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Need for oral antibacterial drugs

A Treat less severe infections in an outpatient setting

A Step-down therapy for severe infections after a period of
Intravenous therapy

A Safe and effective oral therapies can minimize hospital
stay, use of central lines/PICC lines for IV drug
administration and its associated complications

A Pediatric population: Need for age appropriate
formulations in children
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Recent approvals

A Intravenous formulation only

I Doripenem: Complicated urinary tract infections and complicated
intra-abdominal infections

I Ceftaroline: Acute Bacterial Skin and Skin Structure Infections
(ABSSSI), community acquired bacterial pneumonia

T Oritavancin and dalbavancin: ABSSSI

A Intravenous and oral formulations
T Tedizolid: ABSSSI

A Oral formulation only
I Fidaxomicin: Clostridium difficile diarrhea (CDAD)

I Bedaquiline: MDRTB whenan effective treatment regimen
cannot otherwise be provided
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Oral antibacterial drugs and GAIN

A Qualified Infectious Disease Product (QIDP): 62
QIDP designations granted so far

A QIDP designations not limited to antibacterial
drugs with intravenous formulation only

A Fast track status also given to both oral and
Intravenous formulations
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Potential development scenarios

A Oral therapy alone for serious infections
A Oral therapy alone for less serious infections

A Step-down oral therapy as follow on to 1V
therapy for more serious infections
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Oral formulation alone

A Clostridium difficile associated diarrhea

A Gonorrhea, Chlamydia

A Uncomplicated UTI

A Community acquired bacterial pneumonia

A Other respiratory tract infections - Acute bacterial
sinusitis, acute bacterial otitis media

A Bacterial vaginosis
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Intravenous formulation alone

A Serious infections: clAl, hospital acquired/ventilator
associated bacterial pneumonia (HABP/VABP)

A Use of nonstudy oral antibacterial drug as step-down
therapy can confound assessment of both efficacy and
safety

I Assessment at end of IV therapy if the test of cure visit
occurs at some time point after completion of therapy

I Often requires a minimum duration of IV therapy with
Investigational drug to better assess safety
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Intravenous and oral formulation

A Oral formulation can be studied as step-down therapy
for serious infections or for less serious infections

A Endpoint assessmentwill not be confounded by
nonstudy drugs

A Minimize need for hospitalization for IV therapy

A Minimum duration of IV therapy will not be needed
unless there are specific safety reasons
I Excipients used in the formulation
I Tolerability issues
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Transition from IV to oral

A Important characteristics assessed to determine
acceptabllity of an oral formulation:

I Pharmacokinetic characteristics:
A Expect differences in Tmax, Cmax
A Absolute bioavailability
A Food effect
A Substrate of gut enzymes (e.g. CYP3A4) and transporters
(e.g. P-gp, BCRP)
I Pharmacokinetic/Pharmacodynamic considerations:
A Relevant PK/PD index be similar between IV and PO
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Oral antibacterial drugs: Unmet need

A Gonorrhea: Unmet need due to increasing resistance to
available therapies

A Uncomplicated UTI: Increasing incidence of UTI due to
multidrug -resistant Gram-negative bacteria not covered
by available oral therapies

A Clostridium difficile associated diarrhea

A Osteomyelitis: Need for long term therapy; oral options
needed

A Mycobacterial infections: Tuberculosis, NTM

11
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Streamlined development programs

A Gonorrhea: Allow for a single trial along with trial at
another body site; would need reasonable safety data
especially with regard to tolerability

A UTI: Single trial in uncomplicated UTI with oral
formulation and one trial in cUTI with the IV formulation
(with or without oral step -down)

A CABP: One trial with 1V formulation in more severe CABP
and one trial with the oral formulation in less severe
CABP

12
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Benefit risk considerations

A Greater uncertainty could be acceptable for patient
populations with serious disease that do not have other
treatment options (21 CFR 312.80, subpart E)

A More difficult for less serious infections, unless there is
an unmet need, e.g. gonorrhea

A Clinical use setting will be different for oral antibacterial
drugs compared to IV antibacterial drugs
I Achieving limited use for an oral antibacterial drug can be
challenging
A Stewardship is important for both limited use and

general use population
13
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Thank You
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Challenges with Oral Antibiotic Development:
Clinical Perspective

Helen W. Boucher MD FACP FIDSA
Tufts Medical Center, Tufts University School of Medicine
On behalf of the Infectious Diseases Society of America
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Unmet Need

1

Any antimicrobials to treat Gram-negative
Infections

Better antimicrobials to treat Gram-positive
Infections

Robust and sustainable pipeline of anti-

Infective drugs to provide for our patients
now and in future generations

WHY?

John Bartlett, IDWeek 2013
16



Lives Devastated/Lost Due to Antibiotic
Resistant Infections

Premature Death
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www.AntibioticsNow.org $6 million hospital bill
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Bad Bugs
Need Drugs

Q520

Ten new ANTIBIOTICS by 2020

4 oritavancin
The Medicines Company; Approved: August 6, 2014

3 tedizolid phosphate

Cubist Pharmaceuticals, Inc.; Approved: June 20,2014
dalbavancin
Durata Therapeutics; Approved: May 23,2014

1 ceftaroline fosamil
Forest Laboratories, Inc.; Approved: October 29, 2010

CID April, 2010; http://www.idsociety.org/10x20/



Case

47 year old female school teacher presents with pain
upon urination, lower abdominal pain

1 Started on standard oral therapy - ciprofloxacin

Two days later she comes back and appears ill with
ongoing new chills, nausea and back pain

1 High fever, exam notable for new right flank
tenderness

1 Urine shows signs of infection
1 Labs: elevated white blood cells with left shift

Therapy advanced to guideline therapy for
pyelonephritis; she looked well enough to go home

1 One dose |V ceftriaxone, then oral bactrim

http://cid.oxfordjournals.org/content/52/5/e103.full.pdf+html 19



Case conti nuedeé

Two days later

Substantially worse, acutely ill, high fever, low BP,
requires hospitalization for intravenous hydration as
unable to eat or drink; 2 episodes of vomiting

o5 Exam 1 T 38.7, BP 90/60, elevated HR, ill appearing,
mild distress due to pain; worsening right flank
tenderness

5 Despite antibiotic therapy, urine culture grows
> 100,000/mL K. pneumoniae

5 K.pneumoniae identified as ESBL+
5 Resistant to ciprofloxacin, ceftriaxone, TMP/SMX
1 Admitted to hospital and treated with imi/meropenem
6 Drugs of choice for ESBLs
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Lessons from this case

1 Infections caused by resistant pathogens are
serious and not entirely uncommon

1 This could happen to you
What if there were an oral option?
5 An oral carbapenem?

5 Oral drugs in other classes that might address
gram-negative challenge?

1 Benefits
5 Avoidance of hospitalization
1 Decreased morbidity: IV catheters, risk of
sepsis
1 Less time away from work/study
o Potentially lower cost of drug and care

21



Oral Faropenem Daxolate

1 Broad spectrum oral carbapenem
1 Full development completed
5 Phase Il-lll program completed by Bayer; NDA
filed by Replidyne
1 Dose likely too low

1 2006 Non-approvable letter; further trials
recommended

1 Dose optimized

1 Regulatory issues i changing landscape
5 E.g., placebo for sinusitis, AECB

1 Development discontinued

22



Where are we now?
Oral Antibacterial Agents in Phase 3 Development

Gram-Positive

Drug name (Company) Potential Indications

Solithromycin (Cempra) CABP, GC

Eravacycline (Tetraphase) clAl, cUTI
Delafloxacin (Melinta) ABSSSI, CABP, GC

Gram-Negative

60% likely to make it to FDA approval

Systemically available antibacterials
Drugs in development for C. difficle colitis not presented

Modified from Mike Dudley IDWeek 2014

tracking-the-pipeline-of-antibiotics-in-development 23


http://www.pewtrusts.org/en/research-and-analysis/issue-briefs/2014/03/12/
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Antibacterials in Phase 2 Development
Oral Formulations (N=9)

Active vs Gram

DrugName (Company) Class negative Irlicﬁz:zr:itcl)a::s
Pathogens

Debio 1452 DebiopharmGroup) FablInhibitor No ABSSSI
CG400549 CrystalGenomics FablInhibitor No ABSSSI
RadezolidMelinta) Oxazolidinone Yes ABSSSI, CABP
TAKSTAf@sidicacid, Cemprg Fusidane No PJI
Nemonoxacin(TiaGenBiotech) Quinolone Yes CABP, DFI, ABSSSI
E'ﬁ:::ﬁ;ig?&?;g'on Fluoroquinolone Yes cUT] clAl, ABSSSI
Avarofloxacin(Furiex Actavig Fluoroquinolone Yes CABP/ABSSSI
Zalbofloxacin(DongWhaPharma) Fluoroquinolone No CABP

Type 2 topoisomerase ABSSSRes
CONalAtEr el P inhi%itor Mg infection, CAEP

Some have acitvity vs gram-negative pathogens,
few or none are active vs CRE, ESBLSs

http://www.pewtrusts.org/en/research-and-analysis/issue-briefs/2014/03/12/tracking-the-pipeline-of-antibiotics-in-development 24



Additional Unmet Needs

1 Oral therapy for respiratory infections

5 Otitis media, pharyngitis

5 CABP (outpatient)
1 STDs including resistant Gonorrhea infection
1 Step down therapy

8 bloodstream infection, endocarditis,
osteomyelitis

Robust and sustainable pipeline of anti-
Infective drugs to provide for our patients now

and in future generations
25



Thank You!

Organizers and co-presenters
Antimicrobial Resistance Committee, IDSA
Amanda Jezek, IDSA

John Billington, IDSA

Disclosures
8 Consultant/advisor to:
1 Merck, Wellcome Trust, Theravance

1 Innovative Medicines Initiative of the
European Medicines Agency

5 Adjudication Committee i NIH
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Oral Antimicrobials:

Challenges in Developing Agents to Addre:!
Unmet Needs

Michael N. Dudley, PharmD, FIDSA
Senior Vice President and Chief Scientific Officer (Rempex)
Head, Health Sciences R&D, Infectious Disease Global Innovation Group
The Medicines Company
San Diego, CA

Dudley Brookings November 2014 27



MN Dudley: Disclosure

A This is one perspective (not for all of industry, nor my employer)

A > 30 yrs in drug development in academic clinical and research
practice, and R&D in industrial setting

A My thoughts reflect recent development experience with 4
antiinfective drug products over last 3 years, as well as oversigr
of R&D programs for oral, inhaled and IV agents

ACKFyla (2 Mdekgle Xo{ 0211



Oral Antibiotic Therapy of Infections Previously
Managed with IV Antibiotics Became Possible
with Fluoroguinolones

A Oral antimicrobial therapy for pathogens frequently

encountered In inpatient setting became possible with
fluoroquinolones in late 1980s.

I Remarkable change in paradigm for treatment of many infectic

that facilitated earlier discharge, reduction of IV drug use (oral
IVA oral switch therapy)

I Rapid rise in resistance in gramgative pathogens to

fluoroguinolones over the past decade has reduced the utility

A UTIs in some areas of world are managed in outpatient setting with IV carbapenems in
infusion centers



CARBAPENEM-RESISTANT

§ =" ENTEROBACTERIACEAE

2 K 0 Q& bSEQ
' \ CRE is Moving to Settings Othel
o0 W Than Large Metropolitan Hospital

Epidemiology in longerm acute care hospitals in Chicago
- Medianduration ofcolonization 16 months
- Highrisk of transmission
CommunityAssociated (CAJRE
- CA CRE vs. HCA CRE
- CAcasesyounger lessill, with fewer comorbidities

- CACRE cases were cUTlIs 1. Haverkate et. al., ID Week 2014.
2. 2. CDC Emerging Infection Program, ID Week 2014,

Dudley Brookings November 2014



Scientific Considerations for Discovery
and Development of Oral Antibiotics

A Antimicrobial potency in vitro and good PK properties
often are orthogonal
I Oral bioavailability even more challenging: size, polar

surface area often properties that reduce drug uptake
and/or target affinity

A Preclinical in vitro and in vivo models critical for
understanding the PK and absorption
I Lots of drugs can show bioavailability and efficacy in
screening models in mice

A Best to screen PK properties in higher species rather than rely
on efficacy reaebuts in mouse models of infection (false
positives)
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PKPD Considerations for Oral Antibiotics

A Dose mass can be limiting

A Potency and doses of oral antibiotics
I Oral daily doses in 400 g g range
I For systemic infections:
A MIC <= ug/ml
I UTls:
A MICs up to 8?2 16 ?
A High concentrations in urine can ease potency, PK
requirements for treatment of UTIs

A Slow clearance/long halife, oral absorption can help
terminal halflife for betat I OG I Ya (2 -2 (2
model)



Incentives

A Many are similar considerations for IV agents

A Value based:

I Does the new therapy address a threat
pathogen/unmet need?

I Does the new therapy preserve or open up
different care pathways that are beneficial to the
health care system?




Clinical Trials, Labeling and Stewardsh

A Oral antimicrobials with activity vs. threat
pathogens need to be managed carefully by
stewardship programs

A Does indicatioronly based labeling without
reference to specific pathogens (with resistance
threat) promote use?

i Importance of labelingt X T2 NJ dz&a S A Y
3dzaLISOUSR AYFSOUGA2Y RdzS
F3ISyida FNBE fAYAGSR 2N Y



What Antimicrobial Resistance Threat Pathogens

Be Addressed With Oral Antimicrobial Therapy’:

A UTlIs and AcutByelonephritis

I Enterobacteriaceae
A ESBiproducers ¢ephresistant)
A Carbapenemresistant Enterobacteriaceae

I Pseudomonas aeruginosa
I VRE P 2 5
A Gastroenteritis f f.‘.“..!.!'.‘.'.ﬂl!f sﬁfﬂ%ﬁm --T—"“ms
I Shigella
I Salmonellgnontyphoidal)
I Campylobacter
A STD
I Neisseriggonorrhoeae
A Pneumonia
I S. pneumoniae
A ABSSSIs and Diabetic Fimd¢ctions
I MRSA
I Resistant granmegatives

36
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Summary

A Oral antibiotic R&D is challenging
I Extra level of complexity and costs to get candidates

A Value is both unmet need but also management of
Infections outside health care setting

A Appropriate guidance through labeling and
stewardship practice Is important to assist in
preserving their usefulness



Challenges with oral
antibacterials

ARSOSt 2 LISNQRa LISNA

John H. Rex, MD
SVP & Head of Infection Global Medicines Development, AstraZeneca
Non-Executive Director & Consultant, F2G Pharmaceuticals

[ohn.rex@astrazeneca.com

Slides happily sharegljust drop me a note

Rex JH201411-20 Brookings Challenges with oral antibacterials 38
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What makes a chemical a drug?

What are the requirements for it to
be given by mouth? By vein?

Rex JH201411-20 Brookings Challenges with oral antibacterials 39



IV? PO? Why one, the other, or both?

A ForVRNHzZZ a3 AU QsblubWitg auf & | o2 dzi
A FororalRNXz3 a = A O thipleX da0ust Y 2 NB

| Be stable in various solid forms
A Bulk powder (must flow) and oral dosage form

I Dissolve at the right time in the gut

| Be appropriately transported across the gut wall (in the
right direction!) while also having the right properties to
reach the site of action

Awdzf Sa 2F (GKdzYo F2 NJ 2INJ f

I Molecular weight < 500pgP< 5, limits on Fbond
acceptors, Fbond donors, and polar surface area

i 2F 2N f RNHZA& YSSO [ AL

LogP is a measure of water vs. lipid affinity. Also of note is BCS (Biopharmaceutical Classification System), a
system that uses solubility and permeability to create 4 categories for candidate oral compounds.



AntibacterialR2 Yy QU F2f f 2 6

Compared to drugs in other therapy areas...

A GramPositive Antibacterial Agents

muchhigher average mol. weight

lesslipophilic (lowerlogP

I greater polar surface area
I more Hbond acceptors
I more Hbond donors

Visually, it looks like this

. General compounds
A : Gram-positive PO drugs
p . Gram-negative PO drugs

O6 Shea, R. : JMWed @em. H.

2008, 51, 2871-2878
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A GramNegative Antibacterial Agents
I higher average MWjut average <600
I muchlesslipophilic(muchlower logBP

greater polar surface area
more Hbond acceptors
more Hbond donors
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Getting Into the blood Is just the first step
the drug must now enter the target microbe

A Outer membrane penetration is more likéhyith

I small,hydrophilic, polar, charged,
zwitterionic, divalentcationchelators — #4:

i This is all you need for Grapasitives

p2
i

A For inner membrane penetratidn
I permeableipophilic, unchargee-— Opposites!

I Unless the target is in theeriplasmicspace
between the outer and inner membranes, must
cross this membrane as well for Gramagatives

A Compounds that can do all this are rare indeed!

The compound doesndét have to have all of these pr
more likely. Refs: Nikaido, H. Microbiol. Mol. Biol. Rev. 2003, 67, 593-656 and Silver, L. L. Expert Opin. Drug
Discov. 2008, 3, 487-500




Developing oraantibacterials

How might we do this?

Rex JH201411-20 Brookings Challenges with oral antibacterials
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The role of oral drugs

A We often think of oral drugs as being for less
severe Iinfections

I Higher doses can be given IV
I IV guarantees systemic delivery

A But, oral drugs are used for severe infections

I TB,Pneumocystipneumonia

I And they are invaluable as follesn for severe
Infections

A But, there is a real challenge with the first step
2F AYAUGALFE NBIAEAOGNY O



Oral drug development challenge

A Because we generally must use active comparator
non-inferiority designs in antibacterial developmént

I We must limit our studies to infections with consistently
poor outcomes with placebo therapy

I This, in turn, requires us to study severe infections
A Patients with severe infections

I Need rapid attainment of high blood levels

I May have reduced gut function / drug absorption

I May hence require initial IV therapy
A But, for a clear demonstration of efficacy

I Test agent should be the first & only therapy given

INambiar et al. Clin Pharm Ther 96:147-149, 2014



¢tKAa tSIIRa u?2
A Easy: IV and PO possible for a given molecule
I Requires: Similar efficacious levels with both
I Studies can start IV and switch to PO

I Can study even the most severe infections
| Effect of test agent IV then PO is easily assessed

A Hard: only PO possible for a given molecule
I Need setting where initial PO therapy is possible

I ORa setting where initial IV therapy Is obviously
non-curative and additional therapy is needed to
prevent relapse



Development possibilities

A Initial oral therapy possible

I Upper respiratory infectionsofitis media, etc.)
I Less severe CABP

I Less severe skin infections

I UTI and less sevemyelonephritis

i STDsN.gonorrhoeaeChlamydia

i C.difficile; Other gastroenteritis pathogens

i Biothreatagents by animal rule

i Tuberculosis

A Initial IV therapy definitely not curative
I Osteomyelitis
I Endocarditis



Development possibilities

A Initial oral therapy possible Placebo effect size is too large

superiority designs are unreliabls
unmet need is not high

I Less severe CABP

I Less severe skin infections

I UTI and less sevemyelonephritis
I STDsN. gonorrhoeaeChlamydia

—=GC=ditfielle; Other gastroenteritis pathogens

= le

A Initial IV therapy definitely not curative

et e a Ml [engthy trials, must have extensive safet

 —Endgcarditis data to support lengthy therapy, no easy

way to do a small Phase 2 for dose select

Rex JH201411-20 Brookings Challenges with oral antibacterials 48



Plausible pathways considered

Less severe CABP (but sufficiently severe to be convincing)
I May be hard to find adequate severity patients who can take PO
I Only studies respiratory pathogerfS:;pneumoniaeandH. influenzae
Less severe skin infections (but sufficiently severe to be convincing)
I May be hard to find adequate severity patients who can take PO
i Does permit study of &ureus including MRSA
UTI and less sevemyelonephritis
I Studies Graamegativesput mostly limited toE. coli
I Entirely plausible and a significant (and growing) unmet need

I Requires drug to be cleared into urine; High urine levels augment effect and
lead to reduced confidence about efficacy at other sites

STDsN. gonorrhoeageChlamydiad

I Plausible and useful, but therapy is always brief (often just a single dose),
efficacy will not generalize to other settings and pathogens,

Gastroenteritis pathogenssalmonellaShigella E. co)i
I Plausiblestudies Granmegatives but limited generalization



Economics

A Traditionally, oral drugs require a very different
approach to sales & marketing via a (usually large)
primary care marketing team
i¢KS alfsSa g9 YIFINJSGAYy3I GaSIY

the number of physicians who use the agent

A These drugs would, however, be differeif
approved on small datasets for patients with limited
treatment options, a model in which volume of use is
separated from innovation reward is really required
i2SAONB 62NJAYy3 KINR 2y 0O2yO0

eSU NBlIfAOGEd® LGQa 3F2Ay3T 02



Personal view

A When you look at all the hurdles, it is amazing
that we have anwntibacterials IV or PO!

A We (AZ) chose some years ago to focus on
serious infections

A That, in turn, led us to put less emphasis on
oral-only drugs as development candidates
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Oral Antibiotics
Study Designs

John H. Powers, MD
Associate Clinical Professor of Medicine
George Washington University School of Medicine



Define Unmet Medical Need
Relates to Study Objectives

¥ Serious and life threatening diseases

¥ Many infections for which oral drugs used as
primary therapy not serious and life threatening

¥ Unclear evidence of benefit - URIs
¥ Clear evidence of benefit - uUTI (but not serious)

¥ Study settings
¥ Primary oral therapy ~ can this be for serious/life
threatening as reliance often based on tradition
¥ Follow-on therapy after IV treatment -
¥ Acute (e.g. skin infections, CABP

¥ Chronic - TB, osteomyelitis, endocarditis?
54



Research Questions and Study

1

Design

Improved effectiveness = setting of antibiotic
resistance
¥ Superiority trial (enrollment diagnostics)

Decreased harms ¥ not relevant unless effective first
¥ Does not have to be non-inferiority if use different endpoints

¥ Examples of harms in recent literature (Fralick et al BMJ 2014)
makes assurance of efficacy primary concern

Improved convenience ¥ should result in improved
effectiveness or decreased harms

Decreased overall costs  often not a regulatory
question but clearly of important to payers



Example - CMS Review Dalbavancin

TAWIth these | I mitations
using efficacy data to establish substantial
clinical improvement, the applicant
suggested that the outpatient treatment,
elimination of central lines and avoidance
of hospitalization all may improve safety,
avolid treatment associated infections and
Improve patient satisfaction, and that these
factors demonstrate substantial clinical
Improvement. While the factors mentioned
may be true, the applicant did not present
any evidence to support its assertions. O

April 8-10, 2014 Presenter - Session Name



Discontinued NMEs and BLASs.
Approved by FDA (1980-1999)

Outterson K et al J Law Medicine and Ethics 2013

Antibacterials for Systemic Use 50.0%

% NVIEs & BLAs
Discontinuesc
frorn Varket



Follow-On Drugs
Trial 1 - Non-inferiority trial fixed durations

Randomization Tieatment effect Evaluation of Outcomes

R

Contio

Fov dcuteadBetsés Gkind CABBR) doa’ekaow wisak
benefit is off additional intervemtion to designNY|



2.Comparison with a Control
Trial 2 - Superiority trial fixed durations

Randomization £\ 2 1ation of Outcomes

o

Contiol

ps
-=)
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2. Comparison with a Control
Study4i1 Superiority tri al

Randomization

trigger Evaluation of Outcomes
SN
1 »
Contiol
NTri ggero can be | ab t
combination

(PRO becomes APRI &)



