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SYNOPSIS

Sponsor:
Pearl Therapeutics, Inc.

Name of Finished Product:
e Budesonide, Glycopyrronium, and Formoterol Fumarate Inhalation Aerosol (Budesonide,
Glycopyrronium and Formoterol Fumarate Metered Dose Inhaler; BGF MDI; PT010)
e Glycopyrronium and Formoterol Fumarate Inhalation Aerosol (Glycopyrronium and
Formoterol Fumarate Metered Dose Inhaler; GFF MDI; PT003)

e Budesonide and Formoterol Fumarate Dihydrate Inhalation Aerosol (Symbicort® MDI)

Name of Active Ingredients:
e Budesonide
e Glycopyrronium
e Formoterol fumarate dihydrate

Study Title:
A Phase I, Randomized, Double-Blind Within Device, Single-Dose, Four-Period, Six-Treatment,
Cross-Over Study Evaluating the Safety and Pharmacokinetics of Three Doses of Budesonide,
Glycopyrronium, and Formoterol Fumarate Inhalation Aerosol (BGF MDI), One Dose of
Glycopyrronium, and Formoterol Fumarate Inhalation Aerosol (GFF MDI), and Two Doses of
Symbicort® Inhalation Aerosol in Healthy Volunteers
Study Number:
PT010001-00
Study Phase: Phase I
Primary Objective(s):
The primary objective of the study is to determine a dose of budesonide that when formulated
with glycopyrronium and formoterol fumarate in BGF MDI provides comparable systemic
exposure [pharmacokinetics (PK)] to budesonide following administration of Symbicort MDI
320/9 pg (2 inhalations of 160/4.5 ug).
Secondary Objective(s):
The secondary objectives of the study are:

e To assess if a drug-drug interaction (DDI) occurs when budesonide is formulated with

glycopyrronium and formoterol fumarate in BGF MDI compared to GFF MDI alone.
e To evaluate the safety and tolerability of the treatments administered; i.e., BGF MDI,
Symbicort MDI and GFF MDI.

Study Design:

This is a healthy volunteer Phase I study with a randomized, double-blind within device,
four-period, six- treatment, cross-over design. All study drugs will be administered by oral
inhalation. The six treatments are:
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e BGF MDI 320/14.4/9.6 ug
e BGF MDI 160/14.4/9.6 g
e BGF MDI 80/14.4/9.6 ug
e GFF MDI 14.4/9.6 ug

e Symbicort MDI 320/9 pg
e Symbicort MDI 160/9 g

Following determination of study eligibility, subjects will be randomized to one of 12 treatment
sequences. Each treatment sequence will contain BGF MDI 320/14.4/9.6 pug, GFF MDI
14.4/9.6 ug, and Symbicort MDI 320/9 g, and one of the remaining three treatments. At the
target of 84 subjects randomized, each sequence will be used 7 times. If all subjects complete
the study, the design is balanced for both period and first-order carryover effects. Treatments
will be blinded within the two devices.

Study Population:

Eighty-four healthy male and female subjects are planned for enroliment in the study. Full
inclusion and exclusion criteria are listed in Section 5.1 and Section 5.2, respectively.

Test Product; Dose; and Mode of Administration:

All dosing of the study drug will be by oral inhalation. The three doses of BGF MDI
(320/14.4/9.6 g, 160/14.4/9.6 g and 80/14.4/9.6 pg), two doses of Symbicort MDI (320/9 pg
and 160/9 ug), and a single dose of GFF MDI (14.4/9.6 pg) will be administered on separate test
days. There are two different MDI devices used within the study. The Pearl products (BGF
MDI and GFF MDI) are identical in form and function and are indistinguishable from each other.
The two Symbicort MDIs are identical in form and function and are indistinguishable from each
other. However, they are different from the Pearl Therapeutics products. As such, the test
products will be double-blind within device. The characteristics of the three BGF MDI doses,
the two Symbicort MDI doses and the GFF MDI dose that will be administered during the study
are provided below:

Product Name Product Dosage Comments
& Potency Strength Form
BGF MDI 320/14.4/9.6 g 160/7.2/4.8 pg/actuation MDI Taken as 2 inhalations
ex-actuator
BGF MDI 160/14.4/9.6 pg . . .
ex-actuator 80/7.2/4.8 pg/actuation MDI Taken as 2 inhalations
BGF MDI 80/14.4/9.6 ug . . .
ex-actuator 40/7.2/4.8 pg/actuation MDI Taken as 2 inhalations
GFF MDI 14.4/9.6 pg . . .
ex-actuator 7.2/4.8 pg/actuation MDI Taken as 2 inhalations
Symbicort MDI 320/9 pg . . .
ex-actuator 160/4.5 pg/actuation MDI Taken as 2 inhalations
Symbicort MDI 160/9 pg 80/4.5ug/actuation MDI Taken as 2 inhalations
ex-actuator

BGF MDI = Budesonide, Glycopyrronium, and Formoterol Fumarate Inhalation Aerosol; GFF MDI =
Glycopyrronium and Formoterol Fumarate Inhalation Aerosol; MDI = Metered Dose Inhaler.
Note: All study drugs will be administered by oral inhalation.
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Reference Therapy, Dose, and Mode of Administration:

The reference therapies are two dose levels of Symbicort MDI (320/9 ug and 160/9 pg) and a
single dose level of GFF MDI (14.4/9.6 ug). All reference therapies will be administered by oral
inhalation.

Duration of Treatment:

This study will include a screening period of up to 21 days and four single-dose treatment
periods separated by a minimum washout period of 3 days to a maximum of 14 days for added
scheduling flexibility. The planned participation in the study is between 34 and 67 days.

Pharmacokinetic Assessments: The pharmacokinetics (PK) of BGF MDI, Symbicort MDI and
GFF MDI will be assessed and compared from plasma concentrations of each drug. Time points
for PK blood sample collection during each of the four single-dose periods will be at 30 minutes
prior to dosing and then at 2, 6, 20, and 40 minutes post dose and 1, 2, 4, 8, 10 and 12 hours post
dose (see Table 5 for the Schedule of Inpatient Period Assessments). PK parameters at all doses
will include Crax, tmax, s AUCo.12, AUCo¢ CL/F, VA/F, and A,. Other PK parameters may be
calculated, as appropriate.

Safety Assessments: The safety of BGF MDI, Symbicort MDI and GFF MDI will be assessed
from physical examination findings, adverse event (AE) reporting including SAE reporting, vital
signs (blood pressure, heart rate, respiratory rate and body temperature), clinical laboratory
values (hematology, biochemistry, and urinalysis), and findings from 12-lead safety
electrocardiograms (ECGs).

Statistical Methods: Two subject populations will be evaluated during this study and are
defined as follows:

e Safety Population: All subjects who receive at least one dose of any study medication.

e PK Population: All subjects in the Safety Population who have sufficient data to reliably
calculate at least one PK parameter at any dose level for BGF MDI, Symbicort MDI, or
GFF MDI and do not have major protocol violations (to be determined prior to
unblinding).

The primary endpoints are the AUCy.12 and Cax Of budesonide for doses of BGF MDI compared
to Symbicort MDI with most interest being in the comparison of the highest strengths. These PK
parameters will be compared between relevant treatments after dose normalization and log
transformation using mixed models repeated measures with adjustment for period and sequence,
subject as a random effect, and modeling of within subject correlation. Estimated geometric
mean ratios (GMRs) with 90% confidence intervals (Cls) will be produced and compared to
bounds of 80% and 125%. The AUCy.1> and Cnax Of formoterol fumarate and glycopyrrolate
exposure will also be compared between treatments to evaluate the potential for drug-drug
interactions (DDIs).

The sample size of 84 randomized subjects provides over 90% power to demonstrate
bioequivalence of budesonide AUC.12 and Cnax for the comparison of BGF MDI
320/14.4/9.6 ug to Symbicort MDI 320/9 pg under assumptions of a 5% true difference and
intra-subject coefficient of variation (CV) values of 25% and 30% for AUCg.12 and Crax,
respectively.

Date of Original Protocol: Version 1.0, ||| Gz
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LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS
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Adverse event

Akaike Information Criterion
Alanine aminotransferase

Active pharmaceutical ingredient
Aspartate aminotransferase

Atrioventricular

Budesonide, Glycopyrronium and Formoterol Fumarate Metered Dose
Inhaler

Body mass index
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Complete blood cell (count)

Code of Federal Regulations
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Chronic Kidney Disease Epidemiology Collaboration Equation
Chronic obstructive pulmonary disease

Contract Research Organization
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Drug-drug interaction

Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text
revision
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Electronic case report form
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Good Clinical Practice

Glycopyrronium and formoterol fumarate metered dose inhaler
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GOLD Global Initiative for Chronic Obstructive Lung Disease
HbsAg Hepatitis B surface antigen

hCG Human chorionic gonadotropin

HFA Hydrofluoroalkane

HPLC/MS/MS  High Performance Liquid Chromatography Mass Spectrometry
HIV Human immunodeficiency virus

ICF Informed consent form

ICH International Conference on Harmonisation

ICS Inhaled corticosteroid

IND Investigational New Drug

IRB Institutional Review Board

IUD Intra-uterine device

LABA Long-acting 2-agonist

LAMA Long-acting muscarinic antagonist

MCH Mean cell haemoglobin

MCHC Mean cell haemoglobin concentration

MCV Mean cell volume

MDI Metered dose inhaler

PCV Packed cell volume

PK Pharmacokinetics
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SAE Serious adverse event

SAP Statistical Analysis Plan

SOP Standard operating procedure

THC Tetrahydrocannabinol

TURP Trans-urethral resection of prostate

usS United States

WBC White blood cell (count)
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1 INTRODUCTION

Pearl Therapeutics is developing budesonide, glycopyrronium, and formoterol fumarate (BGF)
metered dose inhaler (MDI) as a long-term twice daily (BID) morning and evening maintenance
treatment for the reduction in the frequency of exacerbations and improvement in airflow
obstruction in patients with moderate to very severe chronic obstructive pulmonary disease
(COPD) who are at risk of COPD exacerbations. The Pearl Therapeutics internal product code
for BGF MDI is PT010.

Pearl Therapeutics has not conducted any nonclinical or clinical studies with the triple
combination product. However, budesonide, glycopyrronium, and formoterol fumarate are
components (alone or in combination) of approved inhalation products for treatment of patients
with COPD and their safety and efficacy are well characterized. Clinical and nonclinical studies
conducted with the Pearl Therapeutics dual combination product, glycopyrronium and
formoterol fumarate (GFF) MDI and its individual components, glycopyrronium (GP) MDI and
formoterol fumarate (FF) MDI and clinical and nonclinical studies conducted with Symbicort®
MDI support the evaluation of BGF MDI in this initial Phase | study in healthy volunteers (Study
PT010001). GFF MDI, GP MDI and FF MDI are currently being evaluated in Phase 111 clinical
studies in patients with COPD. Clinical studies conducted with Symbicort MDI are also being
referenced, as this is the only product in the US containing budesonide that is approved for use in
patients with COPD.

1.1 Chronic Obstructive Pulmonary Disease

Chronic obstructive pulmonary disease (COPD) is a common preventable and treatable disease
characterized by persistent airflow limitation that is usually progressive and associated with an
enhanced chronic inflammatory response in the airways and the lung to noxious particles or
gases. Exacerbations and co morbidities contribute to the overall severity in individual patients.
COPD is a leading cause of morbidity and mortality worldwide and results in significant
economic and social burden that is both substantial and increasing. Pharmacologic therapy in
COPD is used to reduce symptoms, reduce the frequency and severity of exacerbations and
improve health status and exercise tolerance [Global Initiative for Chronic Obstructive Lung
Disease (GOLD), 2013].

Bronchodilator medications are central to the symptomatic management of COPD. The principal
bronchodilator treatments are 2-agonists, anticholinergics, and methylxanthines used as
monotherapy or in combination. Treatment with long-acting bronchodilators is more convenient
and more effective at producing maintained symptom relief than treatment with short-acting
bronchodilators. Combining bronchodilators from different pharmacological classes may
improve efficacy and decrease the risk of side effects compared to increasing the dose of a single
bronchodilator (GOLD, 2013). Long-acting 32-agonists (LABAS) and long-acting muscarinic
antagonist (LAMAS) reduce bronchoconstriction through different mechanisms, and there is a
long history of combination therapy for COPD with short-acting agents in these classes.

Regular treatment with inhaled corticosteroids (ICS) improves symptoms, lung function and
quality of life and reduces the frequency of exacerbations in COPD patients with a forced
expiratory volume in 1 second (FEV;) value of <60% of predicted. Withdrawal from treatment
of ICS may lead to exacerbations in some patients. When combined with a LABA, an ICS is
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more effective than the individual components in improving lung function, quality of life and
reducing exacerbations in patients with moderate to very severe COPD. Furthermore, the
addition of a LABA/ICS combination to tiotropium improves lung function and quality of life
and may further reduce exacerbations, but more studies of triple therapy are needed (GOLD,
2013).

1.2 Glycopyrronium

Glycopyrronium (the active moiety of glycopyrronium bromide, also referred to as
glycopyrrolate) is a LAMA that exerts its bronchodilatory effect via muscarinic receptors located
on smooth muscle cells within the trachea and bronchi. Glycopyrronium is approved in many
countries in multiple formulations for different indications, including COPD.

An inhaled formulation of glycopyrronium (Seebri® Breezhaler® Inhalation Powder,
glycopyrronium bromide) was recently approved throughout the European Union (EU) and in
Canada, Australia and Japan. In the EU, Seebri Breezhaler is approved as a maintenance
bronchodilator treatment to relieve symptoms in adult patients with COPD. The recommended
dose is 44 ug of glycopyrronium (equivalent to 55 pg of glycopyrronium bromide) administered
once daily (QD) using the Seebri Breezhaler inhaler.

The clinical development program for Seebri Breezhaler included 12 clinical studies, five Phase |
studies, four Phase Il clinical studies and three Phase 11 clinical studies. Overall, the clinical
development program included a total of 1,361 patients with COPD exposed to Seebri
Breezhaler 44 ug QD, with a total of 842 patients exposed for >26 weeks and 428 patients
exposed for >38 weeks [Committee for Medicinal Products for Human Use (CHMP) Assessment
Report for Seebri Breezhaler, 2012]. In addition to the published data with Seebri Breezhaler
(also referred to as NVA237), there is also a large body of published data evaluating the safety
and efficacy of inhaled glycopyrronium in healthy volunteers, patients with COPD and patients
with asthma.

Glycopyrronium is also approved as Robinul® in the United States (US) and many countries
worldwide as an intravenous/intramuscular (I\VV/IM) injection or as an oral tablet and is indicated
for systemic administration in adults for use as a preoperative antimuscarinic to reduce salivary,
tracheobronchial, and pharyngeal secretions; to reduce the volume and free acidity of gastric
secretions; and to block cardiac vagal inhibitory reflexes during induction of anesthesia and
intubation. Robinul is also indicated as adjunctive therapy for the treatment of peptic ulcer
disease when rapid anticholinergic effect is desired. While the recommend dose varies across
these indications, for peptic ulcer disease the usual recommended dose of Robinul Injection (also
referred to as Glycopyrrolate Injection) is 0.2 mg at 4 hour intervals, administered 3 or 4 times
daily by the IV or IM route. Where more profound effect is required, 0.4 mg may be given
[Robinul US Product Information, 2007]. Glycopyrronium is also approved as an oral tablet
(Robinul and Robinul Forte). Robinul (glycopyrrolate 1 mg tablets) and Robinul Forte
(glycopyrrolate 2 mg tablets) are indicated for use in adults as an adjunctive therapy in peptic
ulcer disease and are dosed BID to three times daily (TID) up to 6 mg per day (Robinul and
Robinul Forte US Product Information, 2011).

Glycopyrronium is also approved in the US as an oral solution (Cuvposa®) which is indicated to
reduce chronic severe drooling in patients aged 3 to 16 with neurologic conditions associated
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with problem drooling (e.g., cerebral palsy). The maximum recommended dose of Cuvposa is
0.1 mg/kg TID, not to exceed 1.5 to 3 mg per dose.

1.3 Formoterol Fumarate

Formoterol fumarate is a potent and selective LABA approved in the US (e.g., Foradil®
Aerolizer®) and worldwide (e.g., Oxis® Turbuhaler®, Foradil) for use in asthma and COPD.
Formoterol fumarate is also approved in the US and worldwide in combination with budesonide
(e.g., Symbicort MDI, Symbicort Turbuhaler) for use in patients with asthma and COPD. When
inhaled, formoterol fumarate acts locally in the lung as a bronchodilator. Formoterol fumarate
stimulates B2-adrenoreceptors in the airways, inducing airway smooth muscle relaxation and
reducing or preventing bronchoconstriction.

In patients with COPD, formoterol fumarate is typically administered at an orally inhaled dose of
12 pg BID with doses up to 24 ug BID approved in some countries. Although formoterol
fumarate is classified as a LABA, it has a rapid onset of action similar to short-acting 2-agonists
(SABAs). Formoterol fumarate is highly potent, displays high intrinsic activity, and can result in
greater than 80% relaxation even under induced tone (Anderson, 1993). Studies in patients with
COPD have demonstrated that the onset of action with formoterol fumarate is faster than with
anticholinergic agents or salmeterol and similar to that of SABAS, such as albuterol, and that the
duration of action is >12 hours (Berger, 2008). Five large, placebo-controlled clinical studies of
up to 12 months in duration in nearly 2,500 patients demonstrated that formoterol fumarate is
effective and well-tolerated in patients with COPD (Dahl, 2001; Rossi, 2002; Aalbers, 2002;
Campbell, 2005; Campbell, 2007).

1.4 Budesonide

Budesonide is a well-established corticosteroid approved worldwide in both intranasal and
inhaled formulations. Inhaled budesonide formulations currently approved in the US include
Rhinocort® Nasal Inhaler, Rhinocort Aqua® Nasal Spray, Pulmicort® Turbuhaler®, Symbicort
Inhalation Aerosol (Symbicort MDI), and Pulmicort Respules®.

Inhaled budesonide is approved for use in patients with COPD when combined with

formoterol fumarate dihydrate in Symbicort MDI. In the US, Symbicort is available as an MDI
and only the 320/9 ug dose administered as two inhalations of 160/4.5 g strength (BID) is
approved for use in patients with COPD. Symbicort MDI 320/9 ug BID is indicated as a
maintenance treatment of airflow obstruction in patients with COPD including chronic bronchitis
and emphysema.

Inflammation is a component in the pathogenesis of COPD. The predominant inflammatory
cells in COPD include neutrophils, CD8+ T-lymphocytes, and macrophages. The effects of ICS
on pulmonary and systemic inflammation in patients with COPD are controversial and their role
in the management of stable COPD is limited to specific indications. Regular treatment with ICS
has been shown to improve symptoms, lung function and quality of life and reduce the frequency
of exacerbations in COPD patients with a FEV; value <60% of predicted (GOLD, 2013).

In clinical studies, Symbicort MDI 320/9 ug administered BID demonstrated significant
improvements in lung function compared to budesonide MDI 320 ug BID, formoterol fumarate
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(Oxis Turbuhaler) 9 ug BID, or placebo in patients with COPD. In the clinical studies,
improvements in secondary endpoints of morning and evening peak expiratory flow and
reduction in rescue medication use were supportive of the efficacy of Symbicort MDI 320/9 pg.
(Symbicort Inhalation Aerosol Prescribing Information, 2012; Rennard, 2009; Tashkin, 2008).
The GOLD guidelines acknowledge that combination therapy with an ICS and LABA is more
effective than the individual components in improving lung function and health status and
reducing exacerbations in patients to moderate to very severe COPD (GOLD, 2013).

1.5 Pearl Therapeutics’ BGF MDI

Pearl Therapeutics is developing BGF MDI using its porous particle technology platform. The
same porous particle technology platform is used for GFF MDI, GP MDI and FF MDI. This
technology is based on spray dried porous particles comprised of distearoylphosphatidylcholine
(DSPC) and calcium chloride (CaCl,) that are co-suspended with micronized active
pharmaceutical ingredients (APIs) in an hydrofluoroalkane (HFA) propellant to form stable
suspension based MDIs. The fraction of the APIs mixed with the porous particles can be
adjusted across a wide range of doses. The unique attributes of this technology enables
reproducible administration of very low doses of potent therapeutics.

1.6 Study Rationale

BGF MDI is a novel fixed-dose triple combination MDI product formulated with budesonide,
glycopyrronium, and formoterol for use in patients with COPD. As described in the GOLD
guidelines, in some patients, the addition of a LABA/ICS to a LAMA improves lung function,
quality of life and may further reduce exacerbations. As per GOLD guidelines, patients
categorized in the D group (those with many symptoms and high risk of exacerbations) the first
choice of treatment is an ICS/LABA or LAMA with some evidence for triple therapy. Pearl
Therapeutics has planned this study to evaluate the pharmacokinetics following three single
doses of three strengths of BGF MDI relative to a single dose of two strengths of Symbicort MDI
and a single dose of one strength of GFF MDI.

Symbicort MDI 320/9 g (given as 2 inhalations of 160/4.5 pg) BID is indicated for
maintenance treatment of airflow obstruction in patients with COPD including chronic bronchitis
and emphysema. This study is being conducted to identify a BGF MDI dose that provides
comparable systemic levels of budesonide to the dose of Symbicort MDI approved for COPD
(320/9 pg). Three doses of BGF MDI and two doses of Symbicort are included in the study to
allow a Finney assay or similar approach to be conducted to identify equivalent doses across
both formulations. GFF MDI is also included in the study to allow the assessment of any drug-
drug interactions (DDI) in BGF MDI when budesonide is added to GFF MDI.
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2 STUDY OBJECTIVES
2.1 Primary Objective(s)

The primary objective of the study is to determine a dose of budesonide that when formulated
with glycopyrronium and formoterol fumarate in BGF MDI provides comparable systemic
exposure [pharmacokinetics (PK)] to budesonide following administration of Symbicort MDI
320/9 pg (2 inhalations of 160/4.5 ug).

2.2 Secondary Objective(s)

The secondary objectives of the study are:

e To assess if a drug-drug interaction (DDI) occurs when budesonide is formulated with
glycopyrronium and formoterol fumarate in BGF MDI compared to glycopyrronium, and
formoterol fumarate only in GFF MDI.

e To evaluate the safety and tolerability of the treatments administered; i.e., BGF MDI,
Symbicort MDI and GFF MDI.
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3 STUDY ENDPOINTS

3.1 Efficacy Endpoints

This study is being conducted in healthy volunteers. Therefore, efficacy will not be evaluated.
3.2 Safety Endpoints

The safety of BGF MDI, Symbicort MDI and GFF MDI will be assessed from physical
examination findings, adverse event (AE) reporting including SAE reporting, vital signs (blood
pressure, heart rate, respiratory rate and body temperature), clinical laboratory values
(hematology, biochemistry, and urinalysis), and findings from 12-lead safety electrocardiograms
(ECGs).

3.3 Pharmacokinetic Endpoints

The PK of BGF MDI, Symbicort MDI and GFF MDI will be assessed and compared from
plasma concentrations of each drug. Time points for PK blood sample collection during each of
the four single-dose periods will be at 30 minutes prior to dosing and then at 2, 6, 20, and 40
minutes post dose and 1, 2, 4, 8, 10 and 12 hours post dose (see Table 5 for the Schedule of
Inpatient Period Assessments). PK parameters at all doses will include Cpax, tmax, tye, AUCo.12,
AUC,. CL/F, Vd/F, and A,. Other PK parameters may be calculated, as appropriate.
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4 INVESTIGATIONAL PLAN

4.1 Overall Study Design and Plan

This is a single-dose healthy volunteer Phase | study with a randomized, double-blind within
device, four-period, six-treatment, crossover design. The overall study design is summarized and

illustrated in Figure 1.

Figure 1. Study Design

Screening V1

Up to 21 days i i
between V1 and V2 —

Treatment 1 V2

v v

Treatment 2 V3

Single dose treatment with
¢ ¢ _ 3(with a minimum of 69
hours) to 14 day washout

Treatment 3 V4 between treatment visits
v v
Treatment 4 V5

Subjects who provide informed consent, undergo screening procedures and qualify for the study
will be randomized to one of 12 treatment sequences. Each treatment sequence will contain BGF
MDI 320/14.4/9.6 pg, GFF MDI 14.4/9.6 pg, and Symbicort MDI 320/9 ug and one of the
remaining three treatments. At the target of 84 subjects randomized, each sequence will be used
7 times. If all subjects complete the study, the design is balanced for both period and first-order
carryover effects. Treatments will be blinded within the two devices.

There are two different MDI devices used within the study. The Pearl products (BGF MDI and
GFF MDI) are identical in form and function and are indistinguishable from each other. The two
Symbicort MDls are identical in form and function and are indistinguishable from each other.
However, they are different from the Pearl Therapeutics products. As such, the test products will
be double-blind within device.

Each inpatient treatment session will be separated by an outpatient washout period of at least

3 calendar days (with a minimum of 69 hours) and not exceeding 14 days between doses. For
each treatment period, subjects will report to the clinic on the day prior to each dosing day (Day -
1: admission day), at which time continuing eligibility will be assessed. If the subject continues
to meet eligibility criteria, the subject will be admitted into the inpatient unit.

Safety data will be closely monitored and baseline and post dosing serial blood draws for PK
analysis (see Table 5 in Appendix 1) will be obtained during each inpatient treatment period.
After all scheduled assessments are completed and all available safety data have been reviewed
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by the Principal Investigator, subjects will be discharged from the clinic. Following each
treatment period, subjects will return to the clinic after their washout period of at least 3 calendar
days (with a minimum of 69 hours) between doses for their next treatment period until all four
treatment periods have been completed. Other safety assessments will be obtained as listed in
Table 4 and Table 5 located in Appendix 1.

4.2 Rationale for Study Design and Control Group

This study is a Phase I, single-dose, four-period, six-treatment, crossover study that will assess
the safety and PK of three doses of BGF MDI and two doses of Symbicort MDI and one dose of
GFF MDI in healthy subjects. The two Symbicort MDI dose levels and the one GFF MDI dose
level will serve as active comparators, which will allow for differentiation of any PK and
tolerability issues associated exclusively with each of the three BGF MDI doses.

This protocol includes the following PK sampling times:-30 minutes pre-dose and 2, 6, 20 and
40 minutes and 1, 2, 4, 8, 10 and 12 hours post-dose. The rationale for the PK sample collection
times are given below.

PK considerations

1. Budesonide: Orally inhaled budesonide is rapidly absorbed in the lungs and peak
concentration is typically reached within 20 minutes. Thus, from a PK perspective, the
2, 6, 20 and 40 minute time points will provide adequate data to describe Cpax and tmax for
budesonide both in BGF MDI and Symbicort MDI at the doses that will be studied.

2. Glycopyrronium: Based on previous studies of GP that included PK assessments, peak
plasma concentrations occurred rapidly after GP MDI inhalation (data on file) with
median time to maximum concentration (Cnax) generally occurring within 6 minutes
(0.100 hour) after dosing. Thus, from a PK perspective, the 2, 6, 20 and 40 minute time
points will provide adequate data to describe Cpax and tyax for GP both in BGF MDI and
GFF MDI at the doses that will be studied.

3. Formoterol fumarate: Based on previous studies of FF that included PK assessments,
peak plasma concentrations occurred within 1 hour after FF MDI inhalation (data on file)
with median time to Cpax occurring about 0.933 hours after FF MDI 9.6 pg dosing. From
a PK perspective, the 20 min, 40 min, 1 hour and 2 hour time points will provide
adequate data to describe Cmax and tynax for FF in BGF MDI, Symbicort MDI and GFF
MDI at the doses that will be studied.

Conclusion

The planned PK sampling times provide an adequate selection of PK data points required to
describe the PK of budesonide, GP and FF in terms of tyax and Cpax values for each MDI
component as well as to estimate AUC.1».

4.3 Study Duration and Dates
This study will include a screening period of up to 21 days and four single-dose treatment

periods separated by a minimum washout period of 3 days to a maximum of 14 days for added
scheduling flexibility. The maximum participation in the study is between 34 and 67 days.
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5 STUDY POPULATION SELECTION

Eighty-four healthy male or female subjects will be enrolled in this study. Subjects who
withdraw from the study after receiving at least one single dose treatment will not be replaced.

5.1 Inclusion Criteria

Healthy subjects who meet all of the following inclusion criteria will be eligible for entry into
this study:

1. Signed and dated IRB-approved informed consent form (ICF) before any protocol-
specific screening procedures are performed.

2. Male and female subjects between the ages of 18 and 45 years (inclusive).

3. Be in good general health as determined by a thorough medical history and physical
examination, ECG, vital signs and clinical laboratory evaluation.

4. Willing and able to complete all study assessments and procedures.

Females of childbearing potential must agree to be abstinent or else use any two of the
following medically acceptable forms of contraception from the Screening Period
through 14 days after the Final Study Visit: hormonal contraception, condom with
spermicidal jelly, diaphragm or cervical cap with spermicidal jelly, or intra-uterine device
(IUD). A female whose male partner has had a vasectomy must agree to use one
additional form of medically acceptable contraception. Subjects must agree to practice
the above birth control methods for 14 days after the final visit as a safety precaution.

6. Females of non-childbearing potential, defined as surgically sterile (status post
hysterectomy, bilateral oophorectomy, or bilateral tubal ligation) or post-menopausal for
at least 12 months, do not require contraception during the study. Post- menopausal must
be confirmed by a serum FSH test at screening and the reason must be documented in the
eCRF.

7. Males with female partners of childbearing potential must agree to use a highly effective,
medically acceptable form of contraception from the Screening Period through 14 days
after the Final Study Visit. Males with female partners of childbearing potential who
themselves are surgically sterile (status post vasectomy) must agree to use condoms with
spermicide over the same period of time. Male subjects must agree to practice the above
birth control methods for 14 days from the final visit as a safety precaution.

8. Have a BMI between 18.5 and 32 kg/m? (inclusive) and a minimum weight of 50 kg at
the screening visit.

9. Results of complete blood cell (CBC) count (including white blood cell (WBC) count,
hematocrit, hemoglobin, platelet count, differential), serum creatinine, electrolytes (Na+,
K+), serum glucose, aspartate aminotransferase/alanine aminotransferase (AST/ALT) and
total bilirubin must be within normal range or determined to be not clinically significant
by the Investigator. Specifically, serum potassium must be >3.5 mmol/L and serum
magnesium >0.8 mmol/L. Urinalysis testing should be within the normal range or
determined to be not clinically significant by the Investigator.
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5.2

Exclusion Criteria

Subjects who meet any of the following criteria will not be eligible for entry into this study:

1.
2.

10.

11.

12.

13.

Pregnant or nursing female subjects or subjects who are trying to conceive.

For female subjects, a positive serum human chorionic gonadotropin (hCG) test at
screening or a positive urine hCG at admission for any of the five treatment periods.

Subjects with clinically significant neurologic, cardiovascular, hepatic, renal,
endocrinologic, pulmonary, hematological, psychiatric, or other medical illness that
would interfere with participation in this study.

Subjects with a history of ECG abnormalities including PR>220 msec; QRS complex
>110 msec; QTcF>450 msec; or any significant morphological changes other than
nonspecific T-wave changes. In addition, subjects who demonstrate any of these or any
other significant 12-lead ECG abnormalities prior to the first treatment period (i.e., safety
ECGs performed at screening, baseline, or pre-dose of the first treatment period) will be
excluded from participation in the study.

A history of additional risk factors for Torsades de Pointes (e.g., heart failure, family
history of Long QT Syndrome).

Subjects with the inability to coordinate the use of the placebo MDI under supervision
from site staff.

Cancer: Subjects who have cancer that has not been in complete remission for at least

5 years. Note: Subjects with squamous cell carcinoma or basal cell carcinoma of the skin
are eligible, if in the opinion of the Investigator, the condition has been adequately
worked up, is clinically controlled and the subject’s participation in the study would not
represent a safety concern.

Supine blood pressure >140/90 mm/Hg or resting heart rate >100 bpm at screening,
baseline (Day -1) or pre-dose of the first treatment period.

Subjects with symptomatic prostatic hypertrophy that is clinically significant in the
opinion of the Investigator.

Subjects with a trans-urethral resection of the prostate (TURP) or full resection of the
prostate within six months prior to Visit 1 are excluded from the study.

Subjects with bladder neck obstruction or urinary retention that is clinically significant in
the opinion of the Investigator.

Subjects with a diagnosis of glaucoma that in the opinion of the Investigator has not been
adequately treated. All medications approved for control of intraocular pressures are
allowed including topical ophthalmic non-selective B-blockers such as betaxolol,
carteolol, levobunolol, metipranolol, and timolol.

History of substance-related disorders (with the exception of caffeine-related and
nicotine-related disorders) as defined in the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition, text revision (DSM-I1V-TR) within 1 year of screening.

Confidential and Proprietary Page 21 of 55

22 of 113



Budesonide, Glycopyrronium, and Formoterol Fumarate Inhalation Aerosol Pearl Therapeutics
Clinical Trial Protocol: PT010001-00 Version 1.0, || | G

14

15.

16.

17.

18.

19.
20.
21.

22,

23.

24,

25.

26.

5.3

History of smoking or the use of nicotine containing products within 3 months of
screening by self-reporting.

A positive alcohol breathalyzer or urine drug screen for drugs of abuse at the screening
visit or at the beginning of each inpatient period.

Treatment with an investigational drug within 30 days or five half-lives (whichever is
longer) prior to the beginning of the screening period.

Treatment with any prescription or non-prescription drugs (including vitamins, herbal,
and dietary supplements) within seven days or five half-lives of the screening visit,
whichever is longer. Acetaminophen will be permitted at doses of <2 grams/day.

Subjects with a history of an allergic reaction or hypersensitivity to any drug or to any
component of the formulation(s) used in this study.

Blood collection of greater than 500 mL within 56 days prior to screening.
Seropositivity for human immunodeficiency virus (HIV) at screening.

Positive for hepatitis B surface antigen (HbsAg) or positive hepatitis C antibody at
screening.

Subjects with a chronic medical condition that requires ongoing treatment with
medication.

Subjects with a history of major surgery within four weeks or minor surgery within
2 weeks of drug administration.

Subjects with any flu-like syndrome or other respiratory infections within 2 weeks of
drug administration or who have been vaccinated with an attenuated live virus within
four weeks of drug administration.

Any other condition and/or situation that causes the Investigator to deem a subject
unsuitable for the study (e.g., due to expected study medication non-compliance, inability
to medically tolerate the study procedures, or a subject’s unwillingness to comply with
study-related procedures).

Subjects with abnormal-GFR (eGFR<90 mL/min) using the Chronic Kidney Disease
Epidemiology Collaboration Equation (CKD EPI).

Subject Identification

All subjects who undergo screening will be assigned a unique screening identification number at the
Screening visit (Visit 1). Only subjects continuing to meet entry inclusion/exclusion criteria at Visit
2 will be assigned a unique subject randomization number.

5.4

Prior, Concomitant, and Prohibited Medications

Investigational therapies are not permitted within 30 days or five half-lives (whichever is longer)
prior to beginning the screening period. All medications approved for control of intraocular
pressure are allowed including topical ophthalmic non-selective B-blockers such as betaxolol,
carteolol, levobunolol, metipranolol, and timolol. Otherwise, the use of prescription or over-the-
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counter medications within 7 days or five half-lives (whichever is longer) prior to beginning the
screening period is not permitted. Acetaminophen will be permitted at doses of <2 grams/day as
determined to be necessary by the Investigator. With the exception of treatments for control of
intraocular pressure, ongoing treatment for chronic conditions will not be allowed.

Major surgical interventions are not permitted within four weeks of study drug administration
and minor surgical interventions are not allowed within two weeks of study drug administration.
Any medications that were being taken prior to signing the informed consent form (ICF) will be
documented as prior study medications and must be stopped prior to entry.

5.5 Other Restrictions, lllicit Drugs or Drugs of Abuse

For clinical laboratory assessment blood draws, subjects will be fasting for at least 4 hours.
Meals during the dosing day of each treatment period will be standardized after the 4 hour post
dose clinical laboratory draw. There are no restrictions regarding clear fluid intake.

Ilicit drugs or drugs of abuse will not be allowed from the within 1 year of Screening (Visit 1) to
whenever the subject discontinues the study