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Since fibrosis is common and has adverse effects in all organs, dttsaative
therapeutic target

Contrary to the widely held perception that scar tissue is permanent, the available evidence
points to thehighly plastic nature of organ fibros ¢
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Strabmisus
Pulmonary fibrosis
Restrictive lung disease
Skin Pulmonary hypertension
Scleroderma Right-sided heart failure
Keloid — — —
Nephrogenic systemic fibrosis
R e —
Cardiac fibrosis
Diastolic dysfunction

Heart failure, with reduced
or preserved ejection fraction

Pancreatic fibrosis

Arrhythmia Chronic pain
Diabetes mellitus
Cirrhosis Malabsorption
Cancer
Portal hypertension
Ascites

Gastroesophageal varices

Hepatorenal syndrome

Renal fibrosis

Hepatopulmonary syndrome
Portopulmonary syndrome Chronic kidney disease
Hypertension
Hepatic encephalopathy Araimis
Hepatocellular cancer Electrolyte disturbances




Introduction

A IPF is a specific form of chronic, progressive
fibrosing interstitial pneumonia of unknown Natural course of lung function in patients
cause that leads to irreversible loss in lung with mild to moderate impairment
function; average FVC decline
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A Pirfenidone and nintedanib were approved for g ‘\\
IPF in 201434 = “~~\~
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i Both slow the rate of decline in FVC @ Average FVC decline RN
. ~15071 200 mL for 1st year
i No drugs to date have been shown to abort 5__% y
disease progression or improve any objective © >
measurements of disease status®'® Time
A The need for novel IPF treatments persists Adapted from Raght . Eur Respir J; 501701209

FVC, forced vital capacity; IPF idiopathic pulmonary fibrosis.

1. Raghu G, Eur Respir J. 2017;50:1701209; 2. Olson AL, et al. Am J Respir Crit Care Med. 2007;176(3):2771 84; 3. Esbriet US prescribing information. Available at:
https://www.accessdata.fda.gov/ drugsatfda_docs label/2014/022535s000Ibl.pdf (accessed March 2018); 4. Ofev US prescribing information. Available at:
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/205832s000Ibl.pdf (accessed March 2018); 5. King TE, Jr, et al. N Engl J Med. 2014,;370(22):2083i 92;
6. Richeldi L, et al. N Engl J Med. 2014;370(22):2071i 82.
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Medical Therapy in Idiopathic Pulmonary

Fibrosis

Katerina M. Antoniou! Wim Wuyts? Marlies Wijsenbeek?® Athol U. Wells*

Semin Respir Crit Care Med 2016;37:368-377.
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Medical therapy for idiopathic fibrosis remains controversial. Idiopathic pulmonary
fibrosis (IPF) was uniformly a disease that progressed inexorably, typically leading to
death within 3 to 5 years from onset of symptoms. Until recently, lung transplantation
was the only effective transplant option. Within the past decade, several placebo-
controlled trials failed to show benefit in patients with IPF. However, within the past
2 years, two novel antifibrotic agents (pirfenidone and nintedanib) were approved by
the Food and Drug Administration (FDA) in the United States and European Medicines
Agency (EMA) based upon pivotal studies that showed benefit (specifically slowing of
the rate of disease progression) with both agents. Short-term outcomes (12 months)
showed less deterioration of physiological parameters (e.g., change in forced vital
capacity), although survival benefit has not convincingly been established with either
agent. Nonetheless, these agents bring a glimmer of hope to patients with this deadly
disease. The appropriate indications for initiating therapy, best candidates for therapy,
and possible role for combination therapy remain controversial. Additional studies using
agents that attenuate or abrogate profibrotic cytokines and chemokines may provide
even further improvement in the future.



Targeting of established and novel pharmacologic pathways in IPF

The Abnormal IPF Lung Architecture

——— ‘\NY\“

)

Intracellular Pathomechanism

1. Epigenetic changing and shorten telomeres

2. Protein misfolding/ accumulation

3. Mitochondrial dysfunction/ antiapoptotic signaling
4, Profibrotic cytokine and membrane receptor
activation

Kareem Ahmad and Steven D. Nathan. EXPERT REVIEW OF RESPIRATORY MEDICINE 2018



Combination therapy: Rationale for combination of antifibrotics
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Pirfenidone attenuates fibroblast
proliferation"”’

Pirfenidone inhibits the synthesis
and acivity of TGF-B, a potent
mediator of lung fibrosis’*

Pirfenidone inhibits TNF-a
synthesis, another fibrotic
mediator and inflammatory
cytokine™”

Pirfenidone inhibits collagen
production® #**

Prolileration, migration, /

Data from animal and in vitro studies survival and angicgenesis —
1. Di Sario A, et al. J Hepatol. 2012;37:5841 591; 2. Schaefer CJ, et al. Eur Respir Rev. 2011;20:83T97r&-9ku—|—|—,—etﬂ|7€l]|”j Pharmacol. 2008;590:400i 408;
4. Liu H, et al. Am J Transplant. 2005;1256i1 1263; 5. Nakayama S, et al. Life Sci. 2008;82:210i 217; 6. Oku H, et al. Eur J Pharmacol. 2002;446:167i 176;

7. Grattendick KJ, et al. Int Immunopharmacol. 2008;8:679i 687; 8. lyer SN, et al. J Pharmacol Exp Ther. 1999;289:211i 218; 9. Wollin L, et al. Eur Respir J.
2015;45:1434i 1445
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No relevant pharmacokinetic drug-drug
interaction between nintedanib and pirfenidone

Luca Richeldi, Sophie Fletcher, Huzaifa Adamali, Nazia Chaudhuri, Sabrina Wiebe, Sven Wind, Kathrin
Hohl, Andrew Baker, Rozsa Schlenker-Herceg, Susanne Stowasser, Toby M. Maher

Nintedanib and pirfenidone are two drugs approved for patients with idiopathic pulmonary
fibrosis (IPF). Since nintedanib and pirfenidone act in different ways, combining them is a
potentially attractive treatment option. Our study sought to confirm that these drugs do not
adversely affect the concentration of each other when given together in patients with IPF.
Our analysis confirmed that the concentration of each drug does not change when they are
given in combination. Further studies will be required to evaluate the clinical benefit of using

these drugs in combination.



Antifibrotic combination therapy trials in IPF

A Two trials combining pirfenidone and nintedanib were completed in 2017

Nintedanib added to stable pirfenidone Pirfenidone added to stable nintedanib

(NCT02598193; Roche)!2 (NCT02579603; BI)3

Design Exploratory multicentre, open-label, single-arm Open-label, randomised, parallel-group

Duration 24 weeks 12 weeks

Patients (%) who complete
24 weeks of combination treatment Patients (%) with on-treatment Gl AEs

on pirfenidone (16021 2403 mg/day) from baseline to Week 12
and nintedanib (2007 300 mg/day)

1. Flaherty K, et al. Poster presented at ERS 2017: PA2805;
BI, Boehringer Ingelheim 2. Flaherty K, et al. Eur Respir J; accepted for publication; 3. Vancheri C, et al. Am J Respir Crit Care Med. 2018;197:3567 363



Trials of Pirfenidone and nintedanib in combination

ﬁrials of pirfenidone and nintedanib \
In combination
A Nintedanib added to pirfenidone4 and

pirfenidone added to nintedanib
(INJOURNEY)?®

A Safety and tolerability profile similar to
Phase lll trials, with a slightly higher
discontinuation rate

A Short duration, no placebo controls
A No robust efficacy data

. 4

1. Parker J, et al. ATS 2017;195:A7606; 2. Raghu G, et al. Lancet Respir Med. 2017;5:22i 32;
3. Clinicaltrials.gov identifier: NCT02550873; 4. Flaherty KR, et al. Eur Respir J. 2018;52:1800230;
5. Vancheri C, et al. Am J Respir Crit Care Med. 2018;197:3561 363




Importance of accounting for comorbidities in patients with IPF

AThe move towards a holistic approach for management of
IPF

i Including a focus on quality of life and best supportive care
AWe need to take comorbidities into account when treating
IPF




Modifiable Comorbidities in IPF management

Comorbidity Key Points

Recent Relevant Publication(s)

OSA/Sleep Disorders * High incidence of sleep apnea, up to 88% of IPF patients
o Treatment improves QOL and outcomes (worsening ischemic heart disease)
o Architectural distortion, abnormal respiratory pattern, nocturnal desaturation
are common

Pulmonary Hypertension (PH) e Entails poor functional status and survival

o Treatment directed at PH has lacked efficacy and potentially can be harmful
» Oxygen is only supported intervention

[ ]

Possible role for earlier intervention

GERD o Possible causative relationship
* Not conclusive if prophylaxis is beneficial in regards to progression
o Occult disease should be treated as it is associated with worse outcomes

Exercise Intolerance/ * Regular activity/exercise is beneficial for quality of life and outcomes
Deconditioning o Referral to pulmonary rehabilitation should be done in early disease for
greatest benefit

Venous Thromboembolism Higher incidence of VTE in IPF patients
(VTE) » No optimal anticoagulant, pre-emptive AC is associated with increased
mortality
o AC shown to improve mortality in AE-IPF

Mermigkis C, et al. Chest. 2017

Collum SD, et al. Canadian Respiratory
Journal. 2017

Fidler L, et al. Chest. 2018

Vainshelboim B. Breathe. 2016

Kreuter M, et al. Eur Respiratory Journal. 2016

OSA- Obstructive Sleep Apnea, QOL- Quality of Life, GERD- Gastroesophageal Reflux Disease, AC- Anticoagulation
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Proton Pump Inhibitors in IPF: A Call
for Clinical Trials

Yohannes T. Ghebre'2*

" Department of Radiation Oncology, Baylor College of Medicine, Houston, TX, United States, ? Section of Pulmonary and
Critical Care Medicine, Department of Medicine, Baylor College of Medicine, Houston, TX, United States

The recent FDA approval of two drugs, pirfenidone and nintedanib, for the treatment of
idiopathic pulmonary fibrosis (IPF) has fueled interest in the development of additional
drugs to treat the disease or its major clinical complications including cough and acute
exacerbations. Since 2015, there are at least a dozen active interventional studies that
are testing the efficacy of novel pharmacotherapies, exercise or stem cells in modifying
the disease process in IPF. Additionally, there are combinatorial studies evaluating the
effectiveness of pirfenidone or nintedanib in combination with other agents. However,
there remains an urgent need for clinical trials to prospectively evaluate the efficacy
of existing drugs with promising retrospective data, such as proton pump inhibitors
(PPIs), in IPF. Several retrospective cohorts have provided tantalizing data supporting
the beneficial effect of PPIs in patients with well-defined IPF. This review provides the
general outlook of pharmacotherapies in IPF, and highlights preclinical and retrospective
clinical data to make a case for randomized controlled clinical trials of PPIs in IPF.

Frontiers in Pharmacology | www.frontiersin.org May 2018 | Volume § | Aricle 409

Laparoscopic anti-reflux surgery for the treatment of
idiopathic pulmonary fibrosis (WRAP-IPF): a multicentre,
randomised, controlled phase 2 trial

Raghu G, et al. Lancet Respir Med 2018



