
10
11
12
13
14
15
16
17
18
119
y20
£21

inform the sitting of clinical susceptibility
breakpoints and details and characterize the emergence
of resistance.

The classification of in vitro models
isimportant. Really, it comes down to two very
simple questions. Do antimicrobia concentrations
change over time? And isthere bacterial lossin the
system? Now bacterial loss within an in vitro model
isusually considered as unintended or a potential
source of bias. And this has been overcome by the use
of the hollow-fiber and friction model, which | have

an image hereof.

22 can aso compliment and inform other models which | 22 However, UTI simulations have the
Page 67 Page 69
1 include animal models, as well, which has been 1 additional consideration of urodynamics. In fact,
2 presented by Dr. Asempa. 2 bacteria actively diluted during bladder filling in
3 Beyond their usein preclinica 3 humans and then are also cleared during the voiding
4 evduation, in vitro models can a so be used to 4 process. So, these experimental kinetics are
5 provide valuable insights through different phase 5 important to simulate.
6 studiesthat can help be used to understand what 6 UTI specific PK/PD modelsaim to

7 dosing needs may be present for currently used

8 antibodiesto further optimize their usage. And of

9 course, toinform UTI specific clinic susceptibility
10 breakpoints. So, thanks again on behalf of Dr. Abbot
11 and myself. Good luck for the rest of the meeting.
12 DR. ABBOTT: Hello, my name'slain
13 Abbot and on behalf of Jason Roberts, thank you for
14 the opportunity to discuss the role of dynamicin
15 vitro simulations to inform treatment decisionsin
16 uncomplicated UTIls. Thistak will be split in two.
17 1 will start the talk off by reviewing the previous
18 UTI in vitro models and outline the key in vitro
19 considerations. And Jason will complete the talk by
20 talking about the comparability to animal models and
21 the correlation with clinical outcomes.

7
8 human bladder. They examine the antimicrobial affect

simulate antimicrobial exposure that’s expected in the

9 gpecificaly against uropathogens. And they want to
t10 test this under humanized conditions. So, that's

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

urodynamics and withing urinary environment. And the
dynamic nature of aUT]I in vitro model, in this sense,
can refer to both the changing of antimicrobial
concentrations over time and the volume changes that
arereflective of bladder filling and voiding.

Bladder infection in vitro models have
been around for avery long time. And in fact, the
first in vitro model in this setting was first
published in 1966. Here O’ Grady and all used a 400-
mil inverted glass vessel which had a stirrer and was
enclosed within awater bath. The bacterial density

22 So, what do preclinical in vitro models

was measured by a photometer. Here, inflowing broth
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wasinfilled one mil aminute during the day. This

was slowed during the night.

Now even without antibiotics introduced
into the system, you can see with this glass that
bacterial density slowly declined with the inflowing
media and then simply declined with the following
void. That was continued until you did reach a steady
state. Thisreally demonstrated the impact of
urodynamics on bacterial density and was able to be
reproduced in an in vitro model.

In the following decades, this model
was adapted. You can seethisisapicture of the
model asit sat on the bench back there. Y ou can see
it was quite alarge model and really incorporates a
lot of glassware and hardware. Now, this model was
used throughout and up to the 1990s and predominantly
by Grenwood et al and enable the study of awide range
of betalactams, co-trimoxazole, fluoroquinolones, and
Fosfomycin.

In adightly different design of a
model, an open one compartment dilution model was
originally published by Grasso et a in 1978. The

Page 72
1 variety of different pathogens.
2

3 dilution model has been run with avariety of

More recently, a continuous flow

4 different -- with Fosfomycin (inaudible) against a
5 variety of different uropathogens. And to step you
6 through this model, essentialy, it's run by afresh
7 mediareservoir. Compartment A and Compartment B,
8 which can simulate antimicrobial absorption from the
9 intestinal tract and distribution to the circulatory
10 system. But then most importantly, generating urinary
11 pharmacokinetic concentration time curbsin 16 bladder
12 compartmentsall runin parallel.
13
14 controlled by afourth parasitic pump which did the

These bladder compartments were

15 voiding schedule. In this set up, voiding occurred

16 every four hours during the experimental period. Any
17 drug distribution exposure curve can be generated in
18 thismodel by just adjusting the antibiotic dose, the
19 flow rate in the compartment. The real benefit of

20 thismodel is the use of synthetic human urine

21 throughout and also generating data of 16 different

22 uropathogens with a single pharmacokinetic exposure.
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slight difference between this and previous UTI models

was that this really lacks the bladder voiding
simulations. But it did enable the accurate
representation of urinary pharmacokinetics. This
model was further adapted by Sattain the  80s, Drobot
in the 1990s and repeated again in the -- in the late
2000s.

A more complex but still adilutional
multi-compartmental model was designed by a Japanese
research group. And here they looked the activity of
quinolones against pseudomonas and enterococci. They
used aflow rate of half mil per minute into the
bladders. They did intermediate voiding every two
hours during the day and had a 10-hour night phase
without any voiding. One of the complexities of this
model was this area where they enabled alarge post
void residual volume of 10 mils after each void.

Equally, in other iterations of this
model, the research group looked at the activity
against biofilms. And they did this by introducing
glass beads into the bladder. Again, the testing was

avariety of different antimicrobials against a

Page 73
1 Some more novel in vitro models apply

2 the use of human cell-based technologies. And in thi
3 sense, they recreate the human bladder environment i
4 the uroepithelium cellular structure. Maost commonly
5 they use mono layer of cell lines. But there are also
6 3D structuresin use. And the authors of this review
7 paper highlight the four key factors which should be
8 incorporated into these rather novel UTI models. An
9 they are the tissue architecture, the apical urinary

10 exposure, the simulation of dynamic fluid flow, and

11 also the dynamics of uroepithelium cells stretch as

12 the bladder increasesin size.

13 One of the key interestsin this area

14 is how does each of these factors impact on bacterial

15 behavior. Infact, bacterial behavior and potentially

16 facilitating invasion into the cells.

17 Thisis another example of one of these

18 novel models. Thisisabladder on achip UTI model

19 And here, the authors can recapitul ate the physiology

20 of bladder filling and voiding and also have an

21 experimental protocol which includes infection,

22 addition of neutrophils by avascular channel. And

)
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1 then two cycles of antibiotic treatment interspersed

2 by two bacterial growth cycles.
3
4 highlight some of the complexities that can go into

So, these two more novel models

5 examining the effectiveness of antibiotic therapy in
6 uroepithelium infections.
7 So, what are the key in vitro factors
8 to consider when designing your bladder infection
9 model? Wdll, there'salist hereand I'll go through
10 somein moredetails. Thisisnot an exhaustive list.
11 And I've listed down here the extras which some of
12 these more micro models have incorporated such as
13 uroepithelium cells, the host immune response, and
14 that specific environment of the bladder.
15 So, first thing on the media,
16 specificaly, urineis anutritionally depleted and
17 naturally antimicrobial. But it also an incredibly
18 complex biological waste product. It's hypertonic.
19 It hasalow PH, low oxygen contract, high in nitrates
20 and urea, which inhibit alot of bacterial growth.
21 So, therefore, uropathogens have specific adaptations
22 in order to replicate in this environment.

Page 76
1 different synthetic media. For example, enterococcus

2 faecium grows very poorly in synthetic human urine,
3 despite additions of the yeast extract and peptone.
4

5 vitro modelsis simulating in vitro urodynamics. Now,

Secondly, the thing to consider with in

6 normal human urine output is roughly one mil per
7 kilogram per hour. A patient should void at |east
8 every six hours. Now, high urine output and large
9 volume, frequent voiding, can reduce the bacterial
10 density without antimicrobial exposure. And this
11 often something that is harnessed clinically in the
12 treatment of UTIs.
13

14 humanized in vitro flow rates within an in vitro model

So, therefore, the ssmulation of

15 and amatching voiding schedule can actually provide a
16 surrogate fitness challenge for your introduced

17 uropathogensinto the model. Thisisin such that

18 pathogens added to the model must replicated faster

19 than they are diluted. And they must maintain a

20 bacteria population density that tis not eliminated by

21 voiding.

22 Another aspect is the actual choice of

Page 75

Now, we know that standard laboratory
medialike (inaudible) and broth does not really
reflect bacterial growth kineticsin urine. However,
working with human urineis largely impractical, even
though you can pull human urine from multiple
volunteers, there’' s going to be variability person to
person, batch to batch. There's a short shelf life
and no sterilization for this.
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The other thing to consider iswhen
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running a complex model which uses 10 liters of media
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aday, the amount of urine that you would need to run,

=
N

say a 96-hour experiment would be significant. There

=
w

are, therefore, avariety of customized synthetic
14
15 prepare. Some of them are 18 different chemicals

16 which need to beindividually weighed out and added in
17 order.
18

19 preparation, the risk of precipitation, and

alternatives. And these aren’t always easy to

Thereis other complexitiesin the

20 incompatibility with some antibiotic formulations.
21 The other thing to consider is that different

22 pathogens can have different growth capacitiesin

Page 77
1 strains and deciding inoculum that are added to the

2 model. Redlly, in general, testing should preference
3 E. cali clinical idetsfrom aurinary source and
4 then expand it to additional uropathogen spaces. This
5 is because 34 uropathogenic E. coli remains the most
6 common uropathogen in clinical infections.
7 Islets should also reflect the full
8 range of the susceptibility profile of the test
9 antimicrobial. Thisrangesfrom fully susceptible
10 wild type populations to those islets with low level
11 and high-level resistance. Ideally, they should be
12 the addition of acontrol anti-disease strain.
13 Now the starting inoculum added at the
14 beginning of the experiment should reflect the total
15 number of bacteria expected in human infections.
16 However, that number is not certain. Even though th
17 traditiona clinical definition of infectionis
18 greater than 10 to 5 cfu per mil in amid-stream
19 urine. But we do know that E. coli counts aslow to

1%

20 10 to the 2 have been shown to be the causes of
21 infection in symptomatic women.
22 Alternatively, to test resistance
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suppression, the total number of bacteriaadded is

required to be one log higher than the inverse of the
mutation frequency. So, here thereisadifference
between bacterial density, so CFU per mil, and total
bacterial number, which is the CFU count.

When considering your sampling of the
model and considering your pharmacodynamic
assessments, these are classically quantitative
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cultures on antibiotic free agar where antibiotic
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carryover is addressed. Now, modern methodol ogies may
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help efficiency inthis. There are arange of
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different methodologies. But these have not really

=
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made it into the mainstream published literature in
these types of PK/PD dynamic models.

e
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And really, your endpoint assessments
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are usually the change in bacterial density from your
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starting point. Y ou can assess the affect over the
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entire experiment. Y ou can look at the area under the

=
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bacterial kill curve. We can look at the emergence of

8]
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phenotypic resistance and also look at the genomic

N
=

mechanism of resistance. But also need to consider

N
N

bacterial persistence and tolerance are important

Page 80
1 establish the area under the curve that peak

2 concentration and the time of MIC.
3 Ultimately, these levels, and they can
4 be representative samples, really ensure that the in
5 vitro variables, such as the flow rate and volume have
6 been maintained to achieve these targets. Ultimately,
7 the drug stability needs to be confirmed before these
8 experiments, such as -- and if not stable, then
9 various calculations need to be made to address that.
10 Now the method of quantification really
11 depends on the availability of resources, HVLC and LCM
12 mess methods are preferable, but bioassays are also
13 commonly used.
14

15 Jason, who will discuss the comparability to animal

At thispoint, I'd like to hand over to

16 models and the correlation with clinical outcomes.

17 Thank you.

18 DR. TRAUTMAN: All right, I will be

19 introducing our next speaker who is Dr. Keith Rodvold.
20
21
22

Dr. Rodvold is a distinguished professor at the
University of Illinois, Chicago. Heisalso a

professor of pharmacy in medicine at the College of

Page 79
factors in regrowth populations.

Regarding your urinary pharmacokinetic
targets, while there is amuch larger variability in
human urinary antibiotic concentrations compared to

1

2

3

4

5 plasmaconcentrations. And thisis because there's

6 important human behavioral variables that can greatly
7 impact on antimicrobial concentrations. Thisisas

8 simple as the amount of fluid intake, urine output,

9 and even the voiding patter. And all of thisis above
10
11 variance such as absorption, distribution, and
12
13
14
15
16
17
18
19
20
21

22 prof measurements. Thesereally enable usto

and beyond the normal and more standard predictable PK

elimination.

Therefore, there are inherent
challenges to know what specific urinary PK targets
should be simulated in a bladder infection model. And
ultimately, testing arange of exposures will help
cover the expected normal human variation.

In the same that we take PD samples, PK
samples should a so be collected from the model and
use that to quantify the in vitro antimicrobial

concentration, peak concentrations, rate of decline,

Page 81

1 Medicine at University of Illinois, Chicago. Dr.

2 Rodvold'sresearch interestsis in the areas of

3 clinical pharmacokinetics and pharmacodynamics of

4 anti-infective agents for infectious disease. Dr.

5 Rodvold has authored more that 180 original research

6 and review publications, 80 book chapters, and has

7 edited six textbooks. And we're giving him 10 minutes

8 to share hisexpertise. Dr. Rodvold?

9 DR. RODVOLD: Hi, good morning. Asyou
10 can seeonthe style slide, I’'m going to taking into
11
12
13
14

15 for most everyonein the industry at some place and

consideration the PK/PD that you might consider in
drug development if you’ re going for the indication of
uncomplicated UTIs. Next dlide, please.

These are my disclosures. | consult

16 time. These are the last 12 months in Janssen.
17 Safety board has nothing to do with UTIs. Next slide.
18

19 clinical and nonclinical information and trying to

So, we're going to look at both

20 make decision making for the indication, particularly
21 dose selection and breakpoint setting. And then

22 consideration evidence of plasma versus urine specific
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Page 82
1 breakpoints. I'll kind of dlip between these alittle

2 bit at different times the way the outline goes. Next
3 dide.
4 So, if you take alook at first, the
5 industry guidance for uncomplicated UTI and focusi
6 on the PK/PD and dose selection section, you'd see
7 thisasthe major outline that’sincluded. Infact,
8 it'sthe complete outline. So, PK should be
9 considered, not surprisingly, particularly secretion
10 intheurine. Urinary concentrations are important
11 when bacteria infections are limited to the lower
12 urinary tract infections. Notice that serum is not
13 emphasized here. They recommend doing a Phase 2
14 study, which in drug development these days, we like
15 totry to avoid Phase 2 at time. But if you'rereally
16 trying to get drugs through for resistance cases. And
17 aso, sponsor should also consider sampling in Phase
18 studies. Next dide.
19 In comparison -- next slide, please.
20 In comparison, thisisthe outline for complicated
21 UTls. | just show you the contrast here. Herethey
22 emphasize evaluating in vitro models and animal

Page 84
1 relatively low throughout the whole list.
2

3 concentrations. And then finally on the final column

Then the average urinary

4 hereisin vitro test concentrations. Thisis
N 5 actually, you know, give you kind of an MIC datafor
6 thisinformation that they had at that time or what
7 they used for amarker. And you can seethat the
8 serum concentrations against the in vitro
9 susceptibility concentrations are dramatically
10 different. 100, maybe 1000 times difference. Versus
11
12
13
14
15
16
317
18
19
20
21
22

urinary concentrations, really kind of arein line
with potential efficacy.

I highlight to you like nitrofurantoin
has serum |ess than one and urine concentrations of
100. So, if you use the serum, you might say, “ Jeez,
it might not work.” But if you use the urine, you say,
“Well, there should be adequate amount of drug there.”
Next slide.

Thisis one of four studies that have
commonly quoted about urinary antibiotic
concentrations for UTIs, both uncomplicated and a
little bit of complicated. The Gould study and the

Page 83

1 models, which you didn’t see in the previous slide and

2 two previous speakers have outlined information for

3 you there. Adeguate urine concentrations, again, and

4 serum concentrations, just because bacterium may be

5 involved and/or renal parenchymal involved so you're

6 getting the upper track.

7 And then alot of more information

8 about PK/PD issues, what other studies may need to do

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

in Phase 1 and Phase 2, particularly for renal
impairment because of the likelihood is you' re going
to have awider range of patients than what you might
seein uncomplicated UTIs. And then the aspect of
Phase 2 and Phase 3 in dose ranging studies. Next
slide.

Well, how did we get to urinary
concentrations? Thisisan old, old study. You can
seethisis published in Medicine in 1965 by the
Hopkins group. Stamey isthe lead author here.
Remember the date of this. Thisisback in 1965. So,
the antibiotics look old. They were new at that time.
| give you the doses they recommended. Note that no

column has average serum concentrations, which are

Page 85
McCabe Jackson study are really emphasize patients

2 with pyelonephritis. But as you saw, some people

3 would consider some of the pyelonephritisin males

4 that also might be considered uncomplicated UTIs.

5 The Stamey study really looked at more

6 urinary tract infection of mainly uncomplicated,

7 again. The nice thing about these studiesisthey

8 givealot of detail, more than what you maybe seein

9 current studies. So, they’ re worth going back to look
10 at. All of them emphasize urinary concentrations are
11 important. That'sthekey. That's how that
12 information really got going. Next slide.
13 WEell, when you look at PK/PD in
14 development, in clinical development, we'rereally
15 combining here (inaudible) no flavor. We're doing
16 preclinical and clinical pharmacology, the PK part of
17 it. ThePD isreally coming from microbiological.
18 So, wetried to create PK/PD. The ultimateishereis
19 to get dose optimization. And also, the aspect of the
20 -- when | say dosage I'm talking about not only the
21 dose but also the duration of therapy.
22 The goal isto maximize the efficacy.

1
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Page 86
1 We have not done this very well historical, but also

try to do resistance suppression. And then you have
to balance it against toxicity issues that are
associated with the agent that you’ re monitoring.
Next dide, please.

When you look at drug development here,
if we can look at some characteristics, the FDA is
very interested in this. In fact, they have an RFP

© 00 N o o b~ WN

out now in clinical pharmacology. Bacteria

=
o

characteristics and growth, you' ve aready from

[EEY
[N

pervious speakers that you have to account for that
12
13 you'retesting. And whether or not urinary parameters
14
15
16
17
18
19
20
21
22

information and understand the pathogen and pathogens

have an influence upon the agents that you’ re going to
test, both the agent that you may be comparing it to
aswell asthe agent that you're interested in
developing.

Applications of this has to be done to
new agentsin clinical development or if you're
bringing an agent that has not been approved
previously in the United States and you're trying to
bring it now into the United States, it probably needs

Page 88
1 High level resistance sub populationin

2 E. cali, that’snot usually identified by MIC

3 testing. The presence of glucose-6-phosphat that is

4 often important in the testing and including in part

5 of testing for serum concentration or serum activity

6 for bacteriaisn’t really present in the urine. So,

7 itisadifference between in vivo activity in the

8 sense of lacing G-6-P, which isfigure A here, versus

9 infigure B when it is present.
10
11
12
13
14 ord use of Fosfomycin, which isthis data reflecting,
15
16
17
18
19
20
21
22

And then finally, challenges on dosing
and clinical breakpoint in particular questions the
use of it against Klebsiellaand pneumoniaat all. |
think oftentimes people get mixed up by looking at the

versusthe IV use of it where you' re using doses that
are sixfold, you know, 18 grams a day, maybe 24 grams
aday for multidrug resistant pathogens. Y ou’ve got
to bring it back and focus on what you’ re doing.
You've got to bring it back and focus on site of the
infection. Next slide.

The other issues that are important in

drug development is the activity and microbial agent,

Page 87
1 to go back and make sure that you' ve looked at this
2 information so that you can look at the aspect of
3 understanding the drug better compared to maybe when
4 it was earlier developed 10, 20 years ago. I'll show
5 you some examplesin amoment. Next slide.
6 Thisis datafrom Fosfomycin. Most of
7 it'scoming from either Dr. Abbott which previously
8 presented or our own lab. Thisis Fosfomycin that
9 occurs on the left-hand side, as showing you the
10 aspect of log colony forming units against time. This
11 isactualy urine concentrations from healthy
12 volunteersin a study that was sponsored by NIH and
13 ARLG.
14

15 giveyou the overview, isthat the E. coli killsvery

And what you see here, real briefly to

16 well. It struggles with proteas and in Klebsiella

17 pneumonia. What isimportant for all these studiesis
18 Fosfomycin hasits activity influenced by PH. Again,
19 the previous dlide, the characteristics of knowing.

20 Discriminating between E. coli and Klebsiellais very
21 important, particular the data from Abbott’s lab and

22 others has resistance of sub populations.

Page 89
1 so understanding how doesit kill, what does it take

2 to suppress resistance in the presence of the bacteria

3 you'retaking about. You know, traditional PK/PD

4 parameters are usually serum related, have been

5 utilized here. But also, you can use urinary PD

6 parameters such (inaudible) inhibitory concentration

7 or (inaudible) tighter concentrations, which we used

8 inthe study | previously showed you.

9 PK/PD parameters for treatment of
10 complicated UTI may not necessarily come back to be
11 appropriate for uncomplicated UTIs. Again, we lack
12 datahere. Infact, alot of thingsin PK and PD
13 development for uncomplicated urinary tract infections
14 redlly hasn't been implemented and looked at like what
15 we' ve done for bacterial concentrations for serum,
16 using it for pneumonia, respiratory tract, other
17 respiratory fact infections, bacteremia.
18
19 to define urinary specific breakpoints, which I'll
20 come back to, probably needs alittle bit of thein

And finally, exposure response approach

21 vitro data, but also the in vivo animal models here to

22 maybe quantify what is the most important part here.
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1 Again, asyou aready heard, it’s difficult in the

2 animal models to determine breakpoints. So, it'sa

3 chronic accumulation of all thisinformation. Next

4 dide, please.

5 One of the important things, though, is

6 tofind out what causes efficacy. In other words,

7 what’sthe endpoint. Normally, when you think of

8 UTIs, you think of net bacterial stasis becauseit’s

9 clinical efficacy, lower margin. And that's defined
10 for you on the top part of it. Onelog CFUsIis
11 usually considered where clinical efficacy on the
12 upper margin or this higher inoculum lack of source
13 control and great morbidity and mortality potentially
14 associated with it.
15 You notice, finaly, the 2-log isin
16 here. That'sreally resistance prevention or
17 suppression. So, you have thiswide range. We
18 specifically don't know necessarily which is the best
19 herefor uncomplicated UTls. Asyou’'ve heard
20 previously, some people start with the one log methol
21 inacomplicated UTI model and then bring it back to
22 uncomplicated UTI. Many other people would argue|

Page 92
1 that’s been donein alimited number of labs. So,
2
3
4 has been done has been done very eloquently at this

probably needs more standardization across the board.
More validation so that we understand it better. What

point.

But there' sins and outs, as they
showed you, in these studies in how to use them
exactly at drug development is still to be timed.

Next slide.

When you look at the development of
nonclinical -- of modern days drugs for uncomplicated
UTIs and geptotidacin is one of the few examples| can
13 giveyou. Thisisanice paper that was published in
14 the March of AAC. It showsthe preclinical
15
16
17
18
19
120
21
22

information and non-clinical information of in vitro
against alot of idets, including some resistant

idets. The anima model, here in the bladder data,
I’m showing you just like what was shown you
previoudly. It confirmed the dosing regime that they
wanted to use here.

And then finally, they did prevention

of resistance in the hollow-fiber model, noting that

Page 91

don't really want to do that experiment. And maybe
net bacteria stasisisthe best thing | can use here
because the high concentrations in urine.

Y ou know, we don’t have established
relationships to prove that, at least in my
interpretation of the literature and other drug
development. Next slide.

The final part of thisiswhen you're
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doing aTKD PD parameters, when you' re trying to use
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o

them, you' re going to have to add all these pieces
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together. And that includes the models, the aspect of

=
N

modeling it against kill curves, and then analysis of

=
w

it, both in the beginning of preclinical, clinical,

[EEY
SN

and even what comes out of the Phase 3 studies, to get

=
a1

to the point of being able to optimize dosing

=
(o]

regiments and succenting breakpoints.

[EEY
~

| think what’s different here compared

=
(o]

to say PKP development for other indicationsis that

=
(o]

what Jason Roberts and his colleague presented

N
o

previously, you have these PK/PD bladder infection

N
=

levels, which is anew avenue here to evaluate,

N
N
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1 you had to get way up to the right before you kept

2 depression down. Next slide.

3
4 they did alot of different human clinical trias,

5 both Phase 1 and Phase 2. In the Phase 2, they did an
uncomplicated, small uncomplicated UTI study. They

Then from aclinical point of view,

6
7 confirmed the urinary concentration time profile here,
8 which isvery important. Which means you have to

9 sample often and count for the variability. Theseare
10
11
12
13
14
15
16
17
18
19

20 they used a higher MIC value of four here to account

concentrations are much greater than what you seein

serum. So, it’skind of again, thislow, low serum

concentrations which are actually not low. They're

six to eight micrograms to mil. But against the

urine, you're seeing a range of between 200 and 1,000.
And then finally, tying all that

together, PK/PD targets, and in this case, it was area

of the curved AMIC rations that what it took for one

log reduction, what it took for suppression. And then

looking against urinary exposure. And in those cases,

21 for resistant to other agents. Y ou can seethey can

particularly for uncomplicated UTIs. Now most of

22 hit both of those targets. | think that’savery
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1 important step that needs to be always done in these

2 studiesin the future. Next dlide. Next side
3 please.
4

5 look at other places where you can summarize PK/PO

6 dataaswell modeling and consideration that needs tg

7 bedone. This needed to be put in context to

8 uncomplicated UTIs. Next slide, please.

9
10 to exposure response approaches to define urinary
11 specific breakpoints. Next dlide.

12 Thisis EUCAST on the left-hand side
13 and CL Sl on theright-hand side, creating breakpoints
14 You can seeif you look at both the figure here but

Thisis more of areference for you to

Now, can we use this information to get

15 aso the scripters on the right-hand side, is that
16 there' salot of thingsthey're considering to

17 developing breakpoints these days, including different17

Page 96
1 Beistelling you that isonly reflection that thisis
2 adifferent agent is used as the prototype to define
3 the MIC herefor pivmecillinam. And then cephalexin,
4 whileit’slisted here, actualy cefazolin, which I'll
5 come back to is used as the marker.
6
7 particular Fosfomycin here, much lower breakpointsin

Y ou do see differences in the groups,

8 the-- urinary specific breakpoints here than compared

9 to CSLI. And that’srealy what’sinfluenced by the
10 dataof Abbott. Inour lab, it showed there's
11
12
13
14
15
16

significant difference in that even the urinary
concentrations that were once thought of for an oral
Fosfomycin were far much lower than what we now see.
Next slide.

Thisis cefazolin. Thisisthe
difference between what you’'d used for that of

systemic infections and then uncomplicated infection.

18 databases, interpretation from different places 18 It used to be cephalexin. Cefazolin is not the marker

19 worldwide in public health, PK/PD correlationsto | 19 used. It'sused for oral antibiotics, oral

20 affect. 20 cephalosporins, particular. And specific notes about

21 So, with this, thisis how differs 21 how you can use it and which antibiotics it would

22 compare to what historically, initially, comesout in | 22 include as well as when you may have to look at other

Page 95 Page 97

1 apackageinsert from the FDA. Next dide. 1 overdl resistance.
2 Now, in looking at exposure 2 Again, notice the differences here.
3 relationships, thisisimportant here. But the 3 Thisisnot measuring in urine. It's still aserum

4 problem iswe lack this datain many cases. Bothin
5 uncomplicated UTIs, but also in other infections.
6 It'svery hard to collect, particularly in different
7 typesof trials. Again, urine concentrations here may
8 not be able to be collected as easily in abig Phase 3
9 study. But it needsto be considered herein this
10 aspect of uncomplicated UTIs. Next slide.
11 Thisis Group U from CLSI. Thisis
12 actually reporting of antimicrobial agents, primarily
13 used for UTIs. Thiswhat they would consider for
14 interbacterial, staphorsius and species, and
15 enterococcal species of the pathogensthat alab
16 should consider. Next slide.
17 Thisdide here, | put together asMIC
18 breakpoints for uncomplicated UTIsonly. Thisis
19 really reflected for interbacterial, only. I'm
20 comparing the CLSI to EUCAST. Some notes hereis that
21 you see here some subtitleslike A, B, and C. The As

22 mean thisisrealy only areflection for E. coli.

4 breakpoint that’s used here to account for this high
5 urine concentrations. Next dlide.
6 When you implement this, thisis data
7 from our own institution, when you do implement, th
8 iswhat you do, you see a higher incident of percent
9 susceptibility and you start to see a shuffle of who's
10 more susceptible. But that doesn’t change,
11 necessarily, clinicaly how you think of it. Thisis
12 till asecond line agent, the cephalosporins. And
13 that gets confusing for users. If you say it'smore
14 susceptible, people then say, “Well, then | should use
15 that one compared to other agents that might be the
16 better choice.”
17 And so, there’ s an interpretation here
18 of doing this and understanding it in respect to what
19 you get from the laboratory. Next dide.
20 Finally, as | alluded to, exposure
21 relationships are difficult to characterize here. One
22 of thethingsisthat if you do the PK/PD right in the
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1 beginning, you'll have high success rates, so you

2 don't havefailure rates that are significant. Then

3 it'shard to sort out what is really needed at that

4 point. Thiswastaken fromthe EMA guidelines. It

5 givesyou good ideas and considerations that need to

6 be considered to do those exposure response

7 relationships. Next slide.

8 Finally, what I’ ve tried to show you in

9 avery short period of time hereisthat clinical and
10 nonclinical needsto be incorporated for both old and
11 new agentsfor thisindication. Urine specific points
12 need to be incorporated with the efficacy datathat’s
13 coming from those models, but also PK/PD analysis,
14
15
16
17
18
19
20
21
22

which will be quite complex in using simulations.
The advantage of doing thisis, |
think, again, asit was emphasized in various things,
you're minimizing risk in developing atrial, so you
don't get afailure, or you don’t get develop that are
resistance during it. 1’d emphasize the importance of
finding the target, finding the suppression rate, and
combining those two against what the concentrations
are at the site, which is urinary at this point.

Page 100
1 mentioned. I'm going to share alittle bit about
2 patient centered considerations and care and lived
3 experience with uUTI aswell as complicated UTIs.
4 That's my website. | added this picture because |
5 think UTlsare kind of confusing, sort of amosaic.
6 And people have similar symptoms but often their
7 outcomes are different or the treatments. Thiswas
8 taken at aquality conference in San Francisco afew
9 yearsago. Next dlide, please.
10 So, | added this because thisis very
11 important to patients. Really, not may patients,
12 peoplel know, talk about it other than talking to
13 other women about it or perhaps their spouses or
14 partners. But the truth isit’s not something like we
15 would sit around at adinner conversation and talk
16 about it unlessit was clinicians or pathologists or
17 something. So, subject matter people don't talk
18 about. Thereisastigmaand stress around it, even
19 though it’'s nothing we should be ashamed of. But
20 therestill is.
21 So, how can we change that discourse
22 from more open conversations on preventative health

Page 99

Fina dlide, please.

Thank you.

DR. KIM: Great. Thank you, Dr.
Rodvold. Really appreciate the presentation
describing the application of the clinical and
nonclinical PK/PD considerations in drug devel opment
decision making for uUTI, both selection as well as
breakpoints.

Our next spesker is Janice Tufte. She

© 00 N o o b~ W N B

10 will be giving us atalk from the patient perspective.
11 We will hear Janice is based in Seattle, Washington
12
13
14
15
16
17
18
19
20
21
22

and is an involved patient partner in health system
research, visual evidence generation, quality
improvement, clinical person-centered guidance
improvement, clinical person-centered guidance and
measurement. She currently serveson an IDSA AIR
measurement to EP as an uncomplicated UTI antibiotic
stewardship subject matter expert. She previously
helped prioritize patient outcomes for an IDSA UTI
guideline. With that, I'll turn it over to Janice.

MS. TUFTE: Hi. Thank you for having

me heretoday. My name is Janice Tufte, aswas

Page 101

1 and treatments for UTIs. Next side, please.

2 So, patients wonder, when talking about

3 uncomplicated UTIs, | guess I’ ve been diagnosed with

4 them. And no, you don’'t need antibiotics. Thisisa

5 question patients like myself will ask and how can we

6 best treat an uncomplicated UTI? | would prefer

7 choices, at home treatments, prescription options, if

8 deemed necessary, and perhaps more than one

9 prescription option, right, to be personalized as
10 otherswere talking about.
11
12 And patients really appreciate answers back by

What can we do to prevent future UTIs?

13 evidence. Next dide, please.

14 So, UTIs and quality of life. Anybody

15 that has had a UTI knows how uncomfortable they are.
16 Itisnowalk inthe park. Thisisapark near my

17 home. And truthfully, | wouldn’t even want to walk
18 over there because | would feel uncomfortable. So,
19 they do impact individuals' daily activities. And the
20 treatment options have changed. Patients wonder why

21 no antibiotics. Informed shared decision making is

22 very important. | think it'sapriority to develop
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1 and utilize patient (inaudible) educational materials

2 withvisuals. Now plain language for individuals that
3 are English Second Language and/or don’t have high
4 hedlth literacy.

5 And understandabl e handout so that

6 individuals with UTls understand more about

7 uncomplicated or complicated UTIs and antibiotics
8 stewardship. Next side.

9 So, | was -- You know, | actually do a

10 lot of research on my own. |I’ve co-authored a numberi0

11 of papers, mostly on equity in healthcare. But | did
12 come across this paper, and | wrote to the authors and
13 said could | use this graphic because, redly, it's

14 al about communication. And barriersto effective
15 communication in UTI consultation and optimal

16 prescribing, right. Thisisvery important. You

17 know, you have alack of time, you're limited, it

18 could be telehealth.

19 There might be an issue, | expect alot

20 of people would prefer having a same-sex clinician
21 that might understand more about what they’ re going
22 through. And there often, I'd say, could be

Page 104
1 Bloated stomach, urine incontinence, changein stream.
2
3
4 utilization rates. | work with QIO, QIMs. | do know
5 that there’ s high utilization rats for UTIs.
So, how can we do something to get

But the first time someone has a UT], they do not know
what'sgoing on. They end up inthe ED. There'shigh

information out there early. And peers, family, or
internet are usually first line advisors, and they

© 00 N O

need to know how to be proactive to avoid UTIs. And
as | mentioned co-designing and developing and have
11
12
13
14
15
16
17
18
19
20
21
22 will talk about versus prescriptions. But | think

easily available public facing educational materials
really isamust. And there are overprescribed
antibiotics can result in antibiotic resistant
infections later. Y ou know, you' ve shared some of
that with the 20 percent with the different
medications and I’ ve experienced it myself.

And being able to recognize, if at all
possible, between a complicated or uncomplicated UTI,
but still, I know, myself, I’'m wondering is this
really uncomplicated or isit complicated? So, it'sa

strange call. So, over the counter drugs, patients

Page 103
miscommunication or misunderstanding regarding the

clinician and the patient. And lack of skillsand
material, right? Therejust isn't alot out there.

| mean, | come from very advanced
system where we have (inaudible) materials and other
things. But | don’t see much about UTIs. | have now
and then but | think there should be more out there
about them and the history of prescribing it. And

© 00 N o o b W N B

people will be confused. Thisisthe articlethat |
10 found. So, it’s barriers, communication is very

11 important. How can we break those down? Next slide,

12 plesse.
13 So, what are our options when we have
14 those UTI symptoms? | added the person with the bat

15
16
17
18
19 Why don’t we have one day opportunities, right. So,
20
21
22

because | would like to bat that UTI right out of the
ballpark within aday. I've learned about new
medications today. | wasn’t aware of the one day. |

actually brought that up in the guideline outcome.

I’m going to talk to my clinicians about it next time.

They’ re symptomatic with urge frequency

and pain, as Dr. Trautner and others have mentioned.

Page 105
1 consulting nursers can play avery big line aplace
2 here and should be widely used as far as when somebody
3 should goto aclinician. Next slide, please.
4 So, | first had UTI when | was young.
5 And | was given antibictics. | didn’t know what it
6 was. | had hematuria, we don’t know why | had that,
7 either. | had it throughout my life. | didn't pain.
8 | didn't realize that often accompanied it. But when
9 | wasolder, | wasworking at a hotel in Montpelier,
10 Vermont, and all of my coworkers were drinking
11 cranberry juicealot. | waslike, “Wow, why do you
12 drink that?’ They said, “Oh, to stop urinary tract
13 infection.” | had never heard that. My mother was a
14 nurse. And out in the west coast it wasn't as
15 prominent as it was on the east coast.
16 So, | actually picked that up and | do
17 believe cranberry tablets and capsules have helped to
18 prevent it. | know the research iskind of out there
19 onthat. | was prescribed antibiotics. | had them,
20 actually, in my formulary. And | could just get a
21 prescription whenever | felt like it because | had so

22 many when | wasin my middle -- you know in my 20s and
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1 30s-- 30s, 40s, actually.

2 And | want to say when | was looking
3 for, researching for stuff, like recent data, like
4 Barbara Trautner had mentioned, there's not alot out
there. But | did find this, “Worldwide Urinary Tract
Infection Treatment Industry Expected to reach $39
billion by 2027.” The report cost $2,500 for asingle
PDF. That'sway out of linefor myself. But | think
right now, it'sover a$10 hillion industry. So, this
is not even talking about the people that are
impacted, just economic factors. Next slide, please.
So, what do we hear? Everybody knows
drink lots of water. But astime goes on, even here
in the United States, we have areas that are similar
to third world countries where the water is not
drinkable and it’s not clean to bathe in, actually. |
mean, you could acquire UTI fromit. So, it'salso
expensive for bottled water. | have traveled quite a
bit. And | do know | buy bottled water in some
states, and thisis very expensive. The average
family, under inflation, | don’t know how they can
really manage this. Thisis something else we need tg
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1 You realy want to know that. Over the counter or
2 homeremedies. The one with the dye doesn’t make a
3 difference. They still dye and they can stain.
4 People aren’t aware of that.
5 Appropriate prescriptions, if found
6 necessarily, for uncomplicated UTIs. At home tests,
7 possible, for uUTIs, that would be great. Thisisa
8 patient lifestyle process. A few people have brought
9 thisup. | saw life stages somewhere. Different
10 reasons and treatments for UTIs at different stagesin
11 life. But | want my treatment preferences, values,
12 and goals respected and documented. Next dlide,
13 please.
14 That would be patient centered care. |
15 kind of made some of this up, but it's from experienc
16 and from what | know in looking up. Theinfant to
17 adolescence, obvious, there’s many reasons that
18 infants can, we' ve mentioned some today. It could be
19 diapering, weakened immune system, urinary surgery|
20 history, you know, bath water. And then asyou go
21 young adulthood and childbearing years, pregnancy -t
22 Weéll, first of all, the honeymoon disorder, which

1]

Page 107
deal with at aholistic level. Next slide, please.

So, antibiotic resistance strains and
stewardship, | love this picture. It's exactly how
you feel. | mentioned | have prescriptions on file.
But onetime | had avery serious strain that was
resistant. They did alab work onit. Then the
antibiotics didn’t respond. | had another Iab done.

0 N o o b~ WN R

Those antibiotics -- | end up having three different

9
10 very uncomfortable. We found out, my clinician told
11
12
13

14 cluster of antibiotic resistant strain. Next slide,

types of antibiotics over a period of weeks. | was

me that there was a cluster in Seattle and downtown,
people that worked downtown, that lived downtown. So,

we're not really sure where it came from, but it was a

15 plesase.
16 So, what do | as a patient -- Oops,
17 next dide. What do | want? So, | think we're

18
19
20 lifecycle stages. Well, here. Here, clinicians look
21 at UTlsholigtically. Thisiswhat patients want.

conductorsin our own healthcare. The doctors --

oops, back one slide. Anyway -- I'll goto UTI

22 What can | and other patients due to prevent symptoms?

Page 109
1 might be the time when most people actually discover
2 thisUTI, if they haven't been told about it before
3 and how they can mitigateit.
4 | just comment on some of the issues
5 there. Pregnancy and any -- pregnancy can cause UT]|
6 feeling symptoms, as well as, perhaps, a higher
7 propensity. I'm not really sure about that. 1'm an
8 older adult now. So, aswe age, we have diminished
9 capacity to care for oneself, bladder obstruction,
10 enlargement of the prostate. Thisiswhere you see
11 more men with UTIs. Lack of estrogeninthe
12 urogenital track, vagina apathy, and many reasons as
13 mentioned earlier.
14 And the estrogen isreally abig deal.
15 And | learned about this from a doctor at a physicians
16 meeting and she was mentioning about the cost of it.
17 | ended up needed it later, having multiple UTI like
18 symptoms. But you know, | was not aware of that
19 before. So, theword isn’t out there about how people
20 can prevent it and prevent going to their clinicians
21 over and over by something as simple as estrogen.
22 Next dlide, please.
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1

2 monitor hummingbirds because | believe this patient

S0, | just want to thank you. | useto

3 partners working with scientists like you and the FDA,

4 that we can take what we learn here and carry it

5 forward to our clinicians, to other patient partners

6 and community. And the same, you know, we can bring

7

8

9
10
11
12
13
14
15 aso apatient representative. Vaerie Sarah Priceis
16
17
18
19
20 including ESPL s and multi-drug resistant pathogens.
21

to you what our community and other patients are
talking about. Thank you very much. | look forward
to questions if you have any.

DR. TRAUTMAN: Thank you very much,
Janice, particularly taking the time today and
preparing your perspectives to share with us. |
appreciate that. We all appreciate that.

I’ll beintroducing now Valerie Price,

a Canadian diplomat from Quebec City, Canada. She has
lived with her current urinary tract infections for
over 40 years. And thisis her own words, has been

diagnosed with every type of bacteria under the sun,

Dueto her work as a diplomat, she’ s lived overseas

Page 112
1 I’'ll do my best. | want to emphasize that the views
2 that | share with you today are solely my own. |
3 don’t represent any organization or group of patients
4 oringtitution.
5 | also acknowledge that the experience
6 isreally my own experience and, to a certain extent,
7 comes from a position of privilege. Most notably, I'm
8 Canadian. So, I’ve always had access to universal
9 healthcare. Certainly not perfect or always
10 efficient, but healthcare all the same. A bit of
11
12
13
14
15
16
17
18
19

20 workshop focuses on uncomplicated UTI, full

background on myself. I’'m Canadian from Quebec City.
I’ll pass on disclosing my age, but let’s just say I'm
middlie-aged. I’velived with UTIsfor aslong as|
can remember.

One thing you should know about me and
UTlsis| have an underlying neurological condition
since birth, hydronephrosis, for which I’ ve had five
major surgeries as well as hephrostomies during

childhood and my pregnancies. So, even though this

21 disclosure, often my UTI are considered complicated.

22 Thisbeing said, they are not chronic. 95 percent of

22 and travelled extensively. Asaresult, has been
Page 111
1 treated for UTIsin over adozen countries on three
2 continents.
3 Thisis her first experienceas a

4 patient representative. Also, she -- because of her
5 work as adiplomat has been called out of the country|
6 to somewhere very remote without wi-fi, so her
7 presentation has been prerecorded for today.
8 MS. PRICE: Good afternoon, my nameis
9 Vaerie Sarah Price. First of all, | would liketo
10 thank the organizersfor inviting me today. It's not
11 often that patients are given the chance to share
12 their perspectives. So, | jump on the opportunity.
13 I’'msorry | cannot be there in person or virtually
14 live. | am currently in Southeast Asia for work
15 amongst my suitcases. So, not at al on the same time
16 zonefor this. (inaudible) for the same reasons |
17 wasn't able to put my slides together, so apologies
18 for that.
19 | should mention herethat it is
20 my very first experience acting as a patient
21 representative. So, please bear with me. 1’m not
22 sure if my views will be relevant or useful to you but

Page 113
1 thetime, they remain lower UTIs.
2
3 say isdespite my condition, I’ ve managed to live, so

Something that isimportant for me to

4 far, afull life. I'm married, | have two children.

5 Though the pregnancies were very difficult with

6 numerous UTIs, pyelonephritis, and nephrostomies.

7 I'vegiven birth to two healthy children. In fact, my

8 18-year-old sonisjust arrived in Greece for a

9 weeklong vacation with his friends with no parents.
10 So, little bit nervous about that.
11
12
13
14 zones. However, this condition can be very

215 debilitating. | have had alot of UTIsin my life.

16
17
18
19
20
21
22

I’m physically active. |'ve climbed
mountains. Asadiplomat and humanitarian, I’ ve lived

and worked on three continents, including in conflict

On average, on agood year, I'll have four or five.

But on abad year, | can get 12 to 15 UTIs. I've been
infected by literally every bacteria. Of course, the
usual suspects like E. coli and (inaudible), but also
Klebbsiella, Pseudomonas, Stephioca. I've had ESVL

producing bacteria, as well as multi-drug resistant

pathogens.

29 (Pages 110 - 113)

www. Capital ReportingCompany.com


www.CapitalReportingCompany.com

Meeting

June 3, 2022

Page 114
1 Sincel’velived in several countries

2 for work, I’ ve been able to notice how the environment

3 affect the kind of bacterial’ m infected with. For

4 instance, when | worked in East Africa, | picked up a

5 lot of drug resistant infections, notably because of

6 thewide availability of antibiotics over the country

7 and ensuing resistance. |’ ve been treated with

8 majority of existing antibiotics, both in pill form

9 and intravenous, in the case of ESBL or multi-drug
10
11
12
13
14
15
16
17
18
19
20
21
22

resistant, depending on the severity of the infection,
the type of bacteria.

I’ ve been given the same antibiotics
for courses of either three, five, seven, ten days.
The duration of treatment was based on the treatment
guidelines, but also depended on the individual
assessment of the doctor. And sometimes, me pushing a
little bit. There'sso much | could say and had |
been there in person, | might have been able to better
gauge what information is useful to this particular
group. But in the absence of this, | will just focus
on three key messages.

Number one, treatment of UTlIs, I'll

Page 116
1 There'saproblem with the diagnostic tools. I’'m not
2 amicrobiologist, but the conclusion I’ve cometois
3 that the threshold for positive cultureis often too
4 high. And thus, it fails to detect real, active
5 infections. The culture as we know it today is
6 certainly an invaluable tool and is good enough. But
7 isfailing too many patients.
8 When you don't treat an infection
9 early, it getsworse. This means more suffering for
10 the patient and more damage to the bladder and urinary
11 tract infections -- sorry, organs.
12

13 This means, one, listening to your patient, and two,

Number two, be your patient’s ally.

14 educating your patient. Very often as patients, we
15 feel soisolated and aone. So, please take the time
16 toredly listen to your patient. They are your

17 primary and best source of information to develop a
18 treatment plan. I’'ve already mentioned the issues of
19 diagnostic tools. But the same goes for the choice of
20 antibiotics. A culture might say that a bacteriais

21 senditive to a particular antibiotic, but it’stoo

22 often happens that in the next few days, my symptoms

Page 115
start with an accurate diagnosis. So, when discussing

1

2 this presentation with the organizers and other

3 people, | raised the issue of diagnostic tools and how

4 unreliable they can be. | wastold this workshop

5 focuses on the development of new antibiotic

6 treatments and doesn’t deal with diagnostic tools.

7 But from the perspective of patient, these are two

8 very, very closaly linked.

9 I'll describe to you something that had
10
11
12
13
14
15
16
17
18
19
20
21
22

happened to me a gazillion times, as well as thousands
of women out there and me. | feel symptoms of aUTI.
I know | have aUTI. | go to the doctor. The doctor
does aculture. Two days later it comes back
negative. So, the doctor tells me, “Well, you don’t
have an infection, so | can’t treat you with the
antibiotics.” Well, | know that | do have an
infection. So, | go back home, and | spend the next
few days suffering greatly. And my condition
deteriorates.

So, sure enough, aweek later, | find
myself in the same doctor’ s office. Does a culture,

comes back positive, and I'm given a treatment.

Page 117
1 don't improve, they actually get worse. I'm till
2 sick.
3 Yet, I've had doctors who will say,
4 “Well, you know, it’'s sensitive in the culture, so I'm
5 not changing.” So, second way to be your patient’s
6 aly isto educate your patients. | know the doctors
7 don’'t have much time for each patient. Inthe
8 Canadian system, for instance, a GP will have five,
9 six minutesto see one patient. But please try to use
10 thistimeto treat your patient with intellectual
11 dignity and educate them.
12 For instance, why are you prescribing
13 this specific antibiotic? What are the common side
14 effects? If there are side effects, what is their
15 actuad likelihood? Arethey potentially serious but
16 aslikely asbeing hit by thunder? Listening to your
17 patient and educating your patient makes such a
18 difference.
19 | know this because last year | was
20 lucky enough to meet an infectious disease specialist
21 who literally changed my life. | won't say her name,
22 but she knowswho sheis. Shecan't cure UTIs, or sh
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1 can’t cure me anymore than any other doctor did. But 1 on behalf of IDSA. Dr. Clancy is professor of
2 because she took the timeto really listen to me and 2 medicine and an associate chief of infectious disease
3 to educate me on the latest resource -- For instance, 3 at the University of Pittsburgh. He'saso avice
4 shetold me about phages, which | never heard about 4 chair of the Infectious Disease Society of the
5 and explained to me intracellular bacterial 5 American Committee on Antimicrobial Resistance. Heis
6 communities. Although I’m a pretty well-informed 6 an infectious disease physician who also conducts
7 patient, she taught me so much about my condition and, 7 clinical and laboratorial research on antimicrobial
8 thus, | was better able to interpret my symptoms. 8 resistance among bacteriaand fungi. With that, I'll
9 IK now that not every patient is 9 turnit over to you, Dr. Clancy.
10 interested in this. But take the time to gauge the 10 DR. CLANCY: Great, thank you. Looks

[EEY
[N

interest of your patient and use little opportunities
12 to educate them. So, thanks to this doctor, for the
13 firsttimein my life, | felt lessaone. It's

14 priceless. It'srealy changed my life. So, | take
15 this opportunity for this doctor, she knows who she
16 is, thank you again so much.

17

18 go very quickly for number three. Just stop the

| seel’m running out of time, so I'll

19 silos, please. In the same way that diagnostic tools
20 arenot entirely separate from treatment options, you
21 cannot make a clearcut distinction between

22 uncomplicated UTls and chronic UTIs, for instance.

11 like everyone can hear me, at least according to my

12 computer. | am presenting on behalf of the Infectious
13 Disease Society, or IDSA, this morning. Thank you for
14 the opportunity for us to offer some public commentary
15 on the extremely important issue of antibiotic

16 development. I'll add that I'm chief of infectious

17 diseasesin the VA Pittsburgh Healthcare system. So,
18 to give an acknowledgement of the important role of

19 the VA in providing healthcare to our veterans. Next
20 dide, please.

21
22 I'll talk about, focusing primarily on the urgent need

So, here are some of the care points

Page 119
1 Often one leads to the other.

2 Y ou may have heard of agrowing
3 community of patients and doctors who subscribe to the
4 theory of embedded UTIs. These are patients who have
5 spent decades doing trial and error, short courses of
6 different antibiotics that actually go nowhere. They
7 are desperate. Thereisso much suffering. So, they
8 end up going to see doctors who will prescribe full
9 dose antibiotics and really hardcore antibiotics for
10 years. It'sabit of arogue movement at the moment
11 but it isgaining strength simply because the UTI
12 establishment is continuing to use the same approaches
13 and not addressing the suffering of so many people out
14 there.
15

16 want to thank you again for giving me this

Anyway, | will leaveit at this. |

17 opportunity. | wish you a successful workshop and
18 greetings from Northern Thailand.

19 DR. KIM: Thank you to both Vaerie and
20 Janice for sharing their patient perspective with us.
21 At thistime, we're going to have our public comment

22 speaker, Dr. Cornelius Clancy. And heis presenting

Page 121

1 for novel antimicrobialsto treat the ongoing and what

2 will be increasing problem of antimicrobial resistant

3 bacterial infections for UTIs and, of course, other

4 indications. I'll make the point that it's important

5 for usto study UTIs because of their own impact on

6 human health, as made clear in the previous

7 presentations, but also because UTI studies offer a

8 path forward for the approval of antibiotics that will

9 be useful in other settings.
10 And then I'll talk about the IDSA’s
11 society feelings about the importance of clinically
12
13 stewardship and guidelinesin improving care and
14 outcomes. And then effortsthat, | think, asa
15
16
17
18
19
20
21
22

meaningful endpointsin studies, the roles of

community, we need to undertake to help the antibiotic
development pipeline. Next dlide, please.

So, Dr. Trautner, Janice Tufte, Vaerie
Price did aterrific job, | think, giving a sense of
the lay of the land on the clinical treatment of UTIs
and some of the shortcomings and knowledge gaps that
currently exist. We agree on the need for well

designed clinical trials and other research to
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1 identify and address these important knowledge gaps. 1 of antimicrobia resistant bacteriaand fungi. And
2 We need to identify effective new drugsfor the 2 particularly relevant to the urinary tract infections,
3 treatment of uUTIs. We need information on optimal 3 we particular need agents against gram negative
4 duration of treatment, including short-course therapy 4 bacteria. And in addition to urinary tract
5 that might provide excellent care while also improving 5 infections, these are problemsin ventilator and
6 stewardship endpoints. 6 hospital associated pneumonia, blood stream
7 We agree on the need for dataiin 7 infections, sepsis.
8 populations that have been historically understudied 8 So, apoint we' d like to make and
9 in this space, including pregnant women, diabetics, 9 reiterateisthat trials of uncomplicated urinary

10
11
12
13
14
15
16
17 for involving patientsin our research and in our
18
19
20
21
22

transgender individuals, and UTIsin me. We agree on
the need for advancing understanding of endpoints like
asymptomatic bacteriuria and intermittent culture
positivity in the urinary tract. | think asreally

made clear in the last two talks, the IDSA iswell
aware of the need for patient focused and patient
directed treatment algorithms. And also, on the need

practices and being partnersin care with them. Next
dide, please.

One of the top priorities of the IDSA,
of course, isto partner with other constituenciesin

ensuring that we have arobust, healthy, viable, and

tract infections are important for the insights they
provide into optimally managing these problems
specificaly. But from aregulatory perspective, uUTI
trials are the pathway to getting drugs against AMR
pathogens approved and available for usein
potentially other clinical settings, aswell. So,
urinary tract infections and research on urinary tract
infections is absolutely crucial to multiple aspects
of not only health care delivery but antibiotic
development. Next slide, please.

So, along these lines, obviously, the
recent news with tebi penem was a disappointment to the
ID community and to the medical and public health

Page 123
1 sustainable pipeline for the development of new

2 antibiotics, other antimicrobials, against
3 antimicrobial resistant pathogens. | probably don’t
4 need to tell people participating in this meeting, the
5 last FDA antibiotic approval wasin 2019, November
6 2019. In 2019, that year, five million people died
7 with drug resistant antimicrobial infections. And
8 over amillion of these deaths were directly caused by
9 the AMR infection.
10 The lack of antibiotic options worsens
11 outcomes for patients, really, across the whole sweep
12 of medicine. Everything from uncomplicated urinary|
13 tract infections in people living, working in the
14 community, to patients undergoing high end medical
15 care, cancer, chemotherapy, transplant patient, hip
16 and joint replacement. And emergent public health
17 threats are linked to antimicrobial resistant and the
18 need to be able to treat super infections aswe've
19 seen with diseases like COVID, as we see an awful g
20 with opioid abuse and the challenges that presents
21 throughout much of our country.
22 So, we need drugs against all flavors

Page 125
communities more broadly. People here are aware
tebipenem was an oral carbapenem with activity, among
other things, against extended spectrum bete-lactamase
producing, or ESBL, enterobacterial. Valerie alluded
to the challenges these have presented in her own
life. These are particularly problematic pathogensin
that ESBL E. coli hasincreased by 50 percent asa
cause of disease in the United States over the course

© 00 N OO 0o B~ W N PP

of the teens.
10
11
12
13
14
15
16
17
18
t19
20
21

22 greater transparency and communication in episodes

And community acquired infections due
to ESBL pathogensreally have very few treatment
options. In many cases now, we're reduced to the use
of parenteral antibiotics to treat these infections.
So, the regulatory challenges faced by tebipenem as
potential oral option to treat ESBL infection,
including in with people with uncomplicated community
acquired infections, is really a blow to our potential
treatment options.

Asyou know, Spero has reduced its
workforce by 75 percent over the past couple of weeks.

One of our asks, | think, as a society would be for
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like this as to what has happened and what are the
events transpiring that have led to regulatory hurdles
or Snafus, particularly after the publication of data
and promising new drugs that offer treatment options.

1
2
3
4
5 And we're concerned, not only for the
6 direct impact on the treatment of the infections that
7 drugs like this are designed to attack, but also
8 potential downstream affect it may have on developers
9 considering trying to develop drugsin this space. We
already face enough challenges with this, asis. So,
more transparent, and open communication between all
constituencieswould be desirable. Next slide,
please.

Another ask in clinical trials and
other studiesisto focus on clinically meaningful
16
17 feels endpoints should take a particular focus on
18
19
20
21
22

endpoints for urinary tract infections. The society

clinical improvement and not necessarily on
microbalactic eradication. Some of the challenges
presented by Dr. Trautner and interpreting and
understanding the meaning of things like asymptomatic

bacteriuria or culture positivity following courses of

Page 128

1 the United States Congress has specific measures

2 within there to support stewardship within the United

3 States. And the IDSA supportsthe PASTEUR Act’s

4 endeavorsin thisarea.

5 IDSA also realizes some responsibility

6 in moretimely dissemination of more clinically

7 relevant society guidelines. Dr. Trautner spoke about

8 the earlier and now what will be updated UT]

9 guidelines. IDSA recognized that a decade between
10 interactions of our guidelinesisreally unacceptable
11 for guiding cliniciansin their treatment decisions.
12 But also, for drug devel opers and other people
13 bringing new product online, there needs to be more
14 timely and clinically relevant recommendations about
15 how to fold these into treatment armamentariumsin g
16 rational and responsible way.

17 And measures have been taken, including
18 with recent guidance documents, for example, on the
19 treatment of multi-drug resistant gram-negative

20 infectionsthat IDSA has put out and will be updating
21 onanannual basisin sort of amore real time effort
22 to have guidance and guidelinesin place. Next dlide,

Page 127
treatment are areas that should be priorities for

1
2 ongoing and future studies.
3 Clearly, these are areas that fuel a

S

lot of the inappropriate antibiotic use that we have,
5 which in turn leads to more antimicrobial resistance.
6 Next dlide, please.
7 And we also support measures to promote
8 the optimal use of new, aswell as existing, agents.
9 And particularly for the novel anti-gram-negative
10 agents that might be coming down the pipe, which will
11 be used for urinary tract and other infections. We
12 support the post approval studies that can gather
13 clinically relevant data, particularly infections of
14 which thereis not enough data to support an
15 indication upon approval.
16

17 promote stewardship programs around the optimal use of

We support studies to understand and

18 new agents as well as measures that will improve

19 funding and staffing for stewardship programs

20 nationally and the key to expansion of stewardship

21 programsto all healthcare settings. Along these

22 lines, the PASTEUR Act currently being considered by

Page 129

1 please.

2 I'll just conclude by saying the IDSA

3 does recognize the fragility of the antimicrobial

4 development pipeline. It’'simportant to the whole of

5 medicine. The challengesfaced by drug development

6 arewell known to alarge number of people on this

7 cal. But absent sustainable and viable pipeline, the

8 whole of modern medicine really faces major, major

9 challenges. Along these lines, we do support the
10 PASTEUR Act, which will provide something of a
11
12
13
14
15
16
17
18
19
20
21 public comments. At thistime, I'm inyour way for
22 thelunch break. | havejust afew short words and

subscription model for antibiotic development, as well
as stewardship and AMR surveillance measures.

So, thisin front of Congress right
now. We encourage everyone, society members and not,
to press Congress and their representatives to pass
PASTEUR thisyear. So, with that, I'll close on
behalf of the IDSA. Thank you for putting this most
important forum together and for having us provide
some public commentary on it. Thank you.

DR. KIM: Thank you, Dr. Clancy for the
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1 then get out of your way. So, Trautner and | want to 1 the development process. Next slide, please. So,
2 thank all the speakers this morning for their 2 some background, first with the definition, aswe've
3 excellent presentation. They were very comprehensive, 3 heard severa definitions for uncomplicated urinary
4 informative, and thoughtful, which is no small feat 4 tract infection.
5 with thetime restrictions you all faced. Itisnow 5 For the purposes of thistalk, it's
6 timefor the lunch break. So, please rejoin us at 6 defined asaclinica syndrome characterized by pyuria
7 12:20for Session 2. 7 and a documented microbial pathogen and culture along
8 (Break) 8 with local signs and symptoms such as lower abdominal
9 DR. NATARAJAN: All right. | think we 9 discomfort and dysuria. uUTIs, aso known as acute
10 can get started. Welcometo Session 2 of today’s 10 cydtitis, occur in women with normal anatomy and are
11 workshop which will be about trial design challenges 11 not accompanied by systemic signs or symptoms such as
12 and considerations. My name is Mukil Natargjan. | 12 fever or costovertebral angle pain.
13 work here at the FDA. And co-moderating with is 13 UTIsin males are characterized as
14 Kalpana Gupta from Boston University. So, | think 14 complicated UTlsin this definition, because these
15 we'll just go ahead and get started. So, I'll turn it 15 infections occur in association with urological
16 over to her to introduce the first speaker. 16 abnormalities such as instrumentation or bladder
17 DR. GUPTA: Great. Thank you. Hi, 17 outlet obstruction including benign prosthetic
18 everybody. So, I'm Kal Gupta. I’m the chief of 18 hyperplasia. Next slide, please. So, some words on
19 infectious diseases at VA Boston and also the 19 appropriatetrial design for auUTI. We would want
20 associate chief of staff there. And it's apleasure 20 randomized, double-blind, controlled trialsin female
21 to co-moderate this session. And our first speaker is 21 patients with uUTI.
22 Dr. Natargjan, actually. Hejoined the FDA in 2018 22 And these studies could have an active
Page 131 Page 133
1 and isamedical officer in the Division of Anti- 1 control, and in which case, most likely they’d use a
2 infectivesin the Center for Drug Evaluation and 2 noninferiority design, or they could havea
3 Research at the FDA. 3 superiority design, or they could have a placebo

4 He received his MD from Duke University
5 and completed internal medicine residency training at
6 the University of Michigan and his ID fellowship at
7 NIAID. Andwe'reredly thrilled to have him speak
8 with ustoday. So, thank you.
9 DR. NATARAJAN: Great. Can| have my
10 first dlide, please? All right. Thank you. So,
11 today, I’m going to be speaking about the FDA’s
12 perspective on uUTI trial design. Next dlide, please.
13 So, to introduce the talk, I’m going to provide an
14 overview of our division’s current thinking on the
15 development of drugs for uncomplicated urinary tract
16 infections.
17 We have apub -- We do have a published
18 guidance for industry on this topic from August of
19 2019. So, please refer to that for additional
20 details. I'veincluded the link with the guidance
21 hereinthe dlide. We also recommend discussing the
22 plan for any specific drug with the division early in

4 control. And inwhich case, they would have a

5 superiority design. Regardless of the study design,

6 the safety of patients should be insured in the design

7 of the studies, especially when aplacebo is used.

8 And in general, we would want two

9 adequate and well controlled. However, asingletrial
10 may be acceptableif it's supported by confirmatory
11 evidence such asatrial in another indication, for
12 example, complicated UTI. Next dlide, please. So,
13 I’'m going to spend a moment on the active comparatc
14 for noninferiority studies. This active comparator
15 should be considered standard of care for treatment
16 for uUTI in the United States.
17
18 consider severa thingsincluding recommendations b
19 authoritative scientific bodies, for example, the
20 IDSA, that are based on clinical evidence and other
21 reliable information that reflects current clinica
22 practice.

And when we make this determination, we

34 (Pages 130 - 133)

www. Capital ReportingCompany.com

r


www.CapitalReportingCompany.com

Meeting

June 3, 2022

Page 134
1 In general, the active comparators

2 should be approved by the FDA for uUTI. I'veincluded

3 some possible active comparators here, including

4 trimethoprim-sulfamethoxazole and nitrofurantoin.

5 However, other comparators may be considered, and that

6

7

8

9
10
11
12
13
14
15
16
17
18

would have to be in discussion with the division.
Next dide, please.

So, what are the appropriate patient
entry criteriafor studies with uUTI? So, it should
include women with uUTI who have at |east two of the
following signs or symptoms as mentioned earlier
today. They include dysuria, urinary frequency,
urinary urgency, and suprapubic pain. Patients should
not have signs and symptoms of systemic illness such
as fever and chills or other manifestations that would
suggest a complicated UTI.

In addition, the urine culture baseline
should grow at least -- should grow a single pathogen

5

19 at greater than or equal to 10 colony forming units
20
21
22

or CFUs per millileter. Next slide, please. Okay.
So, now, I’'m going to move on to the primary efficacy
endpoint, which we recommend be the overall response,

Page 136
1 against the target organismsin an actual human
2 infection, and these data will allow clinicians to be
3 confident that the drug actually will work for their
4 patients and eradicate the organism even if they do
5 not obtain culturesin clinical practice. Next slide,
6 please.
7

8 recommended secondary endpoints. So, we'd recommend

All right. So, moving on to

9 continued clinical and microbiological response at a
10 later fixed timepoint, approximately 21 to 28 days
11 following randomization. And thiswill help evaluate
12 sustained response. In addition, we would recommend
13 clinical and microbiological responses be assessed
14 separately at each fixed timepoint assessment,
15 which... If you'd please go to the next dlide, 1’1l
16 cover that next.
17 So, the study visits, we would
18 recommend a baseline or entry into the study visit, a
19 nontherapy or end-of-therapy visit, and then the post-
20 treatment visitsas|’ve noted. 1.) For the primary
21 endpoint assessment after the end of treatment that
22 would depend on the dosing of the drug, and then a

Page 135

1 1 whichisacomposite of clinical and microbiological
2 2 responsethat is assessed at afixed timepoint after
3 3 randomization.
4 4 And this fixed timepoint will depend on
5 5 the dosing of the drug and the half-life. And this
6 6 overall response includes the clinical response, by
7 7 which we mean the resolution of the symptoms of the
8 8 uUTI that were present at trial entry and the
9 9 development of no new symptoms.
10 10 And the microbiological responseisthe
11 11 demonstration that the bacterial pathogen founded
12 3
12 entry has been reduced at less than 10 CFU per mL on
13
13 urine culture. Next slide, please. So, I'm going to
14
14 just spend a moment to describe our thinking on the
15
15 importance of the microbiological response.
16
16 So, we acknowledge that urine cultures
17
17 arerarely obtained at entry and even less so at
18
18 follow-up in the treatment and management of patients
19
19 with urine -- with uUTI.
20
20 However, in the context of aclinical
21
21 trial, we believe having a negative follow-up culture
22

22 ensures that the drug has microbiologica activity

Page 137

1 later visit 21 to 28 days after randomization for

2 continued response. Next dlide, please.

3 So, now, I’'m going to move on to the

4 appropriate analysis populations for these studies.

5 So, theintend-to-treat or ITT population includes all

6 patients who are randomized in astudy. Inasubset,

7 isthe microbiological intend-to-treat or micro-ITT

8 population which is patients who have a growth of

9 bacterial pathogens on the culture of urine at
10 baseline that is susceptible to the active control
11 drug. And thismicro-ITT population should be the
12 primary efficacy population.
13 And then, lastly, the safety population
14 isall patients who received at least one dose of the
15 drug. Next dlide, please. So, touching again on the
16 noninferiority margin for anoninferiority trial. So,
17 we believe that this margin should be 10 percent, and
18 it's supported by historical evidence, which I'll get
19 to later.
20 However, this noninferiority margin
21 should not be applicable or would not be applicable ir
22 atria where the analysis includes infections that
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1 areresistant to the comparative drug. Next dlide, 1 needing more patientsin the ITT population,
2 please. 2 approximately 388. Next slide, please. So, that
3 I’m going to talk about, overall, the 3 concludes my presentation. Thank you for your time.
4 historical data, and I’ d like to thank Dan Rubin who's 4 And now, I’'m going to move on to the
5 adtatistical team leader at FDA for these slides. 5 next speaker, and we will -- who will discuss the
6 So, these historical datainclude two studies from the 6 regulatory perspectives from the European Medicines
7 literature in which patients with uUT| were randomized 7 Agency. So, I'd like to introduce the spesker, Dr.
8 toreceive an active antibacterial drug or a placebo. 8 Botgros. Dr. Botgrosisan infectious disease
9 And their overall response rates, 9 specialist that holds the position of senior

10

11 And the differenceis also noted and was 61 percent or

including clinical and micro response is noted here.

10 scientific officer for the Office of Biological Health
11 Threats and Vaccine Strategy at the European Medicines

12 43.7 percent. And then, these data were used to 12 Agency.
13 create arandom effects meta-analysis, and that showed 13 He worked as an ID clinician for 10
14 the overall response difference of 49 percent with a 14 years before joining the agency in 2009, a scientific
15 95 percent confidence interval of 33 to 65.6 percent. 15 administrator on the pediatric team. From there, he
16 Next dide, please. 16 moved to the anti-infectives and vaccine team where he
17 So, these data were used to determine 17 worked with the efficacy and safety-related pre- and
18 the noninferiority margin. So, the lower bound of 18 post-authorization aspects of centralized marketing
19 that confidenceinterval of 33 percent was discounted 19 authorization applications for the treatment and
20 50 percent to account for uncertainties and 20 prevention of infectious diseases. So, I’ll now turn
21 generalizability issues trandlating historical 21 it over to Dr. Botgros.
22 treatment effect to a current active control. 22 DR. BOTGROS: Thank you very much. |
Page 139 Page 141
1 So, we would conservatively estimate 1 hope you can hear me well, and thanks for having
2 the M1 or treatment difference between active 2 invited me to spesk at this public workshop where I'm
3 antibacterial trestment and placebo to be 16 percent. 3 going to present to you the regulatory perspective
4 And then, considering the clinical acceptable 4 from the EMA and our guidance to developers on
5 noninferiority margin that preserves the treatment, we 5 uncomplicated UTI trias. If | can have the next
6 cameto an M2 or anoninferiority margin of 10 percent 6 slide, please.
7 for the overal response. Next slide, please. 7 We've heard today already from previous
8 Now, I’'m going to touch on just some 8 gpeakersthat the clinical definitions of
9 possible sample size considerations for a 9 uncomplicated urinary tract infections in both here
10 noninferiority trial. So, the micro-ITT population, 10 and the U.S. are largely coming from clinical practice
11 we estimate should have at least 310 patients per arm. 11 guidelines. And just to say that the most recent one
12 That’ s based on the following 12 in Europe isthe guideline of the European Association
13 assumptions: That the active drug and the drug of 13 of Urology from earlier this year.

14
15
16
17
18
19 change, then the sample size would also change as
20 well. And then, we also note that not all patients

21 would have a bacterial pathogenic baseline. And so,

study of interest or patients are randomized to those
arms one to one; the M1 margin of 10 percent, as noted
previously; success rate of 80 percent; two-sided

alpha of 0.05; and 90 percent power.

So, if those assumptions were to

22 if one assumed 80 percent did, that would result in

=y
~

And in this document, uncomplicated

=
()]

UTls are clearly defined as an acute sporadic upper

=
(]

and/or lower UTI, meaning uncomplicated pyelonephritis
17

18 women with no relevant anatomical and functional

and uncomplicated cystitis limited to nonpregnant

19 abnormalities within the urinary tract.
20 And on therighthand side of the slide,
21 we see, and we' ve heard already before from previous

22 speakersthat asimilar definition is present also in
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1 the U.S. IDSA guidance from 2010, the one which is

2 currently being updated. Next slide, please.
3 It's worth mentioning that the
4 regulatory definition of uUTI for the EMA differsa
5 little bit from the clinical definition, including the
6 onethat you see here on the lefthand side of this
7 dlide from the guiding of the urologistsin which you
8 seethat uncomplicated UTI incorporates cystitis,
9 pyeonephritis, and recurrent UTI -- al of them
10 uncomplicated, obviously.
11 The regulatory definition does not
12 include pyelonephritis, which is always considered
13 complicated, and you see that on the righthand side o
14 thedide. Andthe sameistruefor UTIsthat occur
15 inman. So, our guidance specifies that urinary tract
16 infectionsin males are considered to be complicated
17 because these infections occur in association with
18 urologic abnormalities such as instrumentation or
19 blood outlet obstruction.
20 So, | think these are important things
21 to mention. And obviously, the regulatory definition
22 that we usein Europe definesthe UTI asaclinical

Page 144
1 reflections that we made on important things like
2 scientific advice that was given on devel opment of
3 antibacterial agents, and obviously previous decision
4 taken during regulatory procedures and alignments on
5 clinical trial requirements that resulted from
6 discussions with the FDA and with the Japanese agency.
7
8 number of times where we were trying to align whatever

We had those tripartite discussions a

9 ispossibleto be aligned and knowing that this one
10 drug development could be really an incentive to
11 developing new drugs and contribute to the fight
12 against antimicrobial resistance.

13
14 things that we may wish to discussin the panel

And | must say that thisis one of the

15 discussion, because | think thisis also an important
16 bit whenever it comesto alignment of requirements.
17 And in this particular indication, this alignment is
18 there.
19

20 dide. We havein this guidance revised

So, come back to the guideline and this

21 recommendations for primary endpoints, primary

22 analysis, population, noninferiority margin, for

Page 143
1 syndrome characterized by pyuria and documented

2 microbia pathogen in urine culture accompanied by
3 local silent symptoms such as lower abdominal
4 discomfort in dysuria. So, you see that the European
5 definitionis quite close to what you have just heard
6 from our FDA colleagues.
7 In fact, uncomplicated urinary tract
8 infectionsfor EU regulators, it is synonym for acute
9 cydtitisin women, and it’s clarified that this occurs
10 in females with normal anatomy of the urinary tract
11 without being accompanied by systemic signs and
12 symptoms. Next slide, please. | think before the
13 dlide moves, just to mention, | think that here, both
14 agency are quite well aligned, | must say.
15 The EMA overarching guideline on the
16 evaluation of medicinesindicated for the treatment of|
17 bacteria infections has recently been adopted. We're
18 talking about aweek ago. It can be now found
19 published on the EMA website.
20 And just to tell you that thisversion
21 actualy has revised and has added to the previous
22 version of this guideline based on a number of

Page 145
1 trails, and all of them, obviously, and supporting
2 infection size specific indication for use. And
3 what’svery relevant for the present workshop isthe
4 addition of asection on clinical trials that supports
5 treatment of uncomplicated UTI and uncomplicated
6 gonorrhea. Next dide, please.
7
8 document is overarching. Therefore, we have the

As| aready mentioned, the guidance

9 nonclinical part with the nonclinical recommendations
10 for development treated in the general part of the
11 document. And here, among the salient points, | think
12 it’simportant to mention the fact that the mechanism
13 of action should be elucidated whenever the tested
14 antibioticis new.
15

16 and for combinations of beta-lactam with a beta-lactam

For previoudly unlicensed antibiotics

17 asincubator, thereis a need to determine the

18 activity against clinical isolates that are obtained

19 within five years prior to filing. Obviously, the

20 activity of any major metabolite should be assessed,
21 and MBC and time-kill studies should be conducted.
22

And then, for new BLIs, the mechanism
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of action and the enzyme kinetics should be
investigated, and it should be clear whether the BLI
has antibacterial activity on its own at clinically
achievable plasma exposures. For these BL/BLI
combinations, there is a need to test against BL-
resistant strains.

And it's also important that in the
application, the devel oper makes a recommendation on

© 00 N o o b~ W N B

using either afixed concentration of the BLI or a
10 fixed BL/BLI ratio. Development of resistance

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

definitely should be investigated, and there is work
that is conducted for establishing the breakpointsin
collaboration with the EUCAST, and this should be also
part of the dossier. Next slide, please.

When it comesto the clinical part of
the devel opment program, there are a number of
considerations that the guideline makes, among other
things, about the patient selection, which obviously
should be done such that the likelihood of patients
that have the type of bacterial infection on the study
is maximized, and that enrollment of patients with

infections that are likely to resolve rapidly without

Page 148

1 required if the PKPD analysis can provide adequate

2 support for the dose regimen selected.

3 And the proposed duration of therapy

4 that is alowed should be supported by a combination

5 of either treatment guidelines and the PK of the test

6 antibacterial agents. When selecting the dose

7 regimen, thereis also aneed to look at thein vitro

8 PDE modelsto quantify the risk of selection of

9 resistancein residual organisms. Next slide, please.
10
11 you will find that our recommendations are very
12
13
14
15
16
17
18
19
20
21

22 justified. Intermsof comparative regimens, we

Now, in terms of the efficacy tridl,

similar to those of our FDA colleagues. Essentially -

- not identical, but essentially what we say isthat a

noninferiority trial is acceptable when there'sa

licensed treatment for uncomplicated UTI for which the

magnitude of the treatment effect of a placebo is

known, or it can be estimated from existing data.
AndintheU.S, we accept a

noninferiority margin of 10 percent for these kind of

studies, but we also mention that alternative

noninferiority margins may be acceptable if adequately

Page 147

1 an antibiotic is minimized.

2 Then again, when it comes to the

3 microbiological evidence of infection at the

4 enrollment, the findings required for patientsto be

5 eligible for enrollment should be part of the study

6 protocol. There needsto be alimit set on the

7 duration and number of doses of prior antibiotic given

8 for infectionsto be treated in the study, which

9 should normally not be longer than 24 hours.
10
11
12
13
14 list of pathogens that may be considered causative

And then, when it comes to causative
pathogens, urine specimens should be obtained, a
baseline from all patients, and the pathogens should
be confirmed by culture. And then, there should be a

15 which should be part of the study protocol. Only
16
17
18
19
20
21
22

patients with one baseline pathogen, with that
pathogen being part of the list of pathogens, should
beincluded in the m-1TT and ME populations. Next
dide, please.

When it comes to the selection of the
test antibacterial agent, we recommend -- we mentioned

that those clinical dose finding studies are not

Page 149
acknowledge the fact that the choice of the
comparator, including the dose, the dose interval, the
duration, all those things are critical to the overall
validity of the study. Next dide, please.

And when it comes to patient selection,

we recommend that femal e patients with acute cystitis
areincluded in thetrial, and that they should have a
minimum number of symptoms such as frequency, urgency,
and dysuria. And they may be enrolled before

© oo ~NOOOh WNPRP
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10 10 microbiological culture results are available based
11 11 only on documented pyuria, but patients eligible for
12 5

12 them-ITT populations should have more than 10 CFU
13

13 per (inaudible) of asingle relevant pathogen in the
14

14 baseline urine sample.
15

15 And so, as | said, al pathogens should
16

16 beidentified at the specious level. We mention that
17

17 the comparator regimen should be one of the best
18

18 available treatment based on clinical trials, medical
19

19 opinion, infection by specific treatment guidelines,
20

20 and undissipated prevalence of resistance. And |
21

21 think we will have a discussion later on as to which
22

22 these treatment regimens might be, but we don’t
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1 mention in our guidance any example. Next slide, 1 database to treatment assignment. Next dlide, please.
2 please. 2 Thelast point that our guidance
3 Another point that may be of importance 3 touched bases on for uUTI isthe issue of asingle

4 isthe use, the potential use of a comparator that
5 includes an antibacterial agent or a dose regimen that
6 isnot licensed in some or all the EU member states.
7 Here, we must say that thisis not the preferred
8 optionsfor us, although it may sometimes be
9 acceptable to have such a comparator if adequately
10 justified.
11 So, here, we recommend that the
12 developer comes and discuss the comparator with us
13 thesituationislike this early in the development.
14 And we recommend that the single
15 comparative regimen is used, and that a substitution
16 of antibacterial agent in the regimen is allowed if
17 culture and susceptihility testing are available based
18 on criteriathat are prespecified and that are
19 included in the study protocol. Obviously, the
20 pivotal efficacy at trials are recommended to be
21 double-blind. Next dlide, please. Next slide. Thank
22 you.

4 pivotal trial. Our guidance identifies here two
5 situationsthat are given as an example.
6 Thefirst one is about the
7 circumstances in which infection sites, specific
8 infections for use may be supported by single pivotal
9 studieswith standard levels of alpha, which istwo-
10 sided 0.05. And that iseither singletrialsin each
11 of complicated urinary tract infections and
f12 uncomplicated urinary tract infections, or single
13 trialsin cUTI or uUTI and singletrialsin
14 uncomplicated gonorrhea. So, these are combination
15 inwhich we would obviously be happy with asingle
16 pivotal trial.
17 Now, what's important is that
18 applications based on other combinations of asingle
19 infection site specific trials may need to be
20 discussed with an EU regulator, because they may be
21 acceptable subject to justification that evidence of
22 efficacy of one body siteisrelevant to efficacy at

Page 151
1

2 within a predefined window of days after

Thetest of cure visit should occur

3 randomization. And here, we recommend for safety
4 further follow-up to be conducted. And the primary
5 analysis asyou seeisthe combined and clinical and
6 microbiological successinthem-ITT population at
7 test of cure with adeltaof 10 percent. Our view
8 hereisvery much similar to that of our FDA
9 colleagues that you just heard.
10 We should not forget that an antibiotic
11 actually acts on the pathogen. It's not a symptomatic
12 medication, after all. So, we therefore believe that
13 for regulatory approval, the microbiological success
14 cannot beignored. We, at the same time, recognize
15 that in clinical practice, thisis not the case. But
16 here, we are talking about trials aimed at approving a
17 new antibiotic.
18

19 we may wish to discuss further. Now, any patient with

And obviously, thisis something that

20 any baseline pathogen that is resistant to the
21 comparative regimen needs to be removed from the

22 primary analysis population before unblinding the

Page 153
the other body site.

Then we have a second situation, which
isthe onein which the test antibiotic addresses an
unmathematical need. So, herein this case, if our
main scientifical (inaudible) considers that the total

6 evidenceis sufficient to support a pathogen specific
7 indication in patients with limited treatment options,
8 then additional infection site specific indications
9 may be granted based on asingle pivotal trial per
10 indication provided that they meet additional
11 criteria, which are discussed in the guidance.
12 | will stop herein the interest of
13 time. | will thank you very much, and | give the
14 floor back to you. Thank you.
15 DR. GUPTA: Excellent. Thank you so
16 much for that perspective from the EMA. Very
17 important for us. And | will introduce our next
18 speaker, and that is Dr. NadiaKadry. Dr. Kadry
19 completed her undergraduate training at the Universit
20 of Maryland and her doctorate at the University of
21 Pennsylvania School of Medicine.
22 Sheis currently a postdoctoral fellow

a b~ W N B
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1 inthe FDA Office of the New Drugs Division of Anti-

2 infectives and has been with the FDA since July. She

3 will be speaking with us today on the discordance of

4 clinical and microbiological endpointsin clinical

5 trialsfor complicated UTI. So, thanks very much for

6 joining us, Dr. Kadry.

7 DR. KADRY: Thank you. So, thank you

8 for theintro. Asshesaid, today, I'll be briefly

9 talking to you al about some work we' ve done looking
10
11
12
13
14
15
16
17
18
19
20
21
22

at the discordance of the clinical and micro endpoints
inclinical trialsfor cUTI. Next dlide, please.

So, while the focus of today’ s workshop
is primarily on uncomplicated UTI, acUTI isstill a
really closely related condition that we think we can
draw alot of insight from. Much like an
uncomplicated UTI, cUTIs are characterized by pyuria
and a documented pathogen on culture. Importantly
cUTIs must have both local and systemic signs and
symptoms, and there must be some functional or
anatomical abnormality in the urinary tract.

Some of the most common complications
that we see that constitute a cUT! include a catheter,

Page 156
1 definitions, successin these trialsis a composite
2 endpoint. It requires both clinical and
3 microbiological responses, where clinical (inaudible)
4 refersto the resolution of symptoms at entry.
5 And microbiological eradication refers
6 to reduction of the pathogen to under 1,000 CFU per
7 mil. Failure on either one of those criteria will
8 causefailureinthetria. Next dlide.
9 So, before | show you how these
10 outcomes appear in our patients, | want to talk
11 briefly about the datayou'll be seeing. So, we
12 pulled datafrom new drug applications submitted to
13 FDA between 2011 and 2019. These were all
14 applications for antibiotics looking for cUTI
15 indication with or without acute pyel onephritis.
16 So, these data come from 13 Phase 3
17 trials. WE looked at patients that were in the micro
18 modified intend-to-treat population. So, they had at
19 least one qualifying pathogen in their urine and
20 received at least one dose of acertain drug. And we
21 looked at outcomes based on the FDA’s recommende
22 endpoint, which isthe test-of-cure visit, which is

Page 155
an urgent bladder, any kind of obstructive uropathy,
renal disease, and urinary retention. Notably,
because of the male anatomy, it’s generally considered
protective against UTI. For the purposes of this
talk, infections in men are considered complicated.
The FDA aso considers acute pyelonephritis
complicated, again, regardless of urinary tract
anatomy.

© 00 N o o b~ W N B

Of note, women with uncomplicated

=
o

infections without any systemic symptoms are excluded

[EEY
[N

here, because they would not have cUTI. So, itisa

=
N

dightly different population that I’'m looking at.
And | do want to highlight that we're

=
w

14
15
16
17
18
19
20
21
22

looking at cUTI primarily due to the availability of
patient level data. Because FDA hasn’t seen many
recent submission for uUTI, and we don’t have the same
level of data available for the analyses I’ m going to
show you, but we're hoping the insights from cUTI can
still be informative. Next slide, please.

So, the FDA’ s recommended primary
efficacy endpoint is pretty similar to what we' ve seen
used for the UTI. But just to briefly review the

Page 157

1 typically seven to 10 days after therapy. Next slide.

2 So, if we look at the patient data, we

3 seeasignificant number of people who have achieved

4 clinical success at the primary endpoint, but still

5 have microbiological persistencein their urine.

6 Because they’'re considered clinically cured, they

7 don't appear to need further treatment. And so, we

8 consider them to be discordant, and this discordant

9 outcomeis actually the most common form of clinical
10 trial failure.
11 Across about 4,800 patients that were
12 included in our cohort, 18 percent were this form of
13 discordant failure. And so, thisjust really raised
14 questions about the importance of achieving
15
16
17
18
19
20
21
22

microbiological eradication and the necessity of the
micro component of the endpoint. And so, our goals
have been to try to understand why this outcome occurs
and whether there' s actually any risk of
microbiological persistence in these patients. Next
side.

So, ahatural question about these

peopleis, what do they look like compared to the rest
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1 of the patient population? And does anything jump out 1 So, we next wanted to ask if there were
2 asarisk factor for a discordant outcome? And so, we 2 any -- It'sabit of arisk of having this bacterial
3 looked at alot of baseline demographic, micro, and 3 resistance in the urine given that there’ s clinical
4 clinical data. I'm just showing you avery small 4 success. And so, to do this, we looked at what
5 amount of that here. | don’t have time today to go 5 happens to these patients beyond their test-of-cure
6 too in depth into all the data and all the analyses o ) .
7 thet we did. 6 visit. So, what I'm showing you here are the average
8 But the point that | want to make here 7 study days from randomization in all studies that we
9 isthat when we look across baseline patient factors, 8 evaluated. So, the end of therapy was on average
10 we don’'t see awhole lot that distinguishes our 9 Study Day 10 from randomization.
11 discordant group, highlighted here in blue, from the 10 The test-of-cure visit was about aweek
12 patients who end up in any other outcome group. You 11 later on Study Day 18. And thefina visit, the late

13
14 but also in basic info about their pathogens including
15 the uropathogen they had at culture. Next dlide.
16 And so, beyond the patients and what
17 bugs they had for their infection, we also wanted to
18 look at the bacterial densities. Just to quickly

5
remind you, a uropathogen has to be found at 10 CFU

can see that with basic data like age, sex, race, BMI,

19

20 per mil at entry, and eradication is dependent on
3

21 reduction to under 10. And so, thisraisesa

22 question of whether these people are discordant dueto

12 follow-up, occurred after aslightly longer period,

13 which was on average Study Day 32. So, to assess th
14 risk of bacterial persistence, we can assess whether
15 there'san increased relapse of cUTI symptoms by tha
16 late follow-up visit. Next dide.

17 So, we find that patients with these

18 discordant outcomes do appear to be more likely to
19 have symptom relapse by that later visit. So, if you
20 look at people who are concordant successes -- so,
21 clinical cure with micro eradication -- you see a

22 relatively low rate of clinical failure by that later

[=3
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1 relative bacterial densities and perhaps some

2 association of the bacterial density with symptoms.
3 And so, we can look at the mean
4 bacteria density at randomization right at the end of
5 therapy and then at the test of cure which, once
6 again, our primary analysistimepoint. What | first
7 want to highlight isthat if we compare starting
8 densities across all different kinds of outcome
9 groups, there aren’t really any notable differences.
10 Everyone's pathogen starts out around that 5-log
11 threshold for density.
12
13 there doesn’t seem to a big difference in density

Moreover, by the test-of-cure visit,

14 among those who have micro persistence with clinicg
15 cure and those who have micro persistence with

16 clinical failure, which remains true when we look at
17 the changes in density assorted by actual pathogen.
18
19 no different from a concordant failure, suggesting
20 that bacterial density doesn’t really seem to

21 correlate with the presence of symptoms at the test-

And so, our discordant group is still

Page 161
1 visit.
2

3 population, the risk of late clinical failure goes up

But if you look at our discordant

4 significantly, and this remains true when we adjust

5 for different causes of clinical failure and focus

6 just on symptom worsening. The discordant population
7 ismore likely to report worsening or new development
8 of most core UTI symptoms.

9

10 worse or newly appear was dysuria. And so, this

The most common one that we saw get

11 pretty strongly suggests that the persistent bacteria
12 after antibiotic therapy isincreasing therisk of a
13 dlight clinical failure. Next slide.

| 14
15 cUTI triasincludes both the cUTI and acute

Now, because the patient pool in the

16 pyelonephritis patients, we wanted to see how true
17 thiswas across these diagnostic groups. So, if we
18 wake patients up, we feel that discordants are pretty
19 consistently at increased odds of late clinical

20 failure relative to someone who's a concordant

21 success.
22

22 of-curevisit. Next dide.

To try and see how this might extend to
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1 apopulation that’s alittle bit closer to an

2 uncomplicated UTI, we separated out the uncomplicated

3 AP population by gender to focus only the women with

4 AP and no other complicating factors. And evenin

5 that population, we see thisincreased risk of late

6 failure created by adiscordant outcome. Next slide.

7 So, an important facet of looking at the late follow-

8 upisthetiming of when it actually happened.

9
10 follow-up visit was on an average Day 32, but across
11
12
13

14 see how these late clinical failures appear when

On average, as | mentioned, the late

all the studiesin our cohort, it actually varied in
distribution from about one week after test of cure to

as far as four weeks after test of cure. So, we can

15 people are evaluated earlier relative to test of cure
16
17
18
19
20 havelate clinical failure, and about 14 percent of
21
22

versus later.
And so, if you look at people who have
their late follow-up visit closer to test of cure, we

see about four percent of concordant successes will

discordants. But if you look at people who went

through alonger period between the two visits, we see

Page 164
1 thisgroup.
2 So, we looked at the participants who
3 were discordant at test of cure and looked for
4 baseline factors that might distinguish those who
5 developed clinical failure at the LFU from those who
6 donot. And we found that when we adjust for the
7 actual study they werein and the time for the late
8 follow-up visit, the clinical failure appears to
9 associate with older age and having diabetes. So,
10 there may be a patient component to this as well.
11 Next slide.
12 So, just to summarize what |’ ve shown
13 you today, we' ve seen that in clinical trials for
14 cUTI, aclinical cure with microbiological persistence
15 isthe most common reason for patient failure at the
16 primary endpoint. Microbiological persistence at the
17 test of cure appears to consistently increase the risk
18 of cUTI relapse at later visits, and thisrisk appears
19 to increase over time when we account for other
20 patient factors.
21 And so, collectively, these data
22 suggest that microbiological persistenceis probably

Page 163
increases in late failure in both groups, but the
amount of discordants who clinically fail jumps up
significantly, up to about 44 percent.

A WN P

S0, there’ s two important points to

5 thisobservation. First, again, we're seeing that
6
7
8 failureis higher in people who are discordant with

across the entire observation period between test of
cure and late follow-up, the risk of late clinical

9 that bacteria compared to someone who's a concordant
10 success. But second, the likelihood of clinical
11 failure goes up the further we look out.
12
13 time, even more of these discordants could become
14 clinical failures because of that increased risk.
15 Next dlide.
16

17 of lateclinical failure in our discordant group,

And so, this suggests that with enough

Now, while we do see an increased risk

18 there are still many of them who remain discordant
19 through that late follow-up. And while part of this
20 might be explained by the timing of that visit, we
21 wanted to seeif there were any other factors that

22 could influence therisk of late clinical failurein

Page 165
1 an important consideration for the composite endpoint.
2 And so, with that, I’d like to thank you for your time
3 today.
4 DR. NATARAJAN: All right. Thank you,
5 Nadia. That wasagreat talk, and | think it'll be
6 very helpful in our panel discussion later this
7 afternoon. So, now, I'd like to introduce our next
8 speaker, Dr. Stapleton, who will be speaking about the
9 investigator’s perspective. So, Dr. Ann Stapleton is
10 an attending physician and infectious diseases
11 fellowship program director at Eisenhower Health,
12 Rancho Mirage, California, and professor emeritus at
13 the University of Washington in Seattle.
14
15 the past decade, and her current UTI researches

And she has maintained aUT] clinic for

16 focuses on treatment and prevention of UTI and lower
17 urinary tract symptomsin women. So, please go ahead.
18 Thanks.

19 DR. STAPLETON: Okay. Next dlide,

20 please. So, these are my disclosures. Next side.

21 So, here'san outline of what I’m going to try to talk

22 about today. I'll start with the choice of
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comparators from complicated UTI noninferiority
trials, then talk about challenges with recruiting and
retaining participantsin clinical trials for
uncomplicated UTI, and then, finaly, stewardship
concerns for drugs targeting resistant pathogens.
Next dide, please.

So, just some background of clinician
perspective. And throughout the talk, I’'m going to

© 00 N o o b~ W N B

talk about what are the challenges. We don't have

=
o

that much time, and | think we need to focus on

[EEY
[N

challenges in order to see our way forward in

=
N

designing and conducting future trialsin an
uncomplicated UTI.

=
oW

So, asaclinician, right now, we don’t

=
a1

have very many first-line therapy options. In our

=
(o]

current guidelines, diagnosisis not covered. | think
that will be addressed, but it's not an issue for

= e
o ~

infectious disease doctor. But for usinterfacing

=
(o]

with peoplein other disciplines, it can be difficult,
20
21
22

particularly in older women, to distinguish UTI from
other symptoms. And | think that was spoken of by one

of our patient advocates.

Page 168

1 theidentification and care of patientswith UTI. And

2 the remote health delivery sphere has redly increased

3 during the pandemic across many disciplines. I've

4 even seen papersin the literature about diagnosing

5 atria fibrillation with AppleiWatches. Apple

6 Watches, | guessitis. Next slide, please.

7 So, how about diving into the talk

8 here? So, what would be our choice of comparators?

9 Actualy, thisisnot my most -- thisis not my
10 updated slides. So, this should talk about placebo
11 right here. Could someone look into that for me?
12 DR. GUPTA: Yes. One moment. We'll
13 take alook.
14 DR. STAPLETON: Okay, thanks. Do you
15 want meto email them to you?
16 DR. GUPTA: If you have them handy, you
17 can go ahead and email them now, and we' Il get them up
18
19
20
21
22

right after you email them.

DR. STAPLETON: Okay. Toyou?

DR. GUPTA: Sure.

DR. STAPLETON: Okay. | hopel’m not
making typing noises. Maybe | should mute myself.

Page 167

Then definitions of uncomplicated
versus complicated UTI, we'll probably talk about this
abit more in the panel, but Dr. Trautner alluded to
changes that have come through the up-to-date chapters
on this and things that will probably carry over into
the new guidelines being developed at IDSA. Then of
7 course, there's always a disconnect between clinical

o OB~ W N P

8 care and the requirements of clinical trials. Next

9 dlide, please.
10 So, how about investigator
11 perspectives? What are the issues there? Well,
12
13
14
15
16
17
18
19
20

21 last decade or soisthere’s alot more use of

again, in afew recent clinical trials for
uncomplicated UTI, and in particular issues related to
delivery of carefor UTI, and I'll talk alot more
about this aswe go on in the brief talk here. So,
earlier, we had some challenges with telephone
protocols and self-start therapy, but that kind of
therapy was, in most health systems, fairly well-
defined.

What we're coming up against in the

22 telehealth or electronic health record messaging for

Page 169

1 Okay. Okay. I'm sending it right now. Sorry about
2 this. So, when you get it, we'll go straight to Slide
3 6.
4 DR. GUPTA: It should be just another
5 moment.
6 DR. STAPLETON: Okay. Thank you.
7 DR. GUPTA: I'm not sure why they did

8 not upload, but it’ll just be one more minute.

9 DR. STAPLETON: Okay, there we go.
10 That'sright.
11 DR. GUPTA: | think that’sit.
12 DR. STAPLETON: That looks correct.
13 Okay, great. So, | think I'll briefly -- Il briefly
14 speak about placebos. So, there are afew recent
15 studiesthat have used aplacebo in any UTI trid, in
16 fact, anything where there’ s an infection, when you
17 have an effective therapy available. So, it'svery
18 difficult to get IRB approval on most settings when
19 thiskind of thing is proposed.
20 And if participants are not that
21 interested in not receiving active therapy, it becomes
22 controversia for recruitment. Next dide, please.
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1 Next slide, please. There we go. 1 DR. FARLEY: So, Dr. Stapleton, you

2

3 thiswas mentioned a bit earlier -- our first-line

So, for intimate comparators -- | think

4 agentslooking at those -- Oh, previous slide, please.

5 Well, isit...? Therewego. Okay. So, for

6

7

8

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

trimethoprim-sulfamethoxazol e, right now, most
communities, the resistance rates are so high that
almost any agent would win over Bactrim or Septra.
So, that’ s basically pretty much a
nonstarter for most study design -- for most studies
most might wish to propose. Fosfomycin will not have
as high of aresistance rate for the most part, but
the sachet formulation actually makes for amore
complex and costly study design, because you're
probably to going to want to use a double dummy, and
then that will cost more money. And the other thing
that can happen is people can get diarrheafairly
commonly with fosfomycin.
So, even if you don't have a comparison
of sachets versus tablets -- so, everyone knows
there’ s not really randomization happening -- there

often can be a emergence of diarrhea among the people

2 haveadelay. So, the folks showing the slides, Dr.

3 Stapleton needs the nitrofurantoin slide, and just

4 (inaudible).

5 DR. STAPLETON: Exactly. Yes. | could

6 just talk about it. | have them in the background

7 here, if it'll makeit easier.

8 DR. FARLEY: It'sup now.

9 Nitrofurantoin, the audience is seeing that.
10 DR. STAPLETON: Okay, great. Thank
11 you. So, there' srelatively fewer adverse effects and
12 collateral damage. And of course, we're looking for
13 that in the drugs that we're studying. We would
14 prefer to maintain that kind of thing in anything
15 we're studying.
16 So, it's a better comparator in that
17 sense, interms of you' re looking for noninferiority,
18 of course. Tablet form in my formulation makesit na
19 need for a double dummy type of design, and it also
20 treats only cystitis, which also lends itself to a
21 simplicity of thetrial design. Next slide, please.
22 Okay. So, | think my phoneis going

Page 171
1 who are on the fosfomycin arm, and it becomes fairly

2 obviouswho is getting what.

3 | just saw you sent me an email. Is
4 there anything? Can you hear me okay, and is
5 everything okay?

6 DR. GUPTA: Yes, yes.

7 DR. STAPLETON: | don’t want to check
8 my chat.

9 DR. GUPTA: Please continue.

10 DR. STAPLETON: Okay. Fine, sorry.
11 DR. GUPTA: No, you'refine. Thank
12 you.

13 DR. STAPLETON: All right. So, next

14 dlide, please. The next dide would say

15 nitrofurantoin, | think. Therewe go. So, previous
16 dide now. Therewe go. So, for E. coli | know

17 Barbara showed -- Dr. Trautner showed a slide with
18 increasing resistance rates. But if you break it down
19 to E. coli they're still relatively low. And looking
20 in my own current local antibiogram, the resistance
21 ratesarefairly low. Canyou go the slide after

22 this, please? Next dide.

Page 173
1 faster than my computer. So, in terms of delivery of
2 care, | do not seethat yet, except for my phone. So,
3 I think I'll just --

4 DR. GUPTA: Weare seeing the slide

5 that says --

6 DR. STAPLETON: You are?

7 DR. GUPTA: “Delivery of Carefor uuTlI

8 (inaudible).” Yeah.

9 DR. STAPLETON: Okay. | think I'll
10 just my... I'll use my PowerPoint on my computer
11 screen and just look at my phone to make sure you're
12 ontheright slide from here, because we keep saying,
13 “Go back and forth,” and all that sort of thing. So,
14 the delivery of carefor UTI, that really affectsthe
15 study recruitment. The main point isidentifying
16 potential participants.

17 What do we need for a successful study?
18 The most important thing isto identify potential

19 participants before they’ re prescribed antimicrobials
20 intheir clinical care setting. So, next slide,

21 please. Okay.

22 So, hold on asecond. So, | mentioned
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1 that we need to catch people before they receive

2 treatment. So, in the previous methods of UTI care
3 delivery, often patients presented in person. And we,
4 in particular, were able to recruit at the point of

5 carein person or via some type of provider referral.

6 One of the ways that thisis often done that doesn’t

7 require agreat deal of IRB complexity isto have the

8 clinical schedule.

9
10 can be available to the study coordinator or whoever’
11 doing the screening, and it often shows the reason for
12 thevisit. If thevisitis scheduled in advance, or
13 the presumptive diagnosis such as UTI symptoms, an|
14 you can fairly readily obtain IRB permission to reviey
15 thiskind of schedule.

16 So, the study coordinator could just

17 watch the schedule in real time, and then ask the
18 provider to offer astudy referral and go on from
19 there. So, in current methods, we have increasing use
20 of telehealth or electronic health record messaging
21 for UTI diagnosis and treatment. Very often, this
22 type of encounter is going to be a message or a phone

Even if it is an electronic record, it

Page 176
1 earlier, arefairly smplefor that. Inthe
2 telehealth model, you have individua phone calls or
3
4 haveaUTI. And depending upon your system, there may
5

messages coming in from patients who believe that they

be multiple gatekeepers. They can even change
6 throughout the day in some systems based on workflows
7 and workloads. Sometimes, it comes to the provider.

8 Some of them are -- Some are during the

9 business day, but I'm sure any of you who do clinical
510
11
12
d13
V14
15
16

17 you don’t know whether or not your study criteriawill

care familiar with what Epic calls pgjamatime, which
iswhere you get amessage at 10:00 p.m. at night or
some other off-hour time, and you have to figure out
how to appropriately and promptly respond to that.
The workflows and then to pick up that
message or any other message is often, according to

institutional guidelines or provider guidelines -- And

18 even be considered as they are going forward with
219 trying to come up with some sort of prescription for
20 the patient.

21
22 messages is not scheduled in particular, and many

So, the flow and timing of these

Page 175
1 call to whomever is receiving those at the end of the

2 healthcare system, usually the nurse or the provider,
3 in some cases, and the patient.
4

5 symptoms. Many systems do have protocols for empiric

The diagnosis will be based on

6 treatment similar to old phone protocols, and they

7 will have some eligibility criteriathat may not be

8

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

met. But particularly in pandemic times, most often
patients get a prescription fairly quickly, and that's
actually the goal of the healthcare system isto get
rapid orders for treatment out to the patient.

So, why isit difficult to intercept
patients in this setting? It'sjust very hard,
practically speaking, in my systems, to get them
before they get a prescribed therapy. When we used to
be have people looking at these schedules, they could
be there in real time in business hours, and they
could either contact the clinic phone or actually be
present in the background checking on who's coming in
and then speak with the providers very quickly. And

it generally does not disrupt the provider workflow.

Page 177
1 places, including the University of Washington when we
2 tried to do thisin my own UTI clinic, felt that the
3 interception of these messages would disrupt the
4 workflows too much for the nurses taking the phone
5 cals. Inthat particular setting, it would be RNs.
6 In some settings, it's amedical assistant who doesn’t
7 have much licensing ability to make many decisions, so
8 will look at a protocol.
9

10 overcome these challenges. So, for example, have a

Y ou can try to do some things to

11 UTI aert inyour record. But as| have found out in

12 more than one system, when you make an adaptation to
13 electronic records such as Epic, the company charges

14 you for everything. So, you have to account for that.

15 And sometimes, particularly in the pandemic times when
16 everyoneis having staffing difficulties, it can be

17 difficult to change any workflow or anything in the

18 electronic record.

19
20 adedicated platform, those are very costly. And

Another thing isthat if you try to buy

21 then, there' s very different privacy issues that come

And the IRB issues, as | mentioned

22 into play when you end up having to try to get into a
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1 individua chart versuslooking at a clinic schedule,

2 whichisat ahigher level and is easier to get a

3 HIPAA waiver, that kind of thing, from your IRB.
So, there was one study | thought was

interesting. This study did not even talk to

potential participants or actual participants or

anyone who would be thinking as a patient about

becoming a participant and what are the issues there.

© 00 N o o b

Thiswasjust interviews with providers trying to do
10
11
12
13
14
15
16
17 As| mentioned, the messages comein fairly randomly
18
19
20
21
22

clinical trials.

So, they raised issues such as trust,
credibility, and establish relationships that might be
disrupted. Research efficiency, | just talked about
that for about five dlides. But also vaidity,
because there can be selection bias when you’ re having

people present in all different ways, and there are --

at times, and how they’ re handled may not be
completely standardized.

Privacy and autonomy are anissue. The
intersection between research and clinical care, that

can be hard to maintain the appropriate boundaries for

Page 180
1 try to keep them out of just about everything we do,
2 whether it be clinical care or designing atrial.
3 They are till frequently used in uncomplicated UTls,
4 Dr. Trautner sadly described in one of her slides.
5
6 quite abit of collatera damage. How many black box
7 warnings has the FDA issued for that? And including

And of course, we all know they cause

8 specific advice not to usein this clinical entity
9 when there are other antimicrobial options.
10 I'll make a quick comment about -- next
11 dlide, please -- about ESBL. So, it'sagrowing
12 problem even in uncomplicated UTIs, as other speakers
13 have mentioned previously. There are some factors
14 that can stem from the presence of ESBL s that effect
15 the conduct and design of aUT]I study. So, for one
16 thing, if you're trying to target ESBL, or if your
17 ESBL is-- if ESBL ismore prevaent in your
18 population than the rest of the United States.
19 So, if you're targeting an ESBL, what
20 would happen then in your study design? Well, it does
21 change the patients who may be eligible as

22 participants, potentially, in particular because there

Page 179
1 that provider if they are serving asthe patient’s

2 physician aswell. And similarly, the physician,
3 researcher, and physician-patient relationships may b
4 affected by the interaction of trying to recruit
5 peopleinto aclinical trial.
6
7 It salwaysaproblem, but thisislikely impacted as
8 well by electronic record-based management of
9 complicated UTI.

10 | was not ableto find any dataon

11 this, but one can readily imagine, and | have

12 experience to some degree that it will select for

13 patients who have more available time and also those|

Then there' s the issue of retention.

14 who are more able to use their electronic record just
15 to berecruited into the trial. And it could lend

16 itself to having longer protocols. Next slide,

17 please.

18 So, now, we should say about

19 stewardship concerns. I'm sorry. | forgot to say to
20 advancethe slides. So, stewardship concerns. To me
21 the most important issue is the use of

22 fluoroquinolones. Essentialy, our goal should be to

Page 181
1 can be quite an overlap between definitions of
2 complicated UTI and risk factorsfor ESBL. And
e 3 hopefully, I'm on the next dide. Now, | am. Sorry
4 about that.
5
6 previoudly, if we'retalking about targeting ESBL,

Then as was raised by other speakers

7 essentially uncomplicated UTI -- And some day,
8 probably it will be. Now, we're still somewhat in
9 that overlap between people who would fall int a
10 current definition of complicated and those who have
11 risk factorsfor ESBL. There'slikely going to be
12 different recruitment procedures.
13

14 atrial on the basis of symptoms, you don’t know what

Because when you' re just recruiting for

15 theorganismisgoing to be. But if you're going to

16 try to target ESBL, you will probably be looking at a

17 recurrent UTI population. Agents used as comparators

18 arealso anissue. You'regoing to haveto stick to

19 nitrofurantoin and fosfomycin because they cover ESBL.
2,20 Otherwise, you really can't design areasonable trial

21 inthe current world in the United States. Next

22 dlide.
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1 | think that’s my last one saying thank

2 you. And my apologiesfor the slide problem. | did

3 try to work that out in advance, and | think -- I'm
not sure exactly what happened, but we hopefully were
ableto get across what | was hoping to say. And

4
5
6 thank you very much for your attention and for the

7 opportunity to speak today.

8 DR. GUPTA: Wonderful. Thank you so

9 much, Dr. Stapleton. That'sareally insightful
10
11
12
13
14
15
16
17
18
19
20
21
22

presentation on the investigator perspective. And
we're now going to move to developer perspective, and
we have a series of talks regarding that. We will

start with Mr. Tom Hadley. Mr. Hadley isthe
president and chief commercial officer of UTILITY
Therapeutics.

He has 30 years of experience
commercializing drugs and devices with both
multinational and startup pharmaceutical companies.
He has extensive experience in preparing and executing
numerous high successful commercial launches across
multiple therapeutic areas spanning both primary care
and specialty marketsin the U.S. and globally.

Page 184

1 yearsago. And|’m not sure that necessarily speaks

2 to the value of the therapeutic areato industry, but

3 | do know there are a number of companiesthat are

4 working feverishly to try and bring products to market

5 specific to thisarea.

6 | think one of the thingsthat I've

7 heard come out throughout all of these talks has been

8 thefact that there needs to be maybe alittle bit

9 closer alignment between what’ s happening in clinical
10 practice and what the guidelines, and whether that be
11 theinclusion criteria or the end measurement of
12 clinical or microbiologic success. And I’m just happy
13 that the FDA'’s open to discussing this. And so, when
14 you look at the guidelines -- and thisis another
15 thing.
16
17 updated in anumber of years, and | know we have the
18 IDSA coming with an update, which isjust fantastic.
19 But if you look at the European guidelines, they’re

3
20 talking about 10 with some symptomatic diagnosisin
5

21 women, and utilizing 10 more for the complicated.
22

Many of the guidelines haven't been

And | think it’s been mentioned time

Page 183
We're very pleased to have him here,

and he will be talking with us on the developer’s
perspective on inclusion criteria and endpoints for
uncomplicated UTI clinical trials. Welcome.

MR. HADLEY: Thank you, Dr. Gupta.
Really want to say thank you to the FDA for putting
this together as well as the panelists and
participants who we' ve heard from so far. | also want

© 00 N o o b~ W N B

to thank my colleagues from Iterum and GSK in working
10
11
12
13
14
15
16
17
18
19
20
21
22 product approved for uncomplicated UTI is over 20

very collaboratively together to ensure we have a
consistent viewpoint from industry for you today.

Aswas mentioned, I'm with UTILITY
Therapeutics, and we are trying to bring to market in
the U.S. a product that’ s been available in Europe for
over 40 years for the treatment of uUTI. | think as
we -- Yeah, you can leaveit on that for now. We all
know resistance is ahugeissue. And regardless of
therapeutic area, there is a need for new products to
fill this gap.

And as Dr. Clancy mentioned, the last
antibiotic was approved three years ago, but the last

Page 185

and time again that there is a close correlation
between uncomplicated and complicated, but | think we
aso have to do a better job of distinguishing between
the two of them. If you could, go to the next dide.

| think one of the areasthat UTILITY
israther unique in identifying is because we have
been looking back at all of the clinical studies that
have been done for Pivmecillinam over the years. And
we have reanalyzed those studies according to the 2019

© 0O ~NOOA~WNPRP
©C O ~NOOAWNPE

10 10 guidance. And so, we have aunique view into what the
11 3 5

11 impact isof 10 versus 10 asinclusion criteria.
o 12 And | think what you can see is whether
. 13 we'retalking about overall response, the clinical
H 14 success, or microbiologic success, the differencesin
" 15 termsof the percentages really don’t vary that much.
° 16 What tendsto vary most is the number of patients, the
o 17 actua endsthat are included in each of these. And
. 18 so, it doesn’t matter if it's Pivmecillinam or the
. 19 comparator norfloxacin, you till see that those
“ 20 overall measurements tend to be roughly about the
- 21 same. So, if you could, go to the next slide.
22

22 What thisreally highlights is what the
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1 real impactis. And so, thisisfrom the Nicolle 1 productsin 20 years | think isahugeissue. Andyou
2 study that was done in 2002, and the importance of 2 can go to the next dlide, if you don’t mind.
3 this-- And | think this goes back to actually 3 So, redlly -- And my colleagues from
4 something Dr. Natargjan was mentioning was that the 4 Iterum and from GSK will certainly talk about some
5 expectation is that you would have about 80 percent of 5 other aspects. But smply, when you're looking at the

6 your patients qualified for the study. When you use
5

10, it's actually closer to 40 percent.

So, you start with 483. Another 418
are actually included init. But the difference

5 3

10 between a 10 and 10 is somewhat dramatic. The impact
11
12 Pivmecillinam. You can seeit for norfloxacin. The
13 impact isthe size of the study. And from a
14 commercial point of view, from an industry point of
15 view, what that meansis this study’s going to cost a
16
17
18
19
20

© o0

that has -- And again, you can seeit for

whole lot more for me to be able to demonstrate the
same thing.

And so, when we'relooking at it from
industry perspective, that’s certainly something that
comesinto account. If you could, go to the next

5 3

6 inclusion criteria of 10 versus 10, the inclusion for

7 the higher cutoff really represents an increase in the

8 size of the study without any real increasein the

3 5

9 differentiation between the 10 and 10. And | think
10
11
12
13
14
15
16
17
18
19
20

the same can be said when you' re looking at what the
clinical outcomeis.

| think it’s important that we build
studies to reflect what is being donein clinical
practice so that they're easily applied to the doctors
that are using the guidelinesas well. And | don’t
think that having 100 percent symptom resolution is
necessarily what may be happening in clinical practice
today. So, thank you again for thetime. Thank you
for putting this meeting together. | hopeI’ve
offered up a different perspective. Thank you.

21 dide. 21 DR. NATARAJAN: All right. Thank you
22 One of the -- One of the other 22 for your perspective and your talk and your time for
Page 187 Page 189
1 perspectivesiswhat the clinical outcomes are. And 1 presenting. So, we're going to move on now to our
2 when you're looking at a score of zero for clinical 2 second developer’ s perspective. From Iterum
3 outcomes, not only isthat a very high bar, but that 3 Therapeutics, we have Dr. Sailgja Puttagunta. Her
4 isabar that is not necessarily used alot in 4 tak ison the developer’s perspective on the primary
5 clinical practice. | think what we' ve seen in some 5 endpoint in uUT]I trials and lessons learned.
6 other guidelines around the globe is that looking at 6 Sheisthe chief medical officer of
7 dignificant improvement, and so looking at an 7 Iterum Therapeutics and a board-certified infectious
8 dternative clinical success of azero or aone, if 8 disease physician with more than 20 years of clinical,
9 you look at the studies themselves. 9 academic, and research experience in medicine and in
10 And thiswas a study that Dr. Natarajan 10 infectious diseases. Thank you.
11 highlighted aswell. And what they used from the 11 DR. PUTTAGUNTA: Thank you. Good

12
13
14
15 within one percentage point. And so, when looking at
16
17
18
19
20
21
22

guidelines from the Ferry study, you don't see, again,
avery large difference when you're looking at

Pivmecillinam versus placebo. The differenceis till

that and looking at the clinical studies, having to
try and develop an end to account for complete symptom
score is nothing short of increasing the size of these
studies.

And again, going back to the need for
these products on the market, there is an urgent,
unmet need. And the fact that there hasn’t been new

12 afternoon, everyone. If you can, please, go to the
13 next dide. So, firstly, I'd like to start by

14 thanking the FDA for this opportunity to provide our
15 perspective on the current time of the endpoint for
16 uUTI trids.

17 My primary focus today is to discuss

18 the current primary endpoint in uUTI trids, its

19 relevanceto real world clinical practice, and to

20 share some pertinent data from a recently conducted
21 Phase 3 uUTI tria that compared oral Sulopenem to
22 ciprofloxacin.
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1 In addition, because of the extensive

2 amount of data collected as part of thistria, there

3 isan opportunity to assess any correlation between

4 asymptomatic bacteriuriaand future clinical relapse

5 dlowing abetter understanding of the contribution of

6 ASB to the overall assessment of outcomesin uUTI. We

7

8

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

also have data to assess the impact of ASB on the
development of antimicrobial resistance from this
trial, which | will shareit at the end of my
presentation. Next slide, please.

So, let’ s start with (inaudible)
reviewing the current standard of care for managing
patients with uUTI. uUTI patients often have
significant discomfort that affectstheir daily life.

Pain, need for frequent urination, and
incontinence have major impacts on quality of life,
and studies have documented increased rates of
depression in women with recurrent UTIs. In order to
provide them with immediate symptomatic relief, the
current standard of careis (inaudible) treatment with
ashort course of antibiotics. Following treatment,

many patients will achieve afull clinical cure with

Page 192
1 thecurrent FDA primary endpoint, I'd like to share
2 some datafrom alarge uUTI trial we conducted
3 recently. Study 301 was a Phase 3 randomized,
4 multicenter, double-blind, active control study in
5 women with uncomplicated UTI. This study was
6 conducted under special protocol agreement and
7 designed in collaboration with the FDA.
8
9 with uUT]I, aged 18 years or older, were randomized in

Sixteen-hundred and seventy-one women

10 aone-to-one fashion to receive either oral Sulopenem
11 twice daily for five days or oral cipro twice daily

12 for three days with matching placebos for each

13
14
15
16
17
18
19
20
21
22

regimen. Urinalysis and urine cultures were done at
baseline, Day 3, Day 5, Day 12, which was the test-of -
curevisit, and at the end of study on Day 28. Next
dlide, please.

Presented here are the primary endpoint
results of overall success at Day 12 in the micro m-
ITT R population comprised of uUTI patients with the
baseline pathogen not susceptible to cipro. Point
estimates to the right of zero favor oral Sulopenem.

Oral Sulopenem achieved statistical

Page 191

1 resolution of symptoms.

2 But for those that don’t respond, a

3 clean catch urine specimen is sent for (inaudible)

4 susceptibility, and the results obtained in two days

5 generally guide subsequent antibiotic selection.

6 Typicaly, asecond short-course antibiotic will

7 resolve the symptoms and result in aclinical cure.

8 Next dide, please.

9 Per the current FDA guidance, though,
10 the primary endpoint for uUT]I trials is the proportion
11 of patients with an overall response of success at
12 test-of-curevisit. Overall response of successisa
13 composite of al clinical success and microbiologic
14 eradication. So, patients need to have complete
15 symptom resolution and a urine culture with less than

3

16 10 colony forming units per mil with no rescue
17 antibacteria therapy.
18 Thisis inconsistent with real-world
19 practice where resolution or significant improvement
20 of uUTI symptomsis considered sufficient for a cure
21 Next dlide, please.
22 To shed some light on the relevance of

Page 193
1 superiorities to cipro with 62.6 percent of patients,
2
3
4 26.6 percent. The 95 percent confidence interval on
5

compared with 36 percent of cipro-treated patients
responding to treatment. The treatment difference was

the difference in outcomes did not include zero, and
6 the p-value waslessthan 0.001. Next slide, please.

7 In the population of patients with a

8 baseline pathogen susceptible to cipro, oral Sulopenem
9

10 for overall response compared with cipro at Day 12.

did not achieve the prespecified noninferiority margin

11 Overall successwas seen in 67 percent of patients

12 receiving oral Sulopenem compared with 79 patients

13 receiving cipro, and the lower limit of the 95 percent

14 confidenceinterva in the difference in outcomes was
15 lessthan minus 10 percent. Next dlide, please.

16
17 two treatment groups was driven primarily by a higher

The difference in response between the

18 rate of asymptomatic bacteriuriain patients treated

19 with oral Sulopenem. Thirteen percent of patients

20 treated with oral Sulopenem compared to four percent

21 on Cipro achieved completed symptom resolution but had
3

22 aurine culture with greater than or equal to 10 CFU
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1 per mil of the baseline pathogen. 1 had overall success at Day 5, end-of-treatment visit.
2 The contribution of asymptomatic 2 Twenty-two of those 240 had aclinical failure at Day
3 bacteriuriato overall response can be assessed by 3 12, one week later.

4 examining the clinical outcome with each regimen shown

5 onthenext slide. Next dlide, please.

6

7

8

9
10 successwith the low bound of the 95 percent
11
12
13
14
15
16
17
18
19
20
21
22

So, clinical success at Day 12 was
similar on each regimen. Eighty-one percent of
patients treated with oral Sulopenem compared with 84
percent of cipro-treated patients achieved clinical

confidenceinterval of the treatment difference
greater than minus 10 percent. Similar rates of
clinical success across treatment groups were also
observed at al other study visits.

But does asymptomatic bacteriuria
signal the potential for clinical failure at alater
timepoint? In other words, maybe patients with ASB
will relapse at a subsequent visit. That would be
important to know and may make ASB more relevant to
the overall success definition. Asyou will seein
the next two dlides, however, that did not happen in
thisstudy. Next dide, please.

4 Only 11 patients have ASB at Day 5, and
5 one of those had aclinical failure at Day 12. So,
6 having ASB at Day 5 did not predict clinical failure
7 oneweek later at Day 12. Similarly, 247 patients had
8 overall success at the Day 12 test-of-cure visit. And
9 of those, 15 patients had clinical failure at Day 28,
10 16 dayslater. Forty-seven patients had ASB at Day
11 12.
12 And of those, four had clinical
13 failures at Day 28, resulting in arate of clinical
14 failure very similar to that of patients who had
15 previously achieved both clinical and microbiologic
16 success. Asymptomatic bacteriuriais not a surrogate
17 marker for subsequent clinical failure for patients
18 who receive ora Sulopenem.
19 As asymptomatic bacteriuria does not
20 reflect how a patient feels, functions, or survives
21 and is not a surrogate marker for subsequent clinical
22 failure, itsrole as a component of the assessment of

Page 195
1 So, if the patients with ASB on Day 12

2 wereon apath to clinical failure, you would expect
3 to seealower clinical response rate at the Day 28
4 visit in Sulopenem-treated patients. In fact,
5 however, the results at Day 28 are consistent with
6 what we'veseen at Day 12. ASB at Day 12, ona
7 population basis, did not predict recurrence of
8 baseline symptoms and treatment failure at the end-of
9 study visit 16 days later. These observations derive
10 from a population of patients.
11 The outcomes of individual patients
12 that had either ASB or the overall responders would
13 aso beinformative. So, let’slook at that datain
14 the next slide. |I'm not sure why the datais not
15 being visible here. But please, let’s go to the next
16 dide. Oh, therethey are.
17 So, asyou can see here... okay. As
18 you can see here, the presence of asymptomatic
19 bacteriuriadoes not predict the clinical failurerate
20 at subsequent visits relative to patients who achieve
21 both microbiologic and clinical cure. 1'll walk you

22 through the data here. Two hundred and forty patienqszz

Page 197
1 overall response should probably be reconsidered.
2 Next dlide, please.
3
4 indicate that screening or treatment for ASB should

The current IDSA guidelines also

5 only occur if apatient is pregnant or undergoing and
6 an endourologic procedure. Not ordering cultures on
7 asymptomatic uUT] patients outside these two
- 8 situationsis strongly endorsed by the clinical ID

9 community. Similarly, obtaining proof-of-cure

10 cultures after resolution of uUTI symptoms post-

11 treatment is strongly discouraged in clinical

12 practice. Next slide, please.

13

14 want to talk about one other aspect of our study

Before | conclude my presentation, |

15 results. From a stewardship perspective, we must

16 understand whether a higher rate of ASB, asseenin

17 the Sulopenem treatment group, selects for penem-

18 resistant organisms. The graph shows cultures isolated
19 from patients treated with oral Sulopenem broken down
20 by their Sulopenem MIC both at baseline shown in light

21 blue, and test of cure shown in dark blue.

Y ou can see that the distribution
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1 before and after treatment isvery similar. In
2 addition, the MIC50 and MIC90 were also similar pre-
3 and post-treatment. Oral Sulopenem did not select for
4 Sulopenem-resistant organisms in this study, despite
5 having ahigher proportion of patients with ASB at the
6 test-of-curevisit. Next slide, please.
7 On the other hand, looking at
8 resistance development in patients treated with cipro,
9 thefindings are different. Despite having alower
10 rate of ASB at the test-of-cure visit, resistant
11 isolates emerged as little as two weeks after
12 treatment with cipro, and none of these patients had
13 evidence of a gene associated with quinolone
14 resistance at baseline. Next dlide, please.
15
16 asymptomatic bacteriuria should not be a component of

In conclusion, we feel that

17 the assessment of overall response to treatment in

18 uUTI trials asit is not only inconsistent with the

19 patient-focused drug development guidance under PDUFA
20 V regarding how a patient feels, functions, or

21 survives, but it is also inconsistent with current,

22 real-world clinical practice.

Page 200
1 perspective on urinary breakpoints for uncomplicated
2 UTI. Thanks so much and welcome.
3 MS. SCANGARELLA-OMAN: Thanks so much,
4 Dr. Gupta. And thank you to the FDA and organizers of
5 thisworkshop for the excellent opportunity to present
6 adeveloper’s perspective on urinary breakpoints and
7 how guidance and harmonization on deriving breakpoints
8 using urine PK for agents being used to treat uUTI are
9 greatly needed for both the fostering of new agent
10 development and also for antimicrobial stewardship.
11
12 previous speakers who touched on some of the same

| also want to say many thanks to the

13 conceptsthat I'll be discussing in this presentation
14 in earlier presentations. Next dlide, please.

15
16 and shareholder of GlaxoSmithKline. Andin

17 partnership with BARDA, we do have anove class

Infull disclosure, | am an employee

18 antibacterial, Gepotidacin, which is currently in two
19 Stage 3 clinical trials for the treatment of

20 uncomplicated UTI. Next slide, please.

21 So, what are breakpoints? And why is

22 thetopic of urine PK for breakpoint so important? In

Page 199
1 Asindicated by our clinical trial

2 data, ASB isnot a surrogate marker for clinical
3 failure and, moreover, it reduces the sensitivity for
4 measuring efficacy in atrial. Clinical responseisa
5 more appropriate primary endpoint in UUTI tridls asit
6 isaclinically meaningful endpoint that directly
7 measures how a patient feels, functions, or survives.
8 It is consistent with the current
9 standard of care for uUTI patients, and it increases
10 the sensitivity for measuring efficacy in aclinical
11 trial. With that, I’ll stop here, and thank you for
12 your attention.
13 DR. GUPTA: Excellent. Thank you so
14 much. That was areally provocative talk and data.
15 So, thank you for that. And | will introduce our last
16 speaker for thissession. And introducing Ms.
17 Scangarella-Oman who is the scientific director in the
18 infectious diseases research unit at GSK.
19

20 the pharmaceutical industry supporting nonclinical and

She has over 20 years of experiencein

21 clinical microbiology for GSK antibacterials, and she
22 will betalking to ustoday giving us the developer’s

Page 201

1 brief, breakpoints are used to interpret a numerical

2 result from the lab susceptibility test to define

3 whether the infection caused by a particular bacterial

4 dtrain or isolate islikely to be treatablein a

5 patient.

6 Because breakpoints are based on

7 pharmacologically and clinically-rich data sets, they

8 are considered robust predictors of likely clinical

9 outcomes. It'salso mentioned earlier, when
10 determining breakpoints for an antibacterial, current
11 guidelines incorporate PK/PD, but primarily focus on
12 applying plasma PK. And breakpoints from many agents
13 currently used to treat uncomplicated UTIs were not
14 determined using current PK/PD standards.
15
16
17
18
19
20
21
22

As previoudly also mentioned, it is
scientifically accepted that drug levels at the site
of infection -- for example, the bladder -- for
uncomplicated UTI areclinically relevant to
antibacteria efficacy.

The next slides will discuss how

applying plasma PK, per current standards, would not

support the breakpoints for some agents currently and
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1 widely used to treat uncomplicated UTI, but how 1 Thefirst exampleisfor fosfomycin. A

applying urine PK for these agents would support their
breakpoint. This helpsillustrate that using urine PK
to derive breakpoints where it is appropriate would

2
3
4
5 dlow the use of effective agents for the treatment of
6 uncomplicated UTls.

7 If the breakpoints for these same

8 effective agents were based on only on plasma PK, they
9 likely would not have been approved or used

10
11
12
13
14
15
16 wholelot. While thereis some information on the
17
18
19
20
21
22

clinically. Next dlide, please. | think we went one
ahead. Yes.

First, some background on what
currently exists in guidance regarding the use of
urine PK to support breakpoints. As shown on this

dlide and also mentioned previously, there's not a

importance of understanding PK at various body sites,
there islittle guidance on when or how this
information is applied to or integrated into
breakpoint settings. Next slide, please.

Currently, there are a number of

antimicrobial s with breakpoints specific for the

2 recent study determined the PK/PD index and targets
3 associated with fosfomycin efficacy against
4 Enterobacterales. Then for isolates with different
5 fosfomycin MICs, they calculated the probability of
6 attaining the PK/PD target with afosfomycin three-
7 gram oral dose. Greater than or equal to 90 percent
8 target attainment at given MIC is generally considerey
9 acceptable for dose selection for breakpoint settings.
10 In the figure on the right, when
11 applying serum drug levels, fosfomycin only achievex
12 the 90 percent target attainment threshold for MICsu
13 tolessthan or equal to four. ThisMIC valueis much
14 lower than the CLSI susceptible breakpoint of 64,
15 which was shown on the prior slide. This data helps
16 illustrate that plasma PK does not support the
17 fosfomycin breakpoint for E. coli. Next slide,
18 please.
19 When applying the same PK/PD target for
20 fosfomycin, but now looking at urine drug levels, the
21 figure on the right shows that a single three-gram
22 ora fosfomycin dose achieves the 90 percent target

Page 203

1 treatment of urinary tract infections. It should be

2 noted that the data available or that which was used

3 to determine many of these breakpoints vary

4 significantly. And asyou can see by all the

5 footnotes in the table, which was also shownin a

6 similar slide by Dr. Rodvold, the breskpoint’s notes

7 and comments also vary between agencies. Next slide,

8 please.

9 IDSA guidelines recommend
10 nitrofurantoin and fosfomycin therapies for the
11
12
13

14 plasmaPK for nitrofurantoin and fosfomycin does not

treatment of acute, uncomplicated cystitis or
uncomplicated UTI. Aswill be shown on the next few

slides, when applying contemporary PK/PD analyses, the

15 support their susceptible clinical breakpoints for

16 Enterobacterales, which are shown in the table on this

17 dlide.
18 However, for these antimicrobials,
19 adequate PK/PD datato support their breakpointsis

20 achieved when applying urine drug levels, which is
21
22

turn is supported by their efficacy in the treatment
of uncomplicated UTI. Next slide, please.

Page 205

1 attainment threshold for MICs up to and including 64.

2 Thisisthe same MIC value as fosfomycin CLSI

3 susceptible breakpoint that was shown earlier.

4 Therefore, in contrast to the serum data presented

5 earlier, the urine PK does support the fosfomycin

6 breakpoint for E. coli. Next slide, please.

7 When applying similar PK/PD concepts to

8 nitrofurantoin, you cometo asimilar conclusionin

9 that nitrofurantoin requires urine PK to adequately
10 support its susceptible breakpoint. And thisis based
11 on data showing the nitrofurantoin plasmalevels are
12 often ahundredfold lower than those in urine and do
13 not exceed one microgram per mil, which leadsto a
14 time above MIC of zero in plasmaat the CLSI
15 susceptible breakpoint of 32.
16 Therefore, similar to fosfomycin,
17 nitrofurantoin also requires urine PK to adequately
18 support its susceptible breakpoint for
19 Enterobacterales. Next dlide, please.
20 And one final example, currently, CLS
21 recognizes separate breakpoints for cefazolin against
22 Enterobacterales specific for the treatment of
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1 uncomplicated UTIs. However, for the FDA’s

2 susceptibility test interpretative criteria website,

3 separate susceptibility test criteriafor

4 uncomplicated UTI are not recognized at thistime. It

5 isnot entirely clear why the FDA does not recognize

6 separate cefazolin breakpoints specific to the

7 treatment of uncomplicated UTI. Next slide, please.

8 So, to summarize, breakpoints derived

9 using urine PK where appropriate will allow the use of
10
11
12
13

14 first-line agents, fosfomycin and nitrofurantoin,

effective agents for the treatment of uncomplicated
UTI, especialy in situations where breakpoints based
only on plasma PK would preclude the effective agent’s

approval or clinical use. And thisisevident by the

15 which both require urine PK for efficacy and alignment
16 with their current breakpoint.

17
18
19
20
21
22

Some current challenges for agents used
to treat uncomplicated UTI are inconsistent
breakpoints and comments and minimal guidance
available for using urine PK to support breakpoint.
Possible solutions to these challenges would be

guidance on situations and criteria of when it is

Page 208

1 So, let’s plan to meet back here at 2:10 Eastern Time.

2 That'salittle bit more than 10 minutes, and we'll

3 seeyou the. Thanks.

4 (Break)

5 DR. KIM: Good afternoon, everyone.

6 Just give me one second. So, thisis Peter Kim,

7 again. I’'m herewith Dr. Hooton and we will be

8 moderating the panel discussion. | will also be

9 introducing Dr. Hooton. Dr. Thomas Mack Hooton is a
10
11
12
13
14
15
16
17
18
19
20
21
22

voluntary professor of clinical medicine at the
University of Miami, Miller School of Medicine and has
recently retired as the chief of medicine at the Miami
VA.

He has dedicated his professional
career to the clinical care and research in infectious
diseases and has focused his research on the
epidemiology pathogenesis treatment and prevention of
UTI in women. And has published hundreds of journal
articles, book chapters, and abstracts on UTI, aswell
as on antimicrobial stewardship, sexually transmitted
infections, and HIV/AIDS. So, thank you, Dr. Hooton

for joining us this afternoon.

Page 207
appropriate to use urine PK, guidance on studies and
required for breakpoint determination, a uniform
approach to existing and future agents, and
harmonization of agency recommendations.

1
2
3
4
5 So, in conclusion, you heard earlier
6 from my other industry colleagues from Iterum and
7 UTILITY about the challenges of uncomplicated UTI at
8 clinical trids, such astheinclusion criteria and
9 the stringency of the primary endpoint.

10
11
12
13
14
15
16
17 Thank you so much for the time and for your attention.
18 DR. NATARAJAN: Great. Thank you for
19 your presentation and your perspective. And thank you
20 to al the speakersin Session 2. So, that’sthe

So, hopefully, this presentation helped
illustrate another hurdle we face even after the
clinical trials end, and that guidance and
harmonization on deriving breakpoints using urine PK
for agents being used to treat uncomplicated UTI are
greatly needed, both for fostering new agent

development and also for antimicrobial stewardship.

21 conclusion of Session 2. So, before we move on to the

22 moderated panel discussion, we'll have a short break.

Page 209
Before we begin, | will go over afew
ground rules. For each question, we have a set amount
of time for discussion. Asyou can seein your
agenda, we want to try and stay on time so we can
adequately address each question. Second, we are

o 0o A~ W N P

hoping to have awide representation of viewpoints on
7 thisissue. So, panelists, please raise your hand and
8 wewill call on you in the order you raise your hand.
9 Given the limited amount of time and
10 theinterest in hearing from as many panelists as
11 possible, and depending on the number of raised hands,
12 we apologize in advance, but if there are alot of
13
14 interrupt individuals after afew minutesin order to
15 alow othersthe chanceto speak. With that, Dr.
16

people that want to provide an opinion, we may have to

Hooton, would you like to introduce question one? Um,

17 Dr. Hooton, if you're trying to talk, you may be on
18 mute.

19 DR. HOOTON: | guess| am, yes.

20 DR. KIM: Welcome.

21 DR. HOOTON: | thought all thiswas
22 being handled centrally but | guess| had to do
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1 something here. Thank you very much for theintro.

2 You can hear me now?

3 DR.KIM: Yes.

4 DR. HOOTON: Okay, good. So, we have
5 three questions here. I’'m going to take the first

6 one. Peter will take the second one. Thefirst

7 question for our panel is please discuss the pros and
8 cons of the currently recommended composite, clinic

9 plus microbe primary endpoint for uncomplicated UT|

10 studies. What we've done hereisfor each of the

11 three questionsisto have a person lead off the

12 discussion just to get it going. Calpanais going to
13 get us going down that right path.

14 People, please chimein, raise your

15 hand, we'll call onyou in the order that you raise

16 your hand. To answer Barbara' s question, if you hav
17 aquestion about anything related to thistopic, raise
18 your hand, whether it's been discussed for or not, if
19 you have something new to say. Kal, can you lead us
20 off please.

21 DR. GUPTA: Sure. Thanksvery much,
22 first of dl, for putting together thisreally

Page 212
1 tend to berelatively low in terms of success rates.
2 That’ s true to the comparator,
3 typicaly, aswell. But | do think that we have
4 heard, again, this morning that there's probably some
5 areafor real growth in our ability to understand the
6 microbiology of uncomplicated UTI. We know that
7 somewherein the range of 25 to 50 percent of women
al 8 who come in with symptoms of acute uncomplicated UTI
| 9 may not have a positive urine culture, at least the
10 way that it's measured in the laboratory in terms of
11 having asignificant number of CFU per mil.
12

13 then exclude all those women from uncomplicated UTI

And then the question is can we really

14 trials and then rely on the people who did have a

15 positive urine culture. And then, once again, have
£16 this positive endpoint at the test of cure and also

17 follow-up visit that requires them to have complete

18 clinical resolution and typically areduction, not

19 necessarily an absence of pathogensin their urine.

20

21 appropriate inclusion criteria? Or should we be

So, that's number one, is are we using

22 keeping these women who come in with classic symptoms

Page 211
1 interesting discussion. | will start up by saying for

2 this specific question about a composite endpoint, |
3 have acouple of points1’d like to throw out there
4 and get some feedback from the panel.
5 First of al, probably need to
6 acknowledge that we' ve heard some interesting and
7 maybe even conflicting data this morning in terms of
8 endpoints and what their relevanceis for our patients
9 with UTI. But aso, the importance of having some
10 consistency across different regulatory agencies and
11 aso guidelines. And also, the need to understand the
12 microbiological effect of the anti-infectives that are
13 being approved by these agencies. So, all of that
14 needsto be taken into account.
15
16 about a composite endpoint, it's easier for meto talk
17 alittle bit about what | think the challenges are
18 with the composite endpoint and then we can go from

But | think in terms of the question

19 there. Oneissueisthat when you use acomposite
20 endpoint, you end up limiting the ability to really
21 seetheclinical affect of the therapeutic that's

22 being studied given that the microbiological rates

Page 213
1
2
3

4 outcome together? Or can we separate them to really

of uncomplicated UTI and doing modified, intense treat
analysis, including those women. Number two, in terms

of the outcome, do we keep the clinical and micro-

(63}

help us understand what is happening with the patient
on both levels but not creating this mixed outcome,
which may be hiding, perhaps, a potential clinical
benefit of an agent, even if you don’'t see the
microbiological eradication.

I think, thirdly, since we've been
given some conflicting data, what is the relevance of
that persistence microbiology at the end of treatment?
13
14 adlightly longer follow-up of our patientsin these
15
16
17
18

19 talk about clinical outcome, we know when we take care

Doesit redly have relevance? And do we need to have

studies so that we can understand not what happens at
14 days, but maybe what happens at 30 or 60 days after
end of treatment.

And then athird question is when we

20 of these patients, there's such a diverse presentation

21 for uncomplicated UTI in terms of the clinical

22 symptoms. To require all of those symptoms to be
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completely resolved in order to call it aclinica
success, for me, at least in practice but also asan
investigator, becomes alittle bit artificial because
many women will continue to have some small symptom
present. Often it will beimproving. It'snot
clinically significant, meaning not requiring
additional therapy.  |I’ve often wished that we

could use something like requiring additional therapy

© 00 N o o b~ W N B

as the barometer of whether someone has clinical

=
o

success or failure.  Those are a couple of things

11 that I'd really like to hear from others on the panel

12 about. We can start with those questions. | see some
13 hands. I’ll turn it back to you, Dr. Hooton.

14 DR. HOOTON: Excellent points. Very

15 good points. | see no raised hands. Peter, if I'm

16 not seeing hands that are raised, please help out

17 here. Do people have comments?

18 DR. KIM: I’'m seeing raised hands. |

19 think -- I’'m not seeing the order, though. | don’t

20 know if someone from AV knows the order.
21 WOMAN 1: The order of the panelists
22 you see listed are the ones that raised their hands

Page 216
1 It's the combination of those two,
2 without necessarily knowing whether they vary in time,
3 inparallel. And setting athreshold at alevel which
4 might give you specificity, but the performance
5 characteristics of that measure may be suboptimal and
6 could potentially underestimate treatment effect.
7 1think just from aclinical practice point of
8 view, if | see apatient, for whatever condition, in
9 general, and they say, “Do, I’'m 95 percent better,”
10 according to the criteriathat we usein here for
11 symptom change, that would be counted as afailure.
12 Of course, particularly, if they’ve not required
13 additional intervention in the form of additional
14 antibiotic therapy. Certainly, in clinical practice,
15 that would be a success.
16

17 about what is a reasonable expectation, does it

So, | think it goesto the point

18 conformto clinical practice. | think exploring the
19 performance of different thresholds of what is

20 considered an adequate clinical response, | think
21 would be very helpful to al concerned. It'snot to
22 say that if you have persistent symptoms forever,

Page 215

1 first.

2 DR. HOOTON: So, | can't seeany --

3 Peter, | can't see any raised hands, so you're going

4 to haveto handle this. There are no raised hands on

5 my screen.

6 DR. KIM: No problem. No problem. Dr.

7 Salim Janmohamed, please go ahead with your question

8 or your comment.

9 DR. JANMOHAMED: Thank you very much.
10 I’'mworking with Nicole on the clinical development
11
12
13
14

15 theoretically, seems sound. We're looking at measures

program for (inaudible). And | think we've heard a
number of points made. Perhaps| could just formulate
on the back of Cal’s commentary as follows.

| think the pro of the endpoint,

16 that we would utilizein clinical practice. | think
17
18 the stringency of their definition is perhaps set too
19
20 eradication of bacteria, some people have views on
21
22

the question is whether they are validated, whether

high. We've heard mention that looking for complete

that. We' ve heard about whether it’s cogent to expect

complete resolution of symptoms.

Page 217
1 that’sagood thing. But, of course, there' s lots of
2 confounders. Someone maybe have been encouraged to
3 drink alot of fluid. They may be continuing to drink
4 alot of fluid. They may have some further urinary
5 symptoms. There' s al'so not enough

6 distinction made between the different symptoms. It

7 may not be appropriate to weight them equally,

8 particularly in people who got basedline symptoms,

9 which have been clouded by the acute episode. We know
10 post-menopausa women do have urogenital atrophy. And
11 some of them may well have baseline urinary symptoms
12 which will never disappear. | think in a pragmatic
13 clinical trial, you would like to think you've
14 excluded those patients, but they do creepin.

15
16 it reflects on the sensitivity and specificity of the

17 definition of the endpoint. We've heard about

18 discordance from the micro point of view. But | think

| think again,

19 the samething could be said. We don't really know
20 for sure whether there is discordance the other way
21 around. And of course, somebody’s got very sever

22 blood and mucosal inflammation may have a
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1 microbiological eradication, but they may just be
2 dower to improve their symptoms.
3
4 of what is considered an adequate therapeutic
5 response, that ought to be investigated. We've heard
6 from Cal just now that looking in the longer term to
7 see how that pans out might be helpful.
8
9 be quite burdensome for a short treatment. This has

| think | would say in terms of the definitions

| think the counterpoint is that these trials can

10 been highlighted particularly during the pandemic to
11 have avisit, abaseline, to have one on therapy, to

12 have one at test of cure, and then potentially one at
13 28 days. | mean, they’'re dl justifiable from an

14 academic intellectual point of view. But aswe heard
15 from others, we need to foster and encourage clinical
16 development.

17
18 much, that we have remote consultation, some way of

| think given that medical practices change so

19 accommodating the changes in practice with remote
20 visits, some way of being able to mold clinical

21 development around the new redlity, | think is

22 important to consider.

Page 220
1 DR. DREKONJA: No waorries, Drekonja.
2 I'll be brief. 1 would just echo the thoughts --
3 Thanks for having this conference. It'sreally great
4 to hear this perspective from so many folks. | would
5 just say that including a micro endpoint as part of
6 the composite primary endpoint, to me seems
7 problematic until we have a clear and consistent data
8 set that isarelevant endpoint.
9 It's great to collect as a secondary
10 endpoint. But to mandate it as a primary one when we
11 have conflicting date seems misguided, to me.
12 The second point isit really generates
13 confusion. I'm at ateaching hospital and our
14 clinicianstend -- Y ou know, they’re trained to
15 emulateclinical trials. Here we haveto tell them
16 that no -- yesthetrial will do this, but you
17 shouldn’'t do this. It generates confusion.
18 Lastly, as someone who just
19 completed apragmatic trial, extravisits make it
20 really hard to recruit. If someoneiscominginfor a
21 60-miledrivefor avisit, sometimes more, especially
22 now with the price of gasoline, it is aburden to say

Page 219
1

2 presumed evaluability rate. | just want to echo the

Onething | want to highlight, also, isthe

3 comments that were made earlier, isthat in practice,

4 these are substantially lower than might be expected.
5 That has a commiserate affect on the sizing reprogram
6 and the practicability of completing aprogram. So,

7 I'll stop there.

8
9 definition looking at performance characteristics with

Just in brief, | think the primary endpoint

10 different thresholds, particularly symptoms, as well
11 asmicrobiology, | think would be an enormous step
12 forward. Because we're al interested in knowing what
13 predicts a successful outcome. | think the current
14 definition isworthy in the sense that it’ s very

15 dtringent. The question isit overly stringent and

16 actually negating development or possibility of

17 development. Thank you.

18 DR. HOOTON: Okay. We have severa
19 handsup. Dr. Natargjan, you first, | guess.

20 DR. KIM: Actually, | think it's

21 actualy, the next person is Dr. Dimitri Drekonja. |

22 apologizeif I'm mispronouncing your hame.

Page 221
1 that if you're going to do this, you need to come back
2 insevera times. We did most of our recruitment
3 virtually. AndI'd really encourage that.
4 | think having that
5 micro endpoint makes it much more difficult. And I’
6 leaveit at that. Thank you.
7 DR. KIM: Thank you. Mac, | think the
8 next personin lineis Dr. Trautner.
9 DR. TRAUTNER: | think it's Dr.
10 Natargjan, but I’'m not picky either. | don't think
11 we'retoo worked up about it. We're all going to get
12 to speak.
13  So, you know, we're hearing alot of consensus
14 for what we care about isthe clinical outcome. | do

15 want to add a few caveats around that. It hasto be
16 inablinded trial, of course, because clinical

17 outcomeis subjective. You know, people are going t
18 fedl better if they know they got something, so it

19 definitely hasto bein ablinded trial. But | think

20 we'real most interested in the clinical outcome

21 because we don't really know where bacteria becomes
22 symptomatic UTI.

O
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1 That said, asaninvestigator, when I'm reading a
2 clinical trid, | definitely want to seethe
3 microbiologic outcomes. | think those need to be
4 included because they’ re going to tell me, you know,
5 inasense, in the human model, does this antibiotic
6 decrease the number of bacteriain the human bladder?
7 | think that's important data. | don’t know that it
8 should be the primary outcome. But | definitely would
9 liketo seeit. And | would liketo seeitinthe
10
11
12
13

14 seen that woman that had a“positive” -- had a

majority of peoplethat arein thetrial.
That brings meto my last point here is that
there are issues with the urine culture and the

threshold for the urine culture. | think we've all

15 “negative” urine culture. But really she has 10 to

Page 224
1 DR. KIM: Thank you. Dr. Natargjan,
2 sorry for skipping over you, initialy.
3 DR. NATARAJAN: It'sal right. It's
4 no problem. Thanks. Thisis Mukil Natarajan from the
5 FDA. So, | think Dr. Trautner kind of covered what |
6 wasgoing to say aready, alittle bit. | just want
7 to make acouple points. Oneisthat we do look at
8 both the clinical and micro endpoint data separately,
9 in addition to them as acomposite. The current
10 recommendation is that the compositeis the primary
11 endpoint. But we definitely would be interested in
12 thoseindividually, so those data are not ignored.
13 So, the real question iswhat should be
14 the primary endpoint. And, you know, at the end of

15 the day, we are evaluating an anti-bacterial drug. As

16 the 4th organisms. And thelab’s cutoff is 10 to the 16 far as| know, there hasn't been alot of effort in
17 5th. Anyonewho's been studying this clinically knows 17 other kind of mechanisms that would potentially treat
18 that because you’ re doing your own urine cultures and 18 an uncomplicated urinary tract infection, perhaps
19 you're streaking them. And you're seeing there are 19 immune based, you know, symptom -- directed at
20 bacteriathere, they just aren’t meeting that 10 to 20 symptoms.
21 the 5th threshold. 21 So, we know that that’s the mechanism
22 | suspect in the human bladder that the number of 22 of action and the goal of treatment, obvioudly, is
Page 223 Page 225
1 counts of bacteria goes up and down all thetime, just| 1 clinical improvement. We are very interested in the
2 inthe course of aday, depending on hydration status| 2 micro data. If adrug doesn’t, you know, doesn’'t
3 and voiding. Just like in those dynamic bladder 3 appear to have micro activity as mentioned earlier, it
4 modelsthat we saw. So, it's hard to determinewhat | 4 really raises questions about how well it is
5 threshold really matters. 5 effective, eveniif it hasclinical efficacy in the
6 And then another problem with the urine 6 short term. I'll stop there. Thanks.
7 culturethreshold of 10to the5this| dothink there | 7 DR. HOOTON: Peter, if | may, | don't
8 are uncultivable organismsthat can cause symptoms.| 8 think anyoneis arguing that micro shouldn’'t be
9 Itisunequivocally true that there are uncultivatable | 9 considered as an outcome. Just that it not be part of

10 organismsin the bladder. We know that from 16-S
11 sequencing studies. Aracocus comes up alot, aswell
12 aswell as actinobacillus. And neither of those will
13 spoil on a standard plate.

14
15 symptomsin some of the culture negative patients,
16 that | can't tell you. But | do know that itis

17
18
19
20
21
22

Whether or not those are accounting for the

possible that there are organisms there that we are
not catching with our standard culture techniques.
So, to me, those are al arguments against making the
microbiology an essential part of the primary outcom
But | would definitely want to continue to see the
microbiology results. Thank you.

10 the primary act up.

11 DR. KIM: Thanks, Mac. Understood. |
12 believe, Mac correct meif I'm wrong, | think Janice
13 Tufteisnext.

14 DR. HOOTON: Yes, looked like it on my
15 screen.
16 MS. TUFTE: Hi. Thank you for having

17 me heretoday. | just want to say it's been very

18 interesting as a patient, and I’ ve learned a lot of

19 words. You know, | really hadn’'t thought about breal
e20 point. Endpoint | understand. So, it's been abit of
21 achallengelearning.

22 What | know personally, what a number

~
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1 of you have brought up in this discussion, is that

2 like my test might turn negative. And recently |
3 discovered, you know, they were doing two or three
4 testson mefor UTIsand that there was bacteria. |
5 was able -- it wasn’t showing up in my chart. But |
6 did find out that in a number of the organisms that
7 we' ve discussed today, at various pointswerein it.
8 But evidently, | did not reach the, you know, the
9 threshold to take endobiotic. Although, | was taking
10 them anyway for another reason at the time.
11
12 we'retaking about clinical trials, thisisaside
13 note because I’ m very involved with equity, that we
14 really reach out to individuals from different
15 backgrounds and be sure to include them in this.

But | think it's very important when

16 Because, you know, if some of the important clinical
17 trials are from years ago, it's very important to

18 reach peoplethat aren’t normally involved.

19 And regarding the elders, like myself,

20 who do take, you know, Estradiol, whatever, isa

21
22

careful to try to figure out whereit's-- it'sa
balancing act, kind of, not to take too much. Because

Page 228
1 to haveto dois-- because my microphone is connected
2 tomy phone. Any AV suggestions for this?
3
4 you mute your computer mic if you have your phone on?

MAN 1: Could you unmute your -- could

5 Or your computer speakers, could you lower it?

6 DR. STAPLETON: It's already muted. |
7 cantry again.

8 MAN 1: It'snot horrible.

9 DR. STAPLETON: Isthat better?
10 MAN 1: Or just try to turn down your

11 computer speakersitself, just alittle bit.

12 DR. STAPLETON: Okay, how’sthat?
13 MAN 1: Kind of the same.
14 DR. STAPLETON: | could drop -- | could

15 leave the meeting on the computer. Maybe that will
16 work. Let metry that. Okay, can you hear me now?
17 It'smore normal? Okay. It wasjust easier to see

18 the dlides, but | can make the phone bigger from here
19 onin.
20

21 with Paxlovid rebound in the last few days and the

| was thinking because of struggling

22 rest of my life as an infectious disease doctor, we're

Page 227
if you take too much, you can have UTI like symptoms.

Or if you take too little. But | have had UTIs even
under this treatment.

So, you know, we can exclude them, but
we have to be very careful because people can
certainly still get aUTI even though they're on
certain treatment. | just wanted to add that.

And | think agood point somebody else
brought up, when the patient feels better, right.
Somebody said shared decision making. Y ou know, if
patient feelsit’s resolved, then you don't need
another antibiotic, then that’s something to think
about. But there'salot of -- | think it's very,

14
15 in. Thank you.

very personalized. And somehow that has to be built

16 DR. KIM: Thank you. | believe that

17 Dr. Stapleton is next with her hand raised.

18 DR. STAPLETON: Hold on asecond. Let
19 me-- So | may get an echo. Areyou guys getting an

20 echo?

21 DR. KIM: Yes.

22 DR. STAPLETON: | think what I’'m going

Page 229

1 thinking alot about what are the consequences of

2 till having the organism around in these patients who

3 are, you know, obviously aviral pathogen. Then alsg

4 thinking about newer concepts that the bladder is

5 never really sterile.

6 | think these guidelines about

7 completely getting rid of symptoms and completely

8 getting rid of bacteria have a sort of afedl, to me,

9 of predating information that we have gathered over
10 the last decade or two that the bladder’ s never really
11 sterile. There are gradation of bacteriuria and, of
12 course, viral shedding in the case of -- what made me
13 think of this, a Paxlovid rebound situation that many
14 are dealing with.

15 If we could, | think as has been

16 mentioned by several people, have a better

17 understanding of what happens. Since we all know, |
18 think, we recognize that clinically, we don’t

19 completely eradicate symptoms, usualy. We don't
20 completely eradicate uropathogens. If we do, we often
21 end up against, coming up against collateral damage,
22 suchasC. Diff. or other things. Even using
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antimicrobials that are not associated with that kind

of outcome.

So, studies that would look at how good
doesit haveto be in terms of symptoms. And if it
isn't perfect, what happens a month later? And how
does it have to be (inaudible) reduction of bacterial
counts. What isathreshold, if thereisone, that is
associated with not getting a recurrence or not

© 00 N o o b~ W N B

requiring aretreatment in the near future and, |

=
o

guess, the far future?

[EEY
[N

What isthe far future that is

=
N

appropriate? Because there are other changes that
would impact the risk of UTI that could confound that

=
w

14
15
16
17
18
19
20
21

question, aswell. I'll put myself back on mute.

DR. KIM: Thank you, Dr. Stapleton.
Dr. Brittain, | think you're next.

DR. BRITTAIN: Hi, yeah. ThisisErica
Brittain from NIAID. I'm astatistician at NIAID.
So, I’'m probably going to say alot of things people
have already said. But just quickly, it certainly
bothers me about the composite endpoint that two drugs

Page 232

1 think you're next.

2 DR. EVANS: Thank you. | thank the

3 sponsor, the FDA, and the other speakers for their

4 thoughtful presentations. | understand the

5 complexities associated with today’ s proceedings. |

6 appreciate the efforts to understand the challenges

7 and the data.

8

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

The current primary efficacy endpoint
isreally acomposite of what you might think of as
the short -- the shorter-term response, which you're
able to measure through the clinical response
component focusing on symptoms. But the other part of
it is the longer-term response, measured by
microbiological component, as a surrogate,
essentialy, for relapse.

Now, there are some questions, redlly,
about the relative importance of the microbiological
response component, particularly relative to the
clinical response component. The current endpoint
treats them of similar importance because if you fail

on either one, it implies overall failure.

22 could look the same on that, when in fact, one could 22 So, it could be argued that the
Page 231 Page 233
1 look -- one could be better on aclinical endpoint, 1 clinical outcome isthe most immediate importance for
2 that those two things can happen at once. 2 patients, asit reflectsimmediately on impacts,
3 And to have the approval based on the 3 patient symptoms. Yet, there’ sthis, also -- you
4 composite when, in fact, there' sa difference onthe | 4 know, thisimportant evidence that says
5 clinical seems problematic. But | understand the 5 microbiological response would predict -- is
6 appeal of the composite endpoint. And wonder if it | 6 predictive of relapse and longer-term outcomes.

7 should be more of kind of ajoint endpoint, whether
8 it'sofficialy co-primary or oneislike akey
9 secondary or something on that order.
10 And | also want to make the point that
11 -- | haven't heard anybody talk about this, but |
12 would still think you' d want, even if you went to a
13 clinical endpoint, you would still want the primary
14 population to bein the micro, for the primary
15 analysisto bein the micro positive population
16 becauseitisanon-inferiority trial, we want to make
17 sure people really do have the infection.
18 Now, you could have alarger study
19 where you include people, the many people who don’
20 actualy have positive cultures, but not for the
21 primary. Yeah, | think that wasit. Thank you.
22 DR. KIM: Thank you. Dr. Evans, |

7

8 for longer term outcomes, one idea might -- or one

So, in absence of following patients

9 question might be might there be a compromise that,
10 one, prioritizes the immediate and most important
11 clinical response component? And two, recognizes the
12 important increased risk for relapse and longer-term
13 outcomes with afailed microbiological response.
14

15 you consider clinical response and microbiological

So, for example, for each patient, when

16 responses, there' s four possible outcomes for a

17 patient. The patient either has clinical response

18 with or without microbiological response or clinical
t19 failure with or without the microbiological response.

20 So, there's an ordinal nature to those four possible

21 patient outcomes.

22

And so, apatient centric sort of
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1 desirability of that outcome ranking could be defined

2 with four levels, the most desirable level isthe --

3 isthere' s appropriate response in both. The least

4 desirableisthe failure on both.

5

6 Andif you prioritize the immediate clinical response,

7

8

9
10
11
12
13
14
15
16
17
18
19

There are two levelsin between.

the second most desirable outcome for the patient is a
clinical success but amicrobiological failure. And
below that would be amicrobiological success but with
aclinical failure.

Analysis can then be conducted
recognizing finer gradations of these responses
through evaluating and comparing the distribution of
this patient level outcome based on the desirability
of what's happening. I'll stop there. Thanks.

DR. KIM: Thanks Dr. Evans. | just
want to doublecheck, Dr. Botgros, | saw your hand up.
I’m not seeing you at the moment. | just wanted to
make sure that —
20 DR. BOTGROS: Thank you very much, Dr.
21 Kim. | don't know if you can see and hear me.
22 Actualy, indeed, | had my hand up. | just lowered it

Page 236
1 make sure the drug is working on what it’'s supposed to
2 work, we would need to see, also, some activity at the
3 microbiological level. Obviously, what I’'m saying now
isnot as aregulator.

But I’ ve seen on one of the

presentations there were -- | think there was some wet
banner saying thisis the entry point for important

drugs that can be used for other indications. And1'm

© 00 N o O »

not advocating for, obviously, off-label use. But
10 frankly, even more so, we need to make sure the drug

11 isworking on the bug or the bugsthat arein the

12 antimicrobial spectrum. 1’ll stop here. Thank you

13 very much.

14 DR. HOOTON: Peter, we have three more

15 minutes this session.

16 DR. KIM: Thanks, Mac. And welcome

17 back. Thank you. | know you were having some weather
18 issues. | thought | saw Dr. larikov's hand up. |

19 just want to make sure that I’m not missing him on my
20 hands up list.

21 DR. IARIKOV: No, Peter, you'renot. |

22 lowered my hand because a point | wanted to bring up

Page 235
1 because many of the points | was trying to make were

2 aready expressed.
3 | think, you know, what I’'m alittle
4 bit puzzled about, having heard some of the comment
5 isthefact that some of the speakers were speaking --
6 weretalking about total eradication in the micro
7 endpoint. Whereas here, we are actually looking for
8 reduction of CFUs (inaudible). And, you know,
9 antibiotics are working on pathogens. That’sreality.
10 And therefor, | think for us as regulator, it's
11 important to understand in how far they have activity
12 on the bug.
13 It's very interesting what we just
14 heard from the previous speaker with regard to the
15 four possible outcomes. |I'm really wondering for an
16 antibictic, if you would -- | mean, how often, redly,
17 you would see situations in which the micro-outcome
18 would be afailure. So, that, essentialy, the
19 antibiotic would not reduce the burden of pathogens
20 but then the patient would be aclinical success.
21
22 such situations. But | would imagine that in order to

| can’t understand that there will be

Page 237
2 1 (inaudible). I’'m good. Thank you.
2 DR. KIM: Okay. Next, | believe, Dr.
3 Trautner, again.
S 4 DR. TRAUTNER: Yes, sorry | don’t want
5 totakeup all thetime. We're having an interesting
6 discussion about bacterial eradication. People are
a7 studying non antibiotic approaches to treating UTI.
8 And some of that may involve leaving -- modifying the
9 virulence of the organisms. It doesn’t necessarily
10 mean they won't bein the bladder. It’'sjust that
11 they won't be causing as much inflammation and tissue
12 destruction.
13
14 consideration, particularly for bacteriophage as it
15
16
17
18
19
20
21
22

So, that may be for trials of the future asa

comes along.

And then, of course, someone mentioned
desirability of different outcomes, | think that’s
called the DOOR strategy, desirability of outcome
ranking. And it's becoming an increasingly popular
strategy in infectious diseases clinical trials. But
| could not speak to the details of that study design.

DR. KIM: Mac, I'm checking with you.
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1 Do you see any other hands up? 1 whilewe're waiting on hands. Ann, how about
2 DR. HOOTON: No, I think it's 2:50, 2 suplisforance -- we don’t want to use floquidalonce
3 about. So, | think we go to the next topic, Peter. 3 (inaudible). But how about suplisforance?
4 DR. KIM: All right. Thanks everyone. 4 DR. STAPLETON: Wéll, asyou know, we

5 Excellent discussion on thisissue. We'll move on to
6 the next question, which is Question NO. 2. Please
7 discuss what would be acceptable active comparatorsin
8 uncomplicated UTI, non-inferiority studies. And for
9 this question, we were interested in having Dr.

10 Stapleton kick off the response.

11 DR. STAPLETON: Okay. | am going to be

12 fairly brief because thisis a shorter discussion, and

13 we have lots of questions from the last one. So, I'll

14 go back to -- You don't have to seethe dlide, I've

15 got it here, about nitrofurantoin and why did | say

16 among thefirst line therapies that we have right now

17 for UTI thiswould be our best comparator.

5 published two trials showing that in comparison with -

6 - | think both times it was flogquidolon,

7 unfortunately, that we saw higher rates of recurrence

8 after the trial and more rapid recurrence. | would

9 haveto say in my UTI clinics, thisiswhat | seeas
10
11
12
13
14
15
16
17

my most common consult, which is people who give more
and more courses of typically something like Keflex,
cephalexin and sometimes even longer.

So, it'sthe idea of well, we have to
hit it harder, or we have to treat longer. And
perhaps, it irradicate bacteria from this person or
irradicate all symptoms, which is, of course, a

separate issue. But | commonly see that presumably

18 Weéll, the resistance rates are 18 because of both vaginal and gut, microbiome
19 relatively low. And they’ve been pretty durable over 19 disruptions and changes, that people have long
20 thelast several decades. So, we wouldn't be likely 20 clusters of recurrence, often of the same organism,
21 to have, using nitrofurantoin in amiddle of atrial, 21 even with the same antibiogram.
22 starting to have local rates to change and become 22 So, | do not advocate using beta-
Page 239 Page 241
1 higher. Thereisminimal adverse effects and 1 lactamsin clinical trials, mostly because of the --
2 collateral damage, which iswhat we would like to have 2 our previous data and my anecdotal experience asa
3 inour study drugs. While we hope that we're not 3 care provider for UTI patients.
4 introducing more problematic agents as much as 4 DR. KIM: Thanks, Dr. Stapleton. Dr.
5 possibleinto the armamentarium. 5 Trautner, | seeyour hand is up.
6 It has the tablet formulation, which 6 DR. TRAUTNER: Yes. So, | didn't
7 makesit easier to study it. And it doestreat only 7 realize| guess until this meeting, the FDA wanted the
8 cystitis, which isnot ahugeissue. Butisniceto 8 active comparator to be one of the guidelines
9 know that if you have the emergence of, say, a 9 recommended drug. | think what’sinteresting isto

10
11
12
13
14
15
16
17
18
19

protractor or non-bladder symptoms or signs, that that
would be potentially already present at the time, or
at least -- not necessarily that, but it gives you the
opportunity to think about your definitions of
eligibility and indligibility when you put peopleinto
the trial.

And so, you would be able to tell how
many people failed because the upper tract wasn’t
being covered when you' re using nitrofurantoin as your

comparator drug. And | think that’sall I'll say.

20 Others can make comments.
21 DR. KIM: Anybody have comments?
22 DR. HOOTON: WEell, | have acomment

10 look at what people are actually using because that’s
11 what is considered the active drug in that setting.

12 For example, a my hospital, what's recommended
13 for uncomplicated UTI is Cefpodxime, followed by
14 ciprofloxacin. And that’s based on the local

15
16 facility.
17
18
19
20
21

22 what isthe resistance profile of the organisms that

resistance of antimicrobial resistance at our

DR. HOOTON: Y ou mean for uncomplicated
UTI, you don’t use -- (inaudible) is not your first
line?

DR. TRAUTNER: Itisnot. | didn't
like the recommendations, locally. But it’s driven by
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are in the urine of the patients that walk into our 1 MR. HADLEY: Agreed, yes.
clinic, male and female. 2 DR. KIM: Dr. Natargjan, | think you're

DR. HOOTON: Weéll, we're talking about
uncomplicated UTI, here. Most people are using that
term for women only. So, for women with uncomplicated
cystitis, you would use a fluoroquinolone or
cefpodoxime. That’sreally surprising to me.

DR. TRAUTNER: No, my preferenceis
(inaudible). But I'm just saying, there are -- you
can look at (inaudible) does something similar, which
isour public health system in Houston. So, | think
given that the current guidelines are 12 years old and
it's going to be alittle while before we have new
guidelines, we might be wanting to broaden our choice
of active comparators.

DR. KIM: Thanks, Dr. Trautner. |
believe MR. Hadley, you’ re next with your hand up.

MR. HADLEY: Thank you, | appreciate
it. And | completely understand the desire to move
towards nitrofurantoin because of the resistance. But
does anybody see any issues using nitro with its low

susceptibility for anything other than E. coli?

3 next with your hand raised.
4 DR. NATARAJAN: Thanks. Thank you for
5 everyone else’s comments, too. | just wanted to make
6 apoint about, not specifically about the active
7 comparator. But people are talking about resistant
8 datadriving what to use for uncomplicated UTI and |
9 just wanted to, you know, point as usualy, as has

10 been mentioned several times today, that urine

11 cultures arerarely obtained in clinical practice for

12 UTI.

13

14 -- the resistance spectrum of uUT]I if we're not

So, | don’'t know if we really know the real micro

15 getting cultures. And usually, cultures are obtained

16 when patients aren’t doing well. So, we may be skewed
17 towards more resistance than what' s actually out

18 there, at least when we ook at larger studies, you

19 know, out in the community. Obvioudly, clinica

20 studies might be alittle bit more representative.

21 Thanks.

22 DR. KIM: Thanks Dr. Natargjan. Dr.

Page 243
Especially if you'retrying to look at a number of
different bacteria through the study.
DR. Hooton: Weéll, luckily, with

uncomplicated cystitis, the E. coli isthe -- isthe

5 main pathogen. So, it’s not ahuge concern. The

6 other thing about uncomplicated UTI that we haven’t

7 discussed today isit’s avery mild disease, by

8 definition. If it's more serious than that, it

9 shouldn’'t be considered an uncomplicated UTI. So, i
10 you fail therapy, it's not that big adeal.
11 So, what you want to try to do is minimize
12 the collateral damage, | think, which iswhy wetry to
13 avoid fluoroquinolonesin general.
14 MR. HADLEY: Agreed. But doesn't that
15 beg the question, then, why not do placebo-controlled
16 studiesif it's such a short course of therapy?
17 DR. HOOTON: | certainly have no
18 problem with that. | think Ann raised some good
19 points about just the practical difficulties of doing
20 aplacebo-controlled trial. If you look to complete a
21 trid, in the United States, anyway, | think you're
22 going to have alittle trouble.

A WN P
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1 Gupta, | think you're next.

2 DR. GUPTA: Great, thanks. So, | guess

3 what I'm hearing is the question is do we have to have

4 oneanswer? | hear somereally good rational for

5 nitrofurantoin. | don’t disagree with the concept

6 that Dr. Trautner brought up, which is using something

7 that alot of clinicians use, even if they’re not

8 number one on the current guidelines, but just
f 9 suplusforin.
10
11 therapeutic that’ s being tested. It wouldn’t be fair,
12 | don’t think, to use a suplusforin as your comparator

And it may depend on, you know, the

13 if you are looking at something that has activity

14 against ESBL. But potentially, if you're looking at

15 something more narrow, then a suplusforin might be a

16 good idea. And then if you do have something that has
17 activity against an ESBL, then nitrofurantoin might be

18 your choice.

19 | don’t redlly like the idea of

20 placebo-controlled trials for UTI because | think it

21 underestimates the burden of UTI in women when they

22 have even uncomplicated UTI. Thereisaburden of
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1 symptomsthat affectstheir lifestyle. Andthere'sa 1 Houston, Texas.
2 rate in placebo-controlled trials that we already have 2 DR. KIM: Thanks, Dr. Trautner. Next,
3 inour hands of a higher rate of pyelonephritis. | 3 | believe, Dr. Janmohamed has the hand raised up.
4 don't think that we need to go to that extent. 4 DR. JANMOHAMED: Yeah, | thought it
5 | think we can find an active 5 might be opportune to ask, as we' re talking about
6 antibiotic comparator for people who truly have UTI 6 nitrofurantoin in the context of global studies, given
7 based on their symptoms. And yes, aso including the 7 that you don’t have complete harmony with CLSI, the
8 microbiology. So, those are my comments. Thank you. 8 dataand (inaudible) kind of getting older now. Where
9 DR. KIM: Thank you, Dr. Gupta. Dr. 9 there might be some need to try and get some
10 Trautner? 10 harmonization of what is a nitrofurantoin susceptible
11 DR. TRAUTNER: Yes, I'll second that. 11 organism. Becausethey're not, asfar as| know,
12 | don’t agree with a placebo control. Many people, 12 exactly the same, according to the definitions.

13 when talking about women with uncomplicated UTI are
14 suffering actively. We don’t want to not treat them.

15 There' stherisk of pyelonephritis, which istwo to

16 five percent. We know that from placebo-controlled

17 trials. There'sthe need to shorten the duration of

18 suffering, which we aso know from placebo-controlled
19 trials, can be done with antibiotics.

20

21 astute mention that we don’'t know what’sin urine

| was going to comment on the very

22 culture of people with uncomplicated UTI because we

13
14 convergence to facilitate global studies?

15 DR. HOOTON: Good point.

16 DR. KIM: So, Dr. Janmohamed, are you

17 talking about CLSI versus UCAL?

18 DR. JANMOHAMED: Yeah, | mean, having
19 singular definition what is considered nitrofurantoin
20
21
22

I's there some possibility of getting some

susceptible organism according to asingular break
point, yeah. Or definition of susceptibility. |

mean, you know, you can cut the data according to

Page 247
1 haven't looked at that. Three groups kind of have

2 now. Onewas alarge national study where they had
3 everyone with UTI symptoms get a urine culture. We
4 did asmall onelocally. We actually found very high
5 resistance. In Houston, Texas, we have alot of
6 international patients and ESBL was, | think, about
7 eight percent in our uncomplicated UTI urine cultures
8 in people that would not normally have had a urine
9 culture.
10
11 right for us, only 56 percent of those cultures grew
12 E. cali, 21 percent would be strep. And then after
13 that, you had your kleb and your proteus accounting,
14 combined for about 10 percent. So, nitrofurantoin
15 would have worked except for that about 10 percent
16 klebsiellaand proteus. That’s why our guidelines
17 actually have, let’'s see -- Our county guidelines

In terms of what bug is nitrofurantoin

18 recommend nitrofurantoin followed by septinere,
19 followed by Bactrim for uncomplicated cystitisin
20 women.

21 Again, | didn’t write those, either.

Page 249
1 different definitions, but it does complicate things.
2 We'retaking about a comparative like nitrofurantoin.
3 That seemsto, you know, number one in terms of
4 guidance and in terms of covering (inaudible) or at
5 least E. cali.
6 Just opportunistically, | wondered if
7 there’s -- some consideration might be given to it.
8 I’'m not expecting a solution today. But aswe have
9 our EMA colleague here and you' re here, whether, in
10 terms of fostering global development, that might be
11 something to —you know, that might help.
12 DR. HOOTON: Y ou know, there's no one
13 drug that’s perfect for a comparator for atrial like
14 this. So, nitrofurantoin -- and | have no stock in
15 nitrofurantoin. It seems like areasonable drug.
16 And Barbara, to your point,
17 nitrofurantoin probably should have activity against
18 Group B strep. So, it has activity for some bugs, not
19 all bugs. And you showed before 22 percent
20 susceptibility in that national survey. But E. coli
21 istill resistanceis till quite low.

)

D

22 But that’s just the reality of what's being used in

22 The probably, certainly with the
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1 fluoroguinolone and resistance. And with the beta

2 lactam. Betalactam may be fine. | have no problem

3 with that, either. It'sjust that Beta lactam

4 generally haven't performed aswell. So, we don’t

5 have a perfect drug to use as the active drug in these

6 trids.

7 But nitrofurantoin has alot of

8 attributes. And it has activity against ESBL. So,

9 that’s-- in your ares, that would make sense, to me,
10 unlessthese bugs are resistant to nitrofurantoin.
11 Eight percent is very high for ESBL in uncomplicated
12 cydtitis.
13 DR. KIM: Thanks, Mac. And then, Dr.
14 Janmohamed, we would likely need to include members
15 from CSLI and New Cast aswell in order to reach
16 aignment on break points beyond FDA and EMA. But
17 point well taken. Thank you.
18
19 you seeing any other hands?
20 DR. HOOTON: | thought | saw Barbara's.
21 Barbara, did you -- No? Okay. No, nothing on my

Mac, I’m not seeing any other hands. Are

Page 252

1 little bit of debate.

2 Historically, you go back, and you see

3 statements made that high concentrations in urine, the

4 drugsisgoing to be efficacy. Andyou can't really

5 fakeit that way, | think, anymore, with what we know

6 about PK and PD.

7 The second thing is that while the

8 concentrations are above the MCI, so that should be

9 drug effective. It goes back to understanding the
10 drug you have, the drug you’ re devel oping and what
11 it'sPK and PD driver is, as| showed you. So, isit
12 turning on the curve AMIC, the time above AMIC, what
13 isit?
14
15 what you think you need. Again, we don't have aclear

And getting a parameter that gives you

16 definition of what stasisis the most important or is
17 one-fold CFU decrease. There's debate about that

18 within the literature. | think in uncomplicated, it's
19 probably statisbut | don’t have alot of datato back
20 that up and tell you that.

21 And as | had mentioned, too, so that’s

22 screen, Peter. 22 a-- 0, those are studies preclinically you could

Page 251 Page 253
1 DR. KIM: Okay. 1 sort out. | think the suppression of resistanceis
2 DR. HOOTON: Shall we go to the next 2 also important so that these drugs do have alongevity
3 one? 3 toit. Asl showed you with the GSK data with jepto
4 DR. KIM: Yes, please. 4 didiosin that, you know, they had done nicely where
5 DR. HOOTON: Okay. I’'m going to start 5 they showed you what it took to kill it in that one
6 out. But again, the hand raising, I'll leave to you 6 log and then also what suppression is. And then
7 becauseit’s not clear who raised their hand first on 7 showed you the uranic concentrations using a higher
8 my screen. 8 MIC intherange that reflected not only susceptible
9 Okay, so the third topic is please 9 E. coli but al'so someresistant E. coli so that you

10
11
12
13
14
15
16
17
18
19

20 the urine for uncomplicated urinary tract infections

discuss the pros and cons regarding the use of urine
specific break points for the development of
antibacterial drugs for uncomplicated UTI. Please
also comment on what studies would be helpful to
evaluate urine specific break points. Dr. Rodvold is
our leadoff speaker on this one.

DR. RODVOLD: Thank you. What |
presented, as well as my colleague from GSK presented,
| think we' re in agreement that we think thisis very

important for drugs that have a high concentration in

21 versustheir serum concentration. What exactly is

22 high concentration that meets this has probably got a

10 have adequate enough coverage of that.

11 So, | think there'saprotodoit as

12 long as you have these high concentrations that are
13 present. But at the sametime, you have the aspect of
14 you need the pharmacodynamics to be defined for yo
15 and aswell as PK. PK in the urine has got high

16 variability use off of my colleague speakers. And

17 doing these studies myself, | can tell you that we do
18 alot of penetration studies. I'm morein lung

19 penetration but urine is no different. Y ou know, you
20 have variability that's 100 percent at times.

21 So, you haveto act -- you have to

22 accurately collect urine concentrations to reflect
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1 thosevaues. The Glaxo datathat | showed you, they

2 collected every two hours over a 12-hour period, which

3 wastheir sampling -- which was their dosing interval.
4 And alot of times, historically, PK studies that have
5 urine collection, they're only really doing to get the
6 recovery of how much drug isthere.

7 So, you know, you' d haveto do the

8 trial that reflects, that gives you a good balance of

9 urine concentration to understand that profile to be
10
11
12
13
14
15
16
17
18
19
20
21

22

able to go against those kinetic dynamic markers.

| think other studies you could do pre-
clinically isthat, as was shown by the Australians,
isthe models that are being used for urine now in
vitro that allow you to do alot of things. They have
avery complex model that you can do multiple
pathogens with multiple susceptibilities. Y ou have
urine voiding going on that isn't amodel and is
illustrated.

Again, doing these studiesis that, you
know, even when you do it Phase 1, you have healthy
volunteersin the study that you control. Y ou almost

need a Phase 2 study to have patients to see do they

Page 256

1 interpret that right.

2 In addition to that, automated panels

3 areaready loaded with how many MIC testing they can

4 do, even per drug. So, like the Cefazolin model that

5 we showed you, you know, there was two break points --

6 three bresk points because there was an intermediate

7 for that of serum. And then you had two different

8 break points for urine. So, that’s five points that

9 you're bringing up.
10
11 come after thisin how to interpret that information,
12 if that was going to be used clinically. Now, that’s

So, there' simplementation issues that

13 the -- you know, an issue whether or not that’s even
14 practically needed and/or to do.

15
16 talk to you about, aswell, isthat -- islooking at

Thefina -- acouplefinal comments |

17 thiskind of information and sorting through what it

18 all meansisthat so far we' ve gotten to this point

19 because people said these drugs work. And they’ ve got
20 these high concentration, so let’'s elevate it. With

21 really no outcome data, necessarily.

22 And so, we need outcome data that
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1 match up the same things that you have with healthy
2
3

4 their in vitro showed, aswell in vivo studies had

controls. Again, the GSK data, they did a nice small
study to confirm what they got out of Phase 1, what

5 showed to take them therein place.
6
7 development issues, you know, that are here. There's

Those are the -- those are the drug

8 apractical issue after this, though. You know, |

9 talk to peoplein COSI in prepping for this meeting.
10 While COSI and UKS has this data, they’ re emphasizing
11
12
13
14
15
16
17
18
19
20
21
22

alot because they're hard to implement. For the lab
tech, they don’t know whether or not thisisan
uncomplicated or acomplicated urinary tract
infection. Or isit even aurinary tract infection.

Y ou're potentially talking about that
needs a urinary break point. Remember, those urinary
break points that you see on the slide | illustrated
aswell as my colleague presented, that’s for only
uncomplicated urinary tract infections. And so, they
don’t know which break point. If there's a set for
serum versus a set for UTIs, they’ ve got to know the
set for UTI and is the tech going to be able to

Page 257
1 probably matches whatever MIC that you're using. I
2 it'saurinary MIC, which we' re kind of assuming it's
3 going to be, does that correlate with what you seein
4 theclinical trial of outcome. And doesit, you know,
5 fairly well work to doit. So, you need initially
6 finding what it is, finding out what the PD marker is,
7 simulate what your dosages are, and then see does it
8 work intheclinical trial in relationship to
9 outcomes.
10 Y ou know, you'’ ve had discussion going
11 on before this, do you need microbiological data?
12 Wéll, yeah, you kind would need it for this, too, to
13 seethat you actualy -- these break points work
14 against the pathogen or not. But that’s, you know,
15 that’'s adifferent fold than what you're looking at it
16 asan efficacy marker for approving a drug.
17 So, those are some comments. |I'm sure
18 there's plenty more that could be made on thisissue
19 that are both considerations of what we have and ther
20 what we could do and then the kind of trials. Every
21 drug would have to be, you know, coming through th
22 agency, would probably have to be individualized
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1 because they al have their own PK, PD

2 characteristics. Thetype of trial you can and can't

3 do because of the issues of the models you're using.

4 And to get to this urinary break points. So, I'll

5 stop there and let others chimein.

6 DR. HOOTON: Good points. Any

7 questions or comments? So, Nicole? Nicole

8 Scangarella?

9 MS. SCANGARELLA-OMAN: Can you hear me
10 okay? Just trying to come off of mute. Just want to
11 completely agree with everything that Dr. Rodvold
12 said. Redly our key goal with depotitozine wasto do
13 alot of the work, non-clinically, to really help
14 inform our dose selection and then moveinto the
15 clinical program, which is obviously still ongoing.
16
17 clinical efficacy to tie all those together. But just
18 wanted to echo many of the points that he made. As

So, the hopeful outcome will be demonstrating the

19 you saw between our two presentations, we had similar
20 viewson alot of these aspects. But some guidance
21 documented in, you know, guidance documents and COFI
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1 haven't put it down yet, thanks.
2 DR. HOOTON: Any other questions,
3 comments? | don’t know how you pronounce your hame.
4 Grace, you're up.

DR. DANIELSEN: Hi, Grace Danielson,
pharmacology at FDA. | just want to comment on the
use of urine concentration in the (inaudible) or break
point determination. We certainly recognize the
relevance of the urine concentration to support the
UTI indication. However, we have some specific
concerns. For example, as others have pointed out,
urine concentration carries large (inaudible), so that
can significantly affect the accuracy of the PTA
prediction.

And secondly, in order to use the urine
16
17
18
19
20
21

concentration quantitatively in the PT analysis, we
would need a specific PK, PD parameters. And we have
limited experience with that approach. And using the
urine concentration, (inaudible) urine concentration

to reach a plasmatarget from afly model, as shownin

some of the presentation, there is some concern.

22 documents on what can be done around urine break 22 So, how relevant is the target from a
Page 259 Page 261
1 points would be helpful to sponsors, especially those 1 pharm model using (inaudible) concentration rather
2 that may not be as familiar with this area as others. 2 thanfor UTI indication? So, asthe previous
3 DR. HOOTON: Great. Dmitri? 3 presenters mentioned, there’s multiple (inaudible)
4 DR. IARIKOV: Thanks. | wasjust going 4 modelsfor new UTI. And each carries some strengths

5 to agree with Dr. Rodvold that the process of sort of

6 getting that pre-clinical data and then getting

7 clinical outcome dataiis really important. And then |

8 think the final point that needs to happen is

9 implementation, how to communicate to practicing
10 clinicians, not just ID docs of what this means. What
11 does it mean when you have adrug that has a urinary
12 break point?
13
14 nitrofurantoin and Fosfomycin, already. If there's

We're used to communicating this with

15 more out there, it's still a concept that some people

16 really struggle with, when can you use aurine only

17 drug and when can you not. So, figuring a good way to
18 communicate that to people on a broader scaleis going
19 to bereally important if we do this. Thank you.

20 DR. HOOTON: Nicole, your hand is still

21 up. You've got another question?

22 DR. SCANGARELLA-OMAN: No, apologies, |

5 and limitations. | think for arobust PK, PD package
6 will include the non-clinical models to see how to

7 better align with each other.

8
9 to feel more confident using the different non-

At this point, we need to see more data

10 clinical models to support the urinary break point.

11 Thanks.

12 DR. RODVOLD: | don't disagree with

13 anything you said, to be honest with you. 1I’'mtrying
14 to emphasize that alot of thisisin itsinfancy at

15 thispoint. When | inherited thistopic from the

16 agency, | thought I'll find all this stuff in the

17 literature. There's hardly anything in the literature

18 togoon. Likel said, | talk to CLS| people. Even

19 within CLSl, there’ s debate about the how important --
20 what the importance is and how to interpret it

21 depending on who you're talking to.

22

And then you get into the
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1 implementation problems | talked to you about with a 1 pneumonia.
2 microlab. In the development, | totally agree with 2 We can (inaudible) use the human plasma

3 you. We haven't modeled urine concentrationsto a

4 great degree. So, | think we need to take slow steps.

5 In doing this, we're going to have to learn how to

6 handle that, maybe physiological modeling would be a

7 valueto usin this situation.

8 But again, we haven’t do alot of that

9 with urine. Again, once you move away from plasma, we
10
11
12
13
14
15
16
17
18
19
20 doing. But that can alwaysimproved again. And
21
22

start to struggle with other matrices. And thisis
not going to be any different here. | think there'sa
lot to be gained. Y ou have an RFP out for looking for
studies and trying to help define this. | think you
need to look at some of the data that came out of
Abbot’s group and others that have done some of this
to try to put these pieces together at this point.

| think you’ re going to have to take it
one by one. | think the Glaxo data and their outcome

will give you an idea of maybe an initial way of

again, drug specific depending on what’ s coming
through the agency at this point.

3 PK to match the plasm target determined in the

4 relevant animal infection model for uUTI. Wewould
5 haveto consider the potential species differencein

6 therenal equation between the animal species and the
7 human. Thanks.

8 DR. HOOTON: Hand up, Tomefa Asempa.
9 Tomefa?

10 DR. ASEMPA: Yes.

11 DR. HOOTON: Areyou on?

12
13 you see me?

14 DR. HOOTON: Yup, you're good.

15 DR. ASEMPA: Great. I'dliketo echo a
16
17
18
19
20
21
22

DR. ASEMPA: | amon. Let'ssee. Can

lot of what Dr. Rodvold and Grace have spoken about.
It isvery challenging setting up these models and
trying to wrap our heads around what urine specific
break points actually mean.

To Grace' s point, what wetry todois
establish the PK/PD parametersin plasma. And then do
efficacy studiesin the UTI model. And that’s

Page 263
The other problem is the comparator

drug will likely not have alot of information,
either. And so, that will always be sitting there of
understanding what it is. That may not be the major
issue in the development yet. But that’s up to you
guys.

DR. HOOTON: Peter, | went off again.
| missed the conversation.

DR. KIM: No problem, Mac. Dr. Rodvold
10 wasresponding to Dr. Danielsen. For the most part in
11
12
13
14
15
16
17
18
19
20
21
22

© 00 N o o b~ W N B

agreement that we all need more experience with the
non-clinical model in development of urinary break
point. Dr. Danielsen, it looked like you were about
to—

DR. DANIELSEN: Yeah. | had one
comment to point out. | understand it isvery
difficult to collect this PK, PD datafor uUTIl. And
also considering the difficulty to collect accurate
urine samples and determining the urine PK, PD
parameters, I’ m wondering whether we can use a plasma
PK as a surrogate for urine concentration. Similarly,

aswhat we do for like lung infection model for split
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1 because, like the reasons that have spoken about,

2 getting urine concentration in vivo is achallenge.

3 So, we do that in plasma.

4 But it seems from this session that

5 we're going to have alot of datafrom GSK and from

6 Adverum because they’ ve done alot of work in Phase 1

7 and Phase 2. So, if we could somehow collaborate and

8 essentially, from the ground up, work up anew -- a

9 new platform for understanding urine specific break
10
11
12
13
14 two, threeyears. So, | think thisiscertainly a
15
16
17
18
19
20
21
22

pointsin vivo, | think that would be great and do us
alot of justicein trying to rethink how to do this
because we' ve not had alot of data previoudly.

So, thishas al come out in the last

good avenue to do that. | know the FDA has put out an

RFPon that. So, I'm just trying to reach across the

aisle so we can work on that. Becauseit'sa

tremendous gap in our knowledge because we just don’t

have our hands on clinical urine datato try to

replicate that in the Mouse or Porcine model. Thanks.
DR. HOOTON: Good point. Other

comments? Asaclinician, it's not clear how you
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1 train clinicians to provide the laboratory with 1 DR. Mobley noted that the mouse model
2 clinical data or to be able to interpret what the 2 recapitulates gene expression in women with
3 laboratory sends you in terms of whether you should be 3 uncomplicated UTI. It has been observed that during
4 using -- what break points you should be using. 4 infection, core genome expression is conversed, but
5 That’s a chronic, ongoing problem. | don’t know how 5 ribosomal genes are over expressed, and amino acid
6 tofix that. 6 transporters are up regulated, which is associated
7 It would seem simple that physician 7 with rapid growth in the urinary tract.
8 knowsthat if he'streating a UTI, he should be using 8 Next we heard from Dr. Asempa, who
9 the urine break points when they’re available. But 9 discussed the current state of antibacterial PK/PD in
10 that isnot always simpleto do, | guess. 10 uncomplicated UTI animal models, including the utility
11 Anyway, any other comments? Peter, 11 and limitation of each of the models, such as the
12 we'realittle early. Do you want to take any 12 porcine and murine models. He also noted that urinary
13 comments on the other topics? 13 break points -- urinary end points and break points
14 DR. KIM: Sure. We have afew minutes. 14 may be challenging to ascertain in rodent studies and
15 If people have additional comments on either of the 15 robust in vivo studies defining PK and PD are yet to
16 other comments or additional thoughtsin general. 16 become available.
17 DR. HOOTON: | think they’re worn down. 17 He also noted that the use of
18 It'sagood session. 18 preclinical studies may help to de-risk clinical
19 DR. KIM: A robust discussion. Thank 19 development.
20 you, everyone. And thank you, Mac, for being a co- 20 Next we heard from Drs. Roberts and

21 moderator.

22 All right, so at this point, | am going

21 Abbot who discussed the role of dynamic in vitro

22 simulations to inform treatment decisionsin
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1 to summarize the discussion that we had. And then

2 we'll closethe day out. So, herel go.

3 At the beginning of this morning, Dr.

4 Trautner provided an overview of the current state of
5 clinical care for uncomplicated urinary tract

6 infectionsin the United States. She discussed how

7 the definition of uncomplicated UTI has evolved ovel
8 time, past, present, and future. Aswe await the new

9 IDSA guidelines, aswell as uUTI epidemiology issues 9

10 with bacterial resistance and patient risk factors for
11 resistance, treatment recommendations.

12 She aso highlighted the results from

13 recent trials and their outcomes. Dr. Trautman noted
14 the several knowledge gapsin the field, such asthe
15 relevance of asymptomatic bacteriuria.

16 Next we heard from Dr. Mobley. He

17 discussed virulence factors and other properties of
18 bacteria strain that cause uncomplicated UTI. And
19 noted that horizontal gene transfer generates a

20 variety of E. coli pathotypes, uropathogenic E. coli
21 or upac are genetically diverse. And virulent gene
22 expression may vary between patients.

Page 269
1 uncomplicated UTI. They provided an extensive review
2
3
4 comparability to animal models and correlation with
5
6
7
8

of previous UTI in vitro models, outlined key
considerations when simulating UTIs. Discussed

clinical outcomes.
They noted that there are uniquein

vitro considerations when simulating the treatment of
UTIs. That the in vitro models can be flexible and
provide robust and microbial PK/PD data. That they
10
11
12
13
14 currently used antibiotics and inform UTI specific
15
16
17
18
19
20
21
22 for uncomplicated UTI. He noted that nonclinical and

can compliment and inform in vivo models. And beyond
their use in preclinical use evaluation, in vitro
models can potentially provide insight throughout the

clinical development program. Help to optimize

clinical susceptibility break points.

Then we heard from Dr. Rodvold. He
discussed how clinical and nonclinical PK/PD
information can be used in drug development decision
making for uUTI. For example, in dose selection and
break point setting. And considerations regarding

plasma versus urine specific break points for drugs
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1 clinical PK/PD programs need to be individualized for

2 the specific agents that are being devel oped for

3 uncomplicated UTI.

4 And that urine specific break points

5 should incorporate clinical efficacy data and PK/PD

6 analysis. And that PK/PD consideration may help to

7 minimizerisk in clinical development.

8 We then heard from the patient

9 perspectives from two individuals. We heard from Ms.
10
11
12
13
14
15
16
17
18
19
20
21
22

Tufte who provided patient perspective on her
experiences with UTI. And noted the need for patient
centered considerations in care, that clinicians

should look at UTI holistically. That patients, she
reminded us that patients want to understand what they
can do to prevent further UTIs and to understand
treatment options and to have their values and goals
respected and documented.

We then heard from Ms. Price, who
discussed her experiences with UTIs throughout her
life. She'shad UTIsthat ranged in years from four
to fiveto 12 to 15 per year, including UTIs dueto
ESBL and MDR pathogens. She's been treated with both

Page 272
1 stewardship, and the importance of guideline
2 development and revision in atimely manner, aswell
3 asthe need for economic incentives to support anti-
4 bacterial drug development.
5 We then heard from Dr. Natargjan, who
6 provided an overview of the FDA’s current thinking on
7 the development of drugs for uncomplicated UTI,
8 including trial design considerations, active
9 comparators for non-inferiority trials, patient entry
10 criteria, primary efficacy, end point considerations,
11 theimportance of assessing the microbiological
12 responsein the end point, analysis population, and
13 non-inferiority margin considerations.
14

15 provided an overview of the European Medicine Agency’s

We then heard from Dr. Botgros, who

16 current thinking on the devel opment of drugs for

17 uncomplicated UTI. He discussed the recently revised

18 EMA guideline on the evaluation of medicina products

19 indicated for the treatment of bacterial infections,

20 including uncomplicated UTI. He noted alignment

21 between the EMA and FDA on many design considerations
22 for uncomplicated UTI, including but not limited to

Page 271

1 oral and IV antibiotics based on the pathogen. She

2 noted that there have been times when she,

3 symptomatically, have developed aUTI. But the

4 initial culture was perceived as negative. And she

5 called out for the threshold for positive cultures may

6 be currently too high.

7 She also noted her concerns regarding

8 poor communication about her condition from prior

9 physicians. However, more recently, she was thankful
10 for an IG physician that she met who was able to
11
12
13
14
15
16
17
18
19
20
21
22

explain her condition and possible other treatment
options. She disagreed with the silos of
uncomplicated UTI and recurrent UTI and noted that
many patients like her are suffering with current UTI.

Next, we heard from Dr. Clancy, who
discussed the urgent need for novel agentsto treat
antibiotic resistant bacterial infections, including
uncomplicated UTI. That there may be potential use of
the uncomplicated UTI indication as a gateway
indication to developing drugs for indications with
great unmet need. He highlighted the role of

clinically meaningful endpoints, the role of

Page 273
the use of acomposite primary end point for
uncomplicated UTI studies, aswell as the use of a 10
percent NI margin.

We next heard from Dr. Kadry, who
discussed discordance of clinical and microbiological
endpointsin clinical trials for complicated UTI. She
noted that she analyzed data from 13 Phase 3
complicated UTI trials that had been submitted to the

© 00 N O 0o B~ W N PP

FDA as part of new drug applications. And the primary

=
o

analysis population was the micro modified intent to
treat population. She noted that in this database, 18

B
N P

percent or 871 patients were identified as clinical
13
14
15
16
17
18
19
20
21

22 follow-up end point.

cures with microbiological persistence.

And noted that compared to those with
concordant success on both clinical and
microbiological end points, those patients with
discordant results clinical cure microbiologic
persistence had more bacteriaremaining in urine
immediately following the end of therapy. Also, these
patients with discordant results were more likely than

successes to become clinical failures by the long-term
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1 That discordance became clinical

2 failures by developing symptoms. It would suggest
3 that persistent bacteriuria post treatment of a
4 complicated UTI may increase the risk of late symptom
5 development in cUTI, acute pyelonephritis and acute
6 pyelonephritisin women.
7 She also noted that the risk of late
8 clinical failureincreased with time. And that
9 microbiologic eradication appears to be an important
consideration for the composite end point.

Next we heard from Dr. Stapleton who
provided aclinician, investigator’s perspective on
the development considerations for anti-microbial
drugs for the treatment of uncomplicated UTI. She
discussed comparators for uncomplicated UTI in non-
inferiority trials. The challenges with recruiting
and retaining participantsin clinical trials as well
as stewardship concerns for drugs targeting resistant
pathogens.

Regarding choice of comparators, she
noted that a case could be made for nitrofurantoin as

areasonable comparator among the current first-line

Page 276

1 expensive to conduct.

2 He also asked for consideration in the

3 adoption of overall response to include significant

4 clinical improvement instead of complete absence of

5 symptoms.

6 Next we heard from Dr. Puttagunta from

7 Iterum Therapeutics. She provided a developer’s

8 perspective on the primary end point in uncomplicated

9 UTI trials and lessons learned. She discussed
10
11
12
13
14
15
16
17
18

19 for overall response among participants with organisms

Iterum’ s experiences with bacteriuriain participants
post treatment and noted that asymptomatic bacteriuria
did not lead to clinical failures at later time
points.

She also noted that higher rates of ASB
in participants treated with sulopenem were not
associated with election of penin resistant organisms.
She also discussed that in Iterum’s uUT] study oral

sulopenem was statistically superior to ciprofloxacin

20 resistant to ciprofloxacin. Themicro MITTR
21 population. And that oral sulopenem was not inferior

22 to ciprofloxacin for overall response among

Page 275
therapies. Regarding challenges with recruiting and
retaining participantsin clinical trials, she noted
that electronic health record-based management of uUT]
may impact both recruitment and retention of patients
with more telehealth related visits, less face time
with patients. Protocols with multiple visits may be
in person visits may be difficult in this situation.

She also noted the challenges
associated with enrolling patients with antibiotic

© 00 N o o b~ W N B

=
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resistant pathogens, such as ESBL producing

[EEY
[N

enterobacterial. And that targeting patients with

=
N

ESBL pathogens blends issues of participant

=
w

eligibility and practical aspects of comparator agent
14
15
16
17
18
19
20
21
22

consideration.

Next we heard from MR. Hadley, from
Utility Therapeutics. He provided adeveloper’s
perspective on including criteriaand end points for
uncomplicated UTI trials. And noted that increasing
the colony forming unit counts from 10 to the 3rd to
10 to the 5th for inclusion into uncomplicated UTI
studies reduces the pool of eligible participants for
these studies, essentially making the studies more

Page 277
1 participants with organisms susceptible to
2 ciprofloxacin, the micro-MITTS population.
3 The difference in overall responsein
4 the micro-MITTS population was driven by ASB.
5 Clinical successratesin the micro-MITTS population
6 were similar between ora sulopenem and oral
7 ciprofloxacin arms. And that higher rates of ASB did
8 not lead to lower clinical success rates of
9 (inaudible).
10 DR. Puttagunta concluded her talk by
11 noting that ASB should not be a component of the
12 assessment of overall response to treatment in uUTI
13 trials. And that clinical response would be amore
14 appropriate primary end point.
15
16 from GSK. She provided a developer’s perspective on

We next heard from Ms. Scangarella-Oman

17 urinary break point. She noted that guidance and

18 harmonization on deriving break points using urine PK
19 for agents being used to treat uncomplicated UTI are
20 greatly needed for new agent development and

21 antimicrobial stewardship.

22 She noted the drug levels at the site
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1 of infection, in this case the bladder, are clinical 1 Let'ssee. All right, then we moved on

2 relevant to the demonstration of antibacterial

3 efficacy in the treatment of uncomplicated UTI. That

4 the application of plasma PK would not support the

5 break points for some agents currently used to treat

6 uncomplicated UTI. However, application of urine PK

7 for these agents would support the break points, such

8 asfor nitrofurantoin and (inaudible).

9 Regarding consideration to support the
10
11
12
13
14
15
16
17
18
19
20
21
22

utility of urine PK for break point for agents used to
treat UUTI, she pointed out the need for guidance on
situations and criteria for when is appropriate to use
urine PK and on the studies required for break point
determination. She also noted that a uniform approach
for existing and future agents by current and updated
standards and also the importance of harmonization of
agency recommendations.

From there, we moved on to the panel
discussion. Okay, so regarding Question 1 in the
composite end point, there was alot of discussion
about the use of aclinical only end point, how there

should be consistency across guidelines, as well, and

2 to Question 2 and acceptable comparators. Dr.

3 Stapleton lead off the discussion and noted that

4 nitrofurantoin may still be an appropriate comparator

5 agentinclinica trials given, in general, the

6 relatively low rates of resistance, the minimal side

7 effects, the fact that it can be given in tablet form,

8 and that it isfocused on treating cystitis.

9 There was a discussion about whether
10 betalactam would be used as comparators. There was
11 concern with higher rates of recurrence with beta
12 lactam. We aso heard from Dr. Trautner that in som
13 regions, particularly in her hospital system, current
14 uUTI therapies are, at least, leading therapies are
15 Cefpodxime, followed by ciprofloxacin.
16
17 on the utility or whether or not to use placebo-

D

Let'ssee. There was aso adiscussion

18 controlled trials. There was concern about the use of
19 placebo-controlled trials due to the wanting to reduce
20 symptom burden and to prevent the potential for the
21 development of pyelonephritis, given that there has
22 been noted to be arisk, two to four percent, in prior

Page 279

1 whether it would be possible to separate the clinical

2 from the microbiological response.

3 There was a thought that more work may

4 be needed to understand the relevance of clinical

5 response. That if wewere using aclinical only end

6 point, there may be a need for longer follow-up, out

7 to 30 or 60 days. There was then a discussion on

8 whether clinical symptoms would need to be completely

9 resolved or mostly resolved to the point where no
10 further antibiotic treatment would be needed.
11
12 different waysto assessthe clinical and

We aso had further discussion on

13 microbiological end point, such as potentially DOOR
14 type of end point where we potentially separate out
15 clinical and micro into clinical success-micro

16 success, clinical success-micro failure, etc. And to
17 evaluate the gradation of overall response.

18
19 discussion regarding the threshold for enrollment

20 based on urine culturein clinical trials. That

21 perhaps 10 to the 5th may be too high and that further

In addition, there was further

22 discussion may be needed from that perspective.

Page 281
1 placebo-controlled studies of pyelonephritis.
2 We also heard about the need for
3 harmonization of susceptibility test interpretive
4 criteria between CL S| and Newcast for nitrofurantoin.
5 Regarding Question 3 and the pros and
6 cons of urine specific break points, Dr. Rodvold led
7 off the discussion and noted the importance of
8 understanding each individual drugs' PK/PD drivers.
9 There was a discussion on whether the targets should
10 be statis versus, at least, aone log drop in colony
11 forming units, the importance of suppression of
12 resistance. And thefact that in order to get a sense
13 of urine specific break points, thereisaneed to
14 collect many samples of urine concentrations to
15 understand the profile of adrug.
16 There was a so further discussion on
17 thefact that urinary break points are of interest,
18 but they may be difficult to implement given the
19 automated panels are already quite loaded. And also,
20 discussion on how to best educate healthcare
21 practitioners about when to use a urinary susceptible
22 interpretive criterion versus plasma.
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1 And that there's a need for further 1 CERTIFICATE OF TRANSCRIBER
2 guidance on urinary break point development. There 2 I, SONYA LEDANSKI HYDE, do hereby certify

3 was aso further discussion on how preclinical work is 3 that this transcript was prepared from the digital

4 important ahead of the clinical trials to further

5 define urine break points.

6 All right. With that, I'd like to

7 thank everyone for their participation. And I'd also

8 liketo thank the AV staff, aswell asthe amazing

9 amount of help that we received from Sunita and alsa
10 from the Office of Infectious Diseases. So, with
11 that, once again, thank you for arobust discussion.
12 | wish you a good afternoon. And with that, we'll
13 close out the workshop. Thank you.

4 audio recording of the foregoing proceeding, that said

5 transcript is atrue and accurate record of the

6 proceedingsto the best of my knowledge, skills, and

7 ability; that | am neither counsel for, related to,

8 nor employed by any of the parties to the action in

9 which this was taken; and, further, that | am not a
10 relative or employee of any counsel or attorney
11 employed by the parties hereto, nor financially or
12 otherwiseinterested in the outcome of this action.
13

14 (Whereupon, at 3:45 p.m., the 14
15 proceeding was concluded.) 15
16 16
17 17
18 18 /s Sonya Ledanski Hyde
19 19 SONYA LEDANSKI HYDE
20 20
21 21
22 22
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1 CERTIFICATE OF NOTARY PUBLIC
2 I, IRENE GRAY, the officer before whom the

3 foregoing proceedings were taken, do hereby certify
4 that any witness(es) in the foregoing proceedings,
5 prior to testifying, were duly sworn; that the
6 proceedings were recorded by me and thereafter reduced
7 totypewriting by aqualified transcriptionist; that
8 said digital audio recording of said proceedings are a
9 true and accurate record to the best of my knowledge,
10 skills, and ability; that | am neither counsel for,
11 related to, nor employed by any of the partiesto the
12 action in which this was taken; and, further, that |
13 am not arelative or employee of any counsel or
14 attorney employed by the parties hereto, nor
15 financialy or otherwise interested in the outcome of
16 thisaction.

o L/\,_,f__,

18 IRENE GRAY

19 Notary Public in and for the

20 DISTRICT OF COLUMBIA
21

22
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