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1 PROCEEDINGS 1 patients benefit from the improved care that the
2 INTRODUCTORY REMARKSAND PANEL INTRODUCTION 2 knowledge generated leads to.
3 MR. COX: Good morning, everybody. We're at 3 Understanding the disease, what works, how

4 8:30, so we thought we'd go ahead and get started.
5 And first of al, I'd just like to welcome everybody
6 to today's Workshop on the Development of
7 Antibacterial Drugs for Treatment of Nontuberculous
8 Mycobacterial Disease. I'm Ed Cox. I'm the Director
9 of the Office of Antimicrobial Products.
10 And we greatly appreciate everybody joining
11 usheretoday. We've got adiverse group of
12 stakeholders and we think that's really important.
13 We're grateful for all the academics, the clinical
14 investigators, the practitioners, folks who are
15 representing patients, patient groups, regulatory
16 colleagues, folksinvolved in research in this area,
17 and all of you for joining us here today, both herein
18 person and also on the web. Now there's a number of
19 folksthat are watching via the webcast too.
20 In general, we do workshops and we face
21 particularly challenging issues with regards to drug

22 development clinical trial design and development of

4 much it works, what it does, what it doesn't do, can

5 help usto understand a disease and lead to the

6 identification of interventions or a combination of

7 interventions that are best able to benefit patients.

8 So we'vegot afairly full day. You've

9 noticed we've divvied it up into essentially three

main sections, where we talk about NTM disease. And
we'll hear some -- from what we've learned from our
experiences to date with clinical trials that have

13
14 opportunity to go through some case studies.
15
16

17 to identify some of what we know, some of what we

been reformed so far. And then we'll have an

And the case studies are meant to be

essentially hypothetical situationsto try and help us

18 could benefit from, from additional learnings and, you
19 know, how we can essentially move forward in the

20 field.
21

22 few thoughts as we work through the discussions over

| would encourage people to keep in mind a

Page 11
1 drugsfor treatment of patients with nontuberculous

2 mycobacterial disease is certainly achallenging area.

3 The workshops -- current knowledge and how we might

4 address the evidence gaps that we face in order to

5 improve what we do in the future. And really the

6 ultimate goal hereisto improve the care of patients

7 affected with the NTM disease.

8 The workshops bring the community together

9 and they help usto both prioritize and focus our
10 efforts. There's aways alarge number of different
11
12
13

14 the ones that are most important for us to address

possible exercises or activities that can be
undertaken to try and address some of the gapsin a

particular area. The question is always, which are

15 right off the bat in order to move things forward most
16
17
18
19
20 that is quality evidence, to evaluate products to
21

22 when to measure such endpoints. And ultimately,

quickly. Generating quality evidence can be
challenging, but it really is essential to the care of
patients. Physicians can useit to guide the care of

their patients; clinician investigators can useit,

identify appropriate endpoints for clinical trials and

Page 13

1 the course of the day. Y ou might, asyou're thinking

2 about this, frame things in the following way: What do

3 we understand that's supported by evidence? What are

4 the gapsin our understanding? How can we address

5 these gaps? Arethe designsthat are durable despite

6 these knowledge gaps? In essence, ideas and what

7 could be done today to help us understand what

8 interventions help patients?

9 So | want to thank you for your attention to
10
11
12 well also go around the table and have folks
13
14 your ffiliation and any conflicts of interests that

my brief remarks here. And we look forward to a
productive day. And | think what we'll do now is

introduce themselves. And if you'll state your name,

15 you'd like to bring to the attention of the group.
16 And typically, our conflicts of interests are also

17 available on the written materials.

18 And I'll turn to EricaBrittain, on the far

19 side, to start usout. Erica?

20 MS. BRITTAIN: EricaBrittain, National --
21 I'm atatistician at National Institute of Allergy

22 and Infectious Diseases, NIH.

4 (Pages 10 - 13)
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1 MR. COX: And Erica, we might need you to get 1 MR. CHALMERS: My name is James Chalmers.
2 alittle closer to the microphone. Give us one more. 2 I'm achest physician from the University of Dundee in
3 MS. BRITTAIN: Shall | try it again? Isthat 3 theU.K. And my conflicts of interest are, I'm chair
4 better? 4 of the European Bronchiectasis Registry, which
5 MR. COX: Yeah, just because there's folks on 5 receives funding from a number of companiesincluding

6 theweb. Soit realy isimportant that we -- we use
7 the microphone.

8 MS. BRITTAIN: Okay.
9 MR. COX: There you go, thanks.
10 MS. BRITTAIN: All right, good. Erica

11 Brittain, I'm astatistician at National Institute of

12 Allergy and Infectious Diseases, NIH.

13 MS. DIXON: Cheryl Dixon, statistician with
14 the FDA. | work with the division of anti-infectives.
15 MS. TALLEY: AngelaTalley, I'm Vice

16 President of Clinical Development at Spero

17 Therapeutics.

18 MR. SULLIVAN: Hi, my nameis Gene Sullivan.
19 I'm the Chief Product Strategy Officer at Insmed.

20 MR. GRIFFITH: David Griffith, with

21 University of Texas Health Science Center at Tyler. |

6 Insmed. And I've served as an advisor to Insmed,

7 Savaraand anumber of other companies.

8 MS. NAMBIAR: Good morning. I'm Sumathi

9 Nambiar, Director, Division of Anti-Infective Products
10 CDER, FDA.
11 MR. FLUME: I'm Patrick Flume, for the
12 Medical University of South Carolina. | have similar
13
14 with multiple industry partners.
15 MR. COX: And another thing folksin the
16
17
18
19
20
21

rel ationships designing and conduct of clinical trias

audience motioning, do try and get close to the
microphone. The pickup is best when you're very
close, so thank you.

MS. HIGGINS: Hi, I'm Karen Higgins with the
FDA. I'm astatistics team leader, supporting the

Division of Anti-Infective Products.

22 am aparticipant in multiple clinical trials with 22 MR. OLIVIER: I'm Ken Olivier. I'm the chief
Page 15 Page 17

1 companies who are represented here. 1 of the Pulmonary Branch at the National Heart, Lung,
2 MS. KASPERBAUER: Shannon Kasperbauer, | 2 and Blood Institute that has corporate research and
3 practice at National Jewish Health and I've also 3 development agreements with AIT Therapeutics, Matinas
4 served as a speaker an advisor with Insmed. 4 Biopharma. I'm also on an external advisory committee
5 MR. WINTHROP: Kevin Winthrop from Oregon 5 for the CF Foundation for the research and development
6 Health Science University in Portland, Oregon. I'ma 6 program focused on NTM at Nationa Jewish University
7 -- 1 have potential conflicts including funding from 7 of Colorado.
8 FDA, NIH, Macquarie (ph). I've received research 8 MR. KIM: Good morning. My nameis Peter
9 funding and consultant honorarium from several of the 9 Kim. A medical team leader, Division of Anti-

10 companies herethat | can remember, Insmed, Spero, 10 Infective Products, FDA.

11 ParaTech, | think those three companies. 11 MR. AKSAMIT: Tim Aksamit, Mayo Clinic,

12 MR. DALEY: My nameis Chuck Daey. | head 12 Rochester, Minnesota. | participate in a number of

13 the Division of Mycobacterial and Respiratory

14 Infections at National Jewish. | have the same

15 conflictsthat he has. | think he left out a couple

16 maybe, but also Spero Horizon (ph), ParaTech (ph)

17 Johnson & Johnson and Insmed advisory boards and Phase
18 2 siteinvestigator for Aircase (ph) trial.

19 MS. ODONNELL: Anne O'Donnell from

20 Georgetown University herein D.C. And my conflicts

21 kind of harmonize with the prior one, Insmed, Aradigm,
22 Parion (ph), the COPD Foundation and Electro-Med.

=
w

clinical trials. All those monies go to my employer,

=Y
~

Mayo Clinic Foundation for Education and Research. |

=
()]

don't receive anything personally, and currently chair
of the U.S. Bronchiectasis and NTM Registry.
MS. LEITMAN: Amy Leitman for NTM Info and

Research. Our organization receives corporate support

B
N o

18
19 from several sources. | do not have any personal

20 funding coming to me.

21 MS. HIRUY: Hiwot Hiruy, clinical reviewer,
22 FDA.
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1 MR. CHEN: Wen-Hung Chen, team leader,
2 Clinical Outcome Assessment staff in Office of New
3 Drug, under CDER, FDA.
4 MS. SLAGLE: Good morning. I'm Ashley
5 Slagle, ascientific and regulatory consultant. | am
6 focused on patients that are at end points and
7 clinical outcome assessments. | consult to a number
8 of pharmaceutical companies, and | was formally wit
9 the FDA.
10 MS. EREMENCO: Good morning. I'm Sonya
11 Eremenco, Associate Director of the Patient Reported
12 Outcome Consortium at the Critical Path Institute.
13 And I'm afull time employee of C-Path.
14 MR. TRAPNELL: Good morning. I'm Bruce
15 Trapnell. I'm a pulmonologist from Cincinnati, and |
16 have agrant funding from the NIH and commercial
17 sourcesaswell involved in clinical trials, although
18 not in NTM.
19 MR. LIM: Hi, my nameisBob Lim. I'mthe
20 clinical team leader in the Division of Pulmonary
21 Allergy and Rheumatology Products, FDA.
22 MR. COX: Great. Thank you al. And over

Page 20
1 session ison discussion on the general considerations
2 for NTM disease. We have three presentations. The

3 scheduleisalittletight. So what well try to do

N

is at the end of each presenter'stalk, maybe 1 or 2

al

minutesif there are clarifying questions, if the

(o2}

guestions are more general maybe you can hold them

~

until the final discussion. That'll help us keep to
N 8 time.
9 So our first speaker today is Dr. O'Donnell,

10 who isthe chief, Division of Puimonary Critical Care
11 and Sleep Medicine at Georgetown University Hospital.
12 And asyou've heard during the introduction, she has

13 been aprincipa investigator in some of the recent
14 trias. Dr. O'Donnell?

15 DIAGNOSISAND TREATMENT OF NTM: CURRENT STATE AND
16 FUTURE CONSIDERATIONS
17 MS. O'DONNELL: Yes, good morning. Good
18 morning to everyone and thank you very much for the

19 invitation to speak and thanks to the FDA for

20 convening this meeting. My job iskind of lay the
21 groundwork | think for understanding this disease in

22 terms of how we diagnose it and what we are currently

Page 19
1 the course of the day too, we'll continue to try and
2 do our best to get as close to these microphones.
3 They redlly do have alimited pickup. But folksin
4 the audience don't hesitate to remind us because
5 you're agood cue for us for al the folks who maybe
6 listening viathe web, of the importance of using the
7 microphone so that all can hear.
8 And at this point I'd like to turn it over to
9 Sumathi. Sumathi Nambiar and James Chalmers, who will

10 guide us through the next session. Thank you very

11 much.

12 MS. NAMBIAR: Thanks, Ed. Maybe Dr. Kafus,

13 | think we missed you during the introductions.

14 DR. KALFUS: Hi, good morning. I'm Dr. Ira

15 Kalfus. I'm with RedHill Biopharma, medical director

16 in charge of their NTM program.

17 SESSION 1: GENERAL CONSIDERATIONS FOR NTM DISEASE
18 MS. NAMBIAR: Thank you. | hope you can hear

19 me. Thisistheclosest | can get. It'skind of

20 limitedin -- al right. So along with Dr. Chalmers
21 who isthe co-chair for thefirst two sessions. |

22 want to welcome you to today's workshop. So first

Page 21
1 doing in terms of treatment. So I'll advance the

2 dlide. Sorry, alittle technical difficulty. Okay,

3 okay. Sorry. Sothese are my disclosures. You

4 dready heard -- this already when we went around the
5 room.
6

7 we diagnose this disease, how the disease manifest

So as| said, we're going to talk about how

8 itself clinically, what the radiographic findings and

9 laboratory confirmation. That's sort of the triad of
10 having -- confirm the diagnoses of NTM lung disease.
11 Wereview the standard treatment, some salvage options
12 that are currently in use and discuss alittle bit
13 about pipeline therapies and we're going to hear more
14 about that later.
15

16 quiet uncommon is certainly more common than

First off, you know, this disease although

17 mycobacterial tuberculosis. 1n 2010, thanks to our
18 friends at the NIH, the estimate was about 86,000
19 casesinthe U.S. Thishastripled over the next four
20 years. Thisisadisease of older adults primarily,

21 athough you can seeit across the whol e spectrum of

22 age. It'safemale predominant disease, about 60:40

6 (Pages 18 - 21)
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1 femaleto male. We see similar reports from other

2 parts of the world and there's definitely increasing
3 mortality and this disproportionately is affecting
4 older Caucasian women.
5 Again, from Jen Adjemian at the NIH, thiswas
6 alook at where NTM lung disease is occurring in the
7 U.S. And those dark areas are the ones with the
8 highest prevalence. So you can seg, it'skind of a
9 coastal disease. And we know that the water content
10 or the humidity content in the environment may have
11 something to do with this. Actually, the highest
12 prevalence, asyou can see, isin Hawaii.
13 It's especially important infectionin
14 patients who have cystic fibrosis. So when -- at
15 least from the U.S. database, from the U.S. CF
16 Foundation, about 14 percent of CF patients have at
17 least aculture positivity for NTM. Thereissome
18 spatia clustering along the lines of what we just

19 saw. It'slow in Europe. And the European CF patient19

20 registry for reasonsthat are not entirely clear. In
21 the CF world, there is also some concern about
22 patient-to-patient transmission. But thisislimited

Page 24

1 noteworthy because they often have a specific body

2 type, Ken Olivier did alot of thiswork that showed

3 that abnormal morphology thin, tall, older Caucasian

4 women, some of them have scalable disorders like

5 pectus excavatum and scoliosis, some of these patients

6 have other muscular skeletal issues. And so this body

7 typein women, seemsto predispose to getting this

8 infection.

9
10 disease, pre-existing lung disease who get NTM

Clearly, those patients with underlying lung

11 infections, and primarily thisis bronchiectasis, also

12 COPD emphysema, patients with underlying preexisting
13 fibrotic lung disease, stuff like cystic fibrosis,

14 patients who had tuberculosis in the past and were

15
16
17
18

scarred, their lungs were scarred because of the TB,
are at risk for getting NTM infections and then
genetic disorders like cystic fibrosis and alpha-1
antitrypsin deficiency, put the patient at risk.

There are abunch of identifiable immune
20
21
22

disorders that can predispose to these infections.
Now the ones I've listed, the rare genetic ones on top

here, are actually more likely to cause systemic

Page 23
1 right now to mycobacterial abscesses not to MAC.

2 Okay, so when we see the patient, how do we

3 confirm the diagnosis? And like| said, it'satriad,

4 you need the symptoms, you need the radiographic

5 findings and you need culture positivity to confirm

6 the presence of the disease. So the patients often

7 present with nonspecific pulmonary symptoms like

8 chronic cough, some low-grade sputum production,

9 occasionally they have hemoptysis, sometimes chest
10 pain. The other big thing with these patientsis they
11
12
13
14
15
16
17
18
19
20
21
22

often have subtle systemic symptoms like weight loss,
night sweats, low-grade fever, and you know something
less -- even less specific fatigue and malaise. So
often it'sadiagnosis that's not thought of, and it
obviously it will take some thinking on the part of
the clinician to come to the realization the patient
may havethis.

So what kind of underlying diseases? |
already mentioned CF, but there is a group of these
patients that we clearly recognize who appear to have

no underlying obvious pulmonary disease and yet get

thisinfection. And these patients are particularly

Page 25
1 disease, not so much pulmonary disease. And the

2 acquired ones like untreated HIV disease, certainly is

3 associated with NTM. But things like chemotherapeutic

4 agentsthat reduce the patient'simmune system

5 functioning, antirheumatic agents, Kevin Winthrop is

6 expert on thisissue. The drugs that we use for

7 rheumatoid arthritis and related diseases definitely

8 put the patient at risk for getting NTM lung disease.

9
10 these therapies sort of overlap with other chronic

Transplant immunosuppressive therapies, and

11 lung diseases that we've -- use these drugs. And

12 another important one and probably very

13 underrecognized is the patient inhaled

14 corticosteroids. There's now three studies that have

15 looked at thisissue. And you know, ICStherapy is

16 very, very common in people with airways disease. And
17 yet, this does seem to pose arisk for developing NTM
18 infection. So there are these underlying conditions.

19
20 aspiration, low-grade aspiration. | aready mentioned

Some other ones are chronic reflux or

21 the rheumatologic drugs, but the rheumatologic

22 diseaseslike Sjogren's and RA, put the patient at

7 (Pages 22 - 25)

www.Capital ReportingCompany.com



April 8, 2019

May 13, 2019

Page 26
risk for getting this type of infection and also

inflammatory bowel disease. But the big questioniis,
you know, why me? Why now? Y ou know, thisiswhat
patients ask us, like, "Hey, | have this underlying
disorder or | don't. But why all of asuddendo |

have NTM lung infection." And weredly believeit's
kind of atwo-hit hypothesis that the patient is
predisposed for reasons like | just mentioned and then

© 00 N OO 0o B~ W N P

they're exposed because these organisms are in the

=
o

environment, in the soil and in the water. So inthe

[EEY
[N

right side are scenarios where the patient has a

=
N

predisposition and the exposures there, the person
gets actual infection with the bacteria.
So those are the patients at risk. And then,

=
w

14
15 you know, they come to us sometimes with imaging
16
17
18 Although the findings are not totally specific, there
19
20
21
22

studies, sometimes without. But wereally need aCT

scan to confirm the diagnosis of pulmonary NTM.

are some hints in these CT images that suggest that
the patient may have NTM infection. And I'll show you
some representative images. There's fibronodular

changesin the lungs, what the radiol ogists often

Page 28
1 associated with the bronchiectasis.
2 The thing about this though isthat thisis
3 not diagnostic of NTM. Other infections can cause
4 thistype of aradiographic abnormality. Butitisat
least a suggested finding and should lead to
laboratory testing. And that's the third part of the

(63}

6
7 triad of diagnosing this disease, so you have the

8 patient's clinical symptoms, you have the imaging, and
9 then you thelab. And, you know, these two types of
mycobacterial now the biggest onesin the U.S. about
80 percent of our patients have mycobacterium avium
complex, MAC, and a smaller number 10 or so percent,
13
14 that there's subspecies. One of the problems that we
15
16
17
18
19
20
21
22

mycobacterium abscessus complex. Y ou can see within

have isthat the clinical |abs are not totally
attentive to providing every last detail on these
culture results.

Another important message is that these
patients, many of these patients don't just have NTM
infection, and this complicates obviously how we treat
them. Thisisdatafrom our U.S. bronchiectasis

registry that showed a significant number, 23 to 52

Page 27
refersto as tree-in-bud nodularity or bronchiolitis

that suggest NTM patients with fibrocavitary disease.
One of the features of the radiographic imaging is
that there is often awaxing and waning, because this
disease is characterized by mucus plugging, and
difficulty clearing the airways.

So on the left hand panel is an example of
what we would characterize as afibronodular disorder.

© 00 N OO 0o B~ W N P

Y ou can see sort of that diffused nodularity, | wish |

=
o

can point it out, but I'm sure you can see that

[EEY
[N

there's mucus plugging in those areas and on the right

=
N

side of the -- right up below -- | am sorry the right

=
w

middle lobe, right lower lobe. Whereas the size of CT
14
15
16
17
18
19
20
21
22

on the right shows a patient who has that kind of
finding but also has a cavity. You can seethat in --
on the left lower lobe, there. So these arethe

typical radiographic findings, thisis-- | know

people struggle with this concept of tree-in-bud
nodularity, but thisis what a tree-in-bud looks like.

If we go outside, we see some more. And you can see
on the CT scan, why the radiologist has adopted that

term. There's mucus probably in the small airways

Page 29
1 percent of the patients who've had NTM infection with

2 bronchiectasis, aso had another organism like

3 pseudomonas. Some of these patients are co-infected

4 with staph aureus, some with H. flu, stenotrophomonas,

5 sothisisone of the difficulties of designing

6 clinical trialsinto NTM, because many of these

7 patients have other organismsthere. It can be

8 difficult to tell really kind of what's driving their

9 symptoms.
10
11 symptoms, and you know thisis easier said than done

Y ou know, akey thing isto get respiratory

12 in many circumstances. There's sort of been a

13 downplaying of sputum culturesin the world of

14 pulmonary medicine, the adult pulmonary medicine, but
15 we need these in order to make the diagnosis. And

16 some patients like the CT scan on top, you know, we
17 havekind of just nodular disease are not very

18 productive where patients with the more extensive and
19 cysdtic and cavitary disease, it's often fairly easy to

20 get them to cough up a nice sputum specimen.

21
22 clinical treatment of this disease isthat, you know,

We have some tricks but they're not -- in the

8 (Pages 26 - 29)
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1 collecting sputum is sort of alost art and not many

2 places have aisolation booth to collect sputum so

3 that othersin the suite or in the lab are not

4 affected. Sometimes we use a saline nebulization,

5 what we call, sputum induction to try to get these

6 specimens. And sometimes we have to resort to

7 bronchoscopy.

8 So in order to confirm the diagnosis of NTM

9 lung infection, as I'm harping on, theideais that
10
11
12
13
14
15
16
17
18
19
20
21
22

they have symptoms, they have radiographic findings
consistent with the disease and then we confirm it
with the culture. The clinical symptoms can be
nonspecific. | already said the radiographic findings
are also not totally specific, and then we need those
cultures.

And some of the challenges, you know, just
clinically taking care of these patients is how many
cultures do we need? Y ou know, how do the patients
collect these cultures, and some of the limitations of
the laboratory. So right now we havethe U.S. ID
assay and ATS guidelines that were published in 2007,
that say you see -- you need two positive sputum

Page 32
1 Becauseit'sreally -- you know, for the average ID
2 physician or a pulmonary physician, who doesn't deal
3 with thisinfection all the time; again, there's alot
4 of fine print in the lab reports that you may have to
5 specifically request and may not be forthcoming.
6 Likewise, the susceptibility reports
7 sometimes are difficult to understand. So that leads
8 usto, you know, we have the answer, the patient has
9 the disease, we know what the culture showed, we have
10 some sense of these susceptibility reports, then what
11 wedo to treat thisinfection in 2019? So the first
12 stepis, if there's an underlying cause, an underlying
13 abnormality in the patient, we'd liketo try to
14 addressthat particularly if, you know, that's a
15 treatable thing. So obviously if there's an immune
16 deficiency that we can mitigate, we think about doing
17 that. If the disease is because the patient is
18 chronically refluxing, well treat the patient for
19 that. Wefocusalot on nutrition and sort of general
20 good hesdlthcare.
21
22 amount of weight and they are already thin to begin

Many of these patients |ose a significant

Page 31
cultures or run positive culture from a bronchoscopy

to confirm the presence of NTM infection.

Some of the challenges, and again, we'll get
into this. | think we're going to talk mainly about
MAC, when it comes to treatment. But some of the
issuesisthelabs. The labsthat we use herein the
U.S. are not really, shall we say, vibrantly involved
in mycobacterial disease anymore. So we get the

9 result from the lab that the cultureis MAC, but
10 subspeciation is not routinely donein most clinical
11 labs. And the other problem isthat the lab will
12 send, if the clinician requests, they'll send a
13 susceptibility panel. And that can be difficult for
14 peopletointerpret. It may not betotally relevant
15 to the actual clinical outcome with certain
16 antibiotics. And there'salot of challenges when it
17 comesto interpreting the results of the lab, and this
18 complicates treatment on the database as well.
19 | just put thisin here, there'salot of
20 fine print when it comes to the lab results that we
21 get and you really haveto look at -- thisisaplea
22 to the FDA to clean this up too, if you could.

0 N O 0o~ WDN B

Page 33
1 with. So sort of general care of these patientsis

2 very important step too, if you will. After that is
3 to think about doing airway clearance modalities, I'll
4 show you that in a second, and then antibiotics and
5 for an occasional patient surgery.
6 So these are some of the devices that we like
7 to prescribefor patients. These are so-called airway
8 clearancethings. They include these flutter devices,
9 up on thetop there, left. Some patients are
10 prescribed avest, achest wall oscillating vest, to
11 help them mobhilize secretions. And one of the
12 important treatments that we like the patients to do,
13 athough what they usually don't do, what this patient
14 doesisto exercise or to enroll in pulmonary
15 rehabilitation so that the general condition of the
16 patient isimproved.
17 Okay. So what's the current antibiotic
18 regimen for these patients? So again, thisisa--
19 the primary reference for thisisthe 2007 guidelines,
20 which are currently in revision. Thereare also are
21 British guidelines that were published in 2017 by
22 Charlie Haworth that are listed there. So for nodular
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1 bronchiectatic disease, their recommendation is the

2 three oral drugs. Usually in a de novo, you know, the

3 first go around the treatment, they'll give those

4 drugsthreetimesaweek. And what's the result of

5 that? In general we talk about 70 percent or so of

6 those patients clear their sputum culturei.e. convert

7

8

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

to negative by their own treatment, but unfortunately
many patients either relapse or they get infected with
anew strain of mycobacterium avium complex. So about
ayear or so out maybe about 50 percent of the

patients are again positive by culture.

Y ou know, it's very difficult to define what
acureisinthisdisease. Because again, you're
dealing with amicrobiologic infection superimposed
usually on some chronic lung damage. And so again,
the notion of -- thisis not a urinary tract infection
that, you know, have a positive culture and three days
of antibiotics makesit negative. It'sjust not that.
Generally again, from the guidelines, the
recommendation isto treat with antibiotics for 12
months after the sputum converts to negative. So the

ideaisthat we're collecting sputum while the patient

Page 36
1 patients who have had 6 months of standard oral

2 therapy and are till culture positive. This drug has
3 about a 30 percent success rate and then converting
4 the patient to negative. So you know, for MAC, we
5 just -- you know, we have drugs, we have drugs that
6 the patient can tolerate but the regimen is
7 complicated and the add-on therapy that we have right
8 now amikacin inhaled, has some success but obviously
9 not 100 percent.
10
11 it's even more complex because the regimen requires IV

When we think about mycobacterium abscessus,

12 therapy generally upfront. So this means patients
13 receiving home IV antibiotics, the length of time for
14 thesetreatmentsis not entirely clear. It's often

15 like aslong as the patient can tolerate having the

16 PICC line and getting the antibiotics. And we know
17 that it's very, very difficult, even more difficult

18 than this MAC to clear these infections, even with
19 this complex regimen that I've put up here on the

20 dlide.
21

22 does make them fedl better, so even if we can't

We also know that treating these patients

Page 35
1 isinantibiotic therapy. And usually thisturnsinto

2 18 -- 15 to 18 months of antibiotic therapy when
3 you're dealing with sort of straightforward MAC.
4 If the patient has cavities, if the lung
5 damage is more significant, then the recommendation
6 from the guidelinesisdaily therapy. And usually
7 with the addition of aminoglycoside, for many patien
8 that means an intravenous aminoglycoside like
9 amikacin. We also used inhaled formulations (ph),
10 we'll hear more about that.
11 One of thereally big problems, | mean, just
12 think of yourself trying to take this regimen for as
13 long aswe're trying to prescribeit. It'sdifficult
14 for patients to take these treatments, number one; and
15 number two, there's not great enthusiasm in the world
16 of pulmonary and ID physicians to prescribe these
17 things. So there's acouple of studies by a gentleman
18 in (inaudible 0:30:36.2) that show that clinicians
19 generally don't adhere to this guidelines for the
20 treatment regimen.
21 We have ones liposomal amikacin that was
22 approved late last year. Thisisaadd-on drug for

Page 37
1 convert their sputum to negative, they still benefit

2 intermsof quality of lifeimprovement. Y ou know,
3 quickly the toxicities of the standard therapies are
4 legion. Wethink of macrolides as afairly benign
5 treatment. But when you haveto takeit for 18
6 months, patients wind up sometimes with Gl symptoms.
S 7 Therée's cardiac rhythm issues, QT interval drug and
8 drug/drug interactions, loss of hearing. We know with
9 Ethambutol, there's arisk of developing problems with
10 vision that have to do with optic neuritis. 1t was
11 about a 10 percent discontinuation rate because of
12 that. Rifampin causes Gl hepatic and hematologic
13 abnormalities; and aminoglycosides, auditory,
14 vestibular, renal issues.
15
16 hopefully some of the things that we're going to get

So some of the challenges that we have and

17 out of this conferenceis, you know, what to do if the

18 patient can't tolerate three or more drugs, are two

19 drugs sufficient? What if the patient doesn't want to

20 take the 18 to 24 month therapy, could we come up with
21 ashorter regimen? That's one of the big questions|

22 think that patients have. If the patient hasa
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1 resistance, if they have MAC that'sresistant to

2 macrolide, you know what are our options there? An
3 Dave Griffith has published data that show that
4 mortality with macrolide resistant MAC is similar to
5 mortality from MDR T).
6 There's cost issues about patients accessing
7 these drugs we're constantly, you know, calling the
8 insurance benefits managersto try to justify
9 prescribing these drugs and expertise is somewhat
10 limited. So we need new drugs, with new treatment
11 regimens, new paradigms, it's a growing patient
12 population, patients are older maybe sicker, it's
13 clearly apriority to find something new and better.
14 We have a paucity of effective and well tolerated
15 drugs, we'rerecycling old drugs for new purposes her
16 and trying to come up with combinations that the
17 patients can tolerate.
18 So some of the old drugs for this bug, for
19 both MAC and abscessus, I've listed here. Linezolid,
20 tedizolid, tigecycline, possibly some of the new
21 tetracycline drugs. Clofazimine, again there's
22 limited data. Clofazimineis not actually on the

d 2 they shouldn't do.

Page 40
1 bad stuff that we want to make sure patients are awar

3 So I'm just going to conclude by showing this
4 very nice table that was published |ate last year by
5 Wu (ph) that shows where we are with drug discovery
6 and welll be hearing more about this. Thisisclear,
7 you know, discovery phase up to Phase IV and | just
8 would say that our patients and this was published in
9 the animals -- are asking, you know, for preventive

10 the environmental issues, better diagnostics, the

11 priority for patientsis quality of life. Sothey

12 want to improve treatment regimens and they want to

13 know what their outcomes are going to be.

14 So I'll just conclude by saying thisisa

el5 difficult disease because it's very heterogeneous and

16 there are patients that, you know, we culture the bug

17 from but they actually don't have progressive disease.

18 And then there are some patients who really progress

19 and go on to one failure and it can be difficult to

20 prognosticate. So | look forward to hearing more

21 about what we're going to do next. So thank you very

22 much and | guess aminute for questions for sure.

Page 39
1 market but it can be obtained. And the one thing we

2 think is not effective is the Fluoroquinolones.
3
4 hear moretoday | think, but these are some of the

So what's in the pipeline? We're going to

5 drugs that have had some case hearings or some limited
6 enthusiasm for using like the bedaquiline, inhaled
7 nitric oxide, there's adry powder form of nitric
8 oxide, B-lactams and other antibiotics that are
9 modified to improve the outcomes.
10
11 patients with localized disease. But thisisavery

Surgery is sometimes a consideration for

12 small number of patients. | think one thing | wanted

13 to read, you know, with the FDA there's been alot of

14 coverage thisweek in the local newspapers about stem

15 cell treatments. | mean, patients are asking about

16 thisall thetimein bronchiectasisandin NTM. So

17 thisisahazard, that some of these things that are

18 being advertised for patientsreally. They'retotally

19 unproven and makes me sad when patients, you know, are
20 willing to spend huge amounts of money for thiskind

21 of stuff like stem cells, like this other conditioning

Page 41
1 MS. NAMBIAR: Thank you, Dr. O'Donnell. It
2 wasvery, very extensive. Thank you. Arethereany
3 questions, clarifying questions for doctor -- yes,
4 FErica
5 MS. BRITTAIN: That wasareally great talk.
Y ou mentioned how during -- when patients are treated,
sometimes patients with symptoms will get alot better
but the cultureis still positive.

MS. ODONNELL: Yes.

MS. BRITTAIN: Canyou give-- I'm trying to
understand what that means. What do you think when
that happens?

MS. ODONNELL: | mean clearly, sometimes

6
7
8
9
10
11
12
13
14 patients just feel better even if we don't give
15
16
17

18
19 feels better and, you know, how often does that

antibodies, we give them airway clearance and exercise
even though they're still culture positive. So that's
one of thereal challenges, because the culture may

stay positive, the CT scan may get better, the patient

20 happen? You know, it varies. Evenif you see only

21 the sickest patientsit doesn't happen, but in

22 regimens promise of a cure for bronchiectasis, thisis

22 patients with kind of mild disease, it's not uncommon.
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1 A lot of patients do feel better, you know, when they
2 initiate antibiotics too, aslong as they tolerate
3 them. And thenit's, you know, it's a struggle to get
4 patients to continue on those therapies.
5 UNIDENTIFIED SPEAKER: | have aquestion
6 related to our discussion this afternoon. What -- in
7 your experience, what fraction of patients are
8 positive on the sputum culture versus requiring either
9 abiopsy or BAL (ph)?
10 MS. O'DONNELL: Sothe questionis-- canyou
11 get this-- from sputum? | mean seg, it realy
12 depends on how hard you try. So in the average
13 pulmonologist hand, there's till alot of patients
14 are getting diagnosed by BAL, because they're not
15 redlly inducing sputum'sin the office. But like, in
16 my hands, | rarely do a bronchoscopy because we do our
17 best to get the sputum. So it's hard to give you an
18 exact number, but it really depends on your practice
19 setting | would say.
20 UNIDENTIFIED SPEAKER: | just want to make a
21 brief comment though about the sputum culture
22 positivity and the symptom improvement. Getting back

Page 44
1 waxing and waning of the CT. Can you just make a
2 brief comment about the use of CT for monitoring
3 responseto therapy? Because | guess that might come
4 up later when we talk about endpoints.
5 MS. ODONNELL: Right, that'sagood
6 question. | mean, how do we monitor these patients
7 either when they're on therapy or not. And because
8 obvioudly, we don't want to overdo imaging, there's no
9 standard approach | would say to how often we image
10 patientsin follow-up. Neither istherereally a
11 standard approach to how often do we culture them, you
12 know, either during or after therapy. | think, you
13 know, people want to limit the exposure to the
14 radiation. But unfortunately the CT isthe best way
15 totell. | mean we can sometimes -- if the diseaseis
16 significant enough use aplain chest X-ray. So |
17 would say the answer to that question is, you know,
18 maybe a 6-month CT therapy and then maybe yearly or 2
19 years &fter that, really patient specific. Great
20 question though.
21 UNIDENTIFIED SPEAKER: And maybejust to
22 follow that up. Much like the microbiological

Page 43
1 to your point about the complexity of understanding
2 what positive cultures mean in patients who are on
3 therapy where we may see multiple organisms, multiple
4 different species and not necessarily the species that
5 was -- that was originally present when we started
6 therapy. And unfortunately, as you also pointed out,
7 laboratoriesin the United States don't help us do
8 that. There are only a couple places where we can
9 teasedll of that out.
10 UNIDENTIFIED SPEAKER: And then we just for
11 completeness also just emphasize that | think it's our
12 clinical experience that in most instances, to answer
13 your question, we do see a concordance between
14 microbiological response and symptom response in most
15 instances. And the microbiological responseis
16 something | think we'll address as the day goes on,
17 quantitatively how many positive, that sort of thing.
18 But | just want to leave and make sure that we start
19 from aposition that in most instances symptoms and
20 microbiological response go hand-in-hand, not always.
21 UNIDENTIFIED SPEAKER: Great talk, Anne. Can
22 | quickly ask you aquestion? Y ou mentioned the

Page 45
1 response, the radiograph does not often clear even
2 with successful treatments? So someone feels better,
3 their sputum clears, they do well, they complete 18,
4 24 months whatever that is, but they will not have
5 normal chest X-raysor CT scans at that point. They
6 very often will have some residual abnormalities. So
7 | think the expectation that we're going to clear a X-
8 ray or clear achest CT scan is amisnomer with or
9 without therapy.
10 UNIDENTIFIED SPEAKER: I've got an answer
11 too. | would only just clarify too, it depends what
12 kind of patientis. We all seem to be talking about,
13 bronchiectatic patients that don't have cavities. But
14 if patients have cavitary disease whether they have
15 bronchiectasis or not, you're going to try image at
16 different intervals and you may be able to just use an
17 x-ray if it'sacavity you are following. But really
18 those are the people you're much more worried about
19 progressing and you might radiologically be more
20 interested in following them more closely.
21 MS. NAMBIAR: Thank you, Dr. O'Donnell. So

22 we go to the next presentation from Dr. Kim, on the
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1 regulatory perspective on development of antibacterial
2 drugsfor NTM. Dr. Kimisamedical team leader in
3 thedivision and leads ateam whose portfolio includes
4 drugs and development for NTM disease. Peter?
5 DEVELOPMENT OF ANTIBACTERIAL DRUGSFOR NTM: A
6 REGULATORY PERSPECTIVE
7 MR. KIM: Good morning. My nameis Peter
8 Kim, and I'll be discussing development of
9 antibacterial drugsfor NTM from aregulatory
10 perspective. So thereisinterest in developing
11 inhaled and oral therapies for the treatment of NTM
12 lung infections. Approved products include inhaled
13 liposomal amikacin, aswell as clarithromycin and
14 azithromycin. Regarding inhaled amikacin or arikayce,
15 received accelerated approval based on sputum culture
16 conversion. Therewere limited clinical safety and
17 effectiveness data, and the indication for useis
18 currently in alimited population of patients with
19 refractory MAC lung disease with limited or no
20 treatment options.
21 Clinical benefit has not yet been

22 established. Thereisapost marketing requirement to

Page 48
1 inhaled placebo or vehicle control may help in the
2 attribution of adverse events for the purposes of
3 blinding trias.
4 Regarding the surrogate endpoint, as
5 discussed at the advisory committee meeting on August
6 7, 2018; key findings from our review of the
7 literature to support the correlation between the
8 surrogate endpoint and clinical benefit included.
9 There were retrospective, nonrandomized studies, which
10 suggests a higher mortality ratein patients with MAC
11 lung disease, who remain culture positive despite
12 treatment compared to those who convert to culture
13 negative. Some studies are from single centers or
14 specific subtypes of MAC lung disease, which limits
15 generalized ability to the overall population.
16

17 ispossible that converters are inherently different

The main limitation that we noted is that it

18 from nonconvertersin certain disease or patient
19 characteristics. And henceit isdifficult to assess
20 if sputum conversion is a surrogate for a clinical
21 outcome.

22 Some considerations for future development.

Page 47
conduct a randomized double-blind placebo controlled
clinical tria to assess and describe the clinical
benefit of arikayce in patients with MAC lung disease.
Some of the lessons -- we learned alot from this

1
2
3
4
5 application. And some of these lessonsinclude an
6 uncertainty asto the relation of a surrogate
7 endpoints, sputum culture conversion to clinical
8 benefit in patients with MAC lung disease. We noted
9 inconsistent resultsin clinical outcomes between the
Phase 2 and Phase 3 trials. In Phase 2, there was
improvement in the 6-minute walk test distance seen in
the inhaled amikacin arm.

However, in Phase 3, we did not see a
clinical benefit on the measured outcomes such asthe
6-minute walk test or in the patient reported
outcomes. There was one error in the printed slides.
The quality of life assessment tool was not the QOL-B
18

19 Additionally, comparison between study arms on long-

but a different quality of life questionnaire.

20 term endpoint was difficult because alarge fraction
21 of patients were allowed to cross over to the

22 treatment arm. For inhaled therapies, inclusion of

Page 49
1 So at this point, we have more questions than answers.
2 But these are some of the issues that we're thinking
3 about. AsDr. O'Donnell noted, there's alot of
4 heterogeneity in the patient population. Which types
5 of patients should be enrolled? We have questions
6 regarding trial design, superiority versus
7 noninferiority, how best to monitor patients during
8 the study. Questionson clinical endpoints and also
9 how long to tree-in for -- how long should follow up
10 occur in these clinical trials.
11 Regarding patient population heterogeneity,
12 patients maybe different based on treatment
13 experience. There are treatment naive patients and
14 aso those with refractory disease. The disease
15 manifests differently, nodular bronchiectatic disease
16 versus fibrocavitary versus mixed picture. The
17 etiologic organism varies, a patient can have MAC or a
18 non-MAC NTM. Patients may have underlying comorbid
19 conditions such as cystic fibrosisor COPD. And it's
20 possible that response to stay (ph) drugs may vary
21 based on any or all of the above.

22 Regarding trial design: so superiority trials
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1 arescientifically sound and readily interpretable.
2 An evidence based noninferiority margin needsto be
3 established based on the clinical outcome to have an
interpretable noninferiority trial. So currently
demonstrating superiority to standard of care maybe

4
5
6 accomplished by adding a new drug to standard of care

7 versus standard of care plus placebo or assessment of

8 anew combination regimen versus standard of care or

9 placebo. And well need to address the contribution
10
11
12
13
14
15
16
17
18
19
20
21
22

of each component in such a new combination regimen.
How do we monitor patients to determine
clinical benefit? As previously noted, there are
limitations to microbiological results as an outcome
measure. During the discussion of the cases later
today, welll be considering the feasibility and
acceptability of bonding investigators and patients to
culture conversions status during the trials.
Patients could withdraw for clinical reasons, such as,
increased fatigue, or worsening respiratory symptoms.
But not solely because of failure to convert sputum
culture to negative. This could allow for an unbiased

assessment of whether culture conversionis

Page 52
1 function or survive; when should such an endpoint be

2 assessed? More questions, should the endpoint be
3 assessed on therapy versus off therapy; at 6 months,
4 12 months, 24 months after initiating therapy? Does
5 thetiming depend on the type of patient? Based on
6 treatment experience, disease type or underlying
7 comorbid conditions, should the assessment be based on
8 afixed time point or on asummary of clinical outcome
9 assessment scores over time?
10
11 freguently should assessments be made; daily, weekly,

If based on a summary of scores, how

12 monthly, every 6 months? Regarding duration of

13 treatment and follow-up, what is the evidence to

14 support an optimal duration of treatment? Isit based
15 onclinical benefit? Intrias, we note that early

16 treatment discontinuations may complicate assessments
17 of long-term follow-up. How long isit acceptable for
18 patientsto be on placebo in the control arm? Does

19 this depend on the study population?

20

21 detail during the course of our discussions today.

We hope to cover these conceptsin further

22 And thank you for your attention. Are there any

Page 51
unacceptable or surrogate for clinical benefit.
In addition, we'd like to hear your thoughts
on avoiding crossover between treatment arms during
trials. Clinical endpoints: so more work needs to be

1

2

3

4

5 doneto define clinically meaningful endpoints and

6 assessmentsin NTM patients. Currently, microbiologic

7 outcomes are not linked to how patients feel, function

8 or survive. One option would be a patient reported

9 outcome. But then the question is, isthe PRO fit for

purpose? And this would be assessed based on the

reliability, validity, sengitivity to detect change

and thresholds the meaningful change to the patient.
Beyond PROs, what other clinical outcome

assessments, such as clinician reported, observer

reported, or performance outcomes be more feasible

and/or acceptable. And once again, with any of these

clinical outcome assessment tools, we'll need to

define aclinically meaningful changein NTM patients.
In addition, we'll talk more about these

20

21 Assuming that the primary endpoint is designed to

clinical outcome assessment tools later today.

22 assessdirect clinical benefit, how patients feel,

Page 53
1 clarifying questions? Thank you.

2 MS. NAMBIAR: Thanks, Peter. So we move on
3 to the third presentation from Amy Leitman, who isthe
4 director of policy and advocacy at the NTM Info and

5 Research, anonprofit advocacy group for patients with

6 pulmonary NTM mycobacterial disease. Thank you.

7 PATIENT PERSPECTIVE FOR TREATMENT OF
8 NTM DISEASE
9 MS. LEITMAN: Thank you. Good morning. I'd

10 like to thank the FDA for convening this workshop.

11 Hang on, what did | press? Herewe go. These are my
12 disclosures. NTM patients experience avariety of

13 symptoms, side effects and impacts from both. These
14 include, long delaysto diagnosis, often 2 years or

15 more; lengthy and burdensome treatments. Side

16 effects, some of them quite severe, and some of them
17 leaving permanent damage, including hearing or vision
18 loss, vestibular dysfunction, or renal or hepatic

19 dysfunction. A few of the more notable symptoms

20 include severe cough, often producing mucus, extremely
21 dehilitating fatigue and shortness of breath.

22 At an FDA led, patient focused, drug
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1 development meeting in October 2015, the word

2 "fatigue" was mentioned 49 times. 30 of those
3 mentioned were from patients. The word "cough" wa
4 mentioned 98 times, 64 of those were from patients.
5 At this same meeting, several patients noted coughing
6 so severethat they have fractured ribs or vertebrae.
7 Patients have noted that the disease is unpredictable
8 and how they feel and function can vary widely from
9 day-to-day. They've also noted social isolation and
10 stigmathat comes with a chronic illness and sympton
11 such as coughing and sputum production. Saying thd
12 friendstend to withdraw and for many it places a
13 strain on their families as well.
14 These things can often lead to anxiety,
15 depression and loneliness for the patient at atime
16 when they most need a support system. In advance o
17 thisworkshop, NTM Info and Research undertook a
18 survey of patientsto learn more about their
19 preferences for treatments, outcomes and clinical
20 trials. We worked jointly with the head of medical
21 affairs, at Spero pharmaceuticals to develop questions
22 that would try to dicit useful information from the

Page 56
1 respondents were female, 8 percent male. Already more
2 than 70 percent currently have an NTM lung infection.
3S 3 For the other nearly 29 percent, some had previously
4 had an NTM lung infection. Those who have never had
J 5 an NTM lung infection were exited from the survey
6 after that question. About 60 percent were diagnosed
7
8
9
n40
11
12
13
14
15
f16
17
18
19
20
521
22

more than 3 years ago and one quarter of them are
diagnosed 1 to 3 years ago. The vast mgjority of
respondents, 90 percent had MAC; about 18 percent had
abscesses. There were anumber of respondents that
had coinfecting streams. We did not have a chance to
fully analyze those data and we will be looking at
that in the next wave of analysis.
Looking at other infections; just over 1/3
have another type of infection along with their NTM.
More than half of those with coinfections had
pseudomonas and one quarter had aspergillus. And
again, some of them had more than one and we will be
looking at that information again more closely.
Looking at comorbidities, more than 80
percent of the respondents had bronchiectasis, which
we did not find at all surprising. Some respondents

Page 55
1 patients.
2 The survey had 57 questionsin total, asking
3 for both quantitative and qualitative responses, and
4 used branched logic to follow patients dependent on
5 their previous answers. The survey was reviewed
6 internaly by NTM IR staff by several research staff
7 at the COPD Foundation. A researcher at OHSU (ph
8 and apanel of five NTM patients. Onceit was
9 finalized, we distributed the survey through the
10 internet, social media and online patient forms at
11 NTMinfo.org and our Social 360 platform whichis
12 developed jointly as part of Bronchiectasisand NTM
13 Initiative.
14 The direct reach was approximately 400 --
15 excuse me, 4,500 patients. The survey was opened fa
16 just under 3 weeks and we had atotal of 465
17 responses. Because of the short time frame from the
18 close of the survey, we analyzed some data that we
19 thought would best inform today's discussions. And
20 now | report on these findings.
21 Respondents ranged in the age from 18 to 94
22 years, averaging 65.9 yearsold. 92 percent of the

Page 57
likely selected bronchiectasis, plus one of the other

comorbiditieslisted. 84 percent of the respondents
have at some point been treated with antibiotics for
their NTM infections specifically. 42 percent of
respondents are currently on antibiotic treatment for
their NTM infection.

N o o B~ WN P

We use patients to tell us what symptoms

8
9 to select from, plus an other option that they could

they've experienced. We gave them an extensive list

10 fill in. Here we have the top 10 symptoms that were
11 selected, and thisis where we start to pick up on

12 some familiar themes that we're going to see

13 throughout. The top three are fatigue, coughing up

14 sputum and dyspnea, which in the survey was worded as
r15 shortness of breath with the word dyspneain brackets.
16 Throughout the survey we worded things in terms that
17 patients would be more likely to understand with the
18 moretechnically correct medical term in brackets.

19 So those were the symptoms patients

20 experienced. We asked then what were the most

21 bothersome symptoms? And again, there's a familiar

22 pattern. The most bothersome ranked: fatigue, cough,
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1 shortness of breath. We didn't ask patients to tell

2 uswhy they selected their number one most bothersome

3 symptoms as the most bothersome. So thisisasmall

4 sampling of the feedback we got, and it suggests that

5 thefatigueisfrom avariety of factorsincluding

6 infection, treatment and symptoms, and the coughing

7

8

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

seems to contribute quite a bit to the fatigue. This
actually echoes alot of what we heard at the PFDD
meeting.

We then asked about the impact of their most
bothersome symptom, and this is a sampling of the
qualitative feedback we got. Again, it highlights the
impact of fatigue aswell as the social isolation.

And some patients noted that unpredictable nature of
their disease and how it adversely affects their day-
to-day life. Here we see responses to the question
"What do you hope that treating an NTM lung infection
would do to improve your life?' The top response
indicated afocus more on quality of life overall.

And further along in the survey, we asked questions to
sort of drill down into what they thought that might

mean.

Page 60
1 symptoms compounded with the side effects. It raises
2 the question of whether we should further explore
3 adjunct therapiesto help alleviate these symptoms and
4 side effects? And whether doing so would also help to
5 any degree with the dyspnea?
6
7 approximately half of respondents indicated that their
8 treatment achieved this. We asked patients how long
9 after they stopped treatment did the side effects

We asked them about culture conversion,

10 subside. Noting anearly 40 percent who responded
11 that they haven't gone away, when we looked at the

12 qualitative data for this response said, we saw that

13 many of the side effects they referred to were more

14 permanent ones, such as vision hearing, vestibular and
15 neuropathy, knowing that these are possibilities, it

16 would again be useful to have therapies devel oped that
17 act as protectants against these side effects.

18 Looking at the side effects that patients

19 indicated went away during treatment versus those that
20 did not, we again see fatigue and respiratory

21 symptoms, where we also note alarge imbalancein

22 vision change symptoms and hearing change and pain.

Page 59
1 This slide shows responses to questions about

2 the side effects of the antibiotics. Inthisslide,
3 we show the percentage of respondents who selected
4 particular side effect of antibiotic treatment as one
5 they have experienced versus the one they found mos
6 bothersome. Thelight blue bars are a percentage of
7 patients who selected the side effect as one they
8 experienced. The dark blue bars are percentage of
9 patients who selected the side effect as most
10 bothersome. Fatigue remains the one that patients
11 have experienced the most, and we know from their
12 feedback it can be a combination of various things
13 including symptoms and side effects.
14 Overall with side effects ranked most
15 bothersome, we're still seeing fatigue respiratory
16 symptoms and gastric symptoms. Thisis asample of
17 some of the feedback from patients on, how to these
18 side effects have impacted their lives. Ina
19 permanent -- in addition to permanent side effects
20 like hearing loss, when we |ooked at the qualitative
21 data here, we once again saw alot of emphasis on the
22 fatigue and cough, which both might present as

Page 61
1 We asked patients how long after you began
2 treatment did you begin to feel better? Nearly one
a 3 quarter of them felt a change within 1 month and
4 stretching out up to 3 months, it's nearly one third,
t 5 nearly 35 percent did not feel better. Considering
6 thelung damage that we know they experienced from
7 thisdisease, it's likely impacting how they feel
8 after treatment as well.
9

10 reported asimproved due to treatment. Again, we see

Here we see the top 10 symptoms that patients

11 that fatigue and the respiratory symptoms at the top

12 of thelist. We asked for some qualitative feedback,

13 what bothers you most about your disease? And thisis
14 some of the qualitative feedback we got. And we see
15 some common themes here again, the respiratory

16 symptoms, the impact on their lives, and the treatment
17 optionsor lack thereof.

18
19 onething about your NTM lung disease, what would you

We asked them if your treatment could change

20 want that one thing to be? The overwhelming majority
21 of those who responded to this question indicated

22 culture conversion astheir top preference.
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Page 62
1 Regardless of their other preferences, it remainsa

2 priority for them. Given that they associate some of

3 their symptoms with both the illness and the

4 treatment, they might view this outcome as away to

5 eventually alleviate both by getting rid of the

6 infection and getting off treatment.

7 Right under culture conversion, we see a

8 pattern that is probably very familiar by now, fatigue

9 and respiratory symptoms. Here we presented one of
10
11
12
13
14
15
16
17
18
19
20
21
22

three hypothetical clinical trials scenario to
respondents, if they had never been treated for their
NTM lung disease and have the opportunity to enroll in
clinical trial, where they would receive either the
investigational new drug or a placebo, what length of
time did they think would be reasonable to take a
placebo? More than 50 percent felt that it was 6
months or |ess, that number increases to about 65
percent when going up to 9 months. Only 6 percent
said they felt comfortable with anything over 12
months. And only 12 percent said they would feel
comfortable with a 10 to 12 month placebo arm.

In the second hypothetical scenario, the

Page 64

1 ethical challengesin terms of being able to enroll.

2 The next series of questions pertaining to

3 respondents who participated in clinical trials had

4 much smaller sample sizes. More than one third of

5 those respondents who participated in clinical trials

6 indicated that it took at least 2 months, and as long

7 as 12 months, to feel a benefit whiletaking an

8 investigational therapy. This may make the

9 development of avalidated PRO tool more challenging
10 aswe would need to determine how far out we will need
11 to measure with the tool in order to accurately assess
12 the benefit of the therapy. And that time frame may
13 vary depending on what the tool is measuring.
14 We asked patients what they noticed after
15 they started an investigational therapy in aclinical
16 trial? And this chart summarizes the analysis of
17 their responses. Again, we see thisfamiliar pattern
18 of response with fatigue and respiratory symptoms.
19 Thisisasample of feedback from patients who werein
20 clinical trials when we asked them what improvements
21 they noticed once they began taking the
22 investigational therapy? These same patients were

Page 63

1 respondent was asked if they'd already been on

2 treatment? If they had already been on treatment? And

3 would receive either the investigational therapy or

4 placebo, in addition to standard of care, how long did

5 they think was reasonable to be on placebo? At this

6 point, the number of patients willing to go up to 6

7 months drops to about 45 percent. The number of

8 people who'd be willing to go past 12 monthsis

9 roughly the same asis the number of people who choose
10
11
12
13
14
15
16
17
18
19
20
21
22

not to participate in thiskind of clinical trial.
Thethird hypothetical asksif the respondent
was already on treatment, and will receive either the
investigational therapy or a placebo instead of
standard of care, what would be an acceptable length
of time for placebo? Roughly 50 percent selected up
to 6 months, but nearly 30 percent selected they would
not participate in such atrial, which is nearly
double that of the other two hypotheticals.
Based on the results on all three scenarios
and given that we've already seen previously how
challenging it can beto enroll for NTM trials,
placebo beyond 6 months presents both practical and

Page 65
1 asked, what improvements they noticed first? This
2 chart summarizesthe analysis of responses with their
3 answers tracking strongly to the preferences that have
4 been expressed by patientsin earlier questions and to
5 the symptoms that they experience. Thisisasampling
6 of their feedback from those patients who were in
7 clinical trialswhen asked to report on the first
8 improvement or benefit that they noticed.
9 So | guess, we can conclude this with a brief
10 summary of fatigue, cough, dyspnea, sputum. The
11 results of this sends some strong messages, fatigue is
12 overwhelmingly a problem for these patients, and
13 fatigue itself is not currently measured asa
14 standaloneitem. There are validated fatigue
15 assessments available but none have been validated for
16 NTM specifically. But this may present an opportunity
17 tolook at these PRO tools to determine whether one of
18 them can be repurposed as a validated tool for NTM.
19
20 important of all the reason we're here today, the MTM

Finally, I'd like to thank some people, most

21 patients, those who reviewed the survey and those who

22 took the survey, for taking their time out of avery
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1 busy day filled with treatments in airway clearance,
2 to give usinformation that we hope will be useful in
3 drug development.
4 Stephanie Unis (ph) at NTMIR, who assisted
5 with data analysis and the data presentation; Kate
6 Selham (ph) at Spero with whom | partnered on the
7 survey construction and data analysis; and Emily Hink
8 (ph) at OHSU, who also served as areviewer for the
9 survey before it was finalized; and to the COPD
10 Foundation, who also reviewed the survey and helped
11 distributeit to patients, and with whom we partnered
12 onwith so many successful initiatives. Thank you.
13 MS. NAMBIAR: For questions. Amy thank you
14 very much for sharing the results, and many thanks on
15 our behalf aswell tothe NTM patients who
16 participated in the survey, | think, very useful
17 information.
18
19 make sure if any members of the audience that might

We have a couple of minutes, so | want to

20 have questions for any of the three speakers from this
21 morning, no?
22 UNIDENTIFIED SPEAKER: Amy? It looked liked

Page 68
1 certainly an important symptom, the gastric symptoms
2 were certainly an important concern for patients, we
3 did see quite abit of that reporting. So it would
4 not surprise me to find that a number of them had
5 developed C. diff.
6 UNIDENTIFIED SPEAKER: I'll comment on that.
7 | haven't been doing this aslong as Dave, he'salot
8 older than me, but I've -- what have you got? I've
9 been doing this 15 or 16 years, I've created one
10 C.diff casein my entire career. And maybe that's
11 because | don't use Forcolons (ph). Daveiswild
12 about Forcolons. | don't know what everyone else's
13 experienceis, but it's just not something we see.
14 UNIDENTIFIED SPEAKER: Right it'safrequent
15 side effect, of course, of erythromycin which -- and
16 I'mlikeyou, | don't know that I've had a documented
17 C.diff casein 25 years.
18 UNIDENTIFIED SPEAKER: The other comment |
19 made Amy and great public -- great survey, and of
20 course we partnered on alot of surveyslikethis. |
21 will just say in terms of the acceptability of
22 placebo, it readly depends on -- it's a hard question

Page 67
1 the numbers on the patients that responded to
2 questionsrelated to clinical tridsisrelatively
3 small. Do you know what the total number was likein
4 those?
5 MS. LEITMAN: 1 think it was either 16 or 18,
6 it wasavery small sample size, which we would like
7 to actually conduct a separate survey that's targeted
8 only to clinical trials patients. We -- one of the
9 thingswe're trying to figure out is how do we target
10 those patients specifically. So that's something
11 we're going to be working on. Because we think it's
12 important to get a bigger sample size for those.
13 UNIDENTIFIED SPEAKER: Hi, Mary Antego (ph)
14 with Cistern (ph). | was awaysimpressed how little
15 C.diff we saw on these patients with diarrhea despite
16 very broad spectrum antibiotics. Amy, did you drill
17 down into the causes of diarrhea? Was this simply
18 related to the antimicrobial or was there C.diff also?
19 MS. LEITMAN: Wedon't seealot of mention
20 of C.diffs specifically but we did see alot of
21 mention of diarrhea. | don't know how much how much
22 the patients are being tested for C. diff, but it's

Page 69
1 to ask someone on asurvey. And having, you know,

2 placebo controlled trials on going where alot of the

3 patients are cite to be on placebo and they actually

4 want to be on placebo for aslong as possible. So it

5 really depends on who you're enrolling and what kind

6 of disease they have of course, and what they're

7 interested in. Soit'sahard question, | think, to

8 survey people without giving them some scenarios

9 about, you know, how they might feel or what kind of
10 diseasetypethey have. Sol just offer that asa--
11 something to consider.
12 UNIDENTIFIED SPEAKER: It didn't seem to be -
13 - the survey is not a scientific survey, right? So
14 guess | was wondering how representative you thought
15 it was for the whole population. 1t would seem like
16 it was 92 percent female, which where | think we heard
17 it waslike 60 percent female in the broader group.
18 So | was wondering what you thought about that? And
19 not just about that but just how representative it is?
20 MS. LEITMAN: Surel -- you know obviously we

21 would like to get more representativeness, but given

22 the short time frame what we were really trying to
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1 dlicit wasinformation on what do these patients want 1 UNIDENTIFIED SPEAKER: Thank you.
2 to seeinterms of outcomes? Y ou know, what are their 2 MR. COX: Okay. Thank you.
3 experiences and as much asit's not a scientific 3 MS. NAMBIAR: Maybe we will take a comment

4 survey, the results were not at all surprising. It's

5 something we've been hearing for -- from October 2015

6

7

8

9
10 acombination of qualitative and quantitative
11
12
13
14
15
16
17
18
19
20
21
22

now, so 4 years aimost. We've been hearing the same
things. Now we just have a nice little data chunk

that tells us that yes, these patients that thisis

what they're saying. And we have a, you know, sort of

responses, that are telling us exactly that. And they
-- we asked the questions in several different waysto
see how much difference we got. There really wasn't a
lot of difference, the responses were consistent.
So I'm not sure how much different it would
be with alarger sample size or slightly more diverse
sample size, | think the experienceis going to be
very similar. But yeah, we would certainly love to be
able to, you know, to broaden this. There certainly -
- we'd certainly love to explore the idea of reopening
the survey and administering it to more patients.
UNIDENTIFIED SPEAKER: And Amy, you've

4 from Dr. Proschan and then bresk.

5 MR. PROSCHAN: Yes, | wasalittle bit

6 surprised that, you know, patients ranked so high the

7 outcome of culture conversion, and | wonder what do

8 you think the explanation for that is, because that's

9 something they wouldn't necessarily even feel, right?
10 MS. LEITMAN: Sorry, are you asking for an
11 explanation of how they reported culture conversion?
12 MR. PROSCHAN: No, why the patients felt
13 that, that was so important to?
14 MS. LEITMAN: Sure, well, so the symptoms
15 make them feel redly lousy, the treatments make them
16 feel really lousy, | think alot of them view getting
17 rid of the infection means they alleviate treatment
18 and they can alleviate some of the symptoms, | think
19 that'stheir hope. Certainly their -- if they culture
20 convert, they're not taking the antibiotics, and the
21 antibiotics have some really brutal side effects. So,

22 | mean, | think that's one of the main reasons why

Page 71
1
2 years, were there any particular aspects of this

thought about this for some time now, in several

3 survey that were surprising or unexpected?
4 MS. LEITMAN: No.
5 UNIDENTIFIED SPEAKER: And that'sjust the
6 point | think it's very consistent what our experience
7 isand what we hear from patients on aday in day out
8 basis.
9 MS. LEITMAN: Thank you.
10 UNIDENTIFIED SPEAKER: My nameisLee Youn
11 (ph), thanks for your presentation. | just want to
12 know inthisTB or NTB -- NTM tests conducted
13 simultaneously and whether there are some unnecessary
14 test and treatments, especialy racia profiling maybe
15 forced by -- racial profiling by police or thereis
16 something some unjust treatment just like a -- they
17 try to find something as excuses. Y ou get what |
18 mean? Whether thistest and --
19 MR. COX: Yeah, we appreciate your question.
20 | think it's a complicated question you're asking,
21 maybe you al can tak at the break and get alittle
22 more detail.

Page 73
1 they view it as so important. And you know, | think
2 like anybody else who's dealing with the serious
3 chronic illness, they're probably -- they're facing
4 their own mortality and alot of them are very
5 frightened. And they would like to see something
6 that's going to clear the infection and, you know, for
7 -- and we did see some qualitative feedback that said,
8 you know, | would like to know that I'm going to live
9 anormal lifespan or that I'm not going to die young.
010 So | think all of those things factor in.
11 MR. COX: Yeah, I'll just --
12 MR. PROSCHAN: Did you ask them that? |
13 didn't see that question up there about fear of death?
14 MS. LEITMAN: We do not ask them that
15 specific question.
16 MR. COX: I'll just add a comment too, | mean
17 turning your cultures negative is your road towards
18 someday stopping therapy, which iswhat you're saying.
19 And you know, without that it's very hard to stop
20 anyone'stherapy for very long. So | think patients -

21 - and we've done these same service with Amy and we've

22 got this patient center outcome workgroup and panel
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1 for along time for years, patients understand that
their, you know, best shot at getting off the
antibioticsisto turn their cultures negative, and
have them negative for along time, so that they can

2

3

4

5 stop. So that'sthe path, it's progress, and it'sa

6 path towards treatment, completion, or stopping.

7 UNIDENTIFIED SPEAKER: It might actualy be

8 more simple than that, and that's they believe that is

9 the cause of al of the problems that they have. So
10
11
12
13
14
15
16
17
18
19
20
21 And| think alot of patients will equate getting rid

if you get rid of that, it will -- but | will also
tell you that patients are not the only ones that
perseverate on what's in the micro cultures, | know
this discussion is not about antimicrobial resistance,
but in the world of inhaled antibiotics, we hear
repeatedly great fear about any bugs that might appear
in a culture because the assumption is always that
it's bad.

UNIDENTIFIED SPEAKER: I'll just add a
comment to that. If you do any survey in any disease,

usually the top answer from patients will be cure.

22 of the bugs, with cure. And the second aspect will

Page 76
1 sampling, some other way to make an assessment about

2 microbiological response other than conventional old

3 sputum culture data? | think that's going to be dated

4 with the new platformsthat are available. And |

5 think we collectively should begin to explore, are

6 there better more sensitive and more specific measures

7 of microbiological assessment and response than what

8 we have right now because right now it's terrible.

9 UNIDENTIFIED SPEAKER: Yeah. Just with
10 respect to the timing of a potential clinical endpoint
11 the survey suggests that among patients who are going
12 to have a symptomatic response, you seeit within
13 about 6 months, does that coincide with the experience
14 of the clinicians on the panel?

15 UNIDENTIFIED SPEAKER: Yes, 3 months. |
16 agreewithyou al, 3to 6. 3isthe minimum, |

17 think, in my mind.

18 MS. NAMBIAR: Okay. So think with that
19 welll take abreak. We're running afew minutes late
20 so maybe if we can reconvene in about 10 or 15

21 minutes, and we should get started with the second

22 session. Thank you.

Page 75

1 be, | think if you asked alot of my patients, they

2 would put culture conversion very high, because |

3 asked them about to submit cultures at every visit.

4 And | talk to them about their culture results at

5 every visit. And so it gets very much ingrained in

6 their headsthat thisis very important.

7 UNIDENTIFIED SPEAKER: | will say that in

8 some of the qualitative responses with that as well,

9 we also -- that, you know, our patients are -- they
10 educate themselves very well about their disease. And
11 we did see severa patients responding, you know, if
12 it can't get rid of the bug at |east reduce the amount
13 of bacteria. So they understand the difference
14 between, you know, reduction of bacterial load and
15 culture conversion.
16 UNIDENTIFIED SPEAKER: And | might just also
17 make acomment and or apleathat | think we need to
18 think more broadly about this culture conversion. And
19 | think standard culture conversion by microbiological
20 responses Dr. O'Donnell said, sometimes we can get a
21 sputum. So | think we need to think more broadly.
22 Arethere other technical aspects, PCR, some other

Page 77
1 BREAK
2 SESSION 2: TRIAL DESIGN CONSIDERATIONS AND CHALLENGES
3 FOR NTM DISEASE
4 LESSONS LEARNED FROM COMPLETED NTM TRIALSAND
5 IMPLICATIONS FOR FUTURE TRIALS
6 MR. SULLIVAN: Here are some of the learnings
7 that Insmed has gained based on the clinical trials
8 that we've conducted in patients with NTM lung
9 disease. I'll begin with abrief overview of the
10 clinical trials that we've conducted, then address
11 these four specific topics.
12 We observed that culture conversion, as
13 defined in our pivotal tria, did in fact seem to
14 predict durable microbiologic response. That isthe
15 maintenance of sputum culture negativity throughout
16 theremaining course of treatment and out to 3 months
17 after having stopped al NTM therapy.
18 We observed that the study population was
19 very heterogeneous despite the fact that these studies
20 were conducted in a subset of MAC patients who are
21 considered to be refractory to available therapy. And

22 we believe that this heterogeneity introduces noise,

20 (Pages 74 - 77)

www.Capital ReportingCompany.com



April 8

, 2019 May 13, 2019

Page 78
1 which can make it more difficult to detect the

2 treatment effect of an investigational drug. We found

3 that the 6-minute walk test was not areliable clinic

4 tria endpoint for various reasons.

5 And finally, we believe that drug

6 tolerability issues may confound the assessment of

7 clinical benefit during the course of treatment.

8 So first, abrief description of the NTM

9 trials. There werethree trials conducted with
10 Amikacin Liposome Inhalation Suspension or ALIS|
11 patientswith NTM. Today | will discuss the first twa
12 listed here which were the randomized trials. And
13 much of the datathat | will present will be from the
14 pivotal Phase Il study, Study 212. Thiswasthe
15 largest study and it included only patients with MAC
16 Whereasthe Phase Il study included both MAC and
17 abscessus patients.
18 So first abrief overview of the designs of
19 thetrids. The Phasell study, Study 112, was a
20 randomized, double-blind, placebo-controlled trial of
21 ALISin patientswith NTM lung disease who are
22 persistently culture positive on treatment. In

MO conversion by month 6. In this study sputum culture

Page 80
1 The pivotal study, Study 212, was a
2 randomized open-label multicenter study in adult
3 patients with MAC lung disease who are persistently
4 culture positive for at least 6 months while on a
5 guideline based multidrug treatment regimen. Patients
6 were randomized two to one to either ALIS 590
7 milligrams once daily, plus their multidrug regimen or
8 to their multidrug regimen alone.
9 The primary endpoint was sputum culture
11 conversion was rigorously defined. Each month two to
12 three samples were obtained. In order to achieve
13 culture conversion, all samples had to be negative for
14 3 consecutive months. This primary endpoint was
15 considered to be a surrogate endpoint for the purposes
16 of marketing approval in the United States under the
17 Accelerated Approval regulations.
18
19 availablefor the last patient enrolled, the database

Once the month 6 sputum cultures results were

20 was locked and the primary and key secondary endpoints
21 wereanayzed. Patientsin either arm who achieved

22 the primary endpoint and remained culture negative

Page 79
1 contrast to the subsequent pivotal study, this study

2 enrolled both patients with MAC and patients with M.

3 abscessus.

4 Another significant differenceisthat this

5 study enrolled both patients with and patients without

6 underlying cystic fibrosis. The overall objective was

7 to evaluate the safety, efficacy and tolerability of

8 ALIS versus placebo when added to a background

9 multidrug regimen.
10 The randomized, double-blind treatment period
11 was 84 daysin duration. After the double-blind
12 phase, patients entered into an open-label phase wher
13 they received ALIS plus their background multidrug
14 regimen for another 40 to 84 days. Patients were ther
15 followed for an additional 12 months off of ALIS.
16 Thisstudy failed to demonstrate statistical
17 significance on its primary endpoint, which was a
18 semiquantitative measure of micro bacterial burden in
19 the sputum at day 84. However, other study findings
20 prompted Insmed to continue development. And | wi
21 share some of the data from this study in afew

Page 81
1 through month 6 continued in the study to complete
2 their course of treatment, which was 12 months
3 following their conversion date.
4
5 conversion through month 6 were enrolled in Study 312.

Patients who did not achieve culture

6 Following completion of 12 months of treatment, after
7 having achieved culture conversion patients in Study
8 212 stopped al MAC therapy. These patients were then
9 assessed at 3 months and through 12 months off all
10 antibiotic therapy.
11
£12 higher proportion of patients treated with ALIS

Study 212 met the primary endpoint with a

13 achieving culture conversion by month 6. The absolute
114 difference between the treatment groups was 20.1
15 percent. And thisfinding was highly statistically
16 significant. This study demonstrated the treatment
17 with ALIS converted significantly more patients than a
118 multidrug regimen aone within 6 months.

19
IR0 in Study 212. Respiratory adverse events were the

Here you see the most common adverse events

21 most commonly reported category, and these included

22 moments.

22 dystonia, cough, bronchospasm and hemoptysis. All of
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1 the adverse events listed here were more frequently

2 reported in ALIS-treated patients than in the control

3 group.

4 The first observation from Study 212 was that

5 sputum culture conversion by month 6 seemed to predict

6 adurable microbiologic response. Once again, here's

7 thedesign the 212 study. Theresultsthat | just

8 showed you were for the primary endpoint of 6 months.

9 Patients who met the primary endpoint continued on
10
11 What we found was that patients who converted by month
12
13
14
15
16
17
18
19
20
21
22

their assigned treatment for a complete course.

6 using the rigorous definition of culture conversion

deployed in the study tended to maintain their

negative sputum cultures throughout the course of

treatment and even 3 months after stopping treatment.
These are the interim data which were

discussed at the FDA Advisory Committee meeting held

last August. As of acutoff date of April 2018,

durability results were available for 48 of the 65

patients on ALIS who achieve culture conversion by

month 6, and for 7 of the 10 patients who achieved

culture conversion on the multidrug regimen alone.

Page 84

1 study population was very heterogeneous.

2 Although balance between treatment groups,

3 therewas significant variability in the baseline

4 characteristics of the overall population. For

5 instance, in regard to the number of drugsin the

6 background regimen some patients were on two and some

7 areon four or more. Likewise, approximately one-

8 third of the patients were on a drug other than a

9 ethambutol, macrolide or rifamycin.
10
11 specific multidrug regimens that were used. In this
12 dlide E stands for ethambutol, M for macrolide, R for

There was also wide variability in the

13 rifamycin and O for any other medication deemed to be
14 acomponent of the background regimen by the

15 investigator. Fifty-five percent of patients were on

16 the classic combination of macrolide, rifamycin and

17 ethambutol. But the remainder were on various other
18 combinations.

19

20 MAC was quite diverse. Theinclusion criteria

Similarly, the duration of the diagnosis of

21 required patients to have failed to obtain negative

22 sputum cultures after a minimum of 6 months. But

Page 83
Asyou can see 81.3 percent of patients who

achieved culture conversion on ALIS had remained
culture negative throughout their course of treatment
and through 3 months after having stopped all MAC
treatment. In contrast, none of the patients who

o OB~ W N P

achieved culture conversion on their Multidrug regimen

7 done had remained culture negative at thistime

8 point.

More complete study data which will be

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

described at the upcoming American Thoracic Society
meeting are consistent with these data, suggesting
that culture conversion by month 6 predicts durable
culture conversion. The implication of these data for
future studies is that early microbiological
assessments may be informative in regard to longer-
term microbiol ogic outcomes.

The next observation | would like to share
with you relates to the nature of the study
population. What we found was that despite the fact
that we focused our Phase |11 study on a specific
subset of NTM patients. Only those with MAC and who
were refractory to guideline-based treatment. The

Page 85
1 there were patients who had had their MAC lung disease

2 for 20to 30 years. What I've shown you so far isthe

3 diversity of various descriptive baseline

4 characteristicsin our study population.

5 There was also significant baseline

6 variability in regard to metrics that might serve as

7 potentia outcome variables. For instance, here we

8 seegreat diversity in the baseline scores on the St

9 George's Respiratory Questionnaire in Study 212. Both
10 atotal score and the symptom score domain. Both of
11 these have arange of 0to 100. What you can seeis
12 that the four cortiles on these scores span almost the
13 entirerange of possible scores. Some patients are
14 severely impaired and some have little room for
15 improvement from baseline.
16 In the Phase |1 study we didn't use the SGRQ,
17 but you can see the same phenomenon on the QOL-B which
18 was the patient-reported outcome instrument we used in
19 that study. The data are shown here for the entire
20 study population on the left, and only for the MAC
21 patientson theright. Again, some patients were
22 severely impaired at baseline and some have very
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1 little room for improvement.
2

3 testinamoment. But herel just like to point out

I'll say a bit more about the 6-minute walk

4 the significant diversity in our study population in

5 terms of their baseline 6-minute walk test distance.

6 Some patients showed severe impairment and others had

7 values seen in healthy subjects. The point hereis

8 that even among the subset of MAC patients who are

9 refractory to guideline-based treatment, thereis
10 significant heterogeneity in the clinical phenotype.
11
12
13
14 demonstrate atreatment effect if oneis present. So

In general, decreasing heterogeneity in a
study population will increase study power and assay
sensitivity, the ability of aclinical tria to

15 the implication of these observations for future
16 clinical studiesisthat effort should be made to
17
18
19
20
21
22

limit relevant heterogeneity in the study population.
Now, | would like to say alittle more about
the 6-minute walk test. Because early on we were
intrigued with the possibility that this might be a
means to demonstrate adirect clinical benefit early

in the course of treatment. This notion was driven by

Page 88
1 | already showed you the data on the left

2 side of this dide demonstrating the wide variability
3 interms of the baseline 6-minute walk test distance
4 in the study population. There were patients who hag
5 very poor 6-minute walk test distances as well as
6 patients who had performed so well at baseline that
7 there was little room for improvement.
8 Theright side of this dide showsthe
9 variability in terms of the treatment response during
10 thefirst 6 months of the study. The change from
11 baseline to month 6, which you can seeisthat there
12 were patients who had dramatic declines aswell as
13 patients who had dramatic improvementsin this
14 measure.
15 This degree of variability both at baseline

16 and during the course of treatment make it challenging

17 to demonstrate a treatment effect in aclinical trial.
18 There are other challengesin regard to the use of 6-
19 minute walk test as an important clinical endpoint in
20 NTM trias. First of al, the 6-minute walk test is
21 not atest that istypically performed clinically to

22 assess NTM patients nor isit something that is

Page 87
1 thefindingsin our Phase Il study in which the 6-
2 minute walk test had been included as an exploratory
3 endpoint.
4 So what we saw in the Phase |1 study wasthe
5 treatment with ALIS was associated with an apparent
6
7

8 from that study. The mean difference between

benefit on 6-minute walk distance. Even asearly as
day 84. Shown here are the 6-minute walk test results

9 treatment groups in the change from baseline to day 84
10 was 47 meters. Although the nominal P value had to be
11
12
13
14
15
16
17
18
19
20
21
22

interpreted with caution, since thiswas just an
exploratory endpoint, the results were intriguing
enough that we decided to include the 6-minute walk
test as a secondary endpoint in the subsequent pivotal
trial.

Unfortunately, in the pivota trial there was
no apparent effect of treatment with ALIS on the 6-
minute walk test distance at month 6. So what
happened? Why did the signal on 6-minute walk test
looks so different between the two studies? We think
there are a number of challenges to the use of 6-

minute walk test as an endpoint in NTM trials.

Page 89
1 typically used in the clinical practices of many of

2 the physicians who care for these patients.
3
4 accessto asatisfactory test course and site

Therefore, study sites may not have ready

5 personnel may have limited experience with its
6 conduct. Another factor to consider isthe presence
7 of underlying structural lung disease. The underlying
8 lung disease in these patients, often bronchiectasis
9 and COPD may be an important factor in their
10 performance, A factor which would remain even after
11 theinfectionis cleared, thus putting aceiling on
12 the potentia benefit of even successful anti-
13 microbial therapies.
14 In addition, the clinical course of COPD and
15 bronchiectasis often varies with episodic worsening.
16 Thisvariability unrelated to the NTM disease activity]
17 may introduce further noise on the endpoint. It's
18 also possible that the benefit of treatment maybe mos]
19 profound among patients who achieve microbiologic
20 success. If the study population is onein which
21 microbiologic successis less common, for instancein
22 dready treatment refractory population, the observed
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1 effect size maybe blunted.

2 Finally, significant physiologic benefit may
3 not occur early in the course of treatment. If
4 durable microbiologic cureis necessary before
5 significant physiologic benefit can be achieved, the
6 current very lengthy -- treatment courses for this
7 disease introduce challengesin regard to complete
8 follow up in clinical trials and the impact of missing
9 data.
10 Lastly, I'll introduce the topic of drug
11 tolerability and how it may impact the assessment of
12 clinica benefit inthetrial. We know that the
13 assortment of existing drugs used to treat NTM have
14 certain safety and tolerability issues which can be
15 quite challenging for patients. Nonetheless, we use
16 these drugs because we think that the goal of
17 ultimately curing the infection is worth the cost.
18 And that once treatment is complete, if the infection
19 can be eradicated, the patient will feel better off.
20 So what does this mean for clinical trials?
21 We have some evidence from our trials that suggests
22 that the burden of the multidrug regimen itself in

Page 92
1 It's certainly important for atria to
2 collect data to inform and understanding of the safety
3 and tolerability of an investigational drug during the
4 course of treatment. But if the primary goal of the
5 PRO assessment is to characterize the ultimate
6 clinical benefit that a patient will derive following
7 acourse of treatment, a PRO assessment following
8 completion of treatment may be a more relevant index.
9 So I'll end with thislist of four learnings
10 that we derived from our clinical trialsin patients
11 with NTM lung disease. Theimplicationsfor future
12 trials are early microbiologic findings may predict
13 for later microbiologic outcomes. Attempt should be
14 madeto limit study population heterogeneity. The 6-
15 minute walk test may not be a useful endpoint in NTM
16 lung diseasetrials. And attention should be paid to
17 the most appropriate timing of clinical outcome
18 assessments. Thank you.
19 MR. CHALMERS: Thank you very much. Sowe're
20 going to have afull discussion of all these
21 presentations during the panel discussion between
22 11:00 and 12:00. But we havetime for a couple of

Page 91

1 addition to the burden of the disease may be captured

2 in patient reported outcome measures.

3 Here we show the St. George's Respiratory

4 Questionnaire data from Study 212. Although not

5 validated for use in NTM, the generally accepted

6 threshold for aminimally important differencein

7 other respiratory diseasesis four units on this

8 instrument. Shown here are the percentages of

9 patients who achieved this threshold when assessed at
10 their end of treatment visit, and when assessed 3
11 months off all treatment. For both the SGRQ symptom
12
13
14 the MID once they had been off treatment for 3 months.
15 Similarly, in Study 112 with a PRL instrument
16
17
18
19
20 associate with certain tolerability issues. And
21
22

score and the total score we observed that more
patients achieved a change equal to or greater than

was the QoL -B we saw some evidence of improvement in
the scores 1 month after cessation of drugs. Similar
to the existing investigational drugs -- similar to

the existing drugs, investigational drugs may be

tolerability issues may impact patient reported

outcome scores during treatment.

Page 93
1 clarifying questions, if anyone has any, please.
2 UNIDENTIFIED SPEAKER: Sol guessdlide 11
3 seemed like areally important dide. And I'm not
4 sure | understood everything that was going on in that
5 dlide. Could you just walk us through that?
6 MR. SULLIVAN: Back button is not working.
7 Isthere anyone who can help me get back to the slide
8 presentation? I'm hitting back. Oh now | got it,
9 yeah. Play. Okay. So 11. Okay.
10 So this is data that we had shown at the
11 advisory committee meeting. And thisislooking at of
12 the patients who at that time we had data who had
13 achieved the primary endpoint culture conversion by
14 month 6. And we had data out to thistime point, 3
15 months after stopping.
16
17 were 65 patients who -- we had -- who had converted at
18 month 6 and 48 of them had already gone al the way to
19 that 3-month time point. And of those 48, 81 percent

So for instance, in the ALIS column there

20 maintain their negativity through the course of
21 treatment and then having been off all drugsfor 3

22 months.
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1 UNIDENTIFIED SPEAKER: But | guessI'mmore | 1 your point. | think that if anything this would
2 interested in the others -- 2 underestimate the ultimate benefit. Now we'll talk
3 MR. SULLIVAN: Yes. 3 later about what thisisasurrogate for. This--in
4 UNIDENTIFIED SPEAKER: The other side. So 4 this study, the 6 months was a surrogate for 3 months

5 I'mtrying to understand. So 10 -- what's the 7,
6 what's the 10 or what's the zero?
7 MR. SULLIVAN: So the other side are patients
8 who -- there were 10 patientsin the tria, initial
9 randomization who achieved culture conversion on the
10 multidrug regimen, on their background Regimen. But
11 if you follow those, we -- when we got data on seven
12 of those who had made it all the way so far to the 3
13 months off, and none of them maintained it. So |
14 think acomment had been made of the adviser to be
15 that it certainly looks predictive on an effective
16 drug, but how do we explain the fact that zero of
17 seven. And so it may be that even despite the rigor
18 of our definition of culture conversion, meaning we
19 thought when we called you culture converted, you
20 redlly were because there were severa specimens for
21 many months. But despite that rigor, if they were out
22 -- if these were refractory patients who are only

5 off. But given what we've seen here, you might be
6 fooled. You would look at the 29 percent versus 9
7 percent who achieved culture conversion at month 6 and
8 say that's going to predict the magnitude of benefit.
9 But if the patients on the control group have sort of
10 false positive, in other words, it's only going to
11 underestimate the treatment effect, the long-term
12 treatment effect.
13 MR. CHALMERS: | suspect we're going to have
14 along discussion about culture conversion and what it
15 means during the panel discussion. So in theinterest
16 of time I'm going to -- so the next presentation is
17 going to be by Kevin Winthrop, who you've already met,
18 from Oregon Health and Science University on trial
19 design considerations and examples. Kevin's
20 background, he's a professor of public health and
21 infectious diseases at Oregon Health and Science

22 University and very heavily involved in multicenter

Page 95
1 treated with MDR, it didn't hold.

2 UNIDENTIFIED SPEAKER: All right. Soyour
3 titleisit that month 6 result predicts, is that not
4 necessary -- you're saying maybe that's not truein
5 the other group?
6 MR. SULLIVAN: Wéll, the numbers are with 7,
7 | think if you combine them you would still say of the
8 58, the percentage would still be pretty high if you
9 said irrespective of their treatment.
10 UNIDENTIFIED SPEAKER: Please.
11 UNIDENTIFIED SPEAKER: Yeah, but | bet you
12 would see a statistically significant difference
13 between those two --
14 MR. SULLIVAN: Yeah.
15 UNIDENTIFIED SPEAKER: -- durable. So| mean
16 what you want with a surrogate endpoint is you want to
17 be able to predict what the difference between arms
18 would be on the real endpoint of interest. And so if
19 there's adifferent relationship between the surrogate
20 and the ultimate endpoint of interest in the two arms,
21 that's aproblem for being a good surrogate.
22 MR. SULLIVAN: | think that -- | understand

Page 97

1 NTM trias. Thanks Kevin.

2 TRIAL DESIGN CONSIDERATIONS AND EXAMPLES

3 DR. WINTHROP: Good. Thanks. Thanks James.

4 So | want to thank doctors Nambiar and Cox for holding

5 this. And | thank you for coming to our symposium

6 meeting in November in Oregon. It wasalong to go

7 for you and for following it up with thisis exactly

8 what we need to be doing so. So thank you for

9 bringing ustogether.
10 | was asked to just give some general and
11 maybe some specific ideas around what's been done.
12 And of course Dr. Sullivan just outlined what's been
13 donein the Insmed development program. So | won't go
14 into too much detail around their program, but | think
15 someof thisislargely theoretical. | showed Dave my
16 talk, he said it was provocative, it was funny, but it
17 wasonly half true.
18 So | will do my best to point out the parts
19 that are half true. And then, you know, some of the
20 things are therereally just to make people think and

21 hopefully stimulate discussion in the next hour.

22 Somy disclosures, | aready disclosed. Although |
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had forgot afew and so they're al up there for you
now.

So we're at the stalemate and thisis why we
need to all cometogether. We have companies looking
for advice and physicians giving advice and FDA
looking for advice and trying to give advice. And
whose moveisit next? So I think, you know, | don't
know who's going to make the first move after this

© 00 N OO 0o B~ W N P

conference, but | think we'll all be better informed
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and someone's going to move and we'll get out of the
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stalemate. So currently approved therapies are
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N

really, there'sjust two. And if you look in their
label, Azithromycin islabeled for disseminated MAC in
patients with HIV, it's very specific and aso very

e~
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specific it saysin combination with ethambutol.

=
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For Clarithromycin it a'so mentions

BN
~

disseminated MAC in patients with HIV, but there's no

=
(o]

mention of companion drugs. So these of course --
19
20 label outlining how it was evaluated in the context of
21 disseminated MAC in HIV decades ago. So thisisall
22

there's quite a bit of datain the Clarithromycin

we have approved for NTM. And of course the approval

Page 100
1 someideaswhy | think that's true. Our outcome
2 measures of course we're going to probably spend 10
3 hours debating our outcome measures, but some idesas of
4 what's been done and maybe things we can consider in
5 thefuture. Andthentrial lengths. And | think we
6 all want shorter trials and patients want shorter
7 trials.
8
9 So some simple ideas here. One problem we've had

So in terms of patientsin the disease state.

10 particularly in bronchiectasistrials, whichisa

11 related areaisthat we enroll patients maybe that

12 aren't at the greatest capacity change. So for RCTs

13 what weredly -- if we want to study therapy, we want
14 to enroll people who are going to change with the

15 therapy, so we can measure difference with therapy.
16
17 the safety and efficacy of adrug it'salot easier to

Another general ideais when you're studying

18 understand it if it's being used in monotherapy. If
19 it'sbeing layered on to a study with four other drugs
20 in one arm and three other drugsin the other arm, so
21 it'sjust totally different. | mean al you're

22 figuring out isthe safety and efficacy of that drug

Page 99
1

2
3
4 notin HIV related disease almost at all. | mean
5 there'safew HIV patientsthat get this, but it's
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

here is very specific to the setting that we're not
even talking about today. Thisisdisseminated MAC in
HIV and thisis not pulmonary MAC which essentially is

99.9 percent non-HIV and it's limited to pulmonary
NTM.

Seewhat did | do there? Current NTM --
these are the current RCTs. And this was already
highlighted. And | think Anne showed anice slide.
Thisisjustif you go to clinical trials.gov, thisis
what's registered. 1'll make some comments about some
of these trials that are ongoing use them as examples
but suffice to say there looks like there's kind of a
lot going on, at least compared to say 5 years ago
this slide was pretty much blank, that's encouraging.

So considerations and examples. So | want to
talk a bit about patient selection and disease state,
follow-up some of Dr. Sullivan's comments about when
to measure things. The treatment exposure groups who
really need to think hard about, I'll just tell you |

think we need placebo control trialsand I'll give you

Page 101

1 inthe context of the other drugs.

2 Thenthereis-- thisisabigissue. It's,

3 you know, you say this, you learn thisin med schoal.

4 If someone walksin the ER, they're sick or they're

5 not sick, figureit out in asecond. And if they're

6 sick, they go down adifferent pathway than if they're

7 not sick. When we enrolled patientsin clinical

8 trials, mostly what we're talking about here iswe're

9 talking about people who aren't that sick. Yes, they
10 have al the symptoms Amy just described but they're
11 not dying, they're not people with cavitary disease or
12 have "consumption" and need to start therapy right
13 away. It'sadifferent -- that's a different type of
14 person. And those types of people are probably not
15 suitable for clinical trias, because they're too
16 sick.
17 So what is the standard of care. Anne
18 outlined thisin her talk. And, you know, Chuck and
19 stand up and talk about thisalot. Most of our
20 patients who comein even if they're symptomatic, bu
21 they're not cavitary patients and about 20 percent of
22 patients have cavities, the other 80 percent don't.
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They have symptoms but you take some time to sort them
out. You do not start them on antibiotic therapy
right away. There'salot of reasonsfor that.

Most patients need to work on other things like
clearance and bronchial hygiene. They need to develop
an exerciseroutine. They need to eat better, they
need to try to gain weight, there'salot of thingsto
work on before you start layering on three or four

© 00 N OO 0o B~ W N P

antibiotics many of which have adverse events. Many

=
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of which cause people not to want to eat or they get

[EEY
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diarrhealike Amy mentioned, it makes weight gain
difficult, et cetera. So you need to educate the
patient about the drugs, what to expect and how to

N«
2w N

manage the side-effects. All those things take 3to 6

=
a1

months. So you have awindow of timeif you're

=
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planning atrial where you can enroll patients who
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have symptomatic, pulmonary MAC, noncavitary disease

=
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to work on some of these things and randomize people

=
(o]

to adrug in active arm and a placebo arm. And again,

20 the exception is those that are sick.

N
=

So what is the natural history of pulmonary
MAC. Andwe -- thefirst part is actualy fully true.

N
N

Page 104

1 stable arecertainly arelisted there. | havea

2 question mark around clearance and bronchial hygiene,

3 it'sjust simply because we don't have alot of data

4 or prospective datalooking at that, but an

5 observational cohort certainly having cavitary disease

6 being too skinny make these ideas of stability less

7 likely.

8 Soif you'refit, if you're agood weight,

9 you have noncavitary disease, you're much more likely
10 to remain stable for sometime period. So let's talk
11 about -- so really we talk about two groups of people
12 for thesetrials, refractory disease. So theintimate
13
14 my thoughts about refractory disease.
15
16
17
18
19
20
21
22

program focused on refractory disease. So these are

Thisisan arbitrary definition. We kind of
came up with it as a group because we looked at the
data. And again thisisobservational study datafrom
largely ingtitutions. But around 10 or 20 percent of
peopl e depending on which series you look at don't
convert by 12 months into therapy. So we've decided
to call these people refractory. They're refractory
to guideline-based therapy or whatever we're giving

Page 103
It's not half true. And this comes from our studies,
it comes from Ted Marisa's (ph) studies, Becky
Trevor's (ph) studies. And we've looked population-
wide in various placesin the U.S. and Canada and

1
2
3
4
5 it's, we see the same phenomenon. About 50 percent of

6 people who meet disease criteria start therapy in the

7 next 3to 5years. And the other 50 percent never do.

8 And there's various reasons why they don't.

9 They might die, they might have other severe diseases
10
11
12
13

14 just with better bronchial hygiene and exercise. And

that just preclude consideration of treatment of this,
i.e. lung cancer is agood example. And then you can
see the other reasons. Ten or 15 percent of patients
actually convert to negative spontaneously, probably

15 then another about quarter patients remain stable for
16 years.
17

18 patients, you know, some day you will progress, but it

How many yearsisyears? Well | tell my

19 could bein 10 years, it could bein 5 years. And so
20 the data where they followed people out 3 to 5 years
21 after diagnosis. About 20 to 25 percent of people
22 will stay stable. And factors associated with staying

Page 105

1 them, which is usually the drugs that were aready

2 outlined by Anne and by Eugene.

3 So we came up with that definition and then

4 wekind of debated 6 months to 12 months, and in fact

5 there'sapublication that | citein hereona

6 subsequent slide where we just decided 6 months was

7 long enough before we felt like we would want to try

8 something else.

9 So the benefit of studying refractory
10
11
12
13
14 active because the placebo group in this group is
15

16 for 6 to 12 months, having converted their sputum and

patients is that you can actually power studies with
patients who are taking background multidrug therapy.
Meaning you could have a comparator arm that actually
people aren't actually real antibiotics that should be

unlikely to change. They've already been on therapy

17 till don't feel good. They're probably not going to

18 change awholelot. Soif you add adrug and causes a
19 little bit of change, you're hopefully going to find

20 that statistically. So you can actually power that

21 study.
22

The con of thisisthat measurable changein

27 (Pages 102 - 105)

www.Capital ReportingCompany.com



April 8, 2019

May 13, 2019

Page 106
1 both the placebo group and the new therapy group could
2 bequiteminimal. And | just wrote M. abscessus an
3 example. | treat alot of M. abscessus and pretty
4 much all those people, and this is subspecies
5 abscessus. Pretty much all those people were
6 refractory. And | put new drugson al the time, and
7 | don't see any change, they're still refractory.
8 So if | were doing a study and | had some
9 abscessus patients on three drugs and they're
10 refractory and | just chose some other drug to study,
11 if | added it, | don't think 1'd see any change at
12 all. That'stherisk of studying that group of
13
14 this. Dr. Sullivan already went through their design.

people, refractory disease. So | won't go through

15 And they did show some benefit. And you can seethere
16 was some benefit. Again it wasvery small in the

17
18
19
20
21
22

placebo group as expected as people probably aren't
going to change much.

So what about treatment naive patients? So
my biasisthisis where we should be focusing. This
isthe group that has the greatest capacity to change.

It's easier to measure change, you can measure change

Page 108

1 seewith the power assumptions below, if we assume 35

2 percent of conversion in the clofazimine and 10

3 percent spontaneous conversion of placebo arm. You

4 only need 102 people to do this study, 51 in each arm.

5 Sothere's no active comparator. Thisisaplacebo

6 comparator.

7 If you do a multidrug active comparator

8 trial, you can see this at the bottom with acircle, N

9 equals500. It'satotally different story from a
10
11
12
13
14
15
16
17
18
19
20 which helped us alittle bit on power but not much,

investment standpoint for patients, resources and time
and statistical power. So thisisamulti-drug active
comparative trial that we've been funded through
Precorian (ph), it's alarge study that involves our
consortium and our trials network up to 35 sites. And
we're comparing two drugs versus three drugs,
azithromycin and ethambutol verses azithromycin,
ethambutol or rifampin. It'sasimple question. Are
these regimens equivalent?

So thisis actually noninferiority design

21 and culture conversion and tolerability at 12 months

22 outcome measures. And again, we're assuming about 85

Page 107
more quickly and sooner. Thetrial doesn't have to be
aslong. You can actually power these studies against
placebo, that's the benefit.

The conisthat it's difficult to power the

1
2
3
4
5 study with an active comparator. |f you take two
6 groups of people and you put them both on effective
7 therapy and 85 percent of people convert their sputums
8 and get better in each arm, you got to have a huge
9 study to show adifference.

So here's one example. Thisisthe FDA R1
sponsored Clofazimine trial that many of usin this
room are participating in. It'saPhasell RCT, its
placebo-controlled. It's clofazimine monotherapy
versus sugar pill. You have to be a non-cavitary
patient, you're supposed to be "stable" whichisa
hard thing to define. But we all know when we seeiit.
There have symptoms but they're not that sick, and
they're not that excited about taking antibiotics to
be honest.

20

21 weeks, which I'll make some comments about. We're

Outcome measures or culture conversion at 24

22 alsolooking at a semi-quantitative culture. Y ou can

Page 109

1 percent of conversion in each group because we think

2 both these regimens are active. And we think based on

3 observational datathat's probably what we're going to

4 see. So again, you need avery large study to do

5 this.

6 Okay. Let's switch to outcome measures.

7 Efficacy, we were talking about the microbiologic

8 outcome. We'll be talking more about it. We have

9 somethoughts. | have some thoughts on QOL or quality
10 of life. And I'll mention some of the other things
11 hereaswell. So one question | have for the group
12 was actually abig please. Can we define culture
13 conversion with two consecutive sputums and not three?
14 Thiswasthe results of our voting. Thisisour NTM
15 that consensus statement part of the European -- joint
16 European-Japanese-U.S. guideline effort. And we came
17 up with some definitions about "cure" and different
18 aspects of therapy. And one was culture conversion.
19 You can see the voting there.
20
21 have athing -- yeah, | do have athing. But choice

So choice number two -- | don't know if |

22 number two you can see is the question was finding of
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1 at least two consecutive negative cultures collected

2 at least four weeks apart. They got six votes. And
3 then number four isfinding of at least three
4 consecutive negative cultures at least 1 month apart.
5 Sothat got six votesalso. So they tied, six versus
6 six. And when we did atiebreaker and in the
7 tiebreaker you can see that the one down below, whig
8 was seven before (ph) got nine. And that wasif, you
9 know, three consecutive cultures over, it'sreally
10 over 2 months that would be considered culture
11 conversion.
12 Here's an example of the Bedaquiline program,
13 infact I'm not going to say much about TB because |
14 don't think we should even think about TB when we
15 think about these trials, but their culture conversion
16 definition wastwo. Thisisaregistration trial and
17 led to approval and they used two over amonth time
18 period. Infact, there'sanumber of TB trials that
19 have used two consecutive negative cultures over a
20 month time period.
21 So one question is do two consecutive
22 negatives predict three? | think the Insmed data

Page 112
1 treatment duration for a particular regiment. What is
2 the minimum time | need to give thisto someone, isi
3 12 months? Or | guess how long do | stick negative
4 after 12 months versus how long we going to stay
5 negative after 18 months, and it may be just the same
6 Lastly semi-quantitative cultures, we've done
h 7 them. Dave's published a nice analysis showing it
8 predicts conversion. | think it does. There'salso a
9 idea of time to conversion and we could talk about
10 that as apotential micro outcome measure.
11 Okay. Quality of life. We can just march
12 right through this. So we just submitted a response
13 to the FDA R1 and | know othersin the room did as
14 wedll, looking at developing or further honing quality
15 of life questionnaires in bronchiectasis but also the
16 NTM component of bronchiectasis.
17 We've worked alot with RSS or the
18 respiratory questionnaire the QoL -B for years. It's
19 undergone quite a bit of refinement and study. Dr.
20 Chalmers, | mean Patrick, lots of usin thisroom have
21 been using thisin various studies on our own or
22 together and show good internal consistency, test-

Page 111
1 probably saysyestothat. And | think there's other

2 datathat probably saysyesto that. Concept of

3 sustainability while on treatment, thisis important.

4 If you put someone on an antibiotic and they convert,

5 you'd like to know that they stay converted. Weall

6 know that that's not always true, even with our

7 current regimens that aren't improved, certain people

8

9
10 what's being used. Thisidea of durability of
11
12
13

14 50 percent in 3 years. I'm not sure that is where the

pop up passes time here time again, but in genera
we'd like to know that there's some sustainable effect

treatment. | think I'm not sure what the clinical
relevance of thisis. Theinfection rate from the

environment or the re-infection rate is so high, it's

15 patient came from. Did they come from a placebo group
16
17
18
19
20 durability measure and | don't think it tellsus a

21 wholelot. | think the durability studies could be

and they were negative or they came from a active drug
group in negative.
We learned 3 years ago half of them are going

to be positive again. So I'm not a big fan of this

Page 113
1 retest reliability, convergence and some
2 responsibility in bronchiectasis but still need some
3 refinement, which we hope to do, particularly with
4 regards to defining the minimal important difference.
5 And the big question is, isit useful in NTM
6 bronchiectasis? There'svery little study in MTM
7 bronchiectasis with thistool. The questions of one
8 to measure are huge, and | think Eugene was getting at
9 that. And I'm going to show you some more thoughts on
10 that in a second.
11 And lastly, the NTM module. Thisisamodule
12 that was developed years ago with help from NTM IOR
13 and others and patient panels, in terms of defining
14 the symptoms that are important to these patients.
15 And they're al the same symptoms that Amy just
16 mentioned today. This module takes into account
17 fatigue, along with a number of other things. It
18 certainly needs to be refined and needs to be tested.
19 I'd say it's something that that looks promising but
20 needslongitudinal evaluation.
21 The QoL-B and NTM, again has received very

t

)

22 done and the main utility is defining the optimal

22 little study. We are presenting thisat ATS. This
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comes out of our biobank, and it'sasmall -- it'sa

preliminary analysisin terms of the number of people.
But we looked at people who start therapy. And then
12 months later we looked at them again. And the
people who started therapy, their quality of life
improved.

And it seemed to correlate with culture
conversion. But, you know, when you look at the

© 00 N OO 0o B~ W N P

people who improved, it's really the people who had

=
o

the ability to improve, the people who felt like crap

[EEY
[N

to begin with. The people who felt pretty good at

=
N

start don't improve. So that speaks to the point |
13
14 who have the capacity to change.

15 In the last bullet there you'll seethe
16
17
18
19
20 month window, | believe as Chuck and | were saying
21

think Dr. Sullivan was trying to make, measure people

people who'd aready started therapy more than 3
months ago, they didn't change at all. In fact, their
change had already occurred and it had occurred before

we started measuring them. So thereisthis3to 6

where there is a change to be anticipated and it's

Page 116
1 you're not really seeing much change because people
2 areat baseline.
3 Now | have thoughts about that. | mean, not
4 everyone'sthe same. There's heterogeneity just like
5 Eugene said, people who are heavily colonized with
6 pseudomonas, you know, they may be more susceptible to
7 whatever therapy you're giving them as compared to
8 someone who's not colonized with pseudomonas. And
9 Jamesis doing some great work looking at this. And
10 we hope to work with him further looking at basilar
11 burden, et cetera
12 | think those same concepts are truein NTM.
13 Soin NTM, it'sdifferent. You don't have this
14 baseline exacerbate, baseline exacerbate thing. What
15 you haveisthiskind of gradual long slide down. And
16 at some point that gradual long slide down you decide
17 to treat someone.
18 So let's say you start your treatment there.
19 And they tend to stabilize thisfirst 3 months. They
20 may even improve. But you can see the delta here as
21 if you haven't treated them, it'svery small. Soin3

22 measurable. 22 months the question is how much change can you really
Page 115 Page 117
1 So | wason the plane. And | was very 1 measure? And if you imagine the dotted line below,

2 squeezed in. | mean, the guy next to me was alot

3 bigger than me. And the lady next to him had an

4 emotiona support dog, with alittle jersey on that

5 said, "Number 9 Emotional Support Dog," with around

6 thingonit. Anyway, I'm allergic to dogs. You can

7 tell I'm alittle stuffed up today. So thanks, Delta.

8 Actually, I wasin Alaska.

9 But anyway, here'swhat | think. Thetop
10 lineis-- sothisis bronchiectasis. Thisisour
11
12
13
14 achangein quality of life. Because we measure them
15 at baseline. We enroll them at baseline, their
16
17
18
19
20 months or whatever, it will never exacerbate. Y ou
21
22

problem. When you look back at all the bronchiectasis
trias, it's amazing to me that lots of them have

measured quality of life and people who shouldn't have

quality of life kind of just stays the same. When
they exacerbate they feel worse. And then they go
back to baseline.

And so if our trial is 3-month long or 6

kind of just stay on this plateau. Maybethere'sa

little up and down here and there. But by and large,

2 thisis someone we've -- actually thisis someone we

3 haven't treated. So the solid line keeps going down.

4 There'svery little change or drop in the 3-month

5 window. Someone you have treated here, they may

6 stabilize and then just gradually improve over months

7 oryears. And they'll probably get back to about

8 their baseline but maybe not quite.

9 So it really depends on your time window and
10 when you choose to measure these patients. And not to
11 mention there's the issue that was also just mentioned
12 about your therapies. Giving arespiratory therapy
13 may cause respiratory symptoms. And so if you're
14 measuring respiratory symptoms, it may not be the best
15 timeto do it while they're actually taking therapy.
16 Sothelast three columns about this, pulmonary
17 function test generally show no change during therapy,
18 they're mostly fixed due to the underlying lung damage
19 of bronchiectasis or emphysema. The 6-minute walk
20 test took me 1 minute to walk to the bathroom. |
21 would bathe and it took me like 6 minutes to walk
22 back. Sothat just tells you what | think of it.
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1 It's very operator dependent. There'salot
2 of heterogeneity. There's problems that were already
3 outlined by Dr. Sullivan. | think exercise capacity,
4 onething we just put into our grant submission is
5 we're going to give everyone Fithits. | think you can
6 probably measure overall activity and steps and
7 functionality based on something like that, some real-
8 world daily measurement. And | talk about that with
9 my patients. We don't usually give them Fithitsin
10 clinic but we do talk about the overall daily energy
11 output in terms of what they're doing from an exercist
12 standpoaint.
13 Somy last point I'll talk isjust to
14 emphasizethis. NTM isnot TB. TB iscurable.
15 Culture conversion has a definition and it'sa
16 surrogate for cure. Cure has adefinition and it's
17 contagious, you haveto treat it. You can't let
18 people with TB go untreated. So placebo-controlled
19 studiesare out of the question.
20 NTM isan infectious disease but it's not
21 contagious. It behaves more like achronic
22 inflammatory disease like an autoimmune disease. |

Page 120
1 flu (ph) or from their pseudomonas. And we think,
2 well maybe I'm actually alittle better or worse, 3
3 months later the treatment bud's gone. Soit's hard
4 to understand how that correlates with culture
5 sometimes.
6

7 every question here is going to say yes, culture

And then clinical meaningfulness. | think

8 conversion has meaning, it means you're on the road to
9 being able to stop someone's treatment. So lastly, |
10 think we need better outcomes measures. | gave this
£11 pleain Oregon, and I'm going to giveit again really
12 quick here asmy time runs out. But | think we should
13 think about disease activity. We need some sort of
14 index that incorporates subjective science, subjective
15 feelings, patients and physician input, and something
16 that's meaningful to the patient and the physician.
17
18
19
20
21
22

So the analogy | -- what 1've looked towardsis
rheumatology, literature. They've done thiswith

chronic inflammatory drug disease. We're dealing with
chronic inflammatory airway disease. They have a
composite measure that requires 20 percent improvement

in both physician and patient global assessments, a

Page 119
1 like to use rheumatoid arthritis as my analogy.
2 Treatment isreally guided by disease activity and by
3 patients, patient input. It's generally not curable,
4 athough it's usually suppressible.
5
6 feels better with therapy or at least stabilizes.
7 They don't continue to go downhill except for maybe 10

My experience with therapy is amost everyone

8 or 15 percent of people that are refractory. And then
9 relapse/re-infection is common after therapy,
10 particularly in the nodular bronchiectatic patients
11 it'saround 50 percent from Dave's data and similar
12 from other experiences elsewhere.
13

14 the story. And | hear lots of comments about culture

Lastly, culture conversion is only part of

15 conversion. It doesn't always correlate with how

16 patient feels or functions, but | think it generally

17 does and does not always correlate with radiographic
18 change. A lot of our patients' radiographs improve
19 and they get worse and then they improve again and
20 then they get worse. And it's because alot of times

21 we're seeing things that aren't necessarily MAC on the

Page 121
functional measure, a pain scale and an inflammatory
objective measure, inflammatory measure.

We've submitted a grant that we hope to do
this with everybody in this room, that, you know, we
have a provision of disease activity score. And we're
using kind of al the things we're talking about.
Inflammatory markers, cultural results, symptom scores
from NTM module, the respiratory scores, and the QoL-

© 00 N OO 0o B~ W N PP

B, CT scan results, and then physician visual analog
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scale and patient VAS scores. So how do you feel on a

[N
[N

zero to 10 today? These are the kinds of things that

[EY
N

all the other chronic inflammatory diseases use. And
| think that might be applicable here.

B
A W

It drives with our patient-centered panel and

=
()]

a patient-centered research priority that was
published that | think Amy mentioned. And thiswas as

B
N o

part of aprecory (ph) funded initiatives, a

=
(e0]

developing composite measure of disease activity
19 severity that actually reflects how patients feel and
20 function isthe top priority for patients.

21 So in summary, NTM trials. Placebo

22 radiograph. They get treatment buds (ph) from the H

22 controlled trials, you can power, they're ethical if
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1 you don't involve people with cavities. Y ou can look 1 somewhereat 12 to 16 weeks. So | think thisis
2 at drugs as monotherapy or as multi-drug therapy 2 doable with shorter trials.
3 combinations. And | think you can show efficacy in as 3 And if you switch people over, I'm not sure

4 little as 3 to 4 months with a number of the outcome
5 measures that were just mentioned. And | do think
6 disease activity should be something we consider and
7 work together to formulate a case definition for.
8 Somy last dlide, the quote, "Figure out adrug
9 safety/efficacy first, approveit, and then figure out
10 how best to useit." Y ou can see the citation that
11 wasme.
12 Last shown, Alaska Air, Seat 10F, and that
13 was after | had a discussion with emotional support
14 dog. But we often mess up the ideas of registrational
15 studieswith strategy trials. And once that ideais
16 approved, we can do the strategy trial to figure out
17 how best to useit. And I think those are separate
18 concepts, and we should try to keep them separate.
19
20 reflect how you think a drug should be used post-

Phase |11 trials, | agree generally should

21 approval, and thiswill have impact as well asthe

22 ideaof drug resistance.

4 why there'sresistance to thisidea, you do in al the
5 other diseases, but you can certainly take people on
6 placebo and after your primary outcome measures you
7 can switch them to an active drug and see what happens
8 tothem. And I'll tell you what's going to happen to
9 them. Thisiswhat's going to happen to them.
10 You got placebo up top, you've got active drug down
11 below, disease activity has fallen, you switch the
12 placebo group at month 3 to active drug, and within a
13 month they look exactly like the treatment group. And
14 that's what you're going to see if you do thiswith
15 NTM. Andit'sniceto seg, it'sreassuring, and it
16 alowsyou to collect more safety data.
17
18 with focused patient populations and vested clinicians

Last dide, asmall trial to prove efficacy

19 who are experts and a good drug, you can aways do a
20 larger trial later to prove safety that's cheaper and
21 easier. Thisisonethought particular as an orphan

22 disease, we don't -- | don't think we need to do two

Page 123
1 Now given a drug where there's no known issue
2 of resistance, maybe you can give that drug in
3 monotherapy. Giving adrug where you're worried about
4 acquired resistance, monotherapy is probably not a
5 good idea. And then the strategy trials| just
6 mentioned, you can figure out how to use things later.
7 Here'sasimple study design. Rheumatology isfull of
8 dozens and dozens of these examples. Y ou have someone
9 with high disease activity, you give them placebo, or
10 you give him one of your two doses of your compound.
11 ThisisaJAK inhibitor called baricitnib. Andyou
12 follow them out for a certain time period you have
13 rescue available for people who aren't responding.
14 Thisisvery simple design.
15
16 from adifferent planeflight. But | think you can do

There's my very simple design. Thiswas also

17 the same thing, randomize people to drug or drugs
18 versus placebo. You can have your primary outcome
19 measure at 24 weeks if you're talking about 6 months
20 culture conversion. But | think we can look to see
21 wha's converting sooner than 6 months, and | think
22 some of the other outcome measures we can measure

Page 125
1 Phaselll triads that show the samething. | think
2 it'simpossible. | think we need one Phase |11 trial
3 that's doable and short. It shows efficacy and
4 safety. And then we can refine some of ideas about
5 how to use the drug later, and we can do larger safety
6 studieslater.
7 That wasit. Thank you to everyone here who
8 | work with. Cheers.
9 UNIDENTIFIED SPEAKER: Thank you very much,
10 Kevin. We'rerunning alittle bit behind. But we've
11 got timefor one clarifying question if there's any
12 questions. Looks like your talk was perfectly clear.
13 Thank you, Kevin. So thefina presentation isfrom
14 Dr. Chen. Thetitleis, Use of Patient-Reported
15 Outcome Measuresin NTM Trials.

16 USE OF PATIENT-REPORTED OUTCOME MEASURES
17 INNTM TRIALS
18 MR. CHEN: Good morning. So actually with

19 the wonderful presentation from Dr. Sullivan, Dr.
20 Winthrop and Dr. Leitman, | don't think | need to be
21 here. Actudly it'sjust that it's been -- actually

22 it's shown that that we all have thinking the same
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1 thing we all are thinking important thingsin, | mean
2 other than just the cultural conversion but what's the
3 outcomes and that's my job. So I'm only hereto just
4 emphasize that FDA are thinking about the same thing.
5 Usually, that's what we do. So | just want
6 to mention that the brief introduction about COA
7 staff. We arein the office on new drug in CDER. Our
8 mission is to promote and develop and implement of
9 patient-focus endpoint measure in medical product
development to describe clinical benefit in labeling.
Thisisan overview of my presentations.

But we have seen many discussion this morning
13
14 think it'svery clear. So actualy | will just jump

about how outcomes majorsin thisNTM space and |

15 over alot of my slides. | don't need to be repeat
16
17
18
19
20
21
22

the same information. Now given this great
presentation this morning. Maybe just a few thing
that | just liketo point out. So from FDA's
perspectives how we measuring clinical benefit.

We focus on, you know, (inaudible 0:56:04.6)
internal pump, patient feel, function or survived.

Now we know that biologic endpoint doesn't really tell

Page 128

1 Dr. Winthrop just mentioned, | will repeat that we

2 have been able to qualify to classify into one of

3 these four isthe one in the pattern now with this

4 actual risk state, digital house technology tool.

5 These other new type of outcomes that you wear. It's

6 likewearable like Fitbit like (inaudible 0:57:48.9).

7 Thismay be able to use your monitoring your daily

8 activities, your sleep, your physical functions.

9 So these are the type of the COAs and these
10 could be -- in NTM space this could be any one of
11 them. We can consider al of them or just one. But |
12 think it is the framework that we will be discussing
13 today which will be the better outcomes. Now as |
14 mentioned, the patient-reported outcome is probably
15 the most relevant and important one because the
16 patient are able to report about their own symptoms
17 with their functions, their daily activities. For
18 example cough, shortness of breath, fatigue as Amy
19 mentioned this morning.

20 Fit-for-purpose that we need instruments that
21 isfit-for-purpose and the definition of fit-for-
22 purposeisthat fit-for-purpose instrumentsis a

Page 127
us how a patient feel, function or survive. Sowe

have the need of outcome, other outcome measure, what
we call the clinical outcome assessment. And we have
seen discussion this morning quality of life,
symptoms, functions and even the not very good 6-
minute walk test. Those are one of the outcome
assessments.

And so speaking of which, here are the four

© 00 N OO 0o B~ W N P

major type of clinical outcome assessment. We
10
11
12
13
14
15
16
17
18
19
20 report the outcomes by themselves within the pediatric
21
22

actually for the NTM probably the most relevant and
important one will be the PRO Patient-Reported
Outcomes studies, the symptom or function reported by
the patient themselves. (Inaudible 0:56:57.0)

clinician reported outcome that may be also useful as
maybe including like say, for example, is the

activities that Dr. Winthrop just proposed. There's
also performance outcomes and that's the infamous 6-
walk test is performance outcome. And also so the

report the outcome is used when the patient can now

patients.

This one new model of outcomes that also that

Page 129
1 conclusion that the level of validation associated
2 with the tool is sufficient to support this conduct we
3 use. Pretty general and here's the more expanded
4 definitions of fit-for-purpose COA asis probably for
5 itsintended including the study design patient
6 populationsisvalid and reliable, is measuring a
7 concept that are clinical relevant, important to the
8 patients and from the FDA's perspective also can be
9 communicated inthe level, in away that is accurate,
10 interpretable and not misleading.
11 And in 2009 FDA had published a patient-
12 reported outcome guidance, laid out the general
13 principle in develop afit-for-purpose clinical
14 outcome assessments. What about NTM space? Actualy
15 we've been hearing alot, I'm just -- | don't need to
16 repeat al these symptoms that we heard from 2005
17 Patient Focus Drug Development Meeting and also what
18 Amy presented this morning.
19
20 develop afit-for-purpose instruments. Thefirst step

Thereis aroadmap that regarding how you

21 is understanding the disease of the condition. |

22 think we pretty much have alot of information about
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1 knowledgeto that. They aretoo -- thisslideistoo 1 path innovation meeting pathway that you have a great
2 small to read, they are in FDA'swebsite. But | want 2 idea
3 to point out what is the most important one is at the 3 For example like Dr. Winthrop'sisthe
4 bottom of this roadmap engage FDA early and through 4 activity for NMT, that would be a great -- the CPE
5 our medical develop -- product development. And that 5 meeting will be agreat way to communicate to talk
6 isthe point | want to emphasize by showing this 6 about this disease activities and then we can go from
7 dlide. 7 there. Sol just want to present the way to talk to
8 We are willing to collaborate, to work with 8 usthat we will love to work with them about this
9 you to develop afit-for-purpose outcome assessment. 9 COAs.
10 Now, the system we worked at has been mentioned a 10 The conclusions, we encourage the devel opment
11 couple of times. They are all patient reported 11 and implementation of patient-reported outcomes
12 outcome instruments and ensuring the result not maybe 12 assessment in clinical trial especially in NTM space.
13 (inaudible 1:01:02.1). And actually my first reaction 13 Patient input is the critical importance and
14 isactualy maybe the choice is not sensitive enough. 14 understand what we are able to measure. And then keep
15 So thisis something that we also we want to discuss 15 in mind is that we do want to improve the symptoms.
16 inthe panel and in this afternoon. How can we 16 We want to withhold, we want to improve the function
17 develop amore sensitive instrument for the patient 17 or we want to improve both or cure what have you.
18 who seems not able to improve but actually that 18 Early communication with FDA isimportant. In this
19 because we don't have a good tool. 19 website link now you can go find for more information,
20 So considering for developing the PRO in NTM 20 including the qualification program and the CPIMs.
21 understanding the natural history -- we have seen a 21 Thank you.
22 lot presented this morning. | think we have good 22 MR. CHALMERS: So | think we now move on to
Page 131 Page 133
1 understandings. Symptom PRO, we know Function PRO, we 1 the panel discussion part of the morning. And | think
2 know (inaudible 1:01:44.0) function of PRO that we can 2 we're going to get some questions. So these are the
3 use or we can developed while doing my patient 3 questions that FDA would like the panel to focus on
4 functions, | mean patient functioning in daily life. 4 over the next hour of discussion. Soit's organized
5 As Amy mentioned, actually it isalso social, 5 into three real overarching questions. What patient
6 psychological. They feel depressed, they feel 6 population should be prioritized for clinical trias,

7 isolated. Thismay be, you know, something that is
8 also relevant and important to the patients. So not
9 just physical functions. So what do the patient say?
10 These are all we can take into considerations. These
11 considerations, | would just skip over them. These
12 aretheway that you can engage us in terms of the
13 COA, the patient-reported outcome that you
14 individually can go through the IND/NDA/BLA Pathway
15 that we've been talking alot about this morning.
16 However, there's another two pathway that you
17 can engage FDA in terms of devel oping appropriate fit-
18 for-purpose PRO or COAs. There'sDDT, the Drug
19 Development Tool, COA qualification pathway, you can
20 submit your proposal for qualifications. There's
21 another pathway is nonbinding nonformal discussion

22 between FDA and you iswhat we call the CP, critical

7 what the clinical symptoms, signs or measures should
8 beincorporated into outcome assessments and clinical
9 trials. And then assuming that the primary endpoint
10 isdesigned to assess direct clinical benefits, when
11 should it be assessed. So without further ado, open
12 thefloor to questions.
13 PANEL DISCUSSION
14 UNIDENTIFIED SPEAKER: James, isit possible,
15 | might make a comment about Kevin's presentation?
16 MR. CHALMERS: About the percentage of
17 truthfulness.
18 UNIDENTIFIED SPEAKER: No, it'sasuperb
19 presentation, very thought-provoking and | think
20 excellent. But | disagreein afundamental way with
21 Kevin about curability. And | would use our own data

22 that we have generated to discuss that. Itistrue
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1 that in our data with nodular bronchiectatic patients,

2 within 3 to 4 years, about half have a microbiologic

3 occurrence, but two things. Half don't.

4 So to dwell on the half that have reoccurred

5 ismisleading. But the other important thing is that

6 of the 50 percent who have their microbiological

7 occurrence, 75 percent are new genotypes. Andsoina

8 sense, thisis -- these people require we think

9 isolate. So another perspectiveisthat for the
10 genotype that the patient was treated for initially,
11
12
13
14
15 believeit isan infectiousdisease. And | would be -
16
17
18
19

20 factors. We have underlying bronchiectasis, we have

thereis, if you will, cure and that the patient then
because of the underlying structural lung disease
reacquires another infection.

| think -- | don't want that to get lost. |

- | would certainly welcome other commentsthat is
treatable and in areal way curable. | don't want --
| don't want to -- | think it's easy to become

nihilistic because we have all of these complicating

21 multiple organisms, and we -- al of these, there's an

22 interplay of so many factors. But we are ableto
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1 need to be treated similar to our original group. But
2 just because we say they have a new organism does not
3 mean that they have a pathogenic organism like they
4 hadinitialy.
5 UNIDENTIFIED SPEAKER: Well, | disagree with
6 both David and Kevin. No, what | hear though, there's
7 tension in that we're discussing, which is, isthisan
8 infectious disease or not? So if it's an infectious
9 disease, we think about curing infections. And if
10 it'sachronic inflammatory disease, we think about
11 improving how the patient feels. | mean -- but see,
12 itturnsout as both. And | think that's why we're
13 struggling alittle bit, because we need to address
14 both of thoseissues. And | think if we could show
15 better to everyone that there was a correlation, then
16 the discussion would be over.
17 So | think somehow we need to think about how
18 we better document correlation with the micro biologic
19 response to how patients feel and function.
20 UNIDENTIFIED SPEAKER: | agree with that.
21 I'dadd toit, | mean, just use aclinician, when you
22 enter into treating these people, | mean, you don't

Page 135
1 produce cure for some patients, many patients.
2 MR. WINTHROP: Dave, | agree with everything
3 youjust said. Butthat'sall ajoke. No, | do. |
4 actually agree. But | think in terms of, | would just
5 rephrase -- | guess | would shoot back that in terms
6 of trial design and development, this the issue of
7 cureisless of what we should be talking about.
8 Because cure takes along time to effectuate and your
9 data, asyou just said, alot of people who are cured
10 get reinfected. And it's pretty high percent, and
11 it'swithin a pretty short time period.
12
13 know, if we focus on cures and outcome, we're never
14 going to make any headway at all. So, yeah, but well,
15 | guessthat was my point.
16 UNIDENTIFIED SPEAKER: So| also just want to
17 clarify that of these 25 to 50 percent of people that
18 we're talking about that do have another infection and
19 we say that most of those are reinfection, it does not

So interms of trial design and studies, you

20 equate to pathogenic infection in all those patients.
21 Sowe start over.

22 And again, maybe 50 percent of those will

Page 137
1 tell them you're going to cure them. | mean, | never
2 tell themthat. Like, | think that's-- | mean, |
3 tell them we might cure it, we might get rid of it,
4 but we're going to make you feel better number one.
5 And we're going to suppress -- we're going to get rid
6 of asmuch of it aswe can. And that'swhat | say.
7 And then if we do get rid of it, you might
8 get it back. So | mean, you have to understand that
9 asapatient going into treatment that thisis more
10 likeyour RA man. | can putitinremissionand| can
11 stop your treatment. Y ou may stay in remission
12 forever, or it may bounce back on you.
13 UNIDENTIFIED SPEAKER: Y ou think you spend
14 too much time with rheumatologist. But | disagree, |
15 just think it'simportant to know that there's more
16 than one -- more than one -- what am | trying to say -
17 - approach to this. Tim, help me out here.
18 UNIDENTIFIED SPEAKER: Justif | could, |
19 wonder if there are different patients in whom when
20 they comein the clinic, you think my goal hereis|
21 think | can cure this, but othersyou just know --
22 UNIDENTIFIED SPEAKER: That'sagreat point.
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1 There's heterogeneity which you were talking about in
2 thetalk, and | was mentioning absolutely, yeah. And
3 there are people that you think you probably could
4 cure and you may go for that and you tell them that,
5 but then ther€e's other people that you're not.
6 UNIDENTIFIED SPEAKER: So could do you think
7 you could design atrial, you know, with inclusion
8 criteriafor the appropriate endpoint? So for this
9 type of phenotype, my endpoint is going to be, I'm
10 aiming for cure. For this...
11 UNIDENTIFIED SPEAKER: Yes, sol meanI'll
12 just tell youwhat | think, | know thisfrom our
13 population-based datain Oregon. We've seenit. We
14 followed people out for 9 years. And people with
15 bronchiectasis get it back, people with COP and
16 emphysemaonly, not bronchiectasis, you can actualy
17 curethem. And they don't get it back. And their
18 rate of getting it back is super miniscule compared to
19 some of the bronchiectasis.
20
21 existing cavity, they can get re-infected. But if you

Doesit happen? Sure, if they have an

22 can close your cavity or if you can treat them, cure

Page 140
1 need to come up with some sort of maintenance
2 dtrategy.
3 UNIDENTIFIED SPEAKER: What you're speaking
4 toisthe broader goals of what are the objectives of
5 therapy? And, you know, thisis a perfect point to
6 highlight the fact that it may be different for
7 different stages of disease. What you define as cure
8 and atreatment inexperienced populationisa
9 completely different thing than what your expectation
10 and definition of cure might be in atreatment
11 experienced patient. So | think that in terms of the
12 broader goals for both populations we need to step
13 back and as agroup consider what are the objectives
14 of therapy and are they different in Phase 11, Phase
15 11, different populations.
16 UNIDENTIFIED SPEAKER: Yeah, | totaly agree,
17 and | would just say, look, | agree with what Dave
18 said. But | don't think the word cure entersinto a
19 discussion around clinical trial design for phase two
20 andthree. And| -- it's aconcept we can debate and
21 we can define, but it shouldn't enter into this
22 because to affect cure takes way too long. And we
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1 them, you're much more likely to cure that person.

2 The cavesat being you got to get them early. If you

3 get them late and they've got too much involvement,

4 it'simpossible.

5 UNIDENTIFIED SPEAKER: Well, | know thisis,

6 you know, we're mincing words here. But again, they

7 reacquire organisms. And as Shannon said, that isn't

8 treatment failure and they are successfully treated

9 for a specific episode. | don't know what you want to
10 call that.
11 UNIDENTIFIED SPEAKER: But | think we have to
12 be unsatisfied with the current treatment regimen
13 because, right, | mean it's 50 percent at best. And
14 so | think in answer to some of these questions, you
15 know, treatment naive is probably where we need to
16 start, but we need to blow up the treatment paradigm |
17 think. And we need to maybe, you know, decide who
18 we're going to treat and then treat them super
19 aggressive for 3 months or something. Y ou know, add
20 another jug, add something.

21 And the standard therapy is not working then

22 | think with regards to this reinfection, we probably

Page 141
1 cannot do studies of new drugs that take that long to
2 go cure someone and then have them get infected anyway
3 later. Sol, you know --
4 UNIDENTIFIED SPEAKER: (Crosstalk).
5 UNIDENTIFIED SPEAKER: | know. You wanted t
6 make the point that this isinfectious, we can care,
7 which | agree with. We can't --
8 UNIDENTIFIED SPEAKER: And I think -- | mean
9 wereally need to clarify that we're really talking
10 about microbiological response, not acure. That is,
11 we don't do bronchoscopy, we don't do biopsies, we
12 don't do an aggressive evaluation to know is that
13 organism cleared. | think when we have culture
14 conversion by standard sputum analysis, does that mean
15 that | can find any MAC at that point if | look really
16 hard by bronchoscopy or biopsy or something. And the
17 answer is probably not. So | think we just need to
18 aso be very clear about the terminology and then
19 wherethat patient is.
20 And | would feel much better about a
21 microbiological assessment rather than or culture

22 conversion is even better than cure. Cureimpliesa
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Page 142
1 whole different -- so but treatment is in most

2 instances again in parallel. So you're saying that

3 there may be instances where we don't have a

4 microbiological response and yet patients feel alot

5 better. | don't know that that happensalot. And

6 I'dliketo-- | mean | would as part of the clinical

7 study try to determine what that means microbiological

8 response discordant with what their clinical symptoms

9 are.
10
11 for the naive patients. And we understand for nodular
12
13
14
15
16
17
18
19
20
21
22

| think that that's a pivotal part especially

bronchiectatic disease as was mentioned, | mean 85, 90
percent clearance rates for sure | think are easily as
established with thrice weekly therapy.

MR. CHALMERS: FErica?

MS. BRITTAIN: Yeah, | keep thinking about it
as that the outcome shouldn't separate the micro and
the clinical. You could say the best outcomeis
someone who's successful on both. The worst outcome
is someone who is not successful on either and where -
- how you want to call the discordant ones, I'm not

sure which isworse, which is better being -- | would

Page 144
1 wethink ultimately what we're trying to do here for
2 patients, we're trying to improve the patient's
3 overdl condition, trying to make them feel better,
4 we'retrying to make them live longer, we're trying to
5 have amore functional.
6 And so | think, | mean, you know, | agree
7 with you. We haveto be very thoughtful aswe're
8 talking about microbiologic response versus clinical
9 response. But | think akey thing hereisto try and
10 think about how we understand what's going on
11 clinically with the patient. |sthe patient better
12 off, and if so, how?
13 MR. CHALMERS: Bruce?
14 MR. TRAPNELL: Yeah, | think the discussion
15 around cureisreally centered on two different
16 things. Cure theinfection, what David's comments and
17 curethe patient in terms of the risk of reinfection,
18 propensity for disinfection. So have to pick which
19 thing we're talking about and focus on that, you know,
20 from atria standpoint, well, you have to have
21 something specific that you can measure. And there

22 arefuture -- the patient's future risk of reinfection

Page 143

think being -- having a good result on clinical and
not a good result on cultureis better than having a
good result on culture and nothing on clinical. But
it seems like one way to approach thisis not to
divorce them but to put them together into one
outcome.

MR. CHALMERS: Okay. Ed.

MR. COX: Yes. Sowhen | think about

9 surrogate endpoints and, you know, their development

10
11
12
13
14
15
16
17
18
19
20 few different trials. And that allows you to come to
21
22

0 N o o b~ WN R

and how we usually get to them. Usually what you have
isatrial where you actually show aclinical benefit.

So you've established clinical benefit and in that
sametrial you aso have collected the data for the
surrogate and you look to be able to show that that
surrogate, you know, appears to be associated with the
clinical outcome. Y ou know, there's also an
understanding that it's on the causal pathway that's
important.

And ideally you've got that repeated across a

afirm conclusion that the surrogates you're seeing is
actually associated with clinical benefit. Y ou know,

Page 145
1 may belinked to that underlying disease in away that
2 dlowsyou to cure an infection as David is saying.
3 But the patient is not cured in the sense of their
4 risk of reinfection or reemergence.
5 UNIDENTIFIED SPEAKER: But | would just
6 argue, thisisn't any microbial discussion. And so
7 redly theinfection isthe primary focus. | think
8 it'salot to expect of an antibiotic to have an
9 effect on their underlying susceptibility for
10 reinfection unless we're talking about suppressive
11 therapy or secondary prophylaxis.
12 MR. TRAPNELL: | couldn't agree more. |
13 think there's two different ways the word cureis
14 being used, with reference to the patient and the risk
15 for whatever's going to happen in the future and
16 specifically about a particular infection at any given
17 time. Sowejust have to be cleared which thing we're
18 talking about as we go forward so not confused.
19 UNIDENTIFIED SPEAKER: | agreethose
20 thoughts. And | think Tim said it on the -- hit it on
21 the head. | think we should A) just stop talking
22 about cure, because | don't even know what we're
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1 talking about. | mean we don't even know who's cured. 1 patients, you expect to see a benefit within
2 And Tim'sright. Unless you took someone's 2 3 month.
3 lungs out, ground them up and culture them, you don't 3 MR. WINTHRORP: | expect to see the start of

4 know who's got and who doesn't. And there'salot of

5 people that have negative cultures and I'm sure they

6 still have MAC laying in biofilm or within a

7 macrophage or something likethat. So | don't know

8 that we even need to talk about it anymore now.

9 UNIDENTIFIED SPEAKER: So | needto bring in
10 the CF analogy then. So our current model in NTM is
11 the micro doesn't define who needs to be treated, it
12 just tells you what you're going to treat. And our
13
14
15
16
17
18
19
20
21
22

decision to treat is based upon symptomsin radiology.
If you go back to the history of dealing with
Pseudomonas in CF, it all began with an approach of
chronic suppressive therapy. Y ou know, the evidence
that Pseudomonas was associated with symptoms and
progression of disease exacerbations.

But our treatment approach evolved to an
eradication strategy. And so now we are driven by
micro, we are treating patients at first

identification of Pseudomonas. We don't call it cure,

4 that benefit around 3 months. | mean, because | think
5 some people actually get worse the first 2 weeks you
6 start atreatment because they start killing bugs,
7 they have more inflammation, maybe their cough gets
8 worse. And then they tend to level out and they can
9 start feeling better. But | would pick 3 months as
10 kind of my minimum. | don't know what my colleagues
11 think, but.
12 UNIDENTIFIED SPEAKER: Okay. | would just
13 show -- point out that David actually has datain that
14 regard from the study that wasin the bluejournal in
15 2015 and a treatment-naive patient population where
16 they looked at predictors of ultimate microbiologic
17 effect at 12 months. And so reduction in colony
18 counts predicted that, but also areduction in
19 symptoms predominantly cough at 3 months was
20 predictive of what we're seeing at 12 months. So | do
21 think within that 3-month period that you're seeing

22 culture conversion in the majority of treatment-naive

Page 147

1 we say they're culture negative. Some people use the

2 term eradication. And we fully expect that they're

3 going to haveit again. And the median timeto

4 recurrenceisabout 2 years. And then we hit them

5 again.

6 I'm not suggesting that we're at a point

7 where we should talk about eradication strategies for

8 positive cultures in these patients, but that's the

9 focusin terms of what -- how we start thinking about
10 these definitions in terms of true use. So, you know,
11 curethem of their cystic fibrosis.
12 UNIDENTIFIED SPEAKER: Can we go back to
13 Kevin'spoint? | want to see if we can, you know, the
14 ideathat within 3 months patients who are
15 successfully being treated should feel better. And
16
17
18
19
20
21
22

Kevin, you're talking about a treatment-naive patient
population there, because what we're -- again I'm
trying to push this towards the idea of clinical
benefit.

MR. WINTHROP: Y eah, absolutely, yeah,
trestment naive.

UNIDENTIFIED SPEAKER: So treat the naive

Page 149
1 patients, you're aso seeing improvement in the
2 symptom of cough, which was what was focused on...
3 UNIDENTIFIED SPEAKER: Yeah. And that paper
4 isseminal because | mean this -- the idea that you're
5 decreasing basilar burden and it correlates with
6 improvements overall ultimately in microbiology but
7 asoin how patients are doing is really what we're
8 all talking about here, you know, what is culture
9 conversion or decreasing basilar burden meaning to the
10 patient.
11 UNIDENTIFIED SPEAKER: Andif you believethe
12 datain that cohort, that's a discriminator to sort
13 out who's going to respond for a treatment success and
14 who'snot. And that does discriminate fairly well in
15 asdurable than throughout that rest of that period of
16 time.
17 UNIDENTIFIED SPEAKER: | was only going to
18 point out though that the correlation gets much
19 stronger at 6 months.
20 UNIDENTIFIED SPEAKER: So | guessthe
21 question to go back to these panel questions would be
22 could you design a study in treatment-naive patients
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Page 150

1 where the endpoint was symptoms at 6 months and you'd

2 be confident that that's sufficiently predictive that

3 long-term outcome would be affected?

4 UNIDENTIFIED SPEAKER: Well, | havea

5 question about that specifically regarding 1H (ph),

6 treatment-naive versus treatment refractory because

7 now we're talking about predicting that seeing an

8 improvement in symptoms at 3 months with the

9 treatment-naive population is somewhat predictive of
10
11
12
13
14
15
16
17
18
19
20
21
22

culture conversion. So if we're going to look at a
clinical tria that treats treatment-naive patients
and | think that might be beneficial because they
might end up with less lung damage. But then when we
get to the end of the clinical trial, we're talking
about labeling and, you know, indications for that
drug. What's the label look like?

I mean or isit also going to be approved for
refractory patients and then conversely, you know,
what happens when you're studying adrug for
refractory patients, can you then say it can be used
to treat treatment-naive patients if we know that

treating a patient whose treatment-naive might be able

Page 152
prioritize clinical trials going forward, So | think
it's not that whether we -- one population is
preferred over the other. | think given where our
knowledge is right now and what would be the, you

1
2
3
4
5 know, in terms of prioritizing do -- should we focus
6 on treatment-naive.

7 | mean we heard from Kevin that there are

8 some advantages and maybe focusing on treatment naive
9 population at this point. But does that necessarily
translate into treatment effect on in arefractory
population. | think isvery hard to answer. Again,

the endpoints you choose -- the timing of the

13 endpoints all of that would really be dictated by the
14 patient population that you plan to study.

15 UNIDENTIFIED SPEAKER: | don't know that
16
17
18

19 adequate preclinical datato show effect, which I'm

those two popul ations need to be one or the other. |
think their advantages are both. It depends on the

drug. | think it depends on whether or not we've got

20 not sure wereally have animal models that give you a
21 definitive answer of that.

22 And | think it depends alot on how much

Page 151
1 to help them get a better result?
2 UNIDENTIFIED SPEAKER: And that's avaluable
3 question for trandlation from an early efficacy read
4 that one might be looking for in Phase Il study in
5 order to, you know, figure out if you have adrug
6 worth pursuing, worth extending into along study that
7 could potentialy run aslong as 8 years. And then
8 moving into Phase 111 and a different population, a
9 treatment refractory population. So, you know, one of
10 the questions for this group is how does that
11 trandate an early efficacy look in one patient
12 population to Phase Il or to your point if we study
13 only in treatment-naive because it's the cleanest, how
14 doesthat trandate to treatment refractory patients
15 and labeling?
16 UNIDENTIFIED SPEAKER: Sointerms of your
17 question regarding labeling, | mean in general the
18 labd reflects the population that was studied in the
19 clinical trials.
20
21 you know, that thereis an unmet need right now and

So | think this question is more to do with,

22 then we're looking at feasibility, how should we

Page 153
1 money you have to spend on your first in target
2 diseasetrial. So| think if you've got somewhat
3 shaky animal datato invest alot of money into a
4 large study and treatment-naive patient population, we
5 redly don't have an effect -- an idea of what thisis
6 going to do in human disease, may not be a preferable
7 way to go for agiven drug. It may be for another
8 drug where you have some experience already in other
9 diseases showing effect or showing safety.
10 UNIDENTIFIED SPEAKER: SoI'm not sureif
11 there'sarequirement to lump them or separate them,
12 but | think we've heard that there's enough
13 differences between these patient populations such as
14 the endpoint, the timing might be different so then
15 there are difficulties in combining them into one
16 patient study.
17 UNIDENTIFIED SPEAKER: So | have something
18 that'sreally important as you're designing this and
19 considering, if you're going to have a placebo arm, a
20 true placebo arm, | would not study that in a
21 treatment refractory group.
22 UNIDENTIFIED SPEAKER: We haven't heard any
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Page 154

1 comments yet on whether to put CF and non-CF patients

2 inthe sametrials, which is question number three.

3 UNIDENTIFIED SPEAKER: No.
UNIDENTIFIED SPEAKER: No.
UNIDENTIFIED SPEAKER:
UNIDENTIFIED SPEAKER:
UNIDENTIFIED SPEAKER:

because they're so different.
UNIDENTIFIED SPEAKER:

10 UNIDENTIFIED SPEAKER:

11 with that?

12 UNIDENTIFIED SPEAKER: No.

13 UNIDENTIFIED SPEAKER: I'm going to take that

14 oneonthat. Sothere's-- well, first | just want to

4
5 | have my own bias.
6 No.

7 So answersis no,

8

9 No.

Does anyone disagree

15 make one comment about treatment refractory and what
16 worries me about studies in this population that

17 they've dready proven they're not, well,

18 microbiologically responsive to the therapy. One

19 questionis are you actually getting drug to the bug?

20 And if you're not, adding another drug isn't going to

21 expect to improve upon that. It's particularly acase

22 of cavitary disease.

Page 156
1 UNIDENTIFIED SPEAKER: My concern is power.
2 How do you power that kind of study if the CF -- if
3 the CF population is aready having trouble enrolling
4 studies? And we've aready seen how difficult itis
5 to enroll in anon-CF population. Once you get, you
6 know, done with a study, you have to start stratifying
7 thedataout and looking at the two different
8 populations. And once you stratify the data, you
9 start losing power. So you really have to overpower
10 at the study. What does that ook like? How do you
11 power that study? I'm concerned about that.
12 UNIDENTIFIED SPEAKER: You would have them
13 dl in one big group as part of your primary analysis
14 that would do an analysis afterwards.
15 UNIDENTIFIED SPEAKER: You can't stay with
16 primary analysis.
17 UNIDENTIFIED SPEAKER: Theissueisn't so
18 much that there's areason why they wouldn't respond,
19 but that they might respond differently or the
20 assessment of their response might be different, you
21 know, the instrument might...
22 UNIDENTIFIED SPEAKER: And | think --

Page 155
1 So in the CF versus non-CF, you know, James

2 made it clear why they sort of targeted a specific
3 population in the Phase 11 study with Liposomal
4 Amikacin. Therewas asmall subset of CF patients i
5 there. And they didn't seem to have the same robust
6 response. And that's a decision moving forward, but
7 you still have to come forward as explaining why that
8 population is different and would not be responsive tg
9 atherapeutic treatment.
10 | can tell you that when we've done the
11 numbers, looking at CF studies only, you got a
12 feasibility problem in terms of how many patients yol
13 could actualy study. So the CF Foundationis
14 actualy investing alarge sum of money into the
15 investigation of NTM, obvioudly their interest isin
16 the CF population, but fully committed to if there are
17 therapiesthat are beneficia to those that don't have
18 CF, that's okay with them. So in our discussions we

19 actualy are contemplating whether to include non-CK

20 patientsin our therapeutic trials. But | haven't
21 heard anybody throw up areason why they couldn't b
22 enrolled in astudy.

N 4 inclined asfar asNTM goesto try to keep that sorted

12

Page 157
1 heterogeneity into already a very heterogeneous group,
2 the NCF and non-NCF, we've even burned enough times
3 with the bronchiectasis experiences. So | would be
5 out at least initially because if for no other reason
6 heterogeneity. The other aspect of this, we have to
7 also be clear about say treatment-naive. It's not
8 just about even culture conversion microbiological
9 response, but time, shorten that interval. Why should
10
11

we have 12 months, 18 months, 24 months of therapy.
So having a new strategy to shorten therapy

and then look at durability would be a sufficient

13 endpoint initself. Soit may be that the culture
14
15
16
17
18
19

20 with all the heterogeneity. And as you introduce

conversion rate is the same but | can do what | do now
and say 12 or 18 or 24 monthsin 3 or 6 or 9 months.
And that would be a tremendous benefit for patientsin
cost.

UNIDENTIFIED SPEAKER: Just to repeat, the
variability that is what we're al concerned about

21 different patient populations you increase the

22 variability of the responsein asmall patient
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1 population, which just gets larger and larger,
2 requires stratification, harder to stratify, more
3 sites around the country. It's best to be get an

Page 158

4 answer and then study whatever we want to study and

5 what's appropriate to study in the right population.
6 UNIDENTIFIED SPEAKER: Yeah. And|

agree, |

7 mean | think you'd be -- you could incorporate them,

8 you could deal with it, you could, you know,
9 randomize, equaling each groups and minimize --
10 there'swaysto deal with for trial sample. But |

11 disagree with Patrick, | think you can totally power

12 the studiesin CF if you do placebo controlled tria
13 Soyou haveto enroll the right patients that you

14 think is ethical to enroll placebo weighing. But | do

15 think those patients are out there and you could power

16 study with, you know, 50 to 75 CF kids.

17 And it depends on your outcome measures too,

18 but | think you, you know, if you look at bacillary

19 outcomes, particular through the quantitative and you

20 look at your patient-reported outcomes, CFQR, thi
21 likethat, | think you can do it but --

ngs

Page 160
1 outcomes that, for example, maybe for the treatment-
2 naive the main primary outcome should be cultural
3 conversion but for the refectory we should looking at
4 how patient feel, function, these outcomes. So if we
5 -- if different outcomes is more appropriate for
6 different subpopulation should we then actually
7 combine them into the same study? So that's my
8 question for you.
9 UNIDENTIFIED SPEAKER: Goes back to the
10 objectives of therapy, you can -- | think you can
11 think of these as three different subsets of patients.
12 Because the -- what the patient is most interested in
13 if they're a CF patients or if they're atreatment
14 refractory patient with macro or treatment-naive
15 patient may be completely different priorities. And,
16 you know, defining those outcome specific to that
17 patient population at which you're going to see a
18 response may be a cure associated with some clinical
19 improvement in less fatigue in the treatment-naive
20 population. In the treatment-experienced population,
21 they arelooking for aclinical response on treatment

22 UNIDENTIFIED SPEAKER: If you can get it down| 22 period that makes their quality of life improved. So,
Page 159 Page 161
1 to 50to 70, | would agree with you. 1 you know, | think it goesto the same extent to the CF
2 UNIDENTIFIED SPEAKER: Yeah. 2 patientsaswell. But these needs to be separately
3 UNIDENTIFIED SPEAKER: Theworry isthat it 3 defined.

4 isexceeding that. | just want to make a comment that

5 the issue with bronchiectasis was that the temptation

6 wasthere is CF and there is non-CF bronchiectasis.

7 And | think abig failure of our tridlsisthe
8 assumption that non-CF bronchiectatic patients wi

9 respond similar to bronchiectasis patients. But now

10 isfor learning is that there's multiple endotypes an

d

11 multiple phenotypes and trying to hash out which of

12 those patients are most likely to respond.

13 And so to just start thinking nodular

14 bronchiectasisis going to be the model is going to
15 fit that, I'm not so sure that that'sright. | think

16 Kevin has a point that you're looking for the

17 population that islikely to demonstrate ability to
18 changeiswhat you're after.

19 UNIDENTIFIED SPEAKER: Yeah. I'dlik

etoadd

20 to that because that's my area, | mean in terms of CF

21 versus non-CF, even for the treatment-naive versus the
22 refectories NTM, are we still talking about the same

4 UNIDENTIFIED SPEAKER: And | think this

5 beginsto raise the question of isit statistically or

6 methodologically possible to use one, two, three or

7 four different outcomes as any one of those four asa

8 positive study. Soif you say that I'm going to pick

9 aPRO or asputum or FEB1 or something else and you'll
10 take any of those four then -- and the question |
11 guess| would go to the maybe FDA and the stance folks
12 from amethodological problemisthat isthat legal
13 essentially.
14 UNIDENTIFIED SPEAKER: Yeah, I'll start and
15 then Ericaisgoing to fill in. So, you know, ina
16 field where you're still trying to figure out what's
17 the best endpoint, what's changing, | mean that sounds
18 like where you want to do sort of aPhase |l study.
19 And you want to seeif you can figure things out. Now
20 Phase Il is hard sometimes because the numbers are

21 small. So unlessthe changeis dramatic you may not

22 seetoo much. But, you know, ideally you want to try
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Page 162
1 and figure out what it is that you're measuring before
2 you get into aPhase 1l trial.
3 And then as Ericawill tell usinjust a
4 minute, you know, if you do start to go in with
5 multiple different endpoints, then, you know, there's
6 multiple different ways that you can win then there
7 are certain additional sort of statistical, you know,
8 you haveto divide your afa across the multiple
9 different ways you can win because as you have more
10 different ways you can win that the likelihood of
11 winning by chance aloneis greater, but Ericais going
12 to help uswith that okay.
13 MS. BRITTAIN: Okay. We aready said it but,
14 no, | meanitislegal if it -- | think that was a
15 question, wasitislegal. Yes, it'slegal but you
16 havetodoitinavery -- in aconservative way so
17 that you're not cheating. | guess the potential
18 downsideisit end up interpretable depending on how
19 you do it.
20 UNIDENTIFIED SPEAKER: Sol guessjust a

21 quick comment...

Page 164
1 does lead to interpretation issues but it's something
2 to consider.
3 UNIDENTIFIED SPEAKER: But | think what we
4 heard this morning was that some patients have coughs,
5 some patients don't, so if your primary outcome is
6 cough, you lose a significant chunk of your patients
7 who could not improve. The same with exercise
8 capacity. Soin some ways it makes complete sense to
9 messure multifactorial outcomes.
10 UNIDENTIFIED SPEAKER: | think I'd like to
11 make aplug for arecent FDA guidance, the multiple
12 endpoints guidance is very instructive in this regard
13 and walk-through all the different ways you can
14 handle, well to whether it's a composite and so forth,
15 andit'sactually really good read if you're
16 interested.
17 UNIDENTIFIED SPEAKER: Yeah, | mean, that's
18 why | make this pitch for acombined outcome measure
19 for all thesereasons. And you know look at the ACR
20 20, and the ACR 50, and the ACR -- s0 ACR 20is 20
21 percent improvement across those five measures. So

22 you don't have to improve in each of them. In fact

22 UNIDENTIFIED SPEAKER: It may increase your
Page 163
1 sample size too considerably, so if you can...
2 MS. BRITTAIN: They could, right.
3 UNIDENTIFIED SPEAKER: If you can pick abest

4 way before you get into Phase |11, your sample size,
5 you know, won't balloon incredibly because you're
6 going to win, you're going to win many different ways.
7 UNIDENTIFIED SPEAKER: Sotheway | heard
8 Tim's question was not to have four primary outcomes
9 but was to have akind of composite of multiple
10 outcomes where oneisresponse. And if you think
11 about it, most PROs are acomposite. They take cough
12 and breathlessness and sputum and they give you a
13 final score. And | think what | picked up was Tim was
14 saying, well you could have an improvement in 6-minute
15 walk or an improvement in call for, and they make one
16 outcome and that would be...
17 MS. BRITTAIN: Right. So that'ssimilar to
18 what | was trying to say before, that you don't
19 necessarily have to have separate outcomes and then do
20 amultiple comparisons which is the penalty that Ed
21 wasreferring to. But you could set it up so that
22 your outcome isjust inherently multifactorial. That

Page 165
1 you might have even got worse in one of them. But
2 overall you've had this overall improvement. And
3 that -- and then statistically you don't have these
4 multiple comparison issues. And of course this
5 doesn't help we don't have a combined outcome measure.
6 Now | havethis provisional | wrote on aplan, but,
7 you know, | think we should commit ourselves to
8 developing it, that's what | think we should do.
9 UNIDENTIFIED SPEAKER: Right so weretalking
10 about 2 very different things. | mean you can have a
11 composite end point. And it iscorrect that
12 oftentimes, you know, PRO instruments look at multiple
13 different domainsin multiple different, you know,
14 thingsthat they're assessing. And that's all fine.
15 So | think we need to be really clear about what we're
16 talking about because we're talking about composite
17 endpoints or PRO instrument that's measuring a variety
18 of different things. It'sthen coming out to asingle
19 score. Yeah, that's, you know, quite common, so --
20 and it'svery different in the multiple endpoint
21 issue.
22

UNIDENTIFIED SPEAKER: So, you know, | think
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Page 166
1 the more you make things tailored to the specific
2 patient the better from the standpoint that you're
3 measuring whether that patient improved and the worse
4 interms of figuring out what the effect of the drug,
5 you know, is. So, you know, for particular patient
6 that -- for them, you know, the fact that they used to
7 be active might be the most important thing.
8 So for them a changein their physical
9 activity, you know, would be huge. And so conceivably
10 you could say, okay, at baseline what's the most
11 important thing to you, what would, you know, if you
12 changein this area what would be the most important
13 one.
14
15 for this patient it'sachange in this. And if you
16 did that at baseline you'd have avalid test. But
17 then at the end of the day, you know, it'd be kind of

And you could actualy say, you know, okay,

18 difficult. You'd say, okay, this drug help patients

19 improve in what was most important to them. But the
20 factisit was different for different patients. So

21 that becomes hard to, you know.

22 But could | just -- you know, you guys

Page 168
1 And if that's the case, what would be the set
2 of symptoms or signs that we'd be interested in? Is
3 therea PRO that we can use today? And then if so, if
4 we wereto measureit at 3 months or 6 months, and we
5 saw aclinical benefit 3 months or 6 months, how long
6 will we anticipate that clinical benefit would
7 continue beyond that 3 to 6 months for anyone?
8 UNIDENTIFIED SPEAKER: Well, sothere'salot
9 of questionsthere, but I'll just -- I'll take the
10 firstoneandthat | -- and | said in my talk, |
11 would enroll noncavitary patients. And that's how |
12 would writeit in your inclusion criteria. Because if
13 you said nodular bronchiectatic, it means they have to
14 have nodulesin bronchiectasis.
15
16 think thisisthis about whether you can use a

And not everyone has bronchiectasis. So |

17 placebo. And | don't think you can use a placebo when
18 people have cavitary disease, so | would exclude those
19 individuals.

20 MR. DALEY: But just to take that thought

21 maybe one step further, so if you are using a

22 microbiologic outcome, then using your argument

Page 167

1 actually needed sttistical help before and didn't

2 redlize it with the stratification and then the CF.

3 You know, what's really important is whether thereis

4 atreatment differencein CF and non-CF. So the fact

5 that it's adding variability is not aproblem at all.

6 If you're going to do a stratified analysis, which

7 doesn't mean what | think many people at thistable

8 thank it means.

9 Stratified analysis means you're going to
10 compute the treatment effects separately in these
11 different groups but then you will combine them, you
12 know, and so you will not necessarily lose power if
13 the effective treatment is the same in CF and in non-
14 CF. That'sreally theimportant question is, isthe
15 effective treatment the same in those two groups?
16 UNIDENTIFIED SPEAKER: Can| ask aquestion?
17 Okay. And so we have we have all kinds of questions
18 about the population and when to study and what to
19 study. But likeif we had to design atria tomorrow,
20 and I'm getting the sense it might bein a
21 bronchiectatic nodular group in general, I'm getting
22 that sense possibly.

Page 169
1 earlier you want to get people who can have change.
2 So the people who have the greatest chance of change
3 are those with the highest bacterial load, right?
4 UNIDENTIFIED SPEAKER: Yeah.
5 MR. DALEY: So because not nodular bronchiectatic
6 disease has alower bacterial load. So now we've
7 dready set the curve maybe against us alittle bit on
8 the microbiologic outcome.
9 UNIDENTIFIED SPEAKER: Yesah, | agree with
10 Chuck completely. So | think you're going to do
11 cavitary patients, which I'm al for, you just can't
12 have aplacebo -- you can have placebo-controlled
13 trial but you've got have two active arms, like you
14 can't havejust placebo. That's-- | mean ethicaly |
15 don't think we could do that.
16 UNIDENTIFIED SPEAKER: And what about if -- |
17 mean you mentioned if you are looking at micro, | mean
18 | get the point about the high micro count, but how
19 about if you wanted to look at clinical as your
20 primary endpoint, so that's aclinical outcome and
21 let'ssay it'sa PRO?
22 UNIDENTIFIED SPEAKER: Chuck isright, those
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Page 170
1 people get better. 1 mean we're talking about cure.
2 And| aready said | don't think we should ever say
3 that word again today. But you can cure those people.
4 UNIDENTIFIED SPEAKER: You sad it.
5 UNIDENTIFIED SPEAKER: They have fevers, they
6 have night sweats, they're weight losing, they're
7 being -- they have consumption basically, so you can
8 measure improvementsin all those...
9 UNIDENTIFIED SPEAKER: So the clinical change
10 should be present also?
11 UNIDENTIFIED SPEAKER: Yeah.
12 UNIDENTIFIED SPEAKER: Kevin, you showed da
13 with the QoL -B that the only patientsin your
14 observational cohort who got better had a score less
15 than 70, so would you advocate enrolling patients with
16 aminimum symptoms score?
17 MR. WINTHROP: Yeah, it'sarealy good idea
18 | mean if that's going to be your primary outcome
19 measure, apart of it, then | think you got to enrall
20 the people who might change. So having some
21 exclusionary criteriaaround that or at least a
22 priority statistical analysis plan that takes into

Page 172
1 the goal of therapy | think, Angela as you had pointed
2 out, | think aslong as you're a priority clear about
3 that, what you're trying to do for a specific
4 population | think some things we'll need to go back
5 to Phase |l and some things we'll be ready to go right
6 at Phaselll.
7 UNIDENTIFIED SPEAKER: And | think just
8 becauseit's Phase I doesn't mean that we don't want
9 to usethe clinical endpoint for thet early efficacy
10 read.
11 UNIDENTIFIED SPEAKER: Could you imagine
td2 abandoning the micro endpoint and just be on clinical
13 and do 3 months of therapy and be satisfied and let us
14 figure out how long to treat them in the long run?
15 And where I'm going with that isif | ask the docsin
16 theroom, if it's 6 months, your patient says| feel
17 great, their x-ray was better, and they still were
18 positive, would you change your therapy?  And then
19 when | look at the treatment refractory patients and
20 they're on drug for 6 years on average, if it wasn't
21 working doing something, why didn't the docs just stop
22 it out completely?

Page 171
1 account would be key, | think.
2 UNIDENTIFIED SPEAKER: Or you might be able
3 to stratify depending on multiple endpoints and just
4 stratify for patient enrollment, whether it's by
5 symptoms score and even which one of the domains
6 versus culture conversion in the context of a nodular
7 bronchiectatic patient versus otherwise. Because if
8 you have alarge bacterial burden or bacillary burden
9 and someone fibrocavitary disease, and you use adrug
10 that's not going to at all get to that cavity, it
11 doesn't really matter at all. You're not going to be
12 any further along and having any positive impact
13 there. And that's predictable. So even though you
14 got the right population for that particular drug
15 whatever that example would be would be a poor choice.
16 UNIDENTIFIED SPEAKER: So | guessamore
17 broader question are -- do we still need to do more
18 Phasell or are we ready for Phase |11, because if
19 we're ready for Phase 111 we need a clinical endpoint.
20 UNIDENTIFIED SPEAKER: And I think the easy
21 answer is, yes, | think it'sboth. It depends on

Page 173
1 UNIDENTIFIED SPEAKER: Thereisanissue

2 though with coinfection with these patients, because

3 we'retalking about antibiotics. Soina

4 bronchiectasis patient who | put on multiple broad

5 spectrum antibiotics, if they feel alot better but

6 they still contrapositive it may be something else

7 that I'm treating, it may be the pseudomonas or

8 something else.

9 UNIDENTIFIED SPEAKER: And | mean we do that
10 al thetimeinthe NTM world. | mean, patients don't
11 have amicro biologica improvement yet they feel much
12 better and we're inclined to continue therapy. And |
13 think we'd be inclined not to stop therapy in that
14 particular group we just extended. And we do that all
15 thetimeday in day out.

16 UNIDENTIFIED SPEAKER: So how long have you
17 extended the -- what's the determining factor?

18 UNIDENTIFIED SPEAKER: Well, it depends on
19 how -- and that's something we should -- that would be

20 based on symptoms and sometimes it goes on for years.
21 UNIDENTIFIED SPEAKER: Sometimes forever. |

22 circumstance and what you want to start with and what

22 mean, think of your abscessus patients, | mean, they
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1 don't change -- your goal is stability, | mean, that's 1 UNIDENTIFIED SPEAKER: That'sright.
2 thegoad, it's not to make them better. The goa is 2 UNIDENTIFIED SPEAKER: Well, covering the

3 to keep them from getting worse. And that's true for
4 some of the MAC patients too, it depends on how severe
5 adiseaseis. Butthat'sawin. Andyou don't need
6 to make them better, include a sterum (ph) your way.
7 If you can do that, that's fantastic. Your winisto
8 keep them from getting worse.
9 UNIDENTIFIED SPEAKER: Understood. And |
10 mean| -- yeah, we want patients to feel better. But
11 for designing the clinical trial, it can't go on
12 forever, right? We have to have like defined
13 endpoints either 3 months 6 months or what not. And
14 then we need to know what that means alittle bit
15 longer term for that patient as well when they're off
16 therapy perhaps.
17 UNIDENTIFIED SPEAKER: Borrowing from other
18 fields perhaps. AsKevin's alluded to with the
19 rheumatology study, as you know from the oncology
20 world we look at endpoints that are progression-free
21 survival, right. And so extending that to this
22 population for every treatment refractory and looking

3 benefit perhaps (cross talk).

4 MR. WINTHROP: So then it gets to -- when to measure

5 and what not. But again we're now back to talking

6 about refractory patients. So | think refractory

7 patientsisavery separate group. Andtomel try to

8 say in my talk, thereis-- the reasons to choose

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

21 treatment-naive, you have -- what you want to show is

whether you're going to study treatment refractory or
naive have to do with what your -- how active you drug
is, what your competitor is and what type of patient
you're putting -- you know, when you're going to
measure your success. And those are the reasons to
choose one or the other.

UNIDENTIFIED SPEAKER: So how would you
respond to Peter's question, Kevin?

MR. WINTHROP: My question, what | would say
isthat we should spend the rest of today talk about
how to treat treatment-naive people, that's what |
think. Because| think if you show benefit to

22 you have an active drug that works and is safe. So,

Page 175
1 at delay and disease progression, period, as opposed
2 to adifferent goal for therapy with the treatment-
3 naive population | think iswhere we're trying to get
4 toin the treatment refractory.
5 UNIDENTIFIED SPEAKER: Patrick, so would you
6 suggest paliative therapy? It's -- you say we take
7 microbiology out as an endpoint. | can make people
8 feel better without antibiotics. Is-- I'm curious
9 what -- are you completely dissociating this as an
10 infectious disease?
11 MR. FLUME: No, but I'm saying you're making
12 them feel better with antibiotics.
13 UNIDENTIFIED SPEAKER: But your endpoint was
14 making feel better, which is of course is paramount.
15 But | can make them feel better without giving them
16 antibiotics.
17 UNIDENTIFIED SPEAKER: Y eah, you can aso
18 make them feel worse giving them antibiotics,
19 serioudly. It'shardto...
20 UNIDENTIFIED SPEAKER: Gene actually showed
21 dlide that showed the thing that made them feel the
22 best was stopping the drugs altogether.

Page 177
1 you know, focus on people that have the capacity to
2 change, show that there's benefit. Then you can do
3 studies later and salvage therapy and, you know,
4 trestment refractory patients to figure out how best
5 totreat them in combination with other drugs that's
6 already failing.
7 UNIDENTIFIED SPEAKER: Sol tend to agree
8 with you that it's going to be very hard to show
9 symptom benefits in people with refractory disease.
10 But | think we've heard from a number of people
11 including Amy and the patients earlier. The big
12 advantage of a salvage regimen isto be able to allow
13 youto stop it earlier. Soisthe end stop therapy
14 earlier? And then patients may feel better than the
15
16
17
18
19
&0
21
22

comparator who are still on drugs. Isthere away we
can design timing of PROs to compare or to capture the
benefit of amicrobiological responsein that we can
stop drugs and patients feel better once the drugs
have stopped rather than assessing the endpoint at 12
months when they're both till on drugs and you will
not show a difference?

UNIDENTIFIED SPEAKER: Thisiskey, | mean
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1 you're measuring respiratory symptoms and you give

2 them something that makes the respiratory symptoms

3 worse. You got to think of that.

4 UNIDENTIFIED SPEAKER: And | think if you

5 have aplatform that you're doing thisin real time

6 rather than intermittently every month, every other

7 month, every 3 months, something like that, | mean

8 with new platforms and the data analysis that's

9 available, you know, every day or every other day and
10 do continuous development, | think that that's
11
12
13
14 those platforms are close to being available.
15 UNIDENTIFIED SPEAKER: And just -- hearing
16 the discussion to about, you know, can you, you know,
17
18
19

20 And so, you know, | hear the part about wanting to

probably where the opportunity liesto get alittle
bit better representation, whether I'm really having a

positive impact on symptom control. So we -- | think

use the PRO to measure some of the adverse effects of
the antibiotics, | mean there's always two sides of

the equation, there is a benefit side and arisk side.

21 stop the antibiotic sooner because of the, you know,

22 adverse effects that they're causing, and that makes

Page 180
1 balance the equation here on benefit and risk.
2 UNIDENTIFIED SPEAKER: No, | agree Dr. Cox.
3 | just think it plays into when you measure. So |
4 think if you have a 6-month trial and you're stopping
5 6 months, sure you measured 6 months, but you should
6 aso measure amonth later no matter what drug you're
7 studying. And because that benefit, the clinical
8 benefit of the drug may be much more apparent a month
9 later than it isthe day you're stopping drug due to
10 those antibiotics associated adverse effect.
11 UNIDENTIFIED SPEAKER: So we may see clinical
12 benefit 1 month after stopping the drugs, but then how
13 long does that clinical benefit typicaly last in your
14 clinical experiences?
15 UNIDENTIFIED SPEAKER: 10 days.
16 UNIDENTIFIED SPEAKER: Well no, that goes
17 back to the paper that that we talked -- that our
18 paper from 2015. Now, it wasn't -- it didn't involve
19 aninhaled antibiotic, but patients who -- patients
20 were better at 6 months and that predicted
21 microbiologic outcome, that predicted both clinical
22 and microbiologic outcome. So | recognize that we --

Page 179
1 total sense. But, you know, it's still somehow we

2 haveto figure out what's going on in the benefit side

3 of the equation too, you know, are, you know, are we

4 providing clinical benefit to the patient?

5 UNIDENTIFIED SPEAKER: | guessthe point is

6 the benefit might be the microbiological benefit that

7 you can stop drugs earlier in patients over the course

8 of 24 months will feel better because they got off

9 drugsearlier.
10 MR. COX: Well, yeah, no, | get that. |
11 think the part that we're missing here is that
12
13
14
15
16
17
18
19
20
21
22

changing their microbiology, changing their cultureis
actually providing them with clinical benefit, that's
what we need. And if in fact you're treating them
with antimicrobial and making their cultures go
negative helps them, you know, it slows disease
progression, you know, physiologically they can
function better, they feel better, they have less
fatigue, they have less cough, whatever that may be.
It seems that we really need to understand what that
clinical benefit is because obviously, you know, these

therapies do have adverse effects and we're trying to

Page 181

1 you tossed in a complicating factor which isin an

2 irritating substance that people areinhaing. But |

3 do think at 6 months -- but, you know, when you're

4 talking about the kind of outcomes though you're way

5 beyond a 3-month and 6-month trial. And what | think

6 about as multi drug resistant TB, again not to -- we

7 don't want to talk about TB, people are miserable the

8 entire time they take much medicines for MDRTB, and

9 then they're better. | don't know exactly (cross
10 talk).
11 UNIDENTIFIED SPEAKER: And I think maybe the
12 answer to your question, Peter, my experienceis that
13 if patients do respond and we finish our course of
14 therapy that that response is sustained for at least
15 3, 6, 12 months minimum before they get re-infected or
16 re-symptomatic. And then we address that question
17 that Shannon brought up about do they need to be re-
18 treated again.
19
20 And then there are aways exceptions and that sort of
21 thing. But for the most part if somebody's really had
22 afavorable response, completes afull course of

Usually that's not within the first year.
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Page 182
1 therapy, it's generally sustained for at least afew
2 months, 3, 6, 12 months before they started having
3 symptoms, sometimes even longer periods than that.
4 UNIDENTIFIED SPEAKER: | mean one thing we
5 haven't discussed is the co-infection issue, and, you
6 know, should wereally be studying atotally clean MAC
7 population with no identifiable co-infection because,
8 you know, alot of the drugs we looked at -- and
9 that'swhy CF complicatesit too, because we know they
10 have pseudo moments, right?
11 UNIDENTIFIED SPEAKER: Yeah.
12 UNIDENTIFIED SPEAKER: So we haven't really
13 figured that question out either. And maybe we'd be
14 better off with avery pure NTM-only population.
15 UNIDENTIFIED SPEAKER: One thing you just
16 said, I'm sorry, you were just talking about when a
17 patient gets, completes a course of therapy and then
18 they could be clean for the next 6 months, 9 months, 2

19 years. You know, we're hearing conversations about a

Page 184
1 todo atrial, it may be very helpful to be quite
2 specific about exactly what it isyou're trying to --
3 UNIDENTIFIED SPEAKER: We'retrying to make
4 the patient feel better, function better and survive
5 better.
6
7 long and be (cross talk)
8 UNIDENTIFIED SPEAKER: Y eah, yeah, and -- but
9 remember here that the hypothesis is that the bacteria

MR. TRAPNELL: And want -- and have them live

10 that'sin their lungsis what's causing them troubles,

11 and that's what's making, you know, the patient have

12 difficulties. And so treating that should resultin

13 the patient feeling better, function better or

14 surviving longer. Y ou would hope to see a correlation
15 between the patient having aclinical benefit and the

16 changein those cultures from that trial.

17 MR. TRAPNELL: Soit soundsto melikeyou're
18 talking about treating the infection that they have at

19 thetimethey enter thetrial?

20 6-month course of therapy. And you just said, you 20 UNIDENTIFIED SPEAKER: Yeah.
21 know, when a patient completes a course of therapy, | 21 MR. CHALMERS: Isthere question from the
22 imagine your course of therapy is not 6 months. 22 floor.
Page 183 Page 185
1 UNIDENTIFIED SPEAKER: Right now, | meanwe 1 MS. COHEN: Hi, yeah, thanks very much.

2 would use guideline-based 12 months sputum negativity
3 asafull course, whatever that is. Sometimes that
4 takes, you know, 15 months, 18 months something like
5 that. But 12 months of sputum negativity is what the
6 current standard is based on the guideline.
7 MR. CHALMERS: So Bruce has been waiting a
8 while to make a point.
9 MR. TRAPNELL: | just wanted to clarify our
10 target of the discussion is, are we -- is the outcome
11 measure discussion-centered on treating an infection
12 or therisk of the patient getting re-infection in the
13 future?

14 UNIDENTIFIED SPEAKER: That'streating an
15 infection.
16 MR. TRAPNELL: Because that might help our

17 discussion, specific outcome measures if we'rerealy

18 clear about that distinction.

19 UNIDENTIFIED SPEAKER: So | mean we want to
20 make the patient feel better, function better and

21 survive longer.

22 MR. TRAPNELL: Of course, but if you're going

2 It'sKera Cohen (ph) from Johns Hopkins. Just -- I'm
3 not sure why there's such doubt about the
4 microbiologic outcomes for patients who are treatment
5 naive with their first episode of MAC. We all take
6 care of these patients and they tend to -- once you
7 put them on treatment, if they're going to respond you
8 see aresponse within 3 to 6 months for symptoms, but
9 you generally tend to see that with their culture data
10 aswell, that they're -- they may not go from culture
11 positive to culture negative which is a dichotomous
12 end point.
13
14 positivity of their culture decreased, their bacterial

But we definitely see their time to

15 burden. They may go from AFP smear positive to smear
16 negative. And there's other datathat are telling us

17 that killing these bacteria and decreasing their

18 bacterial burden is helping improve their symptoms.

19 UNIDENTIFIED SPEAKER: And that wouldn't be @
20 problem.
21 UNIDENTIFIED SPEAKER: We agree. We agree.

1

22 Yeah, | mean if infact thetrial can show, you know,
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Page 186
1 the reduction in microbiology, you know,
2 microbiological counts, microbiological cultures and
3 that correlates well with the clinical improvement
4 then that shouldn't be an issue, the clinical
5 improvement will be there.
6 UNIDENTIFIED SPEAKER: Chuck made the point
7 about concern that we would enroll patients with too
8 low abacillary burden to really be able to
9 demonstrate that benefit, how do we get around that?
10 UNIDENTIFIED SPEAKER: WEell, yeah, but | had
11 pushed because | wanted to not lose track of
12 something. And said -- and that's about co morbid or
13 co-pathogens. | mean if we start getting areally
14 tight definition of what treatment naive is and then
15 we say that 30 to 50 percent of the people who we know
16 are going to be co-infected can't be enrolled in the
17 study, we get into really a nonviable situation.
18
19 enrolled in studies become infected during the course
20 of the study with copathogens like Pseudomonas. So |

So | would say -- and we know the people

21 would say that it would be nice to have that clean.
22 But | think in practicality it'd be very difficult to

Page 188

1 considerations. | understand the appeal of the

2 treatment-naive patient population with being able to

3 do placebo controlled studies with asingle drug. But

4 theissueisthat, especialy, asyou get patients

5 enrolling with higher bacillary burdens, those

6 monotherapy trials have been done before and issues of

7 resistance developing arelatively early onisan

8 issue.

9 If you set a 3-month endpoint for the trial
10
11
12
13 not reinfection. So it's abit more complicated than
14 that.
15
16
17
18
19
20
21

or a 6-month endpoint for the trial and you plan to
stop your single drug then you've got the issue of
dormancy and potential for true relapse for recurring

Y ou know, if you're going to try to get
around resistance, you're talking about putting
multiple drugs on, you've got interacting affects of
that. One of the appeals of the treatment refractory
population is that they are already on those multiple
drugs. But | understand that there are differences.

| just want to make sure that those other factors are

Page 187
1 require no co-pathogens at the beginning of therapy.
2 And because it will change during the course of
3 therapy.
4 In terms of the -- well, you know, | come
5 from TB where something is very clear to me that's
6 different between TB patientsand NTM is TB patients
7 have avery consistent microbial load. If they're
8 smear positive in three specimens, at least two or
9 three will be.
10 InNTM it'sal over the place. The
11 variability from sputum to sputum is significantly
12 different than TB patient. Soin TB patients we know
13 that it'sjust -- if they come on thefirst 3
14 specimens, it's very consistent bacterial load no
15 matter how many times you check it, but with NTM it's
16 not. So when we start getting these less sick
17 patients, with less extensive disease, we recognize
18 that bacterial load will be lower. | mean that's just
19 | think that's afact. You agree?

20 UNIDENTIFIED SPEAKER: | agree. Yeah, |
21 agree.
22 UNIDENTIFIED SPEAKER: | mean two other

22 taken into account if we're moving the day's
Page 189
1 conversation toward a treatment-naive patient
2 population.
3 UNIDENTIFIED SPEAKER: Yeah, no, | think

4 those areright on, and | tried to touch on it. |
5 think you could do a monotherapy placebo-controlled
6 trial, but you could do aso multidrug combination.
7 It'sjust the -- it'salot harder to do, right? You
8 haveto justify the combination, you have to produce
9 preclinical datathat saysthis makes sense. Soit's
10 just abit longer of apathway. But if you're really
11 worried about resistance of your particular drug. |
12 mean it seems like that's what you want to do. And if
13 it extreme, you want your drug used -- to be used
14 with, you know, drug A, B, C then that's probably what
15 you're going to do because it's going to be in your
16 label.
17
18 three-arm study where you have placebo, you have a

| mean, maybe the best way to do it isthe

19 mono-therapy wing for some time period anyway to learn
20 about the drug and you have another exposure group

21 that's multidrug exposure group that you think your

22 best regimenis. | mean you could think of lots of
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1 permutations of this, but. 1 UNIDENTIFIED SPEAKER: Well, | mean there's

2 MR. CHALMERS: We're running into lunch, so
3 our colleagues have been standing here for awhile
4 waiting to ask questions.
5 MR. NOLE: Jeff Nole (ph) with Cupex (ph).
6 So rather than a dichotomous variable, could you look
7 at acategorical analysis of the combination? So the
8 best outcome would be eradication and improvement in
9 symptoms. And at the other end of that spectrum would
10 obviously be worsening of symptoms which might be due
11 to the disease or the drugs and then eradication. So
12 that would allow -- and then you'd look for a shift to
13 theright of those categories as the case may be.
14 Could that be acceptable as a potential analysis?
15 UNIDENTIFIED SPEAKER: So that was what |
16 suggest previoudly as something to consider. And |
17 would consider an ordinal outcome where the best
18 outcomeisimprovement on both. On the -- and the
19 worst outcome is failure on both. And then you'd have
20 to decide how you order the discordant ones. So those
21 arethe four possibilities.
22 If you did that though | think you would

2 theissue of demonstrating the effect of each
3 individual drug in the combination, if it's
4 problematic to treat a drug with any individual drug
5 because of resistance concerns. And you may not be
6 ableto establishit clinically. | think the question
7 is, could there be -- given it isan infectious
8 disease, could there be a constellation of in-vitro
9 and in-vivo animal models studies that could be done
10 to demonstrate that each of the elements of the
11 combination actually do contribute in the petri dish
12 in the animal models and so forth that that would give
13 you enough confidence that each drug is actually
14 contributing to the clinical fact in the clinical
15 trial because you're unableto do it in the clinical
16 setting.
17 MS. NAMBIAR: And | think some of these
18 questionswill come up during the case study this
19 afternoon, so I'm hoping after lunch we can clarify
20 that. Thank you.
21 MR. CHALMERS: Okay. Well thank you to all

22 of the panelists for alively discussion, enjoy your

Page 191
1 really haveto also look at individua -- the clinical
2 outcome by itself and micro outcome but itself. But
3 if weredlly think the right way to do thisisthe
4 clinical outcome, | don't know if that's the way to

5 go.
6 MR. CHALMERS: So final point before lunch.
7 UNIDENTIFIED SPEAKER: Yes. Sol havea

8 comment and aquestion. So | think in treating any
9 infection, | just want to agree with David, in
10 treating any infection you have to treat the infection
11 you have, right, whether it's a catheter infection.
12 Wedon't usually say, oh -- but they will get another
13 catheter infection in ayear.
14
15 follow this and you can tell whether it's anew

So | think, you know, microbiologically, you

16 infection are-infection. So | just want -- but |

17 actually wanted to ask, it seems like people are

18 considering additional one drug to -- what would it

19 look like? What would these clinical trialslook like

20 if you had a completely new regimen that you want to

21 comparein naive patients with what's there?

22 MR. CHALMERS: Does anyone want to take that?

Page 193
1 lunch. But back at 1:00 for the public comments and
2 other case studies.

3 LUNCH

4 FORMAL PUBLIC COMMENTS

5 UNIDENTIFIED SPEAKER: Should wedo it?
6 UNIDENTIFIED SPEAKER: Sure.

7 UNIDENTIFIED SPEAKER: Okay. Welcome

8 everybody back from lunch. And well start out the

9 afternoon session with the opportunity for public
10 comments.
11 UNIDENTIFIED SPEAKER: One of the presenter's
12 -- the onewho istalking.

N

13 UNIDENTIFIED SPEAKER: Okay. Do we-- do we
14 haveour --

15 UNIDENTIFIED SPEAKER: | have the names.

16 UNIDENTIFIED SPEAKER: Yeah. And do we hav
17 --

18 UNIDENTIFIED SPEAKER: We have dides.

19 UNIDENTIFIED SPEAKER: -- some degree of

20 organization here?

21 UNIDENTIFIED SPEAKER: Y eah, we have.

22 UNIDENTIFIED SPEAKER: Okay. So| think our
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Page 194
1 first public commenter, isit -- and you'll help me
2 with the pronunciation when you get to the podium, but
3 I'll try. So Gyanu Lamichhane --
4 MR. LAMICHHANE: 100 percent correct.
5 UNIDENTIFIED SPEAKER: -- from Johns Hopkins
6 University. And please reintroduce yourself so we

7 learn the correct pronunciation please.

8 MR. LAMICHHANE: Hi. I'm Gyanu Lamichhane.
9 UNIDENTIFIED SPEAKER: Okay.
10 MR. LAMICHHANE: | am abasic scientist at

11 Johns Hopkins University in the Division of Infectious

12 Diseasesin the Department of Medicine. And our lab

13 has been working on NTMsfor the last 6-plus years,

14 and among NTMs, we focus on abscessus primarily and

15 we've aso done alittle bit of work on the -- on

16 mycobacterium avium. And between these two NTMs, we
17 focus on the molecular vulnerabilitiesin the

18 synthesis of the cell wall: if you can destroy the

19 cell wall, these bugs die.

20
21 from very basic work, but with the focus on

22 translation, so from the bed to the bench back to the

So our work has been around that. And we do

Page 196

1 theinvitro work that we've doneinitially and then

2 we aso have some vivo data to share with you as well.

3 So what we did was we took atotal of 206 combinations

4 of beta-lactams with a couple of rifamycins and beta-

5 lactam inhibiters and tested them initialy in vitro

6 against ATCC 19977, which is the Mab reference strain,

7 in acheckerboard assay, which iskind of the standard

8 method for determining whether or not there's synergy

9 that exists between two drugs.
10
11 that were oral bioavailable, but didn't require more

So we preferentially chose cephal osporins

12 than twice daily dosing just to kind of ease

13 administration in patients, and then several of the

14 carbapenems that were available not necessarily in

15 this country, but in other places in the world they

16 have been used since those seem to be more efficacies
17 against Mab in general among the beta-lactams.

18
19 rifabutin has been shown to have some activity. And

We also looked at the rifamycins because

20 just acouple of others aswell, but they hadn't been
21 tested in synergy -- synergiesaswell. And then a
22 couple of the beta-lactams inhibitors.

Page 195
1 bed kind of work. And you will hear about thisin the

2 next set of dlideswhat we have done so far. And Liz

3 will present that, Liz Story-Roller. She'safellow

4 inour division and in our lab and she's done this

5 trandlational work, but based on very basic science.

6 And before | leave, | would like to thank the

7 organizers for putting this thing together and

8 allocating time to share so that we could share our

9 findings.
10 MS. STORY-ROLLER: Sol just want to say
11 thank you for letting me share some of the research
12 that I've done over the past 2 years with you guys.
13 And so what we're going to be focusing onis using
14 Dual beta-lactam combinations for treatment of M.
15 abscessus specificaly.
16
17 trying to repurpose currently available antibiotics,
18 asyou guys know, in order to see if maybe we could

And so there's been alot of presstowards

19 more quickly and rapidly get combinations that are
20 actually therapeutics against M. abscessus, especially
21 inthe setting of drug resistance.

Page 197
2 1 So thisis actually in atable form of the

2 synergistic combinations that | just showed you on the

3 checkerboard assay. So we find 24 total combinations

4 that did exhibit synergy based on the Fractional

5 Inhibitory Concentration Index, which iskind of a

6 mathematical version of how you would determine how --

7 the degree to which combination is able to be

8 synergistic against a bacteria.

9
10 theleft hand side. The table on the left are -- you
11 know, we're looking at MIC of the single drugs by
12 themselves and then the MICs that are extrapolated
13 based on if they're in combination together using the

And so we have the drugs that are listed on

14 FICI to mathematically determine those.

15 And on the |eft, those are the drugs that

16 hypothetically bring the MICs within a therapeutic

17 range. Unfortunately, the CLS| breakpoints for

18 abscessusreally are only available for cefpodoxime

19 and imipenem. So we just used those as surrogates and
20 extrapolated the rest of the breakpoints based on

21 those for the (inaudible 0:05:26) respectively.

22

22 So | just wanted to talk very quickly about

The table on the right were combinations that
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1 didn't quite bring the MICs down to the -- within the

2 therapeutic range. But asyou see, alot of them had

3 very high MICsto begin with. And so even though

4 therewas, you know, several log decreasein MIC for a

5 lot of them, it just was not enough to kind of bring

6 them within that range that we'd like to see.

7 However, it's possible that the addition of

8 additional agents either non beta-lactams as we

9 usually use, you know, multidrug therapy against
10 abscessus might potentially bring those within arange
11 that we'd be able to have therapeutic effect.
12 The other thing to noteisthat there are a
13
14 for useinthe U.S. Biapenem actually showed to have
15
16
17
18
19
20
21
22

couple of agents that are not currently FDA approved

-- seemed to have a good amount of efficacy against
Mab in vitro and then also in preliminary in vivo
studies that I'll talk about.

And in addition to faropenem and tebipenem --
and tebi actually is arecently started Phase I11
trialsfor usUTI. So that's exciting and those are
both orally bioavailable.

So that'sa-- and I'll go on to thisone.

Page 200
1 seemslike apotentialy viable system that we could
2 potentially use for additional studies down the road.
3 And so our lab -- and Emily Maggioncaldain
4 our lab has kind of headed this, where we're using an
5 aerosolized Mab pulmonary infectionin a
6 immunocompromised mouse. It'simmunocompetent
7 C3HeB/Fel mouse that's immunocompromised with
8 dexamethasone or cortisone. And that seems to work
9 the best, where we're able to, you know,
10 immunocompromise them enough to have a sustained
11 pulmonary infection. And then they do develop these
12 caseating granulomas after cessation of --
13 immunocessation in the expressive therapy and then
14 kind of reconstitution of the immune system.
15 So it's not perfect. It's, you know --
16 especially, in the CF population and people with
17 bronchiectasis, it's -- the lung physiology is much
18 more robust and potentially more difficult to treat
19 thoseinfections. However, it's something that we
20 could potentialy use, you know, as an initial model
21 to go forward with this.
22 And so | can't show you the data because it's

Page 199
Just very briefly, we wanted to look at drug
resistance frequency in regards to the frequency of
development of spontaneous drug resistance mutantsin
each individual drug plus when they're using

1
2
3
4
5 combination, because it will be something that will be
6 important when we're thinking about new therapies to
7 try to increase the longevity abuse in the clinical
8 setting. We like to decrease, you know the occurrence
9 of resistance.

10
11
12
13

14 good decrease in the amount of resistance that we're

And so, asyou see, there's adefinite
decrease in the rate of resistance with all of the
combinations. Some did better than others, especialy
among the cephalosporins. They seem to have a pretty

15 seeing, which is, you know, promising.

16 And so thelast dide. | just want totalk a

17 little bit about -- because kind of already mentioned
18
19
20 some of kind of animal model for these pre-clinical
21

22 We've only done a couple of studies so far. But it

as the discussion has been had, you know, about we

really do need, you know, amouse model or at least

studies. And thisisvery, very preliminary data.

Page 201
1 so unfortunately under review currently, but we took
2 fiveof our in vitro synergistic combinations and
3 tested them in this system. And we did show that --
4 we did find that they seem to be very effective
5 against Mab, at least the ATCC we're referencing. And
6 so that's quite promising in terms of potential future
7 studies as well.
8 And so it seemed like maybe we might be able
9 to get complete eradication of the infection within,
10 you know, 5 to 7 weeks using these combinations. And
11 sothere'salot more work to be done, but it's
12 something that we could potentially use, you know, for
13 future studiesaswell. Sothat'sit. Thank you and
14 happy to answer any questions.
15 UNIDENTIFIED SPEAKER: Thank you.
16 UNIDENTIFIED SPEAKER: Can | ask why you
17 choose -- which of the rifamycins? Did you use some
18 rifabutins, some rifapentine and some rifampin with
19 your combinations?
20 MS. STORY-ROLLER: Sowetested all of the --
21 all three of them against al of the other beta-

22 lactams. Rifabutin seemed to have the greatest

51 (Pages 198 - 201)

www.Capital ReportingCompany.com



April 8, 2019

May 13, 2019

Page 202

1 activity against M. abscessus, but we use kind of TB

2 asthe stepping out point. So we have seen some

3 activity with rifapentine and rifampin.

4 However, they had not been tested in adual

5 betarlactam setting against Mab, and so we just wanted

6 to seeif there was potentially any synergy that might

7 exist among, you know, those other agents plus -- and

8 we did see, you know, in especialy the earlier

9 generation of cephalosporins that there was some
10 degree of synergy, but maybe not enough to bring it
11 within that therapeutic range with the MIC there.
12 UNIDENTIFIED SPEAKER: Great. Thanks. And
13 now our next speaker. Ho Namkoong, welcome to the
14 podium.
15 MR. NAMKOONG: Okay. Thanksfor giving me
16 chanceto talk today. | am Ho Namkoong at the -- a
17 postdoc at NIH right now. And | am doing research on
18 the host genetics (ph) on primary NTM infection and
19 bronchiectasis. And | am primarily physician
20 background in Japan and | came to the United States
21 oneyear ago. And yes-- oh, yes, last few weeks ago

22 very casualy | applied for this public comment

Page 204

1 And based on these situations, in my

2 university in Japan, Keio University Hospital, we plan

3 aprospective observation study that has been

4 conducted from June of 2012. And the study includes

5 adult patients with diagnosed or suspected with NTM

6 lung diseases and are registered according to the

7 ATS/IDSA 2007 statements. And we collected clinical

8 data and the pulmonary function test, CAT scan and 6-

9 minute walk, SF-36 and SGRQ and the patient's DNA
10 samples and the plasma.
11
12
13
14
15
16
17
18
19
20

21 Japanese clinicians and researchers are making efforts

And also in addition to one, yes, prospective
cohort, we studied to -- we studied a collaborative
register in Japan, so NTM B registry in Japan. So
based on the INBOX (ph) study and also NTM and B
registry in United States, so we studied collaborative
study with, yes, these -- about 15 institutions and
now registered 800 patients.

And based on these situations, my first
comment is about international joint clinical research

and trials. So as| introduced here -- so many

22 to beready for the international clinical research.

Page 203

session, but so surprised to see this session, so.
Y eah.

Anyway, | would like to address today two
major comments. And some comments are very public,
but some, yes, comments are very personal request to
clinicians and the researchers and patient support
group and the drug company, yes, attending this
conference.

© 00 N OO 0o B~ W N P

And before I'll commence, I'd like to
10
11
12
13
14
15
16
17
18
19
20
21
22

introduce Japanese NTM clinical situations and also
research situation in Japan. 1n Japan, theincidence

and the mortality of NTM isincreasing, asyou know.
And we -- yes, afew years ago, we performed a
biological study -- study and which reported that
incidence rate of NTM was 14.7 per 100,000 person
years and suggesting that -- so Japan is one of the

highest incident countries. And the MAC lung disease
isthe most common form of NTM pulmonary infection in
Japan. So generally causes slowly in Japan and in the
immunocompetent host and that compromised 90 percent
of NTM. And also the mortality of MAC aready

increases that of the tuberculosis in Japan.

Page 205
1 And as you know, when coming to the, yes, clinical
2 research, the sample sizeis very important. So, yes.
3 So when you think about the clinical trials or
4 clinical studies think about, yes, joint program with
5 Asian countries such as Japan and Korea.
6 And my second comment is about this platform.
7 I'm very surprised to see that -- or to see that
8 clinicians and the researchers and the patient group
9 and the drug companies sit at the same table and that
10 thissituation very, very unbelievable for the Asian
11 countries. Soif you have achancejust -- I'd like
12 tointroduce this platform, but if you guys have a
13 chanceto, yes, collaborate with other countries as a
14 global leader so I'd like you to introduce this
15 platform. Thank you.
16 UNIDENTIFIED SPEAKER: Okay. Thanksfor you
17 comments.
18 MR. NAMKOONG: Any questions?
19 MR. LAMICHHANE: Any quick questions? All
20 right. Thank you very much. And Khalid Dousaif you
21 are here, if you'll find your way to the podium.

22 Seeing nobody moving, I'm thinking Khalid is not here.
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1 All right. Well, that closes our public comment

2 period and | will now turn the microphone over to the
3 Karen and Patrick. Thank you.
4 SESSION 3: CASE STUDIES
5 MS. HIGGINS: Hi. Good afternoon. So I'm
6 Karen Higginsand I'll chair this session with Patrick
7 Flume. Soin thissession, session 3, FDA will
8 present two case studies to help frame this
9 afternoon'sdiscussion. Please note that these are
10 hypothetical cases. Theintent isto bring about a
11 robust panel discussion around the clinical
12 development challenges such as the control used in th
13 trial; the endpoints, including the use of clinical
14 outcome assessments; the timing of the endpoint
15 assessments and the durations of therapy.
16 When Dr. Hiruy, a FDA medical officer, is
17 describing these cases, think about what additional
18 information is needed in order to design and conduct
19 thistype of study and what aspects are more or less
20 feasible.
21
22 and after each case, it will be followed by an

So Dr. Hiruy will present each case study,

1y

Page 208
1
2
3
4 with the assumption that the drugs mentioned in the

part of drug development. However, for the purposes
of today's discussion, we will mainly focus on
assessment of efficacy of these hypothetical drugs

cases have acceptable safety profile.

The case studies present broad topics and
ideas, and this was done purposely to spur discussion
on key topics such as clinically-oriented primary
endpoint and time of assessment of such endpoints.

As part of the discussion around clinically-
oriented primary endpoints, the case will refer to
clinical outcome assessment tools such as patient-

13
14 will not focus on the process of validation of these
15
16
17
18
19

20 tools. We will assume that the clinical assessment

reported outcomes. Today's case study discussions

tools. Asyou heard from my colleague, Dr. Chen,
earlier, the FDA has adedicated team to help with the
development and validation of such tools.

In the case studies, our main focus for the

discussion will be the contents of such assessment

21 tools mentioned are fit-for-purpose, meaning they have

22 been studied and validated for patients with pulmonary

Page 207

1 academic and industry perspective. Dr. Hiruy.
2 PRESENTATION OF HYPOTHETICAL CASE STUDY #1:
3 DEVELOPMENT OF A NOVEL DRUG ASAN ADD-ON TO A
4 BACKGROUND REGIMEN FOR TREATMENT OF PULMONARY MA
5 DISEASE
6 DR. HIRUY: Good afternoon. We will be

7 presenting two case studies as you heard. We want to

8 emphasize once again that the study -- the case

9 studies are hypothetical and are not intended to cover
10 every developmental stage and requirement for specific
11 drug program.
12 There should not be a head to head comparison
13 of the two cases either. Our intent isto discuss two
14 patient populations in the pulmonary MAC disease
15 spectrum. Although non-clinical work is an integral
16 part of adrug development program, for the purposes
17 of these case discussions, we will primarily focus on
18 theclinical programs with the assumption that the
19 necessary non-clinical work has been successfully
20 completed and the development program has transitioned

21 totheclinical space.

22

Page 209
1 MAC disease.
2
3 discussion of Drug X: Novel Drug Developed as Add-on

With that, we will move on to our first case

c 4 to aBackground Regimen for Treatment of Refractory
5 Pulmonary MAC Disease. The background regimen will be
6 referred to as BR in the subsequent slides.
7
8 molecular entity with anovel mechanism of action. It

So Drug X isan oral formulation of anew

9 has shown potent in vitro activity against M. avium,
10 intracellulare and abscessus. Pre-clinical prove of
11 concept murine models demonstrated bacterial load
12 reduction with the addition of Drug X to the
13 background regimen compared to background regimen
14 done.
15
16 healthy volunteers, including first-in-human,

Several Phase | studies were completed in

17 randomized, double-blind, placebo-controlled study to
18 assess safety, tolerability, PK of single and multiple
19 ascending doses.

20
21 tissue with quantification of Drug X in the epithelial

Drug X was also noted to get into the lung

Y

Similarly, safety assessment isacritical

22 lining fluid. Potential drug-drug interaction with
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1 anti-infectives used for treatment of MAC disease such
2 asclarithromycin and rifampin were also evaluated.
3 Main adverse event noted during these studies was
4 gastrointestinal, nausea, abdominal discomfort, which
5 were mild to moderate in severity.
6 A doseranging Phase |l trial was done
7 comparing three dose of -- three doses of Drug X as an
8 add-on to background regimen versus background regimen
9 plus placebo in patients with refractory pulmonary MAC
10 disease. Refractory pulmonary MAC disease was defined
11 asfailing to achieve three consecutive negative
12 monthly sputum cultures after 6 months of ATS/IDSA
13 guideline based multidrug regimen. The primary
14 endpoint for the Phase || was a proportion of patients
15 with culture conversion at month 6.
16
17 an existing PRO, Quality of Life Bronchiectasis

Secondary endpoints encompassed a new PRO and

18 respiratory module modified for patients with NTM.
19 Microbiological assessment of sputum culture

20 conversion, functional assessment with 6-minute walk
21 test and treatment emergent adverse events and serious

22 adverse events.

Page 212
1 blinded to treatment assignment and culture conversion
2 aslong as patients remained clinically stable and
3 rescue therapy was not deemed necessary.
4 The primary endpoint was a PRO at month 16.
5 The secondary endpoints included culture conversion at
6 theend of treatment as well as off treatment to
7 assess durability of culture conversion,
8 sustainability of improvement in PRO during the off
9 treatment and follow up at month 19 and 24, changes
10 from baseline 6-minute walk distance at end of
11 treatment and end of study. Assume the sample size of
12 thetrial was adequate to show clinical meaningful
13 differencein the PRO between the two arms with a 90
14 percent power.
15
16 regimen met the pre-specified primary endpoint of

The results showed Drug X plus background

17 meaningful improvement in PRO compared to background
18 regimen plus placebo. However, there was no

19 significant difference in culture conversion at month

20 16. Therewas no -- there was also no significant

21 differencein reported treatment-emergent adverse

22 events, serious adverse events and mortality between

Page 211
1 Overall, the result of the tria showed the

2 20 milligram dose was the -- had optimal efficacy and

3 safety profile, and hence, that dose was chosen for

4 the Phasellll trial.

5 Moving forward to the Phase I11 trial, the

6 trial also focused on the same patient population as

7 the Phase 11, namely patient with refractory MAC

8 disease. The Phase Il was amulticenter, double-

9 blind, randomized trial comparing Drug X plus
10 background regimen to background regimen plus placebo
11
12
13
14
15
16
17
18
19
20
21
22

was at 2:1 randomization scheme. The background
regimen adhered to ATS/IDSA guideline, but varied
based on investigator's discretion and patient's
characteristics such as prior therapy and concomitant
medication.

Study duration was 16 months on treatment and
8 months off treatment follow-up period. Monthly
clinical and microbiological assessments were carried
out for the 16 months while on treatment, followed by
every 3 months assessment from months 16 to 24. No
study arm cross-over was permitted.

Of note, investigators and patients remained

Page 213
1 thetwo arms.
2 We have three main questions for the panel.
3 Thefirst oneisasking about the knowledge gap in our
4 understanding of the patient population, including the
5 definition of refractory pulmonary MAC disease. In
6 theliterature currently refractory populationis
7 defined as those that failed culture conversion after
8 6 months of multidrug regimen.
9 Isit clinically appropriate to include al
10 types of pulmonary MAC patients who failed to convert
11 after 6 months of treatment or do we still need to
12 think about the disease subtypes?
13

14 endpointsto assess direct clinical benefit for this

How about the knowledge gap regarding primary

15 patient population? For example, development of a new
16 symptom-based or functioning-based PRO. Or isthere
17 an existing PRO that can be modified and used in this
18 population? And what about the idea of timing of

19 assessment of such clinically-oriented endpoints and

20 length of trial?

21
22 feasibility of making clinical decisions based solely

We aso want a discussion around the
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1 on patient'sclinical status without sputum culture
2 results. How about limiting cross-over from the
3 control arm to test arm? And the feasibility of
4 standardizing the background regimen is also another
5 discussion point we would like to have.
6 For all the existing knowledge gaps, how can
7 we address them? And finally, despite these knowledge
8 gaps, what can be done to move forward to design
9 scientifically sound clinical trials for patients with
10 pulmonary MAC disease? This concludes the first case
11 study presentation.
12 MS. HIGGINS: Thank you, Dr. Hiruy. So Dr.

13 Chamers from the University of Dundee will give a

14 academic perspective.

15 ACADEMIC AND INDUSTRY PERSPECTIVES ON
16 CASE STUDY #1
17 MR. CHALMERS: Thank you very much. So the

18 questions we were asked to address in the case study
19 arevery similar to the questions that we were asked
20 to addressin the panel study before lunch. So |

21 think we have to accept that if 30 of the world's

22 leading experts didn't come to a consensus before

Page 216

1 There'sareally great example of this, which

2 isin bronchiectasis in the RESPIRE trias, which were

3 trials of inhaled ciprofloxacin. They did two PROs,

4 the SGRQ and the Quality of Life Bronchiectasis

5 questionnaire.

6 In the same trial, the SGRQ improved and QOL -

7 B did not despite the fact they measure virtually the

8 samething. Andit'sall determined by the relative

9 weight you give to chronic bronchitis symptom versus
10 breathlessness, for example.
11
12 that were developed for other disease like the SGRQ

13 that we're measuring the right symptoms, but we're

So | think we run therisk if we use tools

14 weighing them in away that means that they won't
15 detect responseto NTM therapy. So | think that's the
16 first sort of key point.

17
18 Soalot of these toolsrecall symptoms over, for

The other issue is about the recall period.

19 example, aweek. But you heard from Amy that the --
20 one of the things the patient saysistheir symptoms

21 go up and down very frequently. So if you have aPRO
22 that detects symptoms over aweek in a disease that

Page 215
1 lunch, it'sunlikely I'm going to give you the secret
2 tothisdisease in the next 5 minutes. So I'm going
3 to very briefly make afew comments, then open for the
4 rest of the panel.
5 I'm going to focus quite a bit on the
6 contents of the potential assessment tool because |
7 know that was -- you mentioned in the introduction
8 that's the key thing you want to focus on. We
9 obviously have existing tools like the QOL-B and the
10 QOL-B NTM module and the SGRQ. The concern | have
11 with all of the existing tools and the reason | think
12 we probably need to develop anew tool is not that
13 they don't incorporate all of the things that we need
14 inan NTM tooal.
15
16 could al name the dominant symptoms in pulmonary NTM

So we heard from Amy earlier, | think we

17 They are cough, sputum, breathlessness, fatigue. It's
18 -- thereally key issue is how they are weighted in

19 these particular PROs, how much relative importanceis
20 givento each one. And in those tools that have been
21 developed for different disease, they generally give

22 weightsto different symptom.

Page 217

1 people are taking treatment for 24 months, we're going

2 tolose an awful lot of information. So that's

3 another thing we need to take into account in

4 developing aPRO.

5 The other -- another issue is when we analyze

6 the primary outcome. Soinalot of trials, we pick a

7 defined time point, 12 months or 16 months or 24

8 months, and say that's when we're going to measure the

9 qudlity of life change from baseline.
10
11 bronchiectasis field that that's not the best
12 approach. Sointhe ORBIT trials of liposomal

13 ciprofloxacin, the outcome was changed at the end of

We have experience again in the

14 thefinal cycle of treatment in a 12-month study,
15 which ignores all of the information of how the
16 patientsfelt during that year while they were on
17 treatment.

18

19 wane, where drug toxicity waxes and wanes depending on

And so in this disease where symptoms wax and

20 what we do, | think you have to capture al of the
21 information that happensin between. So we need to
22 use more sophisticated analyses like repeated measures
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1 analysestolook at changes over time. And in fact
2 when you do that in the Orbit studies post hoc, you
3 seedifferences that are not evident by picking
4 individua time points.
5 | want to pick up again on the point that Tim
made earlier about the potential to use a composite
endpoint rather than potentially a PRO, athough, as |
said earlier, PROs are composite endpoints. If we
know that some patients feel better in terms of cough,
some patients feel better in terms of breathlessness,
some patients feel better in terms of fatigue,
wouldn't it make sense to develop an endpoint that
captures those things using existing questionnaires?

So we have, as Amy said, existing

questionnaires for fatigue. We have the 6-minute walk
test, which isvalidated. 1t doesn't work as an
endpoint because not everybody has an impaired 6-
minute walk test at baseline. But if you took a
clinically meaningful improvement in one of those
three domains to be a clinical response, you would
have an endpoint that would detect different
responses, but each of them with equal weights, which

Page 220
1 microbiological information.
2
3 sureit would give you that much benefit. | think

So | do have concerns about that, and I'm not

4 that's enough probably from mein terms of feedback.

5 MS. HIGGINS: Okay, thank you. Okay. So now

6 well have the industry perspective. Dr. Angela

7 Tadley isVice President of Clinical Development at

8 Spero Therapeutics.

9 MS. TALLEY: | guess!'ll deliver minefrom
10 up here because | made slides. So hi. I'm Angela
11 Talley and Vice President of Clinical Development at
12 Spero Therapeuticsin Cambridge. Thank you for the
13 opportunity to offer the industry perspective on the
14 drug development path for NTM.
15
16 gotit. Asmentioned at the start of the session, I'm
17
18
19
20
21 from an industry perspective, the opportunity today to
22

Asmentioned -- oh, wait -- let see. Yup, |

afull-time employee of Spero. So as| think we've
heard earlier today, there's an increasing urgency to
determine the utility of new or existing agents and

new regimensin the treatment of NTM disease. And

outline afeasible and efficient development path for

Page 219
iswhat regulatory guidance for devel opment of

composite endpoints takes into account.

One of the other points that was raised was
the blinding of sputum cultures during therapy. | can
see people having different views on this. | would
really struggle | think over a 24-month study to not

7 know what my patient's culture results were.

8 | think you would inevitably in that trail

9 design have awindow, an escape valve that the
10 clinicians could say, "But they're clinically
11 unstable. Therefore, | can look at the culture
12 results." And my concern isthat lots of clinicians
13 like me would press that escape valve pretty early ang
14 dlow ourselvesto look at the culture results.
15 I'm not sure you get that much benefit by
16 blinding the cultural results, because we don't know
17 for sure even if they change from culture positive to
18 culture negative that they're on active drug, because
19 some patients on placebo in previoustrials have
20 converted. But | do think you'll get problems with
21 patients dropping out or clinicians pulling the

ga b~ W DN P

(o]

Page 221

evaluating novel anti-NTM drug candidatesis critical
in bringing new, effective agents and treatment
regimens to patients.

So what does this mean? From the -- for
perspective, well offer this broad development
timeline overview for candidate agents such as Drug X.
Drug X was presented in the case study and noted to
have demonstrated in vitro activity versus clinically
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relevant NTM pathogens both in vitro and alone and in

=
o

combination with other agentsin vivo in mouse MAC

[N
[N

models.
12
113
14
15
16
17
18
19
20

21 the utility of hollow-fiber models for this purposein

And one key issue hereisthat for Drug X and
other agentsisthat in general there's poor
trandation of preclinical datafrom animal modelsto
efficacy in human. So athough the goal today may be
defining clinical endpointsin clinical trial design,
I'll just note that elucidation of trandational data
indicative of clinical efficacy in humansis still
important to the discussion.

And on that note, we and others are exploring

22 patients out because they want to know the

22 order to better define activity of new agentsfor NTM
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1 and model human exposures, resistance potential and to 1 So we've been thinking about thisalot, and

2 identify potential partner agents for usein

3 combination regimens.

4 Soin general, it takes about 3 yearsto

5 generate these non-clinical safety and efficacy data

6 before you go into a Phase | study in humans

7 evaluating a single and multiple dose to outline the

8 safety in the human PK of your agent, or in this case,

9 Drug X. Asnoted for the drug -- typically,
10
11
12
13
14
15
16
17
18
19
20
21
22

additional Phase | studiesin healthy volunteers are
required to evaluate potential drug-drug interactions
and to generate additional PK datain certain specia
populations, as well as to support ongoing dose
selection for usein patients.

The case for Drug X also outlines a Phase |
ELF study, although unlike the bacterial pneumonias,
the utility of this datais unclear for NTM and TB and
not typically included in TB development programs and
it may not be required for NTM agents. Perhapsthat's
aquestion for this panel aswell.

From an industry and regulatory perspective,

the non-clinical safety and efficacy and Phase | data

2 the next few dides sort of outline the major

3 questions that we've struggled with. And the one --

4 one of them | brought up a couple of times today

5 aready and that is: what is the objective of

6 treatment for pulmonary NTM? Isit cure? Iscure

7 possible? Isit stage specific? Is-- durable micro

8 response up to 24 months, is that areasonable

9 objective of therapy? Or shall we focus on
10 symptomatic improvement and which symptoms? How to
11 measure them?
12
13 progression, as| aluded to earlier, amore

Isimprovement a delay of disease

14 appropriate endpoint in terms of progression free

15 survival? And again, isit patient specific? What's

16 the appropriate timing for assessment of the response?
17 Isthere apossibility to define an earlier definitive

18 primary endpoint in 6-months or less?

19 So these questions have al been discussed

20 earlier, but I'll just highlight that they are key

21 questions to develop the development path in terms of
22 who do we study, are there different populations

Page 223
collectively constitute a proof of principle for
moving a new agent into the clinic. So for Drug X,
the dataleading up to Phase |1 likely represents 5 to
6 years of development before we finally get to

1
2
3
4
5 evaluate this promising new agent in the clinic. From
6 this point, the approach to demonstration of efficacy
7 in patientsisunclear and is the focus of the
8 workshop today.

9 Based on the case outlined for Drug X and the
10 timeline for similar trials, it would likely take 2 to
11
12
13
14 experience delivery of a 200 to 300 patient trial,
15 Phaselll study islikely to extend delivery of this
16
17
18
19

20 we know from the earlier presentations that thisis

3 yearsto get an early efficacy read for Drug X
supporting further evaluation in Phase I11. And

similarly, based on the number of factors and prior

drug to patients by an additional 5 to 8 years.
So in terms of the assessment of efficacy and
the appropriate development path, | think we have more

guestions than answers, we can all agree on that. And

21 generally representative of the current status of our

22 understanding of development in thisfield.

Page 225

1 appropriate for Phase Il or pivotal trias, which

2 endpoints are appropriate to assess benefit.

3 In this study -- a case study of Drug X,

4 we're adding on Drug X to standard of carein a

5 treatment refractory population. It's unclear if

6 that's the most appropriate population to get an early

7 efficacy read.

8 Likewise, the endpoint for Drug X is sputum

9 conversion at 6 months, but there's a 24-month follow
10 up. And it'sunclear whether adurable response for
11 phaseisrelevant -- for aPhase Il study, which tends
12 to befocused on the dose ranging, early efficacy read
13 and PK.
14 So the timing feasibility | think isthe big
15 question. What is the minimum treatment duration fa
16 aspecific micro clinical endpoint in which we might
17 detect ameaningful difference? Isit possible that
18 we can deliver thesetrials earlier by defining an
19 endpoint under 6-months so that we can move on to
20 identifying a drug that's a promising candidate and
21 moveitinto aPhaselll pivota trial design?
22 In terms of the comparators, we struggle with
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1 thinking about how to standardize the background

2 regimen in atreatment refractory population,

3 particularly for an early efficacy assessment and

4 looking for areadout in clinical efficacy at 6-

5 months. Isit appropriate to add a single agent on to

6 apotentialy failing regimen? And in terms of the

7 monotherapy versus placebo, | think there's similar

8 ethical questions about the utility or length of

9 duration of a placebo.
10 So given al of these feasibility and
11 recruitment challenges, isit possible to take a
12 different approach to study designintermsof a
13 platform trial collaboration? And what other lessons
14 can we draw from other fields? We've heard some
15 examples from the rheumatology field today, but |
16 think there may be others.
17 So again, as we started out this session, we
18 have more questions than answers. But what is clear
19 isthat thisisavery heterogeneous disease that
20 progresses through a variety of inflammatory states,
21 and depending on where you come in as a patient intg
22 this process, thetria designs and endpoints for

Page 228

1 and | don't know that -- | don't know that that's what

2 you really think. But -- | mean, | -- we have tools,

3 like the NT module was developed, you know, using the

4 standard way of developing these with NTM patients at

5 NTM treatment centers with the help of a patient FAQ.

6 | mean, it'sdone all that. What'slacking is, you

7 know, perspective evaluation refinement. And |

8 wouldn't -- | wouldn't, you know, ditch it to try to

9 do something new here.
10
11 wejust spent a grant together. We're working to do

And on the bronch side -- | mean, obviously

12 thistogether. | mean, | think there's components of
13 the QOL-B that likely will prove to be very worthwhile
14 and it may be different for different types of

15 patients. And the only way we're going to find that
16 out iswith perspective assessments.

17 So | don't know that -- | don't know that |

18 would just start over. | do think there are tools

19 that have been developed in the right disease

20 settings. We just haven't had the chance to look at
21 them prospectively and figure out the minimum

22 important difference and things like that.

Page 227
1 evauating a new therapy may differ considerably. S

2 | think that we need to consider at each stage if

3 we're starting treatment of naive patients, that the

4 endpoints timing and follow up may differ

5 considerably versus atreatment refractory population

6 intermsof this, particularly based on the goals of

7 therapy.

8 So bottom line from an industry perspective

9 and I think for the field in general, there are a
10 number of needs and challenges, obstacles to getting
11 drugsto patients faster. We need a better

12 understanding of the pathophysiology, a better

13 trandation of the...

14 MR. FLUME: All right. Sowe're going to
15 open up to thefloor.

16 MODERATED PANEL DISCUSSION
17 (CASE STUDY #1)

18 UNIDENTIFIED SPEAKER: Canl just -- I'll

19 start. So | know you want direct comments on this
20 case study, so I'll try to limit to that. | was going
21 tojust pitch back to James, so -- | mean, | don't

Page 229
MR. CHALMERS: No. | think there are two
2 ways of developing atool: you make something from
3 scratch or you modify something that already exists.

D 1

4 And most PROs are modifications in some form or
5 another of something that already exists.
6 | think what we have struggled with with PROs
7 has been the responsiveness aspect of the validation.
8 So we often -- we get all these symptoms together and
9 then you measure them in a population with any
10 disease, and sure people with more breathl essness and
11 more cough are sicker and you get what's convergent
12 validity.
13 UNIDENTIFIED SPEAKER: Right.
14 MR. CHALMERS: But it's understanding what
15 changes. That'sreally important.
16 UNIDENTIFIED SPEAKER: Yeah.
17 MR. CHALMERS: Because then you havea-- in
18 alot of questionnaires, you have alot of fixed
19 variables that don't change with treatment, which
20 makesit hard to then show aresponse. The most
21 useful piece of datawe can probably get would be the

22 know that we need to develop new tools from scratch

22 individua patient response data from some of the
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1 completed trials -- 1 looking good on the culture endpoint, did those
2 UNIDENTIFIED SPEAKER: Exactly. 2 patients, you know, have relapses in terms of their
3 MR. CHALMERS: -- to say what symptom is it 3 symptoms after they were off drug? It givesan
4 that actually changes when you treat refractory MAC -- 4 opportunity to understand what that discordance means.
5 UNIDENTIFIED SPEAKER: Yeah. 5 And one other final question -- one -- this
6 MR. CHALMERS: -- and then weight your 6 is-- you mentioned about the rescue therapy. That |
7 questionnaire accordingly -- 7 assume only works if you're using a binary endpoint.
8 UNIDENTIFIED SPEAKER: Yeah. And -- 8 | mean, | don't know how you would do -- how you would
9 MR. CHALMERS: -- sothat it is possible to 9 handle those patients otherwise. At least it would

10 show adifference.

11 UNIDENTIFIED SPEAKER: Exactly. And that's
12 the datawe've been lacking, right, even outside of

13
14
15
16
17
18
19
20
21
22

MAC and just regular old " bronchiectasis' has been a
challenge, so. So | dothink Phasell isaplaceto
potentially sort some of that out. And | think this
morning's discussion, wejust -- | don't know, we
weren't redly -- Ken and | weretalking. We weren't
really talking about Phase Il and Phase I11 or Phase

I. So such type of case study kind of goes through
that. But | do think that you can potentially address
some of theseissuesin your Phase Il programs or

Phase Il programs.

10 work much more easily with abinary endpoint. But

11 again, | -- my main point isthat | think the results

12 may not be as discordant asit sound and it's an

13 opportunity to understand the discordance.

14 UNIDENTIFIED SPEAKER: | think you should ask
15 thepanel. | mean, how many people at thistable

16 would approve a drug with those Phase I11 findings? |
17 mean, would anyone here vote yes for that? | mean --
18 that's a question to everyone. Y ou have adrug that

19 helpsyour PRO over 18 months, but it doesn't improve
20 your vascular burden, at least just measured by binary
21 outcome and -- | mean, you're right, maybe it does and
22 wejust aren't seeing it because of the way it was

Page 231
The other thing | would just say isthat |

1
2 don't think we should even talk about this. | think

3 we should talk about treatment naive studies. That's

4 my thing.

5 UNIDENTIFIED SPEAKER: So | wanted to talk
6 about the results of the Phase |11 study because |

7 thought that was interesting that you got -- that the

8 results were significant with the PRO and not for the

9 bacterial -- | mean, the microbiological endpoint.

10
11
12
13
14 because they're discordant at that level, just

So that -- | had all sorts of thoughts
related to that. One was maybe the power -- maybe the
PRO was continuous and the microbiological endpoint

was binary and doesn't have the same power. So just

15 crossing 05 or not isn't necessarily that meaningful.
16
17
18
19
20 discordant patients? What happened to those patients
21
22

Maybe it was -- maybe the culture endpoint was close.
But also | think it would be -- if that

happened, that would give you an opportunity to look

at the data and really dig deep and see: Who are the

over time? Did those patients who were discordant --

I mean, who were looking good on clinical and not

Page 233
1 measured.
2 UNIDENTIFIED SPEAKER: Maybe the P value (ph
3 is0.06. Wedon't know. | mean, again | think
4 there's--
5 MR. CHALMERS: It'sdifficult...
6 MS. TALLY: -- (crosstak) subtly there.
7 MR. CHALMERS: If it was hypertonic saline,

8 you would vote yes. But it'san antibiotic --
9 UNIDENTIFIED SPEAKER: Yeah, you'reright,
10 you'reright.

11 MR. CHALMERS: -- soit givesyou concern,
12 yeah.

13 UNIDENTIFIED SPEAKER: Ken?

14 MR. OLIVIER: I'd like to back up to the

15 Phasell for abit if we could. So the Phase Il chose

16 aprimary microbiological outcome, which | would like
17 tovotein favor of: if your drug doesn't kill the

18 bug, it'sashowstopper. So | agree with all the

19 other discussion about the need for clinical outcomes,
20 but | think in the Phase Il setting that that has to

21 beyour primary bar to achieve.

22

| would like to make an argument for not
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1 having a 24-month long Phase Il study. Thisisan

2 expensive process to get through and we're dealing

3 with alimited number of patients. | think the 6-

4 month mark may be a good place to pick that and |

5 think that gives you time to get afeel for your

6 clinical outcome measures, which will be secondary in

7 this case to see how responsive they are and how good

8 you set that. And then you've got to go with what

9 you've got in putting your Phase I11 trial together.
10
11 tofollow these patients longer in a Phase Il setting,

| understand all the benefits of continuing

12 but if that's going to delay your ability to analyze
13 datafrom that and get it into aPhase l11 trial, |
14 think that's difficult to do.

15 UNIDENTIFIED SPEAKER: So how long would be
16 theideal follow up?

17 MR. OLIVIER: | would suggest 6 months and

18 thenif you need a, you know, additional month, the

19 safety follow up after that. | think that would be

20 reasonable.

21 UNIDENTIFIED SPEAKER: | would -- those are
22 exactly what | wanted to say. | mean, for aPhase |l

Page 236
1 beapositive effect.
2
3 far as part of routine clinical practice, when we have

And again, just as was expressed earlier as

4 patients that are feeling better with a particular
5 regimen, we're going to continue that independent of
6 their microbiological response. Weliketo seea
7 favorable response for sure and think that that's an
8 important element. But if somebody went from smear
9 positive to smear negative or quantitatively went from
10 4 plusto 1 or 2 plus and they had a positive clinical
11 response, | think that would justify a positive
12 response rather than set the bar so high that we need
13 to have sputum conversion and to have a positive
14 impact on MIDs and PRO from baseline as opposed to the
15 -- and thisisfor the refractory individuals who are
16 presumably symptomatic and continuing to progress over
17 that 6-month period.
18
19 should also ook at stabilization and alack of

So | -- again, my point isthat | think we

20 progression as much asimprovement from our baseline.
21 UNIDENTIFIED SPEAKER: | too am going to
22 agree with Ken's comment about the Phase Il. Thisis

Page 235
1 tria to go 24 months, | mean, | think that just shuts
2 down drug development right there. So -- and | do
3 believe also in amicrobiologic outcome in that Phase
4 |l tria. Even following people thislong starts
5 getting to be aproblem | think because of just
6 standard of care, what starts to happen in terms of
7 airway clearance, stopping and starting, antibiotics
8 given for other reason. Just the longer you go, the
9 more difficult | think it will be to understand the
10 activity of thedrug. So | would vote for a 6-month
11 microbiologic.
12 UNIDENTIFIED SPEAKER: Yeah, | agree
13 completely.
14 UNIDENTIFIED SPEAKER: And | would just add
15 to the microbiological part of that. It doesn't
16 necessarily mean that there would be sputum
17 conversion, but either stabilization or improvement
18 microbiologically like there would bein clinical
19 symptoms. So the notion of preventing progression.
20 Sothat if you had some microbiological response,
21 however that is defined, and that the clinical

22 symptomsimproved, abeit not resolve, that that would

Page 237
1 typical of the aerosolized antibiotic studies, where
2 your primary is demonstrating the micro effect and
3 your key secondary isrealy testing what you're going
4 to take as your primary in the Phase 1.
5 But I'm going to ask about having a short
6 study in Phaselll. First, feasibility. It would be
7 hard to recruit patients to do 16 months and never
8 have access to the drug, if that's why they entered
9 the study inthefirst place. That would bea
10 recruitment nightmare.
11
12 clinical outcome, could you achieve that in 6 months
13 and it doesn't depend upon the micro endpoint. And
14 perhapsyou had -- if | could test with all the
15 clinicians up here that in general if you're making a

But since this goal wasto try to find a

16 changein regimen, at 6 months you want to make a
17 decision about whether to pivot. And that decision of,
18 pivoting to some other therapy is probably based on

19 symptoms and radiographic features, not so much on
20 micro.

21 Which means you could shorten that study

22 duration considerably. And | -- if | misquote Kevin,
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1 | apologize. But then figure out the regimen later. 1 different versions of durability of response. So why

2 You don't need to have a 5-year or a 6-year study to 2 don't | agree with both of you that after stopping

3 try to get that done. 3 therapy, remaining culture negative, especially when

4 UNIDENTIFIED SPEAKER: | agree. 4 weve dready heard that they get reinfected.

5 UNIDENTIFIED SPEAKER: So we werejust 5 But thisis one of the things we talk with

6 looking at the day. | mean, your Phase |1l study 6 aerosolized antibiotics studies that you wanted to see

7 should be 6 months, and that'sit. Your primary 7 multiple cycles or prolonged course for drugs that are

8 outcome should be at 3 or 4 monthsin. Your Phaselll 8 likely to be used for avery long time, so that you

9 study should be for 6 months. Y ou cannot study these 9 don't just see abenefit at 2 weeks, you see a benefit

drugs for 24 months. You'll never -- we'll never have
new drugs ever, and there's no reason to.

| don't understand -- there isthis odd -- |
think it's the elephant in the room. Why do you guys
care about durability response after you stop therapy?
Thisis not something that we need to care about. |
mean, it's not something you should enter into trial
design and development and running these. And | think
we need to talk about that, because the rate of
reinfection so high.

And, you know, if your questioniis: if you're
on Drug X and you're on placebo and then you see after

everyone stops how -- what percentage stays converted

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

over 6 months of therapy. And that's a different
messure of durability of response.

UNIDENTIFIED SPEAKER: Yeah. So-- | mean,
if you can show aclinical benefit and that happens
during that first 6 month time period, | mean, you've
got something, right? It hasn't answered the question
of how durable that effect will be down the road.
That's a separate question that could be answered.
But if those trials are not, you know, something that
could ever be done, we'll then -- we'll never know.

But, yeah -- | mean, | think wherewe are, is
we're struggling to show or to find, you know, the

clinical benefit. And we had some discussion over the

Page 239

in each group? Like, | mean, "da," like of course
it's going to be higher in the people that were on the
drug. And so what if it wasfor 2 months? So what if
it was for 6 months? Like these aren't -- these are
not questions that need to enter into the trial
design.

So we need a 6-month study with primary
outcome measures at 3 to 4 months. And you should be

© 00 N OO 0o B~ W N P

able to swap people over to your active drug arm. You

=
o

don't need to keep people on placebo from 1 to 6

[EEY
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months. That's my opinion and I'd love to hear my

=
N

colleagues opinion. But | think that's really

=
w

important. Otherwise | don't think we're going to get

[EnY
N

new drugs.
15 UNIDENTIFIED SPEAKER: | tend to agree with
16 you, especialy in the treatment refractory

17
18 for most of the patients. So expecting them to have a

19

population. Y ou know, thisis a chronic disease state

durability response off therapy | think is completely

20 unreasonable in this setting.
21 UNIDENTIFIED SPEAKER: Let mejust ask the
22 FDA to comment, because I'm sort of seeing two

Page 241

1 lunch period about, you know, what time period might

2 you expect to see clinical benefit. And it may not

3 occur until some later point in time with at least

4 some of what was discussed as a possibility in the

5 refractory patient population. But perhaps in the

6 treatment naive population, maybe you would see

7 something earlier.

8 So you would at least -- you know, even

9 though these two patient popul ations appear to be
10
11
12
13
14 patient population, | mean, that would seemto be a
15

behaving somewhat differently probably because of the
nature of their disease and the chronicity -- | mean,
if you could show aclinical benefit early onina

particular patient population like the treatment naive

reasonable thing and you've got, you know, aclinic

16 benefit at that early time point. So...

17 UNIDENTIFIED SPEAKER: I'm not surethat...
18 UNIDENTIFIED SPEAKER: | think one thing we
19 struggle with is like defining disease progression,

20
21
22

because that's really -- we need like some combination
of culture, symptoms and radiographic findings and we
don't have that. | think that would be the best

61 (Pages 238 - 241)

www.Capital ReportingCompany.com



April 8, 2019

May 13, 2019

Page 242
1 endpoint. Just like you said, in cancer, you know,
2 success or failureis based on disease progression.
3 That'swhat we really need to figure out.
4 UNIDENTIFIED SPEAKER: | mean, clinically you
5 do that, right, with individual patients?
6 UNIDENTIFIED SPEAKER: But we don't have a
7 way todoitinachild.
8 UNIDENTIFIED SPEAKER: Yeah. And so-- and
9 we were talking about to the extent you could use
10 clinician judgment at the individual level.
11 MR. CHALMERS: | mean, that was why | asked
12 you the question in the first session about CT because
13 | find when I'm wondering "is this patient

14 progressing,” | put alot of weight on the CT.

15 UNIDENTIFIED SPEAKER: | mean, it'sa
16 question...
17 MR. CHALMERS: And it's amissed opportunity

18 that in this-- for example, we didn't do CT in the
19 Phasell inthistrial to seeisthere something you
20 can seethat you could use for progression free
21 survival, which again isareally attractive --

Page 244
1 microbiological? And so the question is can we show
2 lack of progression without necessarily showing abig
3 symptomatic benefit?
4 MR. AKSAMIT: Well -- and thisis where the
5 composite endpoint comes in with the lack of
6 progression and that's exactly what then the
7 definitionisfrom aradiographic. What do you say is
8 alack of progression quantitatively so that you could
9 usethat for clinical trials for the PRO issues and
10 then microbiological lack of progression, or aslight
11 improvement or adelta, if you will.
12 UNIDENTIFIED SPEAKER: Yes. Sowe think too
13 about, you know, surrogate endpoints or nonclinical
14 endpoints. So you're thinking about, you know,
15 radiographs. You're thinking about microbiology. |
16 mean, the reason that they tell you something
17 important is because you know that they correlate with
18 aclinical effect. Andtheway that you get that is
19 from atrial that looks at clinical outcomes and then
20 startsto look to see what else seems to be going
21 aong with it and that there's a passive physiologic

22 MR. AKSAMIT: (crosstalk) just alittle 22 basisfor expecting that that is causally related.
Page 243 Page 245
1 hit... 1 And so -- | mean, the way to get thereisto
2 MR. CHALMERS: -- is an attractive concept. 2 do the study to look at the clinical outcome and then
3 MR. AKSAMIT: And I think that we will know 3 seewhat elseis going along with it. And if you've

4 within 6 months. | mean, in the clinical experiences,
5 you have a pretty good idea within the first few
6 months whether somebody is going to respond. There's
7 arareindividua that gets placed on treatment and
8 gets better at 9 or 12 months and had no improvement
9 inthefirst 6 months. I've not seen that. | would
10 defer to my other colleagues.
11
12 said earlier, they're going to get better in -- you'll

But if people are going to get better, aswas

13 know within the first 3 months. And if you wanted to
14 extend that to 6 monthsto be, you know, conservative
15 about it, that will be al right too.

16
17 thisisgoing to be a successful regimen clinically.
18 They'll either feel better or not. Y ou don't have to

But you'll know relatively quickly whether

19 wait more than 6 months, 9 months or 12 months.
20 MR. CHALMERS: Butistheissue, Tim, not
21 that in the refractory population the trials have not
22 shown major symptomatic benefits, but there are

4 done that, you know -- | mean, once would be great.

5 You know, twice starts to firm up those relationships

6 more. And three and four times, it really startsto

7 firm them up.

8 That's what's happened in other fields. |

9 mean, if we talk about learning from other fields,
10
11
12
13
14
15
16
17
18
19
20
21
22

that's one of the learnings from other fields and
certainly could translate here. That's challenging, |
get that. But | think that's what we need to think
about, you know, how do we get to understand the
clinical effects on patients and how can we use these
surrogate markers as correlates -- or as, you know,
surrogates | should say of the clinical outcome and
the data that we need to establish the clinical
outcome and then look to see what, you know, is
causally associated with that.

UNIDENTIFIED SPEAKER: All right. Kevin --
if you all could introduce yourself when you...

MR. FENNELLY: Okay. Kevin Fennelly, NIH,
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1 NHLBI. Now, unless |'ve had a postprandial lapse, I'm 1 The second issueis -- it'sinteresting |

2 not remembering what patient group this hypothetical

3 patient would fall in. And | don't think that we've

4 defined today or answered question number one. We've

5 talked alot about heterogeneity.

6 But I'd like to comment on a patient group

7 that | think has been neglected a bit in our --

8 relatively neglected in our discussions, and that are

9 the COPD patients who have NTM disease. They -- the
10 other Kevin and | had the good fortune to work with
11
12
13
14
15
16
17
18
19
20
21
22

some folksin the VA, the Veterans Administration, and
we published a study last year, which we had | think
over 6,000 NTM casesin the U.S. VA population. Of
course over two-thirds of them had underlying COPD.
And the remarkable thing is that in the first
6 months after diagnosis, there was a 40 percent risk
of death. So we haven't talked about mortality as an
endpoint, but it exists. It will fall within the 6-
month period that you're asking for, or you could even
extend it out 12 months.
But, you know, it's fairly unambiguous except

maybe in Game of Thrones or afew other circumstances.

2 think -- | asked earlier -- so we -- and I'm not

3 saying -- so when we're looking at the stage where we

4 arewith all the new drugs coming -- and this was

5 mentioned in case 2 with all the drugs coming. Should

6 we concentrate on adding drugs one by one to what we

7 have, which, if you did iteratively given how long it

8 takes, you're going to take a couple of decades,

9 right, to switch in, get in? Or should we start
10 thinking "by whatever means'?
11
12 ways of trying to combine this. And there are
13
14 MAC and certainly in M. abscessus where standard
15
16
17
18
19
20
21
22

And Tim from Hopkins presented, you know,

different ways. But shouldn't we be thinking of in

therapy is, you know? No good, right?

So shouldn't we be thinking of building new
regimens and taking those now to Phase Il and Phase
111 clinical trials faster? Otherwiseit's going to
take us decades to just change the MAC regimen, right?
So that's my question.

UNIDENTIFIED SPEAKER: Weéll, I'm not really
sure how to fully respond to that, but the -- there's

Page 247
And it's of great importance to the patients and their

1
2 families of course. So | would just urge for usto
3 consider the COPD patients.
4 When | wasin Florida, | took care of alot
5 of these folks. There seemed to be alot more smoking
6 down there and they usually comeinreally sick. And
7 you can make them better, they feel much better, and
8 you can prevent progression with treatment.
9 UNIDENTIFIED SPEAKER: Thanks.
10 UNIDENTIFIED SPEAKER: Yeah, so I'm Tohand
11 Ugumbu (ph) from Bela (ph). Two issues. So thefirst
12 oneisthe microbiological endpoint. And | think
13 somebody mentioned a very important point. We tend to
14 think of it as either/or, right? But there are tools
15 that are used in the clinic now where you can have a
16 quantitative -- use it as a quantitative measure so
17 that, you know, it's not either/or, right? Y ou know,
18 you can tell if thereis a decrease in bacterial data.
19
20 samples. But it doesn't haveto be either/or, right,

I know thereisalot of noise in sputum

21 interms of microbiological outcome. And that might

22 improve the power and reduce sample sizes.

Page 249
1 developing drugs, there's developing regimens, which
2 arereally two different pathways. And if you're
3 talking about combinations, getting into the
4 combination roleto find out how these drugs not only
5 interact with each other, but also which one is adding
6 anything to the regimenitself. So...
7 UNIDENTIFIED SPEAKER: Hi. Thanks. It's
8 KiraKahn (ph) from Johns Hopkins again. And just to
9 the point earlier that James Chalmers raised about the
10 feasibility of blinding clinicians and Pls to cultural
11 results. In my opinion, that's aterrible idea.
12 Patients deserve to know and | as atreating physician
13 deserveto know in particular what the drug's
14 susceptibility pattern is of the background regimen.
15

16 resultsto know whose culture positive after several

So if you're blinding usto the culture

17 months of treatment in atrial, you're also blinding

18 usto know whose culture positive and who may have
19 developed macrolide resistance, for example.

20
21 for patients whether they are macrolide susceptible or
22 resistant. And | think that patients deserve to have

Andit'savery different treatment decision
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1 the best available information about what their
2 chances are of achieving agood outcome. And that
3 means that we need to have that information at that
4 time.
5 UNIDENTIFIED SPEAKER: So my experienceis
6 that doctors aren't getting that many cultures. I'd
7 like to hear from people when they are treating, how
8 many are getting monthly cultures on their patients or
9 how many are getting them every 3 months or every 6
10 months.
11 UNIDENTIFIED SPEAKER: There'slike here
12 (inaudible 1:05:20) they get them every like 3 or 4
13 days.
14 UNIDENTIFIED SPEAKER: | got them about every
15 2 monthsfor -- to throw it out there.
16 UNIDENTIFIED SPEAKER: Yeah, my senseis--
17 you know, taking alot of patients from out of state,
18 we see that the practice will -- our practiceis
19 monthly or every other month. But it's hugely
20 variable on the community. Sometimesit's never, you
21 know: "We're going to treat you for 12 months and see

Page 252
1 knew that, would probably be obtaining susceptibility
2 studies at that point.
3 MR. CHALMERS: Yeah. And | think Patrick is
4 talking about the general NTM population. And thisis
5 refractory patients, so you're changing therapy on --
6 and | think we all would recommend that you should be
7 doing more frequent cultures than your normal
8 practice. And | think most physicians would end up
9 break the blind.
10 UNIDENTIFIED SPEAKER: And even if they don't
11 doitintheir clinical practice, in the setting of a
12 clinical trial if there'samacrolide resistance that
13 has developed or abscesses (ph) is now growing, |
14 think there's some ethical issues about not knowing
15 about it.
16 MR. CHALMERS: Andyou'd also haveto explain
17 it to the patient when you enroll them that for the
18 next 24 months we're not going to be able to look at
19 anything that goes on in your lungs. Even if your
20 normal practiceis not to do it very frequently,
21 that'sgoing to be areal disincentive to the patient.

22 how you do." So -- not that that's the right thing to 22 UNIDENTIFIED SPEAKER: But ...
Page 251 Page 253
1 do. 1 UNIDENTIFIED SPEAKER: Yeah, | actually
2 UNIDENTIFIED SPEAKER: And my guessisthat | 2 wanted to make a quick comment about that. Because

3 there are only a handful of people who are actualy
4 getting susceptibility testing, period, but certainly
5 with any regularity.
6 MR. AKSAMIT: Yeah. Yeah, | think that even
7 though we would do this monthly, we wouldn't
8 necessarily repeat susceptibility testing on aregular
9 basis unless there was an indication somebody was
10 failing therapy.
11 | don't know that that's part of standard
12 practice, at least that's not mine. But | think to
13 collect every month. And looking not only for
14 treatment response with respect to the microbiological
15 endpoint, but also istheir new a pathogen present.
16 Because that's not an infrequent occurrence. They
17 have another second NTM show up during primary
18 therapy.
19 MR. FLUME: Butif Kirawas speaking to this
20 particular case, that would be 24 months of not
21 knowing the culture results. So | think most of us at

22 6 monthswould -- if they're still positive and we

3 again, we have not had a chance to analyze dl of the

4 qudlitative data from the survey, but | can tell you

5 that there was alot of feedback from patients who

6 were not necessarily being treated by one of the more

7 expert physicians, so most of the people in this room.

8 But their feedback generally is that the

9 physicians out in the general community need to be
10 better educated about the disease, about how to treat
11 it, how to diagnoseit.
12
13 patient and say to them, "Well, your physician is not

So now if you take a potential clinical trial

14 going to know what your cultures ook like for 2

15 years," your enrollment probability -- you're going to

16 have like maybe -- maybe a quarter of the patients are
17 going to be willing to enroll. | don't seethat as

18 being ethical and | don't see it as being feasible to

19 enrall.

20 UNIDENTIFIED SPEAKER: Okay. I'm going to
21 just assume that everyone agrees that we're not going

22 to be blinded for 16 months, so that we're all into a
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1 6-month treatment regimen. 1 actualy.
2 MR. CHALMERS: Yeah. 2 UNIDENTIFIED SPEAKER: Andin David's
3 UNIDENTIFIED SPEAKER: But | want to ask 3 defense, because | think he's comfortable with alab

4 Chuck to just qualify what do you do then if you have
5 apatient who isclinically better on your regimen
6 during the MAC and now the culture grows abscesses?
7 UNIDENTIFIED SPEAKER: | turn on my clinician
8 hat and | make adecision: "Do | think thisis harming
9 the patient?' Usually, what that would mean is
10 collection of additional sputum, because it may have
11 been aonetime culture. I'll get aCT scan if we
12 haven't dready gotten one, assess the patient's
13 symptom-wise and just do aclinical assessment. And
14 if | think that is hurting them, | will treat them for
15 it.
16 UNIDENTIFIED SPEAKER: Soif youreina
17 clinical trial where -- | realize you can't see what
18 I've drawn here -- that they're 6 monthsin treatment
19 and you're given that opportunity to make a changein
20 therapy at 6 months or in that open period afterwards
21 based upon radiographic findings or clinical findings,
22 you have that opportunity to do that.

4 that he hasalot of confidence. And so you raisea
5 really important point that for Dave and those that
6 practiceat Tyler, they'reused to that. It'sa
7 hammer they've gotten alot of mileage out of and feel
8 very comfortable with. But isthat the same hammer
9 that we all or that community 1D and pulmonary
10 physicians have? And the answerisno. Soif
11 you're...
12 UNIDENTIFIED SPEAKER: But | think (cross
13 talk) usetheir lab and that tool failed.
14 UNIDENTIFIED SPEAKER: Right. But let me
15 just point out that it didn't fail. But that wasin a
16 treatment refractory population, where presumably the
17 variability would be higher. And so | don't discount
18 or doubt the results that they got in a treatment
19 naive population. | think it probably is helpful
20 therein the data or the data.
21
22 variability, especidly if there are penalties

But, you know, there can be alot of

Page 255
1 UNIDENTIFIED SPEAKER: At 6 months, yes.
2 UNIDENTIFIED SPEAKER: And that clinical hat

3 thing you described is going to take about 3 months to
4 sort out, right? You're going to get -- you're going
5 to get repeated cultures, you're going to get a scan,
6 and you're going to see how the patient does. This
7 can take 3 months to deal with that, so.
8 UNIDENTIFIED SPEAKER: Yeah.
9 UNIDENTIFIED SPEAKER: Can| just make a
10 quick comment? I've heard a couple of people
11 advocating to go back to using the semi-quantitative
12 scadleasasensitivetool. And I'd loveto hear Ken's
13 opinion on thistoo, but my feeling from practiceis
14 that it's not the right tool to use in these patients.
15 Thereistoo much noise and it's variable on the
16 quality of the specimen obtained.
17 UNIDENTIFIED SPEAKER: Since David is out of
18 the room, we can talk about it fredly.

19 UNIDENTIFIED SPEAKER: Now, that | said was
20 seminal.

21 UNIDENTIFIED SPEAKER: Yeah. So, you know..
22 UNIDENTIFIED SPEAKER: It wasterrible

Page 257
1 assigned in how that scale is constructed and you hav
2 alot of people dropping out, which | think is one of
3 the main problems that that showed.
4 UNIDENTIFIED SPEAKER: Can| bring the
5 conversation to the first point, which is the patient
6 population to be studied? And since this case was
7 about arefractory case, that's not what I'm getting
8 at.
9 But if the point isto find patients who are
10 likely to change, if you're -- you've got your
11 clinical endpoint, can that now be an inclusion
12 criteriawhich definesthis? And I'll use as my
13 example that in the CF trials were FEV 1 can change,
14 recruitment patientsin those trials hasan FEV'1
15 between X and Y, because those are patients who are|
16 likely to change.
17 So your inclusion criteria not just nodular
18 bronchiectasis. Or it could be NTM lung disease
19 excluding cavitary disease. But then they also might
20 need to have something that -- a cough score of X or
21 your PRO score lessthan Y. So that you increase --
22 you enrich your population for effect. That was
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1 intended to be a conversation... 1 number. But not everyone was.
2 MR. CHALMERS: So since nobody -- since 2 UNIDENTIFIED SPEAKER: Erica, did you want to
3 nobody iswilling to contradict you, I'll play devil's 3 say something?
4 advocate and say, | mean, we have talked alot about 4 MS. BRITTAIN: | think somebody else has
5 not reducing the pool of patients because of the need 5 aready saidit.
6 to have generdizable data. And | guessif you say we 6 UNIDENTIFIED SPEAKER: Hi. May I? Hi.

7 need aQOL-B score less than 60 based on Dr.
8 Sullivan's graphs, she'd exclude maybe athird of the
9 patients. So the study becomes more difficult to
10 enrall.
11
12 if you -- again, coming back to thisideaof a

So | think that's the argument against it, is

13 composite, if you said they have to have cough or

14 breathlessness or fatigue because your endpoint

15 encompasses all of them, then you don't have -- you

16 have more generalized ability and you find it easier

17 toenroll. Having said that, | think if | were

18 designing a study tomorrow, 1'd go for A QOL-B less

19 than 70.

20 UNIDENTIFIED SPEAKER: Yesah, | think that was
21 avery important presentation and | think that that's

22 areally important lesson from your trias, thisidea

7 Christian Campbell (ph) with Johnson & Johnson. So on
8 that question of refractoriness, Dr. Daley, what do
9 you think would be a reasonable time period to make
10 that cut of what constitutes refractoriness that
11 belongsintheclinical trial?
12 MR. DALEY: Wédll, I think the trial showed us
13 that, | mean, in 6 months. Becauseif you -- beyond 6
14 monthsif you don't do something, they stay the same.
15 | mean, | think it was very powerful from both Phase
16 11, Phase Il that you have to do something. And if
17 you don't, they just stay the same.
18 So it could be -- but it'sreally 4 months.
19 Weknow by really the culture that was taken at 4
20 monthsin the Phase 11 trial, because that's how you
21 -- it was 29 percent at 4 months, because it was by 6
22 months. But it had to be obtained at 4 months.

Page 259
1 that if you're going to measure something over time,
2 they've got to start with it. And if they don't have
3 it, thenit's not going to work. It's-- it's...
4 UNIDENTIFIED SPEAKER: (off mic)
5 UNIDENTIFIED SPEAKER: Yeah, it'sgoing to
6 awaysfail. But | would aso point out from your
7 datathat we still haven't defined refractory yet,
8 because even though we know what your inclusion
9 criteriawere at least 6 months, you showed the people
had been on it for years, had been treated for years.
Now, | don't think clinically a patient who
has been on atreatment for 10 yearsisthe same as
someone who hasn't converted in 6 months.
UNIDENTIFIED SPEAKER: | agree.
UNIDENTIFIED SPEAKER: And so | will say --
and the definition of refractory, we really need to
tighten that up also.
UNIDENTIFIED SPEAKER: Yet given that 30
percent of those patients did convert...
UNIDENTIFIED SPEAKER: Yeah, it wasthe
hardest group you can imagine clinicaly. And so for
clinicians, | think we were very impressed by that
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1 So | think we know that it's 6 months beyond
2 we need to do something. And it may bethat it's
3 earlier than that, 3 months or 4 months, which we 