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The use of inhaled antibiotics to combat pulmonary infections (primarily
Pseudomonas aeruginosa) in patients with cystic fibrosis is nearly
universal and until recently has been primarily scheduled as intermittent (28 days on, 28 days
off) dosing. But how did this scheduling regimen come about? Is it the most effective use of
inhaled antibiotics for all patients? What evidence describes the potential benefits and
detriments of other dosing schedules, either continuous monotherapy dosing or two different
inhaled antibiotics on an alternating schedule?

In this eCystic Fibrosis Special Edition, guest author Dr. Patrick Flume of the Medical University
of South Carolina:

Please read the newsletter.
« provides background and insight on scheduling inhaled antibiotics
« discusses the recently released re;ults_ from the Co_ntinuo_us AItern_atin_g Th(_erapy (CAT) trial See the post-test link at the
presented at the 2015 NACFC meeting in San Francisco with eCystic Fibrosis Review Program end of the newsletter.
Director Dr. Peter Mogayzel of the Johns Hopkins School of Medicine [audio link and transcript
available from within this newsletter]
« discusses current inhaled antibiotic scheduling protocols with: [audio link and transcript Follow the instructions to
available from within this newsletter] access the post-test.

o Dr. Scott Bell from the Prince Charles Hospital in Queensland, Australia
o Dr. JP Clancy from Cincinnati Children's hospital in Cincinnati, Ohio
o Dr. Stuart Elborn from Queens University in Belfast, Northern Ireland

After participating in this activity, the participant will demonstrate the ability to:
= Review the history of the current approved regimen for inhaled antibiotics for the treatment of
airways infection in patients with cystic fibrosis.

= |dentify the perceived inadequacies of inhaled antibiotics and current practice patterns in
patients with cystic fibrosis.

B Evaluate the findings of the recently completed trial investigating continuous alternating
inhaled antibiotic therapy for patients with cystic fibrosis.

The Johns Hopkins University School of Medicine takes responsibility for the content,
quality, and scientific integrity of this CME activity.
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Inhaled antibiotics are considered standard of care for patients with cystic fibrosis (CF) who

have chronic infection of the airways by Pseudomonas aeruginosa (Pa).1'3 Antibiotic
formulations have approved for inhalation by regulatory agencies, but this has not always

been the case. Ad hoc use of antibiotics by inhalation were reported as early as the 1940s,*
but the first controlled study of inhaled antibiotics in CF patients did not appear in the

literature until 1981 ,5 followed by a series of small studies.

The path to approved products started with the novel, off-label use of nebulized IV
formulations, but it was the investment of the Cystic Fibrosis Foundation that spurred
meaningful commercial investment in new CF drugs. The early industry approach was to
repurpose existing drugs (eg, tobramycin) and to work with regulatory agencies on what
would be required for marketing authorization.

Tobramycin was the first drug to undergo development as an inhaled formulation. In 1989 Dr.

Arnold Smith et al® observed that the pharmacokinetics of tobramycin clearance were
unusual in patients with CF compared to that of other patients, primarily because CF sputum
acted a reservoir for tobramycin. It was important that the drug was in the sputum, at the site
of infection, but the sputum itself rendered the drug inactive. This observation led to the
hypothesis that larger quantities of tobramycin, which could only be delivered by the inhaled
route, could improve outcomes. Subsequent clinical trials demonstrated an increase in lung
function (ie, forced expiratory volume in 1 second, FEV) during prolonged exposure to
inhaled tobramycin, as long as three months. The further observation and cause for concern,
however, was that the treatment selected for tobramycin-resistant Pa at the end of three
months reverted to tobramycin susceptibility after follow up. The fact that the peak FEV4
response at two weeks was sustained at four weeks but was somewhat less at eight weeks
led to the decision for a shorter course of therapy, based on studies comparing four to eight

LISTENTO
weeks of treatment.” There seemed to be little efficacy advantage for the longer treatment THE INTERVIEWY

duration, which led to the intermittent (ie, 28 days on-28 days off) regimen for the pivotal MR B

phase 3 clinical trialsB, under the belief that chronic intermittent use might reduce emergence
of tobramycin resistance while retaining the improved pulmonary function for a longer period.
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The development of inhaled tobramycin was contingent upon accepted clinical endpoints.
Microbiological endpoints (ie, a reduction in bacterial density) were not considered
acceptable surrogate endpoints, as they did not correlate well with how a patient feels,
functions, or survives. Although there was skepticism about an improvement in FEV 4, that
measure became the accepted primary endpoint. Pulmonary exacerbations, frequent events
in the lives of CF patients yet requiring many more patients to power a study, initially became
the secondary endpoint but were later seen to be of critical importance.

Since the approval of tobramycin solution for inhalation, there has been approval of additional
inhaled antibiotics in the US, including aztreonam lysine and a powder formulation of
tobramycin. The approval of these products was based upon a similar regimen used for
tobramycin solution (ie, month on-month off). Since the approval of these inhaled antibiotics,
a key question has arisen: Is the intermittent regimen the most effective, or would a chronic,
daily regimen prove more effective?

The question is becoming of greater importance as the reported use of inhaled antibiotics has
evolved over the last few years. Since the approval of inhaled aztreonam in 2009, there has

been considerable change in the prevalence of patients receiving multiple antibiotic classes,
suggesting more clinicians are adopting and prescribing a new, continuous treatment
regimen, but one with alternating antibiotics. In 2009 nearly 13,000 patients were reported to
be using inhaled antibiotics, of which approximately 86% were on monotherapy (ie, only one
inhaled antibiotic), presumably following the indicated intermittent regimen. Just three years
later, in 2012, nearly 14,000 patients on inhaled antibiotics, approximately 30%, were
reportedly prescribed more than one antibiotic.

9

One might consider a continuous regimen of antibiotic therapy on clinical worsening of the
patient despite regular use of the intermittent regimen. It has been known since the original
trials that lung function declined during the period off inhaled antibiotics, and some patients
may continue to suffer pulmonary exacerbations. Thus, keeping antibiotic pressure on the
infected airways has become an accepted approach to treatment. A regimen of continuous
inhaled antibiotics can take several forms. One could use continuous monotherapy — ie, no
time off drug — or there could be a rotation of antibiotics, ie, continuous alternating therapy
(CAT). Studies have provided some evidence that changing to a new antibiotic may yield
further improvements in FEV1.10 Further, as more inhaled agents become available, one
could conceive of even more complex rotational regimens. The investigation of whether a
CAT regimen is superior to the approved intermittent regimen presents potential challenges.
The dosing of medications can be simplified into open label use of an approved product
(every other month), while the between months would be a comparison of a second drug
(approved or investigational) to placebo. Pragmatically, this may require use of more than
one device, as the approved products are not administered through the same inhalation
mechanisms. One might question whether every 28 days is the best duration for a rotating
antibiotic schedule, but since the current approved duration is 28 days, it is most practical for
the first test of regimens to follow that course.

The clinical endpoint of interest is also challenging. The motivation to change from the
approved intermittent regimen to a CAT regimen is driven by perceived adverse outcomes,
such as a drop in lung function or the occurrence of pulmonary exacerbations. The precedent
for approval of an inhaled antibiotic has been a change in lung function, but given the early
discomfort of regulatory agencies with this endpoint and the likelihood that there may be
limited ability to further improve lung function on treatment with an alternate antibiotic, this is
not a good choice. Thus a reduction in pulmonary exacerbations becomes an attractive
primary endpoint that is relevant to patients as well as to regulatory agencies. This is the
logic that led to the design of the CAT trial (NCT01641822), a study to investigate whether
using a continuous, alternating therapy regimen of two antibiotics of different classes may
reduce acute pulmonary exacerbations, maintain lung function, and control respiratory
symptoms for patients with CF.
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CLICK HERE to listen to eCysticFibrosis Review Program Director Dr.
Peter Mogayzel discuss the design, findings and impact of the CAT trial
with Dr. Patrick Flume of the Medical University of South Carolina.

Read transcript here

CLICK HERE to listen to Guest Author Dr. Patrick Flume of the Medical
University of South Carolina discuss current inhaled antibiotic protocols
at the Prince Charles Hospital in Queensland, Australia with Dr. Scott
Bell.

Read transcript here

Click here to listen to Guest Author Dr. Patrick Flume of the Medical
University of South Carolina discuss the CAT trial and its impact on
antibiotic scheduling at Cincinnati Children's Hospital in Cincinnati Ohio
with Dr. JP Clancy.
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Physicians
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of Medicine designates this enduring material

for a maximum of 1.0 AMA PRA Category 1
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activity.

Nurses
Newsletter: This 1 contact hour Educational Activity is
provided by the Institute for Johns Hopkins Nursing.

Respiratory Therapists

For United States: Visit this page to confirm that your
state will accept the CE Credits gained through this
program.

For Canada: Visit this page to confirm that your province
will accept the CE Credits gained through this program.

INTENDED AUDIENCE

This activity has been developed for pulmonologists,
pediatric pulmonologists, gastroenterologists,
pediatricians, infectious disease specialists, respiratory
therapists, dieticians, nutritionists, nurses, and physical
therapists.

There are no fees or prerequisites for this activity.

LAUNCH DATE
This program launched on December 18, 2015; this
activity will expire two years from the date of publication.

HARDWARE & SOFTWARE REQUIREMENTS

Pentium 800 processor or greater, Windows
98/NT/2000/XP or Mac OS 9/X, Microsoft Internet
Explorer 5.5 or later, Windows Media Player 9.0 or later,
128 MB of RAM Monitor settings: High color at 800 x 600

pixels, Sound card and speakers, Adobe Acrobat Reader.

Click here to listen to Guest Author Dr. Patrick Flume of the Medical
University of South Carolina discuss the CAT trial and its impact on
antibiotic scheduling at the Queens University Adult Cystic Fibrosis
Center in Belfast Northern Ireland with Dr. Stuart Elborn.
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SUCCESSFUL COMPLETION

To successfully complete this activity, participants must
read the content, and visit the Johns Hopkins University
School of Medicine's CME website and the Institute for
Johns Hopkins Nursing. If you have already registered for
other Hopkins CE programs at these sites, simply enter
the requested information when prompted. Otherwise,
complete the registration form to begin the testing
process. A passing grade of 70% or higher on the post-
test/evaluation is required to receive CE credit.

STATEMENT OF RESPONSIBILITY

The Johns Hopkins University School of Medicine takes
responsibility for the content, quality and scientific integrity
of this CME activity.

CONFIDENTIALITY DISCLAIMER FOR CME
CONFERENCE ATTENDEES

| certify that | am attending a Johns Hopkins University
School of Medicine CME activity for accredited training
and/or educational purposes.

| understand that while | am attending in this capacity, |
may be exposed to "protected health information," as that
term is defined and used in Hopkins policies and in the
federal HIPAA privacy regulations (the "Privacy
Regulations"). Protected health information is information
about a person's health or treatment that identifies the
person.

| pledge and agree to use and disclose any of this
protected health information only for the training and/or
educational purposes of my visit and to keep the
information confidential. | agree not to post or discuss this
protected health information, including pictures and/or
videos, on any social media site (e.g. Facebook, Twitter,
etc.), in any electronic messaging program or through any
portable electronic device.
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Click on the appropriate link
below. This will take you to
the post-test.
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Johns Hopkins on-line
course, login. Otherwise,
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Complete the post-test and
course evaluation.

Step 4.
Print out your certificate.
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NURSE
POST-TEST
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DISCLAIMER STATEMENT

The opinions and recommendations expressed by faculty
and other experts whose input is included in this program
are their own. This enduring material is produced for
educational purposes only. Use of Johns Hopkins
University School of Medicine name implies review of
educational format design and approach. Please review
the complete prescribing information of specific drugs or
combination of drugs, including indications,
contraindications, warnings and adverse effects before
administering pharmacologic therapy to patients.

STATEMENT OF NEED

Based on a review of the current literature, including

national and regional measures, detailed conversations

with expert educators at Johns Hopkins, and a survey of
potential program participants, this program will address
the following core patient care gaps:

Disease-Modifying Therapies

» Although ivacaftor is approved for treating patients
with specific CFTR mutations (eg, G551D, R117H),
clinicians remain uncertain about its use in young
children, the risk for possible drug interactions, and
recent data describing its use in other mutations.

+ Clinicians may be unfamiliar with emerging data
describing novel and in-development agents,
including correctors and potentiators, to manage
patients with CFTR class Il mutations, such as
F508del.

+ Clinicians may be unaware of recent studies of novel
agents, including correctors and potentiators,
targeting class | CFTR mutations and the potential
role of these agents in clinical care..

Nutrition

+ Clinicians who manage patients with chronic HCV
infection may be unclear about how new/emerging
drugs target different points in the viral life cycle.

+ Clinicians may be unaware of emerging clinical trial
data for current and emerging HCV therapies.

Pseudomonas Aeruginosa

+ Clinicians lack information to most appropriately
determine the optimal choice of inhaled antibiotics to
manage chronic Pa infection.

+ Clinician scheduling of inhaled antibiotic maintenance
therapy lacks adequate evidence-based guidance.

» The most effective use of inhaled antibiotics for the
treatment of pulmonary exacerbations remains
unknown.

* The evidence-basis describing inhaled antibiotic
protocols for Pa early eradication remains confusing.

| understand that | may direct to the Johns Hopkins
Privacy Officer any questions | have about my obligations
under this Confidentiality Pledge or under any of the
Hopkins policies and procedures and applicable laws and
regulations related to confidentiality. The contact
information is: Johns Hopkins Privacy Officer, telephone:
410-735-6509, HIPAA@jhmi.edu

"The Office of Continuing Medical Education at the Johns
Hopkins University School of Medicine, as provider of this
activity, has relayed information with the CME
attendees/participants and certifies that the visitor is
attending for training, education and/or observation
purposes only."

For CME Questions, please contact the CME Office (410)
955-2959 or e-mail cmenet@jhmi.edu. For CME
Certificates, please call (410) 502-9634.

Johns Hopkins University School of Medicine Office of
Continuing Medical Education Turner 20/720 Rutland
Avenue Baltimore, Maryland 21205-2195

Reviewed & Approved by: General Counsel, Johns
Hopkins Medicine (4/1/03)
(Updated 4/09 and 3/14).

INTERNET CME/CE POLICY

The Office of Continuing Medical Education (CME) at the
Johns Hopkins University School of Medicine is committed
to protecting the privacy of its members and customers.
The Johns Hopkins University SOM CME maintains its
Internet site as an information resource and service for
physicians, other health professionals and the public.

Continuing Medical Education at the Johns Hopkins
University School of Medicine will keep your personal and
credit information confidential when you participate in a
CME Internet-based program. Your information will never
be given to anyone outside the Johns Hopkins University
School of Medicine's CME program. CME collects only the
information necessary to provide you with the services
that you request.

To participate in additional CME activities presented by
the Johns Hopkins University School of Medicine
Continuing Medical Education Office, please visit
www.hopkinscme.edu
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