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1. Executive Summary
1.1.

Product Introduction

The Applicant, Theravance Biopharma, submitted a 505(b)(1) New Drug Application (NDA) for
(b) (4)
(b) (4)
revefenacin inhalation solution for the
maintenance treatment of
patients with COPD at a dose of 175mcg daily. Revefenacin is an anticholinergic
agent and is administered via a general use jet nebulizer. This review focuses on the clinical
efficacy and safety findings from the submitted phase 3 program.

1.2.

Conclusions on the Substantial Evidence of Effectiveness

The recommended regulatory action from a clinical perspective is Approval for inhaled
(b) (4)
administration of 175 mcg of revefenacin for the
maintenance treatment
(b) (4)
(b) (4)
of
patients with COPD,
To support this application, Theravance completed two phase 3 placebo controlled, 12-week
treatment period efficacy/safety studies and one phase 3 open-label, 52-week treatment
period safety study. All phase 3 studies were in the moderate to very severe COPD patients.
These studies demonstrated substantial evidence of efficacy as determined primarily based on
statistically significant improvements in the primary endpoint, change from baseline in trough
FEV1 at day 85 compared to placebo. Efficacy was also supported by other secondary
spirometric endpoints (trough FEV1 over the treatment period and peak FEV1) as well as
numerical improvements in symptoms based on St. George’s Respiratory Questionnaire (SGRQ)
responder analysis.

1.3.

Benefit-Risk Assessment
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Benefit-Risk Integrated Assessment
COPD is a debilitating respiratory condition that involves significant morbidity and mortality; it is the third leading cause of death in the US. A
large amount of healthcare resources are utilized in managing long term COPD as well as treating acute exacerbations. It is often associated
with active or prior cigarette smoking (typically > 10 pack-years), but a number of other environmental and genetic factors have been found to
contribute to its etiology. Multiple treatment options exist but no once daily nebulized anticholinergic medication is approved.
(b) (4)
The Applicant has submitted an NDA for revefenacin, a new molecular entity anticholinergic, for the
maintenance treatment of
(b) (4)
COPD with a proposed dose of 175 mcg inhalation solution delivered via jet nebulizer once daily. To support this
application, two 12-week placebo-controlled bronchodilator studies were conducted as well as a 52-week active-controlled safety study. Based
on review of these studies, this reviewer recommends approval of this product.

In the 12-week bronchodilator studies, revefenacin demonstrated statistically significant improvements versus placebo in change from baseline
in trough FEV1 at day 85. Efficacy was further supported by secondary spirometric endpoints (trough FEV1 over the treatment period and peak
FEV1). Additionally, the proportion of patients who experienced improvements in symptoms as measured by SGRQ (a patient reported
outcome questionnaire for COPD) was numerically higher than placebo in both studies. A 52-week active controlled safety study was also
performed whose findings were consistent with safety data from the 12-weeks studies and did not reveal any new safety issues that would
offset the aforementioned efficacy benefits. Efficacy and safety results across various demographic and baseline disease characteristic
subgroups were consistent with the overall findings.
(b) (4)
(b) (4)
This reviewer recommends Approval of revefenacin for the
maintenance treatment of
patients
with COPD at 175 mcg inhaled via jet nebulizer based on the clinical evidence discussed above. Efficacy was demonstrated over placebo in the
12 week bronchodilator studies and no safety concerns were identified that would preclude approval or require a REMS.
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Benefit-Risk Dimensions
Dimension

Evidence and Uncertainties




Analysis of
Condition




Current
Treatment
Options

Benefit

COPD is a debilitating respiratory condition that involves significant
morbidity, mortality, and healthcare resource utilization.
COPD primarily affects tobacco users over 40 years of age; it is the third
leading cause of death in the US and rates continue to rise.
Common symptoms of COPD include one or more of the following:
dyspnea, fatigue, cough, sputum production, chest tightness, wheezing,
worsened exercise capacity, depression, anxiety, weight changes.
Diagnosis primarily rests on spirometry; a decreased FEV1/FVC ratio < 0.7
is used for diagnosis of COPD in the GOLD guidelines.
Treatment primarily involves use of inhaled medications for symptom
control of acute exacerbations and chronic long term maintenance; other
treatment adjuncts (e.g. tobacco cessation, pulmonary rehabilitation,
oxygen use) are important as well.

 Several classes of inhaled medications exist for the long term
maintenance treatment of COPD: Anticholinergics, LABA, and
combination products (with and without ICS).
 There are currently no long acting once daily nebulized LAMAs for
COPD.
 The Applicant has demonstrated substantial evidence of efficacy for
revefenacin in moderate to very severe COPD patients based on
statistically significant improvements in trough FEV1 on day 85, with
support from other spirometric endpoints (trough FEV1 over the
treatment period and peak FEV1), as well as numerical improvements
in symptoms based on St. George’s Respiratory Questionnaire (SGRQ)

Conclusions and Reasons
COPD is a common debilitating respiratory
condition causing significant morbidity and
mortality. The diagnostic and symptom
assessment instruments used by the Applicant
are reasonable to assess COPD.

Multiple inhaled medications are available for
COPD within a variety of classes, however,
currently, no long acting once daily nebulized
LAMA is available.
Revefenacin provides clinically relevant
treatment benefits in moderate to very severe
COPD patients. Clinical data demonstrated that
revefenacin was superior to placebo.
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

responder analysis.

 The safety program for revefenacin demonstrated no new concerning
safety signals beyond that seen with medications in its class.
Risk and Risk
 No REMS is proposed.
Management

No safety findings were identified in the
clinical development program that outweigh
the potential benefit.
Labeling and routine pharmacovigilance alone
are recommended.
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1.4.

Patient Experience Data

□ The patient experience data that was submitted as part of the
Section where discussed,
application include:
if applicable
□ Clinical outcome assessment (COA) data, such as
□ Patient reported outcome (PRO)
Sec 6.1.2 (SGRQ)
□ Observer reported outcome (ObsRO)
□ Clinician reported outcome (ClinRO)
□ Performance outcome (PerfO)
□ Qualitative studies (e.g., individual patient/caregiver interviews,
focus group interviews, expert interviews, Delphi Panel, etc.)
□ Patient-focused drug development or other stakeholder meeting
summary reports
□ Observational survey studies designed to capture patient
experience data
□ Natural history studies
□ Patient preference studies (e.g., submitted studies or scientific
publications)
□ Other: (Please specify)
□ Patient experience data not submitted in the application, but considered in this review:
□ Input informed from participation in meetings with patient
stakeholders
□ Patient-focused drug development or other stakeholder
meeting summary reports
□ Observational survey studies designed to capture patient
experience data
□ Other: (Please specify)
□ Patient experience data was not submitted as part of this application.

2. Therapeutic Context
2.1.

Analysis of Condition

COPD is a debilitating respiratory condition that involves significant morbidity and mortality; it
is the third leading cause of death in the US and rates continue to rise. Given its high prevalence
and significant disease burden, a large amount of healthcare resources are utilized in managing
long term COPD as well as treating acute exacerbations. It is often associated with active or
prior cigarette smoking (typically > 10 pack-years) but a number of other environmental and
13
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genetic factors have been found to contribute to the development of COPD.
COPD is defined as a common, preventable, and treatable disease characterized by persistent
respiratory symptoms and airflow limitation. The chronic airflow limitation that characterizes
COPD is caused by a mixture of small airways disease (e.g. obstructive bronchiolitis) and
parenchymal destruction (emphysema). Chronic inflammation causes structural changes, small
airways narrowing, and destruction of lung parenchyma. This results in a loss of small airways
which may contribute to airflow limitation and mucociliary dysfunction, which contribute to the
clinical characteristic features of the disease.1
Common symptoms of COPD include the following: dyspnea, fatigue, cough, sputum
production, chest tightness, wheezing, worsened exercise capacity, depression, anxiety, weight
changes. The impact these symptoms have on patient’s daily living can be substantial; often,
routines are altered to minimize symptoms. Physical exam findings can be minimal but may
include: wheezing, prolonged expiration, decreased breath sounds, crackles at the lung bases,
distant heart sounds, increased AP chest diameter, diminished diaphragmatic excursion, yellow
finger stains, clubbing, accessory muscle use, jugular venous distention. Diagnosis primarily
rests on spirometry; a decreased FEV1/FVC ratio < 0.7 is used for diagnosis of COPD in the
GOLD guidelines. Other diagnostic test features can include a decreased FEV1, lower peak
expiratory flow rates, increased lung volumes (residual volume, total lung capacity, functional
residual capacity), decreased diffusing capacity, oxygen desaturation, and hypercapnia.
Radiography typically has a lower sensitivity but can also reveal changes such as vascular
tapering, radiolucency, flattened diaphragms, bullous disease, apical radiolucency, and
prominent hilar vascularity.
Despite a variable natural history, attempts at prognosticating have long been based on
spirometry (particularly the FEV1). Additional prognostic indicators have been identified such as
airway responsiveness, coexisting cardiac disease, amount of tobacco use, BMI/nutritional
status, exercise capacity, VO2, and presence of emphysema on radiography, to name a few.
Using several of these indicators, prognostic measuring tools have been constructed (e.g. the
BODE index) but their use is limited at present. The GOLD guidelines use symptom
measurement scales (MMRC and CAT), prior exacerbation and hospitalization history, and FEV1
to assess risk and therapeutic strategy.
In conclusion, COPD is a serious disease with significant societal and individual impact due to its
prevalence, rising incidence, and morbidity and mortality. It involves respiratory debility from
pulmonary symptoms and is mainly diagnosed via spirometry (GOLD guidelines). Its symptoms
can overlap with multiple other disease processes that sometimes frequently occur together
given the older comorbid population that COPD occurs in. Treatment options are discussed in
1

Global Strategy for the Diagnosis, Management and Prevention of COPD, Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 2017 at http://goldcopd.org
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Section 2.2.

2.2.

Analysis of Current Treatment Options

There are multiple current treatment options for COPD, the majority of which are shown in
Table 1.
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Table 1: Current COPD treatment options
Beta2-adrenergic
agonists

Class
Short-acting (SABA)*

Long-acting (LABA)

Anticholinergic

Long-acting (LAMA)

Generic Name
Albuterol sulfate

Levalbuterol tartrate
Salmeterol xinafoate
Formoterol fumarate
Arformoterol tartrate
Formoterol Solution
Indacaterol maleate
Olodaterol hydrochloride
Tiotropium bromide
Aclidinium bromide
Umeclidinium bromide
Glycopyrrolate

Combination

Short-acting
SABA/anticholinergic

Ipratropium bromide
Albuterol/Ipratropium

Corticosteroid (ICS)/LABA

Fluticasone/Salmeterol

Anticholinergic/LABA

Budesonide/Formoterol
Fluticasone/Vilanterol
Umeclidinium/Vilanterol
Tiotropium/Olodaterol
Glycopyrrolate/Indacaterol
Glycopyrrolate/Formoterol
Fluticasone/Umeclidinium/ Vilanterol
Theophylline
Roflumilast

LAMA/LABA/ICS
Xanthines
Phosphodiesterase PDE4 Inhibitors
inhibitors
*General bronchodilator claim, not specifically indicated for COPD

Brand Name
Accuneb
ProAir HFA
Proventil HFA
Ventolin HFA
Xopenex HFA
Serevent Diskus
Foradil Aerolizer
Brovana
Perforomist
Arcapta Neohaler
Striverdi Respimat
Spiriva Handihaler
Spiriva Respimat
Tudorza Pressair
Incruse Ellipta
Seebri Neohaler
Lonhala Magnair
Atrovent HFA
DuoNeb
Combivent
Combivent Respimat
Advair Diskus
Advair HFA
Symbicort
Breo Ellipta
Anoro Ellipta
Stiolto Respimat
Utibron Neohaler
Bevespi Aerosphere
Trelegy
Multiple
Daliresp

Source: Reviewer composition, Drugs@FDA (July 2018)
There are treatment options for both long term maintenance treatment of airflow obstruction
as well as options to reduce exacerbations. Some inhaled medications have indications for both
long term maintenance treatment and exacerbation reduction (e.g. tiotropium,
Fluticasone/Vilanterol). Acute exacerbations are treated with corticosteroids, increased
frequency of short-acting bronchodilators, and/or antibiotics.
Although pharmacologic therapy is the mainstay of management for COPD, non-pharmacologic
treatments play an important role as well: tobacco cessation, pulmonary rehabilitation and
education, oxygen therapy, vaccination maintenance, risk factor reduction, nutritional
16
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optimization, lung volume reduction surgery (LVRS), and palliative measures.
Poor adherence to medication regimens is a problem affecting not only COPD but many other
diseases. Factors associated with poor adherence for inhaled medications include inhaler
techniques, complex regimens, medication frequency, forgetfulness, and others1. Decreasing
medication frequency targets several of these factors and may be an avenue to improve
adherence3,4.

3. Regulatory Background
3.1.

U.S. Regulatory Actions and Marketing History

Revefenacin is not marketed or approved in the US.

3.2.

Summary of Pre-submission/Submission Regulatory Activity

Revefenacin was studied under IND 119840, opened on February 21, 2014. Relevant regulatory
interactions are summarized below:
Pre-IND Meeting 12-12-13
 Recommended studying lower doses than 88 mcg
 Recommended against using doses greater than 175 mcg
 Noted two doses may need to be studied in phase 3
 Additional exploration of dosing frequency recommended.
 Advised to submit a safety database that includes patients in Phase 3 trials that are
representative of target population
 Advised to obtain 24 hour FEV1 time profiles after initial dosing and at end of study; a
subset of 30-40 patients/arm was felt to be acceptable
 Inclusion of an active comparator as a benchmark was recommended, specifically
aclidinium.
 Recommended using the same type of 510K nebulizer/compressor in all studies
EOP2 meeting 12-8-14






88mcg and 175 mcg once daily to carry forward into phase 3 were found
reasonable
Reiterated that the study population be reflective of the target population
Recommended morning dosing of study drug
(b) (4)
Recommended replacing
with SGRQ
Recommended post administration bronchospasm assessment with a specific safety
analysis
(b) (4)
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Recommended broadening cardiovascular exclusion criteria to allow for a more reflective
study population
The Applicant agreed to increase their sample size to 1500 patients in the safety trial in
order to retain 400-500 patients on active treatment at month 12.
The FDA agreed to open label tiotropium in the long term safety study
Recommended Holter monitoring in phase 3
Recommended a tipping point analysis as part of the SAP
PREA requirement waiver for the iPSP was found acceptable

Pre-NDA Meeting 3-16-17



It was noted that the CV safety data generated from studies 126, 127 and 128 were
adequate for review
FDA agreed to review exploratory efficacy data for dose selection noting that dose selection
would be a review issue.

3.3.

Foreign Regulatory Actions and Marketing History

There are no known foreign regulatory actions or marketing history. Revefenacin has not been
granted marketing approval in any country to date.
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4. Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety
4.1.

Office of Scientific Investigations (OSI)

An OSI consult (Biopharmaceutical Inspections) evaluated three study sites from the phase 3
program based upon enrollment, efficacy outcome, and safety. They did not find any evidence
of significant analysis-altering misconduct at these sites (Table 2).
Table 2: OSI Inspection sites
PI

Cruz, Humberto, DO

Lynn, Lon D.

Site #

Site 38713

Site 38823

Lisberg, Edward E.,
MD
Site 38705

Address

Florida Institute for
Clinical Research, LLC
10967 Lake Underhill
Road, Suite 117
Orlando, FL 32825

Clinical Research of
West Florida, Inc.
5115 N. Armenia
Avenue
Tampa, FL 33603

Asthma and Allergy
Center of Chicago, SC
7420 Central Avenue,
Suite 2020
River Forest, IL 60305

Protocol/Study

128

126

127

22

26

Number of subjects 32
Source: Reviewer generated

OSI inspections of site 38705 noted two protocol violations/deviations that were thought not to
affect the overall analysis:
(b) (6)
 Subject
used an antibiotic for respiratory tract infection within 6 weeks of visit 1B
and should have been excluded; but, was enrolled to and completed study 127.
(b) (6)
 Subject (b) (6) experienced a severe exacerbation of COPD on
but was not
(b) (6)
discontinued from study 127 until
The other two sites were classified as NAI (No action indicated) from the ORA field
investigators.

4.2.

Product Quality

Product quality was reviewed by Dr. Craig Bertha. The product quality recommendation is
Approval pending agreement with labeling. Please see his review for detailed product quality
information. A brief summary of product quality is provided below.

19
Reference ID: 4291058

Clinical Review
Khalid Puthawala
Revefenacin NDA 210598, 505 (b)(1)
Revefenacin inhalation solution is meant to be administered using a standard jet nebulizer. The
drug product consists of 175 mcg of revefenacin in 3ml of an isotonic, sterile aqueous solution
at pH 5.0. The commercial drug product is supplied in LDPE unit-dose vials (produced by (b) (4)
individually sealed in a foil laminate pouch. Excipients used are sodium
(b) (4)
(b) (4)
chloride, citric acid
sodium citrate
and water for injection. These
excipients meet the compendial requirements of each respective USP monograph.
Compatibility of the drug substance with the excipients has been demonstrated through drug
product stability studies.
The chemical names and molecular structures are as follows:
Chemical name:
1-(2-{4-[(4-carbamoylpiperidin-1-yl)methyl]-Nmethylbenzamido}ethyl) piperidin-4-yl N-([1,1’biphenyl]-2-yl)carbamate
Structural formula:

Empirical formula: C35H43N5O4. It’s molecular weight is 597.76.
Conclusions
The product quality information provided was adequate to support the safety of revefenacin for
marketing. There are no outstanding concerns from the product quality perspective.

4.3.

Clinical Microbiology

Not applicable.

4.4.

Nonclinical Pharmacology/Toxicology

Dr. Eleni Salicru (primary nonclinical reviewer) has reviewed revefenacin’s nonclinical data. She
has noted that there is adequate nonclinical support for revefenacin marketing. Her
recommendation is approval pending agreement with labeling. A summary of her review is
presented here. For further details, please see her review.
Pharmacology
Pharmacology studies demonstrated that revefenacin is a muscarinic receptor antagonist with
similar affinity for all five human muscarinic receptor subtypes (hM1 to hM5). In the airways,
the pharmacological action of revefenacin was mediated primarily through inhibition of the M3
receptor at the smooth muscle, leading to bronchodilation. Data from binding and functional
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assays showed that revefenacin dissociated from the recombinant hM3 receptor subtype with a
t1/2 of about 81 minutes. Revefenacin produced concentration-dependent antagonism of
agonist-mediated contraction by acetylcholine in rat isolated trachea with a t1/2 of 13.3 hours.
Pharmacology studies demonstrated that THRX-195518, a carboxylic acid metabolite formed by
amide hydrolysis of revefenacin, is also active and has affinity for all five human muscarinic
receptor subtypes. Based on competition binding assays, metabolite THRX-195518 had 3-fold
to 10-fold less binding affinity than revefenacin for the muscarinic receptor subtypes. The 3fold to 10-fold reduced binding affinity of metabolite THRX-195518 compared to revefenacin
was not considered significant based upon the variability observed in these studies. Metabolite
THRX-195518 appears to be generated in the liver after systemic absorption of revefenacin.
Based on studies with human lung microsomes and S9 preparations from human and animal
species, metabolism of revefenacin appeared to be negligible. There was limited data to assess
the functional antimuscarinic activity of metabolite THRX-195518 and the comparable activity
of the metabolite relative to revefenacin.
In clinical studies with COPD patients, metabolite THRX-195518 was found to constitute
approximately 80% of total systemic exposure at steady state. It was concluded that
metabolite THRX-195518 could contribute to potential systemic antimuscarinic
pharmacodynamic effects of revefenacin.
General Toxicology
Several Good Laboratory Practice (GLP)-compliant repeat-dose inhalation toxicology studies
were conducted with revefenacin free base in a citrate-buffered saline nebulized aerosol for up
to 13-weeks in mice, 26-weeks in rats, and 39-weeks in dogs. In the pivotal 26-week chronic
study in rats, animals received revefenacin at target doses of 0, 100, 300, or 1000 mcg/kg/day
(achieved doses of 0, 125, 331, or 1260 mcg/kg/day). There were no deaths that were
attributed to treatment. The most notable histopathology findings were in the larynx
(hyperplasia/metaplasia, exudate, and mononuclear cell inflammation of epiglottis) and were
judged to be nonspecific irritant effects associated with aerosol inhalation and irrelevant to
humans. The no observed adverse effect level (NOAEL) was considered the high-dose (achieved
dose of 1260 mcg/kg/day). Toxicokinetic measurement demonstrated systemic exposure to
revefenacin and its carboxylic acid metabolite, THRX-195518. Revefenacin and metabolite
THRX-195518 constituted about 76% and 24% of total systemic exposure, respectively.
In the pivotal 39-week chronic study in dogs, animals received revefenacin at target doses of 0,
30, 100, or 300 mcg/kg/day (achieved doses of 0, 35.2, 124, or 315 mcg/kg/day). There were
no deaths that were attributed to treatment. Treatment with the high-dose of revefenacin
increased heart rate and decreased the RR, PR, and QT intervals in male and female dogs.
These findings were considered adverse, but were expected pharmacodynamic effects of the
drug, which are monitorable in a clinical setting. Treatment with mid-dose and high-dose
revefenacin decreased mean tear production in males and female dogs (this was an expected
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pharmacodynamic effect of treatment with revefenacin). There were no notable
histopathology findings. The NOAEL was considered the mid-dose based on the increased heart
rate at the high-dose, but the high-dose was used for exposure margin calculations based on
the clinical monitorability of the increased heart rate and the lack of histopathology findings at
the high-dose. Toxicokinetic measurement demonstrated systemic exposure to revefenacin
and its carboxylic acid metabolite, THRX-195518. Revefenacin and metabolite THRX-195518
constituted about 35% and 65% of total systemic exposure, respectively.
Genetic Toxicology and Carcinogenicity
Revefenacin was negative for genotoxicity in a standard battery of genetic toxicology tests.
Metabolite THRX-195518 was negative for mutagenicity in the Ames test for bacterial gene
mutation. No treatment-related tumor findings were identified in two-year inhalation studies
with Sprague-Dawley rats and CD1 mice that were conducted to assess the carcinogenic
potential of revefenacin and metabolite THRX-195518.
Reproductive and Developmental Toxicology
Revefenacin did not affect fertility or reproductive performance in male and female mice
treated with subcutaneous doses of revefenacin up to 500 mcg/kg/day. In embryo-fetal
development (EFD) studies with pregnant rats and rabbits dosed subcutaneously during the
period of organogenesis, revefenacin was not teratogenic and did not affect fetal survival at
maternal subcutaneous doses up to 500 mcg/kg/day. Placental transfer of revefenacin and
metabolite THRX-195518 was observed in pregnant rabbits. In a pre- and postnatal
development (PPND) study in pregnant rats dosed from gestation day (GD) 6 to lactation day
(LD) 20, revefenacin had no adverse developmental effects on pups at maternal subcutaneous
doses up to 500 mcg/kg/day. Revefenacin and metabolite THRX-195518 were present in milk of
lactating rats on LD 22.
Conclusions
The nonclinical pharmacology and toxicology studies were adequate to support the safety of
revefenacin and its carboxylic acid metabolite for marketing. There are no outstanding
concerns from the nonclinical perspective.

4.5.

Clinical Pharmacology

Dr. Renu Singh (primary clinical pharmacology reviewer) has reviewed revefenacin’s clinical
pharmacology. A summary of her review is presented below; please see her full review for
details. Dr. Singh notes that the data submitted in support of revefenacin is acceptable for
approval from a clinical pharmacology perspective conditional to labeling agreements with the
Applicant.
The clinical pharmacology program for revefenacin solution for inhalation included a first-inhuman, single, escalating dose study (AC5108696), a mass-balance study (0130), a hepatic
impairment study (0134), a renal impairment study (0135), and a thorough QT study (0136) in
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healthy subjects. The pharmacokinetic (PK) profile of revefenacin was also evaluated in
randomized, double-blind, crossover, single-dose (0059) and repeat-dose (0091) studies in
COPD patients and a randomized, double-blind, parallel-group, repeat-dose study in COPD
patients (0117). Sparse sampling PK data was collected in two randomized, double-blind,
placebo-controlled, multiple-dose, parallel-group replicate 3-month studies (0126 and 0127) in
COPD patients. The program was also supported by results from 19 in vitro human biomaterial
studies. The major clinical pharmacology findings for this application are summarized below.
Mechanism of Action
Revefenacin is an anticholinergic developed as an inhalation solution for administration via
standard jet nebulizer. Its binding is slowly reversible at the human M3 muscarinic receptor,
and behaves as a slowly reversible functional muscarinic antagonist. When applied locally to
the airways, it exhibits its pharmacologic effect through inhibition of M3-receptors at the
smooth muscle leading to bronchodilation.
Pharmacokinetics
Absorption
Following administration of revefenacin inhalation solution by nebulization in healthy subjects
or COPD patients, Cmax of revefenacin and its metabolite, THRX-1995518, occurred between 14
to 31 minutes after start of nebulization. The absolute bioavailability following administration
of an oral dose of revefenacin is relatively low (<3%). Following repeat dosing of inhaled
revefenacin, steady state was achieved within 7 days with <1.6-fold accumulation. Revefenacin
systemic exposure increased in a slightly greater than dose proportional manner with
increasing revefenacin dose. Following single or multiple once-daily dosing of revefenacin, both
AUC and Cmax of revefenacin and THRX-195518 increased by approximately 11-fold over the 88
to 700 µg (8-fold) dose range.
Distribution
Following inhalation of revefenacin to healthy subjects, the apparent volume of distribution of
central compartment was 313 L suggesting extensive distribution to tissues. In vitro protein
binding of revefenacin and active metabolite (THRX-195518) to human plasma proteins was
71% and 58%, respectively.
Elimination
The terminal plasma elimination half-life of revefenacin and active metabolite (THRX-195518)
following once-daily dosing in COPD patients is 23 to 58 hours.
Metabolism
Revefenacin is primarily metabolized via hydrolysis of the primary amide to a carboxylic acid
forming its major metabolite, THRX-195518. Following inhaled administration of revefenacin in
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COPD patients, conversion to this metabolite occurred rapidly, with time to achieve peak
plasma concentrations (tmax) coinciding with that of revefenacin. Systemic exposures to the
major metabolite exceeded those of revefenacin by approximately 4- to 6-fold (based on AUC).
THRX-195518 possessed activity at target muscarinic receptors that was slightly lower
(approximately one-third to one-tenth) relative to revefenacin. Refer to
pharmacology/toxicology review by Dr. Eleni Salicru for details on the pharmacological activity
of the metabolite THRX-195518 relative to revefenacin.
Excretion
Following intravenous dosing, revefenacin was eliminated mainly by metabolism followed by
excretion of metabolites in feces and urine (approximately 54% and 27% of recovered
radioactive dose, respectively). Following oral dosing, the recovered radioactive dose in feces
and urine was 88% and 4.7% of the total dose, respectively, suggesting low oral absorption.
There is minimal renal excretion (<1%) of revefenacin and its major metabolite after inhaled
administration of revefenacin. These results indicate extensive hepatobiliary elimination of
revefenacin.
Impact of Disease status
Comparison of revefenacin PK parameters between healthy subjects and COPD patients
following single-dose inhaled administration of 175 µg revefenacin (cross-study comparison)
showed that mean revefenacin Cmax and AUC6 values were approximately 66% and 56% lower,
respectively, in COPD patients (Study 0091) as compared to healthy subjects (Studies 0134,
0135, 0136). The mean THRX-195518 Cmax and AUC0-6 values were approximately 2.4- and 2.2fold higher, respectively, in COPD patients as compared to healthy subjects. The exact reason
for this observation of increased exposure to the metabolite THRX-195518 in COPD patients
relative to healthy subjects remains unclear, but is speculated to be due to a difference in
elimination and/or possibly formation of THRX-195518 in COPD patients.
Special populations
A population PK model with phase 2 subjects (n=127) was utilized for covariate analysis; no
clinically relevant differences in exposure were determined for sex, age, smoking status, or
body weight. The effect of renal and hepatic impairment (discussed below) was studied in
studies 0134 and 0135, respectively.
A reduced PK design study was conducted in subjects with severe renal impairment (N=8) and
compared to subjects with normal renal function (n=8). The study demonstrated a 1.5 fold
increase in Cmax of revefenacin and a 1.2 to 2-fold increase in Cmax of THRX-199518. There was a
1.2 to 2.3-fold increase in AUCinf of revefenacin; THRX-195518 exposure (AUCinf) was increased
by 1.6 to 2.5-fold. Cautionary language to monitor for systemic antimuscarinic side effects will
be proposed in the label for patients with severe renal impairment.
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A reduced PK design study was conducted in subjects with moderate hepatic impairment (N=8)
and compared to subjects with normal hepatic function (n=8). The study demonstrated no
increase in Cmax of revefenacin and 1.5-fold increase in Cmax of THRX-195518. There was 1.2fold increase in AUCinf of revefenacin and a 2.8 to 4.7-fold increase in AUCinf of THRX-195518.
(b) (4)
The sponsor proposes
based on review of the information available, revefenacin is not
recommended in patients with hepatic impairment.
Drug-drug interaction
In vitro studies conducted to determine the drug interaction potential for revefenacin and its
active metabolite (THRX-195518) indicate the following:
 Revefenacin is a substrate of efflux transporters P-gp and BCRP.
 THRX-195518 is a substrate of uptake transporters -OATP1B1- and OATP1B3.
 No significant CYP-mediated inhibition of CYP1A2, CYP2B6, CYP2D6, CYP2C8, CYP2C9,
CYP2C19, or CYP3A4 or induction of CYP1A2, CYP2B6, or CYP3A4/5 was observed for
revefenacin or THRX-195518. Additionally, neither revefenacin nor THRX-195518 is a
time-dependent inhibitor of CYP2D6 or CYP3A4. No CYP-mediated drug interactions are
anticipated for revefenacin in humans given the low circulating systemic plasma levels
of revefenacin and THRX-195518 (Cmax = 0.12 ng/mL and 0.25 ng/mL, respectively)
following inhaled administration of 175 µg revefenacin.
Drug interaction information collected in Phase 3 studies was not reviewed since the PK data
collected in Phase 3 studies 0126 and 0127 had several issues (e.g. sample switching,
contamination due to ventilation issues etc.). Refer to Dr. Renu Singh’s full review for details.
Pertinent labeling changes will be made to mitigate the drug interaction potential mentioned
above.
Pharmacodynamics
The revefenacin development program included multiple studies to determine dose-response
and one-dose-regimen study (dose determination studies). However, the phase 3 dosing was
based primarily on studies 91, 116, and 117.
Dosing determination studies
Dose-ranging was conducted in Study 0091 - A phase 2, randomized, double-blind, multipledose, five-period, incomplete-block, crossover study to examine the pharmacodynamics, safety
and tolerability, and pharmacokinetics of multiple doses of revefenacin for 7 days in subjects
diagnosed with moderate to severe COPD. Study treatments were administered QD for 7 days
in each of 5 treatment periods, with each subject receiving 4 of 6 possible doses of revefenacin
(22, 44, 88, 175, 350, or 700 mcg) and placebo. There were 5 study periods lasting 7 days each
and a 10- to 16-day washout between periods. The primary pharmacodynamic endpoint was
trough FEV1 after the 7th dose of each treatment period. The change from baseline in trough
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FEV1 for 88 mcg to 700 mcg QD doses of revefenacin were statistically significant as compared
to placebo. Doses of 22 and 44 mcg produced minimal improvements. The 175 mcg dose
produced the greatest improvement in trough FEV1 and weighted mean (Figure 1).
Figure 1: Study 91, change from baseline, trough FEV1, day 7

Source: study 91 CSR, Figure 2, p. 61

An additional study to confirm the dose-response was conducted. Study 0117 was a phase 2b,
randomized, double-blind, placebo-controlled, parallel group, multicenter study in moderateto-severe COPD patients (N=350). Each subject received revefenacin (44, 88, 175, or 350 mcg)
or matching placebo QD. The primary efficacy endpoint was the change from baseline in trough
FEV1 on Day 29. The primary efficacy endpoint was met for revefenacin doses of 88 mcg QD
and higher. Statistically significant differences compared to placebo were observed after 28
days of dosing (Figure 2). As with study 091, doses higher than 175mcg did not appear to result
increased improvements in FEV1. The results of this study along with Study 0091 supported the
choice of doses 88 and 175 mcg for the phase 3 studies.
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None.

4.7. Consumer Study Reviews
Not applicable.
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5. Sources of Clinical Data and Review Strategy
5.1. Table of Clinical Studies

The sources used in this review come from three studies that are summarized in Table 3:
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Table 3: List of relevant studies
Study #/
Study dates

Study Design/
Regimen
Population/
NCT#
Controlled Studies to Support Efficacy and Safety
0126, 0127
R, DB, PC, PG
REV 88mcg INH daily
Moderate to very
REV 175mcg INH daily
(0126: 7/28/15 severe COPD patients Placebo INH daily
to 8/24/16;
0127: 9/8/15 to
8/15/16: )

NCT02459080

Studies to Support Safety
128
R, DB, AC/OL, PG
(9/21/15 to
Moderate to very
5/24/17)
severe COPD patients

REV 88mcg INH daily
REV 175mcg INH daily
Tiotropium 18 mcg INH
daily

Study Endpoints

Treatment
Duration

Patients
enrolled

# of Centers

Trough FEV1 day 85
FEV1 overall treatment
effect
Rescue medication use
Peak FEV1
SGRQ

12 weeks

0126: 619
0127: 611

0126: 60 sites
(All US)
0127: 59* sites
(All US)

Safety

52 weeks

1080

103 sites (All US)

NCT02518139
Abbreviations: INH- inhalation, R- randomized, DB- double-blinded, PC- placebo-controlled, PG- parallel group, AC/OL- active comparator open-label
* Two sites excluded from efficacy analysis due to site misconduct found on sponsor’s internal audit
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5.2. Review Strategy
Support for safety and efficacy of REV is based on three phase 3 studies: 126, 127, and 128. As
noted above in Table 3, studies 126 and 127 were replicate 12-week bronchodilator trials and
study 128 was a 52 week safety study. Exploratory efficacy data from study 128 is not included
in Section 6 and 7. Efficacy analysis was performed by FDA Biostatisticians to confirm the data
shown in support of the Applicant’s primary and secondary endpoints. Safety analysis was
performed by this reviewer using several software programs (JMP, JMP Clinical, JReview, and
MAED). Safety results are from pooled data from studies 126 and 127 as well as data from
study 128. The safety results presented in section 8 are this reviewer’s own analyses except
where indicated otherwise.
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6. Review of Relevant Individual Trials Used to Support Efficacy
Study 126 and 127 are discussed together; these two studies are replicate pivotal efficacy
studies with identical protocols.

6.1. Study 126 and 127
Study Title: A Phase 3, 12-week, randomized, double-blind placebo-controlled parallel group
study of nebulized TD-4208 [revefenacin (REV)] in subjects with chronic obstructive pulmonary
disease.

Objectives



Primary: Characterize the efficacy of REV in moderate to very severe COPD patients
Secondary:
o characterize the safety and tolerability of REV
o characterize the population pharmacokinetics of REV
6.1.1. Study Design

Study 126/127 was a randomized placebo-controlled double-blind parallel group study in 618
subjects with moderate to very severe COPD comparing two doses of REV and placebo (~200
subjects in each arm) over 12 weeks. Subjects were screened for eligibility at visit 1A where
other LAMA use was washed out over 45 days. Also, LABA use was allowed in up to 40% of the
patients after which this medication was also washed out over 15 days prior to study treatment
initiation. For those patients not requiring washout, visit 1B was combined with visit 1A. Visit 1B
assessed ipratropium responsiveness with spirometry pre and post ipratropium administration.
Visit 2 assessed spirometry pre and post placebo as well as pre and post albuterol. Patients with
a significant placebo response were excluded. Stratified randomization (by LABA use and by
ipratropium responsiveness) occurred after these visits to one of three arms:
o REV 88 mcg once daily
o REV 175 mcg once daily
o Placebo
Subjects self-administered the nebulized treatment at home except on visit days, where it was
given in the clinic. Visits 3 -8 occurred on days 15, 29, 57, 84, 85, and 92, respectively. The last
treatment was given on day 84. Assessment schedule is outlined in Table 4 and study schematic
is shown below in Figure 3. A subset of subjects (34/group) had 24-hour serial spirometry
performed on day 84-85.

32
Reference ID: 4291058

Clinical Review
Khalid Puthawala
Revefenacin NDA 210598, 505 (b)(1)
Figure 3: Study 126 design schematic

The study design for these bronchodilator studies (126/127) are similar to other bronchodilator
studies used to support efficacy for recently approved LAMA inhaled medications (2013
umeclidinium, 2012 aclidinium). The background allowance of 40% of the population having
LABA and also ICS (with no percentage limitation), approximates real world settings. It is also
reasonable to exclude other LAMAs as realistically in clinical practice, LAMA therapy is not
duplicated.
Study Treatments
Three treatment arms were present in this study:
 Revefenacin 88 mcg daily via jet nebulizer
 Revefenacin 175 mcg daily via jet nebulizer
 Placebo daily via jet nebulizer
Subjects used the Pari LC Sprint jet nebulizer for inhalation administration of the study drug and
placebo. Dosing occurred every morning (between 6am and 11am) at the same time in the
subjects home with the exception of days 15, 29, 57, and 84 (on visit days study drug was
administered in the clinic). There was no dose modification or reduction allowed in the
protocol.
The doses included in the phase 3 studies were reasonable and previously agreed upon at the
EOP2 meeting on December 8, 2014 (see Section 4.5 Clinical Pharmacology for further details
on dose selection).
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Albuterol MDI (90 mcg per puff) for rescue was dispensed by the study sponsors. Adequate
access and quantity was ensured by checks at every study visit. Subjects were required to bring
all rescue medication dispensed to every study visit to assess quantity of use and adequacy of
remaining amount.
Treatment Compliance
Subjects were trained on use of an eDiary, ePFM (electronic Peak Flow Meter), and nebulizer.
Subjects were instructed to record daily study drug administration in their eDiary. This was used
to assess compliance. Compliance within protocol was defined as subjects who received 80% of
the total number of doses that should have been administered. If subject drug compliance was
< 80%, this was considered a major protocol deviation. At every study visit (day 1, 15, 29, 57, 84
and 85), subjects eDiary would be compared to empty foil pouches and unused medications
brought in by the patient. For every foil pouch not returned, it was assumed that the study drug
was not administered. If there was a discrepancy between eDiary recordings and foil pouch
counts, this was documented and the subject would be reminded to keep accurate recordings
and counts.
Assessments
Procedure and Assessment schedule for visits 1A to 9 is noted below (Table 4).
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Table 4: Study 126 Assessment schedule
Screening a

Treatment Period
Visit 4
(Day 15)

Visit
1A

Procedure
Informed Consent
Medication and
Medical History
Washout of COPD
medications (as
required)
Vital Signs c
ECG (12-lead) c
Physical Examination
Height and Weight
Ipratropium
Reversibility d
Hematology, Serum
Chemistry, Urinalysis
(non-fasting)
Urine Pregnancy Test
Treatment Satisfaction
Questionnaire f
Training on use of the
ePFM (substudy
subjects only) and
diary g
Dispense ePFM
(substudy subjects
only) and diary

Visit
1B

Visit
2

Visit 5
(Day 29)

Visit 6
(Day 57)

Visit 7
(Day 84)

Visit 3
(Day 1) b
(±2)

(±2)

(±2)

(±2)

■
■

■
■

■
■

■
■
■

Visit 8
(Day 85)
(must occur
the day
after
Day 84)

Early
Termination/
Withdrawal*

■
■
■
■
■
■
■

■
■
■

■

■
■
■
■

■

■

■

■

■

■

■
■

■

■

■

■e

■

■

■
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Screening a

Treatment Period
Visit 4
(Day 15)

Visit
1A

Procedure
Review of ePFM and
diary (including
download of ePFM)
(substudy subjects
only)
Collect ePFM
(substudy subjects
only) and diary
Training on the use of
nebulizer
Placebo and Albuterol
reversibility h
Review
Inclusion/Exclusion
Criteria
Randomization
Trough FEV1 via
Spirometry i
0-2 hour post-dose
serial spirometry j
0-24 hour post-dose
serial spirometry
(substudy subjects
only)
Study drug dosing m

Visit
1B

Visit
2

Visit 6
(Day 57)

Visit 7
(Day 84)

Visit 3
(Day 1) b

■

■

Visit 5
(Day 29)

Visit 8
(Day 85)

Early
Termination/
Withdrawal*

(±2)

(±2)

(±2)

(±2)

(must occur
the day
after
Day 84)

■

■

■

■

■

■

■

■

■l

■

■

■
■

■

■

■
■
■

■

■

■

■

■

■

■

■

■
■k

■

■

■

■

■

■
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Screening a

Treatment Period
Visit 4
(Day 15)

Visit
1A

Visit
1B

Visit
2

a
b
c

d
e

Visit 6
(Day 57)

Visit 7
(Day 84)

Visit 3
(Day 1) b
(±2)

Procedure
Start of daily diary
recording and PEF
(PEF in substudy
subjects only)
Complete SGRQ,
mMRC, CAT, CCQ,
BDI/TDI n
Plasma PK samples o
Concomitant
Medications
Adverse Events
Dispensing of study
drug for home use
Collect and reconcile
returned study drug
Dispensing of rescue
medication as needed
(and return as
appropriate)
Collect and reconcile
returned rescue
medication

Visit 5
(Day 29)

(±2)

(±2)

■

■

(±2)

Visit 8
(Day 85)
(must occur
the day
after
Day 84)

Telephone
Follow-up
Early
Termination/
Withdrawal*

Visit 9
7±2 days
after Visit 8 or
early
termination

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

The duration of each of the screening visits is approximately 1 hour for Visit 1A, 2 hours for visit 1B, and 2 hours for visit 2.
The duration of the Day 1 visit is expected to be approximately 3 hours.
Vital signs and ECG performed singly at approximately 60 min pre-dose and at 1 hour post-dose at Visit 3, 4, 5, 6, and 7. Subjects need to be resting in a semi-recumbent position
approximately 5 minutes prior to assessment of vital signs and ECG. The sequence of performing these procedures at each visit is vital signs, then ECG followed by spirometry.
Spirometry measurements pre-dose and 45 min post-dose for ipratropium reversibility.
Urine pregnancy test performed prior to randomization (as applicable).
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f

g
h

i
j

k

l
m
n

o

*

A Treatment Satisfaction Questionnaire will be performed by the subject to determine baseline characteristics related to preferences for drug administration and, at the end of the
study to determine subject satisfaction with study drug.
Diary will be used to collect timing of study drug dosing, usage of rescue inhaler, concomitant medications, and adverse events.
Spirometry will be performed pre-dose and 45 minutes post-dose for placebo reversibility; at least 60 minutes after the dose of placebo the pre-dose spirometry for the a buterol
revers bility will be done and at 15 minutes post-dose a buterol.
Spirometry measurements 45 and 15 minutes pre-dose.
Spirometry measurements post-dose at 5, 15, 30 minutes, and 1, 1.5 and 2 hours. The time window for spirometry will be ± 5 minutes for each nominal timepoint. All attempts
should be made to perform the spirometry at the required time points, i.e., the spirometry procedure will take priority over other procedures and if necessary the timing of the other
procedures may be adjusted to accomplish this. If necessary such adjustments will not be considered protocol deviations as long as the appropriate reason is documented in the
source documents.
24 hour serial spirometry will be performed at selected sites as a substudy. Visit 7 will be conducted as an overnight visit for those sites. 24 hour serial spirometry will be performed
at 45 and 15 minutes pre-dose and at 5, 15, and 30 minutes, and 1, 2, 4, 6, 8, 10, 12, 15, 21, 22, 23.25, and 23.75 hourspost-dose. The time window for spirometry will be ± 5
minutes for each nominal timepoint up to the 2 hour time point and a ± 10 minute window for each of the later time points.
Spirometry measurements post-dose at 23.25 and 23.75 hours.
Study drug dosing will be in-clinic on study visit days, dosed in the morning (window of 6 am to 11am)
These PROs will be administered in the clinic, in the order indicated in the table above. The BDI/TDI will be administered by trained site staff. The BDI will only be done at baseline
and the TDI will be done at specified visits during treatment.
PK sampling will be performed in subjects pre-dose and at any time 1 – 30 minutes post-dose at Visit 3, 4, 5, 6, and 7. An additional PK sample will be collected during the sampling
interval of 1 – 4 hours post-dose at Visit 7. The PK sampling time will be recorded accurately in date, hours, and minutes. For subsequent visits, the accurate last two dose times of
study drug in date, hours, and minutes will be recorded. Post-dose sampling time is defined relative to the completion of study drug nebulization.
For those subjects who discontinue early due to an adverse event a telephone follow-up visit will be conducted 30 days afterwards to review concomitant medications and adverse
events. All subjects who terminate early, regardless of the reason, will have a follow-up telephone call at 3 months from Day 1 (randomization) to determine their vital status.

Source: Study 126 protocol; Table 4; page 46
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Safety
In study 126/127, adverse events (AE) were recorded in the case report form (CRF) and severity
was recorded along with dates of onset, resolution, outcome, action taken, and relationship to
study drug. Coding was performed using MedDRA version 18.1. Other monitored safety
variables included physical exam, clinical laboratory tests, ECG, Holter monitoring, and
pregnancy testing. The SAE definition and reporting was per 21 CFR 312.32.
conducted
operations in collaboration with Theravance Biopharma for ongoing blinded review and
adjudication of pre-specified cardiovascular events of interest (death, myocardial
infarction/unstable angina, heart failure, stroke/TIA, arrhythmia). There was no other data
monitoring committee for this study.
(b) (4)

Blinding
This study was double blinded. Subjects, investigators, and all staff involved were blinded to
treatment assignment. Randomization schedule was accessible only to the statistician
responsible for generation of the schedule and the bioanalytical laboratory personnel that ran
drug assay samples. Unblinding for safety reasons could occur via the Interactive Web Response
System (IWRS), however, if possible, the investigator would first contact the sponsor’s clinical
study director before unblinding. Blinding was only broken if knowledge of the subject’s study
medication would affect clinical management. This was documented within the eCRF.

Study Population

The study population consisted of those patients with COPD that met standard spirometry
definitions for moderate to very severe, based on NHANES III [ (Miller, 2005)] and met
inclusion/exclusion criteria as outlined below:
Key Inclusion criteria
1. Male or female subject 40 years of age or older (age at Visit 1A).
2. Willing and able to provide informed consent, attend study visits per schedule, and
prepare and administer study medications.
3. Capable of performing reproducible spirometry maneuvers by current ATS Guidelines
and has a post-ipratropium FEV1/FVC ratio <0.7 at Visit 1B.
4. Moderate to very severe stable COPD with a post-ipratropium FEV1 < 80% of predicted
and post-ipratropium FEV1 >700 mL at Visit 1B.
5. Current or past cigarette smoking history at least 10 pack-years.
6. Women of either child bearing potential or non-child bearing potential as follows:
a. Documentation of a negative urine pregnancy test at Visit 1B and Visit 3 (prior to
randomization). If a urine pregnancy test is positive, it must be confirmed via a
second urine pregnancy test.
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b. All female subjects of childbearing potential must agree to use a highly effective
method of birth control during the study and for at least 1 month after
completion of study drug dosing (defined by failure rate <1% per year).
c. Women are considered to be not of childbearing potential if they have had a
total hysterectomy and/or bilateral tubal ligation (documentation for either
must be provided before enrollment) or are at least 2 years postmenopausal.
Key Exclusion criteria
1. Pregnant or lactating
2. Non-COPD related significant respiratory disease (e.g. restrictive lung disorders, benign
or malignant tumors of the lung, chronic pulmonary infections such as tuberculosis,
occupational lung disease such as silicosis or asbestosis, inflammatory disorders of the
lung, alpha-1-antitrypsin deficiency, scoliosis, myasthenia gravis, phrenic nerve palsy)
3. History of cancer of any organ, treated or untreated in the 5 years prior to Visit 1A
(excludes localized basal cell or squamous cell carcinoma of the skin; localized prostate
cancer in situ of grade1; localized cervical cancer in situ of grade 0).
4. Other significant co-morbid possibly confounding illness
5. History of reactions to inhaled or nebulized anticholinergics or short-acting betaagonists.
6. Any medical condition precluding use of inhaled anticholinergics, including narrow-angle
glaucoma, symptomatic benign prostatic hyperplasia, bladder neck obstruction, or
urinary retention.
7. Significantly increased risk of cardiovascular events, as indicated by a history at Visit 1A
of myocardial infarction or unstable angina within the last 6 months, unstable or life
threatening cardiac arrhythmia requiring intervention in the last 3 months, and NYHA
Class IV heart failure
8. Clinically significant and uncontrolled hypertension, hypercholesterolemia, or Type II
DM.
9. Hospitalized for COPD or pneumonia within 8 weeks prior to Visit 1B.
10. Use of systemic corticosteroids within 6 weeks of Visit 1B.
11. Use of antibiotics for respiratory tract infection within 6 weeks of Visit 1B.
12. History of lung volume reduction surgery or lobectomy within 12 months prior to Visit
1B.
13. Subject has an abnormal and clinically significant 12-lead ECG findings at Visit 1B:
a. atrial fibrillation (AF) with rapid ventricular rate >120 beats per minute
b. sustained or non-sustained ventricular tachycardia (VT)
c. second degree heart block Mobitz type II
d. third degree heart block (unless pacemaker or defibrillator had been inserted)
e. QT interval corrected for heart rate (QTcF) ≥500 milliseconds (msec)
14. Unwilling or unable to stop the use of prohibited medications (if required)
15. Use of other investigational medication within 30 days or five drug half-lives of
screening.
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16. Participation in a previous REV study.
17. History of known or suspected alcohol or drug abuse within 2 years prior to screening
18. Affiliated with the investigator site (e.g., investigator, coordinator, site employee, etc.).
19. Requiring long-term oxygen therapy (>15 hours a day)
20. Participating in the initiation phase of a supervised pulmonary rehabilitation program
(subjects in the maintenance phase will be eligible).
21. Placebo nebulization response: ≥12% and ≥200 mL change from baseline in FEV1 (in
either direction)
Inclusion and exclusion criteria, discussed above, ensured that the study population was fairly
similar to the target COPD population. They are also fairly similar to those found in recently
approved COPD treatment studies (Lonhala Magnair (glycopyrrolate) 2017, umeclidinium
2014).
Subject withdrawal/ discontinuation
Subject removal could occur based on investigator discretion for any of the following reasons:
 Adverse event
 Major protocol deviation
 Subject choice
 Investigator choice
 Study termination
 Moderate to severe COPD exacerbation
When possible, the termination visit testing was attempted to be carried out, and all efforts
made to minimize discontinuations. Reasons for withdrawal were documented on the CRF.
COPD exacerbations were classified as mild, moderate, or severe according to criteria that are
reasonable but not granular.
Concurrent and Restricted Medications
Concurrent use of LABA in up to 40% of the study population in each arm was allowed. Also,
concurrent use of ICS was allowed. Both of these medications needed to be at a stable dose
prior to entry. Use of LAMAs was not permitted as the study drug is a LAMA. A 45 day washout
period was used if the subject at screening time was on a LAMA (tiotropium, aclidinium,
umeclidinium, glycopyrrolate) or combination product that included a LAMA. A 14 day washout
period was required for all patients on a LABA enrolled after the 40% LABA cap had been
reached. A similar 14 day washout was used for patients on combination LABA products (unless
a LAMA/LABA product was being used in which case 45 days was required). This required
conversion of ICS/LABA products to ICS monotherapy. Prior to the ipratropium and albuterol
reversibility testing, those short-acting bronchodilators were held for 6 hours. Restricted
medications are summarized in Table 5.
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Table 5: Study 126 Restricted medications
Medication

Washout Required (or Modification) and
Prohibited Time Period

Any ICS at a dose of >1000 μg/day
fluticasone propionate or equivalent

Subjects on a dose >1000 μg/day fluticasone
propionate or equivalent should have their dose
modified to be on a stable dose of ≤1000 μg
fluticasone propionate or equivalent for at least
30 days prior to the Ipratropium Reversibility test
at screening and continued through to Day 85.
14 days prior to the Ipratropium Reversibility test
at screening and prohibited during the course of
the study through to Day 85.

LAMA - tiotropium (Spiriva®),
glycopyrronium bromide, aclidinium,
umeclidinium
• roflumilast
• LABA - salmeterol, formoterol fumarate,
arformoterol tartrate, indacaterol vilanterol,
olodaterol.)
• LABA/ICS products
• LAMA/LABA combination product e.g.,
umeclidinium/vilanterol (Anoro®)

Oral theophyllines
• Oral leukotriene inhibitors
• Other antimuscarinic medications
(e.g., atropine, cyclopentolate, homatropine, hyoscine, tolterodine, oxybutynin and/or tropicamide)
Sodium cromoglycate
• Nedocromil sodium
• Short acting beta-agonists
• Short acting anti-muscarinics

• Antibiotics

Subjects on a LABA or LABA/ICS product do not
need to be washed out provided they have been
on a stable dose for at least 30 days prior to the
Ipratropium Reversibility test at screening and this
is continued through to Day 85. The steroid
component should be ≤1000 μg fluticasone
propionate or equivalent. Once the cap of 40% of
total enrollment is reached however these
subjects must be washed out for their LABA use
for at least 14 days prior to the Ipratropium
Reversibility test at screening and continued
through to Day 85. Subjects on a LABA/ICS
combination product should have their medication
modified to receive only ICS monotherapy at an
equivalent dose for at least 14 days prior to the
Ipratropium Reversibility test and this dose should
be ≤1000 μg equivalent to fluticasone propionate.
48 hours prior to the Ipratropium Reversibility test
at screening and prohibited during the course of
the study through to Day 85.

24 hours prior to the Ipratropium Reversibility test
at screening and prohibited during the course of
the study through to Day 85.
6 hours prior to the Ipratropium Reversibility test
at screening. Subjects will be provided with
albuterol to be used as rescue medication during
screening and throughout the course of the study.
Albuterol must be withheld at least 6 hours prior to
any spirometry performed during the study and
during the entire visit when serial spirometry is
being performed. Short acting anti-muscarinics
must be washed out prior to the Ipratropium
Reversibility test and are prohibited during the
course of the study through to Day 85.
Any prophylactic use of antibiotics

Source: Study 126 CSR, Table 3, p.43
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Endpoints
Primary
 Trough FEV1 (mean value of 23.25 and 23.75 hours measurements after 84th dose) on
day 85
Secondary
 Overall treatment effect of trough FEV1 (weighted-by-variance average over study
duration)
 Peak FEV1 (0-2hrs) after 1st dose
 Rescue albuterol use
 Albuterol rescue-free 24 hour periods
 SGRQ proportion of responders on day 85
Exploratory
 Trough FEV1 on Days 15, 29, 57 and 85
 Peak FEV1(0-2) on Days 15, 29, 57 and 85
 AUC FEV1(0-2) on Days 1, 15, 29, 57 and 85
 Serial 24-hour spirometry on Day 84/85 (subgroup at preselected sites)
 Morning peak expiratory flow: Days 1-84 (subgroup at preselected sites)
 Evening peak expiratory flow: Days 1-84 (subgroup at preselected sites)
 Time to achieve 100 mL increase in FEV1 from baseline after 1st dose (0-2 hours)
 Proportion of subjects with 100 ml increase in trough FEV1 from baseline after 84th dose
 SGRQ score on Day 85
 CAT score on Day 85
 Transitional dyspnea Index (TDI) focal scores on Day 84
 mMRC score on Day 85
 CCQ score on Day 85
Safety
 AEs, physical exam, medical history, vital signs, ECG parameters, and clinical laboratory
results (hematology, chemistry, urinalysis, pregnancy testing)
 2-hour post dose FEV1 profiles on day 1, 15, 29, 57 and 84 (assess for administration
related bronchoconstriction)
PK



Population PK parameters

Spirometry was performed based on ATS guidelines at timepoints indicated in aforementioned
Table 4. For the treatment period (visits 3 through 7), spirometry was done 45 and 15 minutes
pre-dose, and 5, 15, 30, 60, 90, and 120 minutes post-dose.
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A 24-hour serial spirometry substudy was included. Approximately 105 subjects were enrolled
across selected sites. Spirometric measurements were started on visit 7 (day 84) 45 and 15
minutes pre-dose, and then continued at 5, 15, and 30 minutes, and at 1, 2, 4, 6, 8, 10, 12, 15,
21, 22, 23.25 and 23.75 hours post-dose.
SGRQ, CAT, mMRC, CCQ patient related outcomes (PRO) questionnaires were used as
secondary and exploratory endpoints. The SGRQ, used for obstructive lung disease, has 50
items divided into two parts; the first part captures the patients’ perception of symptom
frequency and severity; the second part questions patients in regards to activities that cause or
are limited by dyspnea and impact psycho-social functioning. Scoring ranges from 0 to 100 with
higher scores indicating more limitation. The minimal clinically important difference is a mean
change score of 42.
The primary endpoint is reasonable in light of prior inhaled therapies that have also used
trough FEV1 as a principal endpoint. Use of FEV1 is well established as a primary endpoint and
has been used as the basis of approval for multiple inhaled COPD products. SGRQ is used
frequently in the evaluation of inhaled medications. In previous applications for inhaled
medications for COPD an MCID of 4 has been used in responder analyses. The other endpoints
may contribute to the benefit risk assessment and used as supportive evidence of efficacy; but
this would be in the context of statistically significant benefit in terms of the primary endpoint.
Of note, one of the key secondary endpoints, FEV1 overall treatment effect (FEV1 OTE), is a
novel endpoint and not typically used in COPD studies. The sponsor in prior discussions was
partially guided on the choice of endpoints, but discussion of this secondary endpoint (FEV1
OTE) did not occur. Also, the CAT score (secondary endpoint) is a practical modality for rapid
assessment in COPD patients used in the literature and guidelines (specifically GOLD
categorization), but a clinically important minimal difference remains to be fully identified.3
Statistical Analysis Plan
Analysis Sets
The analysis sets noted in the SAP were as follows:
 The ITT analysis set – all randomized subjects receiving at least one dose and at least
one post-baseline FEV1 assessment (primary analysis set for efficacy)
 The Per-protocol (PP) analysis set – ITT analysis with no major protocol deviations
 The Safety analysis set – all subjects receiving at least one dose of study drug
 The PK analysis set – ITT with at least one evaluable pharmacokinetic profile
Jones PW. Eur Respir J. 2002 Mar;19(3):398-404. Interpreting thresholds for a clinically significant change in health status
in asthma and COPD.
2

Kon, SS et al. Lancet Respir Med. 2014 Mar;2(3):195-203. Minimum clinically important difference for the COPD
Assessment Test: a prospective analysis.
3
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Any changes made to the SAP were prior to data lock. Compliance was defined at 80% study
drug usage and <80% noted to be a major protocol violation (lack of compliance). Subjects who
discontinued early were contacted for vital status inquiry at the expected day 85 time point.
The probability of being alive at day 85 was calculated using a Kaplan-Meier estimate.
Primary endpoint evaluation
Change from baseline in trough FEV1 at day 85 was the primary endpoint and was analyzed in
the ITT population. The null hypothesis for the comparison was that there is no difference
between the mean responses at a given dose level of REV and the mean response on the
placebo treatment. The alternative hypothesis is that there is a difference. A mixed-effect
model repeated-measures (MMRM) was used to assess the primary endpoint. The model
included fixed effect class terms for treatment group, smoking status, reversibility status, LABA
use, gender, age at baseline, and center. This included a covariate for baseline FEV1. A time
effect and its interaction terms with treatment and baseline FEV1 were included. A subject
random effect, nested within center was included in the model. Missing data was assumed
missing at random, however, this assumption was assessed with a missing data sensitivity
analysis.
Secondary endpoint evaluation
The overall treatment effect of FEV1 (OTE FEV1) was defined as the weighted average of all the
trough FEV1 assessments across days 1-85. An inverse variance weighting schema was used
which places a higher relative weight on time points with lower variance (usually related to
sample size, potentially accounting for time-relative missing data). A t-test was used for
summarizing OTE FEV1. The MMRM was used to evaluate the day 1 peak (0-2 hours) FEV1 and
rescue medication uses.
SGRQ clinical outcome assessments were summarized using absolute values, change from
baseline at each visit, and as a proportion or responder definition (pre-specified clinically
important difference from baseline, as noted above in endpoint discussion). As a binary
measure, PROs were summarized using a logistic MMRM.
Multiplicity
Multiplicity adjustments for the primary and secondary hypotheses were done in a stepwise
manner. A truncated Holm procedure was used. At least 1 hypothesis must have been rejected
within a family to continue to latter families. A dose group must have passed the primary
endpoint (family 1) to move to subsequent families. Truncation parameter was set to 0.5 except
for family 5. The following testing hierarchy was used:
 Family 1: day 85 trough FEV1
 Family 2: OTE FEV1
 Family 3: day 1 peak FEV1
 Family 4a: days 1-85 puffs/day
 Family 4b: days 1-85 rescue-free days
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Family 5: day 85 SGRQ proportion responders

Sample size calculation
Sample size calculation was performed using a 22% dropout rate assumption. Ninety percent
power to detect a difference between treatment groups of at least 95 ml was used. A standard
deviation of 230 ml was assumed. Two-sided multiplicity-adjusted 3.75% significance level was
used. Therefore, based on these above calculations and assumptions, a plan for 206 subjects in
each of three arms was determined (n=618 total subjects).
Subgroup analysis
Subgroups for analysis were predefined: smokers, age≥65, ICS users, reversible subjects to
short-acting agents, %predicted FEV1 categories, LABA users. Also, subgroups for pooled
analyses across the replicate studies (126 and 127) were prespecified: LABA users, LABA/ICS
users. A small group of subjects (n=35) had a 24 hour spirometry at the end of treatment.
Serial spirometry data was not imputed. Time-to-event endpoints were assessed using KaplanMeier methodology with long-rank tests.
Safety analysis
Safety analysis was done with the safety analysis population.
 Exposure data was determined using CRFs.
 AEs were coded to preferred terms of MedDRA 18.1. Listings of all AEs were made with
summaries of system organ class, preferred term and severity, and the frequency and
percentage of subjects reporting each event. A TEAE was defined as an AE occurring
after the first dose of study drug given up to the last dose date plus the follow-up period
(7+/- 2 days). AEs between informed consent and study drug initiation time are
considered separately and not as TEAEs.
 Administration related bronchoconstriction was assessed using spirometry data in the
first 2 hours post dose of any day on study and categorized 1-4 as outlined in protocol.
The number and percentage of subjects within each category was summarized.
 Exacerbations were summarized descriptively with severity noted.
 Adjudicated CV events were presented by CV categories with percentage of patients
listed and sorted by alphabetical order.
 Vital sign data was summarized by observed values, changes from baseline, and
percentages.
Missing Data Handling
Missing data was assumed to be missing-at-random (MAR). No imputation of missing values for
serial spirometry for the primary analysis was done. If any data points (0 hour, middle, 2 hour)
were missing for AUC calculations, the AUC was set to missing. A sensitivity analysis on the
primary endpoint was conducted using a tipping point analysis based on multiple imputation
method to assess the plausibility of the MAR assumption of the primary analysis.
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Protocol Amendments
Two protocol amendments were performed (amendment 1 Jul 2015, Amendment 2 Sep 2015).
 Amendment 1: Modifications to withdraw subjects who had a moderate to severe
exacerbation without replacement possibly enriched for a less severe and more stable
study population. Also the broadening of excluding subjects who had any respiratory
tract infection within 6 weeks of screening from only a lower respiratory tract infection,
seems to also exclude more unstable patients. It is not surprising that the number of
patients in the very severe COPD category was much smaller relative to the other
groups. Other minor changes were also noted.
 Amendment 2: The specification was added that prophylactic antibiotic usage was not
permitted. This also likely excluded patients with more frequent exacerbations. Other
changes were minor.
6.1.2. Study 126 and 127 Results
Efficacy analyses were performed by FDA Biostatisticians to confirm the data shown in support
of the Applicant’s primary and secondary endpoints.
Compliance with Good Clinical Practices
Documented approval was obtained from IRBs and IECs prior to study initiation. All protocol
modifications were made after IRB/IEC approval. The studies were conducted in accordance
with GCP, CFR, and the Declaration of Helsinki. No foreign clinical studies are noted.
Financial Disclosure
The Applicant has adequately disclosed financial interests and arrangements with the
investigators. Form 3454 is noted and verifies that no compensation is linked to study outcome.
The PIs did not disclose any proprietary interest to the sponsor.
Patient Disposition
The disposition of patients is shown below in Table 6. Overall completion rates between groups
ranged from 72-82%. The primary cause for lack of completion was subject withdrawal or AE.
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Table 6: Study 126 and 127 Subject disposition
Study 126

Randomized
set (=safety,
ITT)
Completed
treatment
d/c due to AE
d/c due to
subject w/d
<80% dosing
compliance

Study 127

Placebo
(N=209)
n (%)

REV 88
(N=212)
n (%)

REV 175
(N=198)
n (%)

Total
(N=619)
n (%)

Placebo
(N=208)
n (%)

REV 88
(N=205)
n (%)

REV 175
(N=197)
n (%)

Total
(N=611)
n (%)

209
(100)

212
(100)

198
(100)

619
(100)

208
(99.5)

205
(100)

197
(100)

610
(100)

151
(72)
33 (16)
20 (10)

168
(79)
22 (10)
14 (7)

160
(81)
23 (12)
10 (5)

479
(77)
78 (13)
44 (7)

158
(76)
26 (12)
18 (9)

163
(79.5)
28 (14)
10 (5)

163
(83)
20 (10)
9 (5)

484
(79)
74 (12)
37 (6)

5 (2)

8 (4)

12 (6)

25

11 (5)

5 (2)

6 (3)

22 (4)

Abbreviations: d/c- discontinuation, w/d- withdrawal, ITT- intention to treat
Source: study 126 CSR, table 7, study 127 CSR, table 28; reviewer verified JMP analysis ADSL, ADAE,
ITTFL=Y; DDTERM=”SUBJECT COMPLETED DOSING REGIMEN”; AEACN=”DRUG WITHDRAWN”;
SDDECOD=”WITHDRAWAL BY SUBJECT”

Approximately 20% of patients in the REV groups, and slightly higher in the placebo, did not
complete the study. AEs accounted for about half of these discontinuations. The percentage of
AEs leading to discontinuation in the REV groups was numerically lower than the placebo group.
The completion rate was lower than one would expect for a 12-week bronchodilator study. This
may be related to mandated nebulizer use in a patient population not normally taking
nebulized medications (more moderate and severe COPD patients than very severe). This likely
contributed to the discontinuation-due-to-subject-withdrawal rate.
Protocol Violations/Deviations
The following were considered major protocol deviations (MPD):
 subject did not meet inclusion criteria 3, 4, 5;
 the subject’s drug compliance was <80%;
 the subject did not satisfy exclusion criteria 9, 10, 11, 14, 18, 21;
 the subjects randomized and actual treatments differed at any point;
 the subject received an excluded treatment or medication;
Overall, there were few major protocol deviations, and therefore, this likely did not have an
impact on the efficacy analysis. The most frequent MPDs were related to receiving a prohibited
medication during the treatment period. Next most common was study treatment compliance
< 80%. No subjects received incorrect medication.
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Patient Demographics
The subject populations for both study 126 and 127 are shown below in Table 7. Overall,
demographic and baseline characteristics were similar between the placebo and REV arms.
Most patients were white with the mean age approximately 64 years and slightly over half
being male. About half of the population were current smokers and the average ppFEV1 post
ipratropium was 55.4%.
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Table 7: Study 126 and 127 Demographics
Demographic
Parameters
Sex
Male
Female
Age
Mean
years (SD)
Min, max
(years)
Age Group
≥ 65 years
Race
White
Black or
African
American
Asian
Multiple
Ethnicity
Hispanic or
Latino
Not
Hispanic or
Latino

Placebo
(N=209)
n (%)

Study 126
REV 88
REV 75
(N=212)
(N=198)
n (%)
n (%)

Placebo
(N=208)
n (%)

Study 127
REV 88 REV 175
(N=205) (N=197)
n (%)
n (%)

Total
(N=619)
n (%)

Total
(N=611)
n (%)

109 (52)
100 (48)

115 (54)
97 (46)

93(47)
105 (53)

317 (51)
302 (49)

97 (47)
111 (53)

103 (50)
102 (50)

102 (52)
95 (48)

302 (50)
308 (51)

64 (9)

64 (9)

64 (9)

64 (9)

64 (9)

63 (9)

64 (9)

63 (9)

44,88

42,88

41,86

41,88

42,86

47,85

44,87

42,87

105 (50)

100 (47)

102 (52)

307 (50)

93 (45)

84 (41)

91 (46)

268 (44)

191 (91)

194 (91)

179 (90)

564 (91)

188 (90)

186 (91)

171 (87)

545 (89)

17 (8)

16 (7)

16 (8)

49 (8)

20 (10)

17 (8)

21 (11)

58 (10)

0
1 (1)

1 (1)
1 (1)

2 (1)
1 (1)

3 (0.5)
3 (0.5)

0
0

1 (0.5)
1 (0.5)

2 (1)
2 (1)

3 (0.5)
3 (0.5)

3 (1)

4 (2)

6 (3)

13 (2)

12 (6)

17 (8)

10 (5)

39 (6)

204 (98)

205 (97)

186 (94)

595 (96)

194 (93)

188 (92)

186 (94)

568 (93)

Source: Reviewer verified study 126 CSR table 8 and study 127 CSR table 8
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Table 8: Study 126 and 127 Baseline characteristics
Demographic
Parameters
Smoking
Duration
Mean years (SD)
Median
Min, Max
Pack Years
Mean (SD)
Concomitant
Med use
ICS
LABA or
ICS/LABA
ICS/LABA
GOLD Category
2 (≥ 50%,< 80%)
3 (≥ 30%,< 50%)
4 (< 30%)
A
B
C
D
Baseline FEV1 (L)
Mean (SD)

Placebo
(N=209)
n (%)

Study 126
REV 88
REV 75
(N=212) (N=198)
n (%)
n (%)

Placebo
(N=208)
n (%)

Study 127
REV 88
REV 75
(N=205) (N=197)
n (%)
n (%)

Total
(N=619)
n (%)

Total
(N=611)
n (%)

41 (10)
41
10,73

41 (10)
42
10,66

39 (10)
40
10,65

40 (10)
41
10,73

39 (11)
40
5, 68

40 (10)
40
10, 74

40 (11)
40
5, 67

39 (11)
40
5, 74

58 (31)

56 (30)

51 (26)

55 (30)

49(28)

51 (25)

49 (25)

50 (26)

86 (41)

85 (40)

89 (45)

260 (42)

85 (41)

79 (39)

85 (43)

249 (41)

74 (34)

76 (36)

79 (40)

229 (37)

73 (35)

77 (38)

74 (38)

224 (37)

72 (34)

70 (33)

79 (40)

221 (36)

70 (34)

71 (35)

69 (35)

210 (34)

137 (66)
62 (30)
9 (4)
16 (8)
122 (58)
5 (2)
65 (31)

141 (67)
67 (32)
4 (2)
14 (7)
126 (59)
3 (1)
68 (32)

132 (67)
51 (26)
15 (8)
23 (12)
108 (55)
3 (2)
62 (32)

410 (66)
180 (29)
28 (5)
53 (9)
356 (58)
11 (2)
195 (32)

128 (62)
72 (35)
7 (3)
15 (7)
113 (54)
3 (1)
76 (37)

125 (61)
73 (36)
7 (3)
12 (6)
113 (55)
4 (2)
76 (37)

118 (60)
68 (35)
11 (6)
12 (6)
106 (54)
9 (5)
70 (36)

371 (61)
213 (35)
25 (4)
39 (6)
332 (54)
16 (3)
222 (36)

1.4 (0.5)

1.4 (0.5)

1.3 (0.4)

1.3 (0.5)

1.3 (0.5)

1.3 (0.5)

1.3 (0.5)

1.3 (0.5)

Source: Reviewer verified study 126 CSR table 8 and study 127 CSR table 8
The exclusion of patients on long-term oxygen therapy may limit entry of the very severe COPD
population, as this group not uncommonly has oxygen prescribed. Thus, it is not surprising that
the percentage of very severe COPD patients enrolled was lower than the other subgroups.
It is worth noting that GOLD guidelines from 2011 were used and that current GOLD 2017
guidelines have a different method of categorization that separates airflow categorization from
symptom and exacerbation based categorization.
Approximately 1/3rd of the study population was GOLD category D but had airflow obstruction
that was not as significant (2/3rd GOLD 2). This GOLD category D percentage would imply that
either number of exacerbations (≥2 exacerbations or ≥1 hospitalization) and/or symptom
burden was high (MMRC ≥2, CAT ≥10) and/or airflow obstruction was closer to very severe. Of
note, GOLD categories B and D are significantly higher than categories A and C and this
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separation is likely based on symptom assessment. Therefore, it is possible that the study
population was more symptomatic than the average COPD population4. Regardless of this, the
study groups did not differ in relation to GOLD categorization.
One additional point to note is the patients’ prior history of exacerbations upon entering the
study. The majority of the study population (~75-80%) had no exacerbations in the 12 months
prior to study entry (Table 9 below). This was similar across treatment groups. This suggests
that although the patients may have been more symptomatic, they were not necessarily at high
risk for exacerbations:
Table 9: Study 126 and 127, Baseline characteristics, history of exacerbations
Study 126
# Exac, past 12 months
Placebo REV 88
REV 175
0
175 (84) 165 (78) 160 (81)
1
27 (13)
38 (18)
32 (16)
2
7 (3)
9 (4)
6 (3)
Source: Study 126 CSR table 8, study 127 CSR table 8

Placebo
148 (71)
33 (16)
27 (13)

Study 127
REV 88
145 (71)
44 (21.5)
16 (8)

REV 175
148 (75)
34 (17)
15 (8)

No major differences in the arms were noted for ICS use, LABA use, or combination therapy
(Table 8). No significant difference in rescue albuterol use was noted between the arms (rescue
free 24 hour periods or puffs per day, not shown). And, overall, the study groups did not differ
significantly in regards to demographics or baseline characteristics.
Treatment Compliance, Concomitant Medications, and Rescue Medication Use
Compliance was assessed as those patients that completed 80% or more of study drug. Those
completing less were considered to have a major protocol deviation and excluded from the Per
Protocol analysis, however were not excluded from the ITT and Safety analysis. The number of
patients with < 80% dosing compliance was low overall and therefore, its likely impact on
outcomes, small.

Rothnie, KJ et al. Amer J Resp Crit Care Med 2018. Natural history of COPD exacerbations in a general practice
based COPD population. https://doi.org/10.1164/rccm.201710-2029OC
4
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Table 10: Study 126 and 127 Dosing and Compliance
Study 126
Study 127
# of doses
Placebo REV 88 REV 175 Placebo REV 88 REV 175
Mean (SD)
71 (25) 73 (20.5) 74 (21)
71 (24) 74 (22) 76 (19)
Median
83
83
83
83
83
83
% dosing compliance < 80%, n (%)
5 (2)
8 (4)
12 (6)
11 (5)
5 (2)
6 (3)
Source: Study 126 CSR, section 12.1 table 27/28, study 127 CSR, table 27/28
Efficacy Results – Primary Endpoint
The two REV groups had a statistically significant increase in the LS Mean change from baseline
in trough FEV1 when compared to placebo in both studies. However, the difference between
the two REV groups themselves was different in the two studies; in study 126, REV 175 showed
a larger increase that was numerically higher than REV 88; in study 127, the effect size was
similar between REV 88 and REV 175. These data are summarized in Table 11 below.
Table 11: Study 126 and 127 Trough FEV1, day 85, change from baseline, primary endpoint

LS Mean (SE)

Placebo
(n=209)
-19 (16)

Study 126
REV 88
(n=212)
60 (15)

REV 175
(n=198)
128 (15)

Placebo
(n=208)
-45 (19)

Study 127
REV 88
(n=205)
116 (19)

REV 175
(n=197)
103 (192)

LS Mean
-79 (21)
146 (22)
160.5 (25)
147 (25)
difference vs.
Placebo
95% CI for
-(37,121)
(104,189)
(110, 211)
(97, 197)
difference
p-value vs.
-0.0002
<0.0001
< 0.0001
< 0.0001
Placebo
Source: study 126 CSR, table 10, study 127 CSR, table 10 - confirmed by FDA Biostatisticians
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Figure 4: Study 126, subgroup analysis, LS mean difference from placebo, trough FEV1, day 85

Source: Analysis by FDA Biostatisticians
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Figure 5: Study 127, subgroup analysis, LS mean difference from placebo, trough FEV1,day 85

Source: Analysis by FDA Biostatisticians
All REV subgroups showed a numerically higher response than placebo (Figure 4 and Figure 5).
Subgroups in study 126 all showed a dose response with higher values noted for the REV 175
subgroups. This was reversed in the majority of subgroups in study 127 with REV 88 subgroups
showing a somewhat larger numerical increase than the REV 175 subgroups (with the exception
of ICS and LABA users). In study 126, LABA and ICS usage appeared to slightly blunt the
response to revefenacin (numerically less improvement in REV groups comparing ICS users to
non-users and LABA users to non-LABA users).
Overall, subgroup analyses show no major discrepancies between subgroups in regards to the
primary endpoint of trough FEV1 change from baseline on day 85, and are consistent with the
primary analysis. However, given the smaller sample sizes being considered, the ability to make
definitive conclusions is difficult.
Data Quality and Integrity
No clear issues were uncovered in data quality or data integrity. A sensitivity analysis,
performed with Linear and Mixed Model to test the robustness of the primary endpoint results
showed consistent results.
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To assess the MAR assumption of the primary analysis model (MMRM), the applicant
conducted a tipping point analysis. The tipping point analysis suggests that in study 126 all
missing data points in the REV 88 group would have to show a decrease of 237 ml on average or
lower (as compared to an increase by 82.6 ml) in order for the study’s conclusion to change,
and for study 127 all missing data points in the REV 88 group would have to show a decrease of
582 ml on average or lower (as compared to an increase by 99.5 ml) in order for the study’s
conclusion to change. Similarly, in study 126, the REV 175 group’s missing data would have to
have a decrease of 613 ml on average or lower (as compared to an increase of 127.3 ml) in
order for the study’s conclusion to change, and for study 127, the REV 175 group’s missing data
would have to have a decrease of 594 ml on average or lower in order for the study’s
conclusion to change. Both of these two hypothetical situations are highly unlikely and
therefore, the primary analysis results in the efficacy study are robust to the departure from
the MAR assumption.
An OSI consult was requested. The submitted site list included three sites based on number
enrolled, protocol deviations, adverse events, and contribution to efficacy: 38713, 38823,
38705. No concerning findings were uncovered (see section 4.1).
Also, the Applicant performed an internal audit prior to NDA submission, and two sites were
excluded from the final analysis in study 127 as site misconduct was found by the sponsor at
these two sites. Duplication of ECGs at site 38765 (26 subjects) and 38740 (8 subjects) was
discovered with subsequent removal of all data from those sites. No major concerns of data
integrity or quality were noted in study 126; the exclusion of the data was assessed by
sensitivity analyses. No significant differences in the primary endpoint were found with or
without the excluded site data.
Efficacy Results – Secondary and other relevant endpoints
Five secondary endpoints were prespecified: Overall treatment effect of Trough FEV1 (FEV1
OTE), peak FEV1 (0-2 hours) after first dose, rescue albuterol use (incidence of albuterol use),
percentage of albuterol rescue-free 24-hour periods, and SGRQ proportion responders
(responder analysis). In study 126 and 127, statistically significant differences from placebo
were noted for FEV1 OTE and peak FEV1 (0-2). No difference was shown in rescue medication
usage or in rescue-free 24-hour periods. With regard to SGRQ responder (≥4 point
improvement) analysis, numerically more REV patients responded to treatment versus placebo
in both studies. However, statistical significance was not reached in either study 126 or 127.
Although, nominally significant p-values were reported for study 126, but given its placement
on the statistical hierarchy, it did not reach significance when adjusted (failed significance of
the higher endpoints – rescue medication use). In study 127, no differences in SGRQ responder
proportions were shown between REV groups and placebo (nominal or adjusted).
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Table 12: Study 126 and 127, secondary endpoints
Study 126
REV 88
REV 175

Placebo
Trough FEV1 OTE (days 15-85)
Mean (SE)
-30.8
73 (3.1)
(3.2)
p-value v. PBO
<0.0001
st
Peak FEV1 (0-2 hours) after 1 dose
LS Mean (SE)
91.8(10.0) 218.1(9.5)

124.8 (3.2)
<0.0001
224.5(9.7)

p-value vs. PBO
<0.0001
<0.0001
Rescue Medication use, puffs per day, month 3
LS mean (SE)
3.1 (0.3)
2.5 (0.3)
2.5 (0.3)
p-value vs pbo
0.08
Rescue-free 24-hour periods, month 3 (%)
LS mean (SE)
46.8 (3.1) 48.6 (2.9)

0.08
44.3 (3.0)

Placebo

Study 127
REV 88
REV 175

-39.9
(3.2)
-

83.9 (3.1) 87.1 (3.2)
<0.0001

<0.0001

88.2
(10.1)
-

218.7
(10.3)
<0.0001

216.8
(10.2)
<0.0001

2.61
(0.2)
-

2.2 (0.2)

2.5 (0.2)

0.16

0.68

36.7
(3.0)
-

46.2 (3.0) 42.5 (2.9)

p-value vs. PBO
0.7
0.5
0.02
0.15
SGRQ Responders*, total score, change from baseline, day 85
Responders, n (%)
46 (33.8)
70 (47.3)
68 (48.9) 54 (38.6) 67 (46.2) 67 (45.0)
OR (95% CI)
2.1
2.1
1.4 (0.8,
1.3
(1.1,3.8)
(1.1,3.9)
2.5)
(0.7,2.4)
Nominal p-value vs
0.02
0.02
0.3
0.4
PBO
Adjusted p-value**
0.8
0.8
0.7
0.7
Total score change,
0.7 (0.9)
-4.0 (0.9)
-3.5 (0.9)
-2.4
-4.4 (0.9) -5.4 (0.9)
LS Mean (SE)
(0.9)
p-value vs. PBO
0.0001
0.0009
0.08
0.01
* Responder defined as a decrease in 4 points in SGRQ (minimum clinically important difference)
** Adjusted for statistical hierarchy
Source: study 126 CSR, section 11.3.3, study 127 CSR, tables 14-18
Durability of Response
A sustained response is noted in trough FEV1 throughout the 12-week study duration as shown
below in Figure 6 and Figure 7. These data suggest that while on treatment, the treatment
effect is durable.
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Figure 6: Study 126, trough FEV1 days 1-85

Source: study 126 CSR, Figure 16, p.114
Figure 7: Study 127, trough FEV1 days 1-85

Source: study 127 CSR, Figure 17, p.117
Serial Spirometry
Figure 8 and Figure 9 below show FEV1 characterization over the dosing interval of 24 hours.
These figures demonstrate a continued benefit of the REV doses over placebo through the 24
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7. Integrated Review of Effectiveness
7.1.

Assessment of Efficacy Across Trials

7.1.1. Primary Endpoints
For the moderate to very severe COPD population studied, REV 88 and REV 175 have
demonstrated a statistically significant increase in change from baseline in trough FEV1 on day
85 (See Table 11). Studies 126 and 127 both show this with statistical significance achieved
when compared to placebo. Comparison between the low and high dose groups showed the
REV 175 change from baseline in trough FEV1 versus placebo to be numerically greater than the
REV 88 increase in study 126; in study 127, the changes in trough FEV1 versus placebo were
similar between REV doses. It is unclear why a dose response was observed in study 126, but
not study 127; however, these data would suggest that the REV 175 treatment effect in terms
of the primary endpoint is more consistent and support approval of the higher dose.
7.1.2. Secondary and Other Endpoints
The secondary endpoints of trough FEV1 overall treatment effect and peak FEV1 (0-2 hours)
after 1st dose in both studies demonstrated statistically significant differences versus placebo,
consistent with the primary endpoint. SGRQ responder percentage provided some additional
supporting data showing a numerically higher percentage of responders in REV groups versus
placebo (see Table 12). With regard to rescue medication use, numbers were similar when
comparing REV groups to placebo. Overall, the majority of secondary endpoint data are
consistent with the primary endpoint and support a REV treatment effect.
7.1.3. Subpopulations
All subgroups (age, gender, LABA use, and ICS use) showed statistically significant improvement
with both doses of REV. No clear trend towards better or worse outcomes was noted in any one
subgroup. Unsurprisingly, less robust improvement was noted in subgroups that were taking
concomitant LABA or ICS medications.
7.1.4. Dose and Dose-Response
In both the 12-week bronchodilator studies, both REV doses (88 and 175mcg) demonstrated
statistically significant improvements in terms of the primary endpoint (trough FEV1) versus
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placebo. However, a consistent dose response across phase 3 studies was not clearly
demonstrated. In study 126, a numerically larger treatment effect was observed for the 175mcg
dose compared to the 88mcg dose. In study 127, the effect was similar. Although a consistent
dose response was not observed, it should be noted that the effect size versus placebo was
more consistent for the 175mcg dose compared to the 88mcg dose between studies. This
would suggest that the treatment effect associated with the 175mcg dose is more robust and
supports approval of that dose. Moreover, results from the dose ranging program, discussed in
section 4.5, demonstrated a dose response which suggested that the 175mcg dose may have a
larger treatment effect compared to the 88mcg dose.
7.1.5. Onset, Duration, and Durability of Efficacy Effects
Onset of effect was assessed in the pivotal 12 week studies by the secondary endpoint peak
FEV1 (0-2 hours) after 1st dose, as well as the exploratory endpoints of peak FEV1 (0-2 hours) on
days 15, 29, 57, and 84. Statistically significant improvements in peak FEV1 were noted for both
REV groups within the first two hours after the 1st dose. Results for later days were similar on all
of the aforementioned peak FEV1 time points as compared to placebo, but were not part of the
statistical hierarchy. This data from both pivotal studies support improvement in FEV1 within
the first two hours after the 1st dose of REV, and the exploratory data suggest possible
sustained improvement throughout the study duration of 12 weeks. Serial spirometric data
from day 85 (see Figure 8 and Figure 9) also demonstrated an effect of FEV1 throughout the 24hour dosing interval. Additionally, trough FEV1 measurements on days 15, 29, 57, and 85 also
demonstrated that the effect of FEV1 appeared sustained throughout the 12-week treatment
period (see Figure 6 and Figure 7).
Overall, for the 12-week treatment period of studies 126/127, for both doses of REV, the
treatment effect in terms of trough FEV1 remained numerically similar. This suggests that the
bronchodilatory effect is durable while the patient is on treatment.

7.2.

Additional Efficacy Considerations

7.2.1. Considerations on Benefit in the Post-market Setting
One important consideration is that the study population in these trials may not fully reflect the
target population in clinical practice. The target population that is more often associated with
nebulizer use is a more severe and symptomatic patient population. To a certain extent this was
reflected in the study population in these studies with higher symptom burden as evidenced by
a higher proportion of GOLD B and D categories. However, the mean FEV1 and GOLD airflow
category proportions of the study patients suggest more moderate and severe patients (not
very severe). Additionally, oxygen-dependent patients, patients with recent exacerbations,
patients with a recent pneumonia, or patients with recent antibiotic usage were excluded, and
these excluded groups are more often associated with nebulized medication use.
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In the post-market setting, a greater clinical benefit may be realized in the very severe COPD
patients. In study 126, a larger improvement in patients with ppFEV1 < 30% was seen for both
REV doses when compared to those patients with ppFEV1 50-80% (not seen in study 127). And,
these improvements in actual FEV1 measurements may translate into even larger ppFEV1
values as generally the sicker COPD population is older. Also, higher compliance can be
expected in the more severe population.
7.2.2. Other Relevant Benefits
There is currently no once daily nebulized bronchodilator for COPD. All nebulized
bronchodilator products for COPD are twice daily or greater frequency. Additionally, there is no
currently approved nebulized LAMA for standard jet nebulizer (recently approved Lonhala
Magnair [glycopyrrolate] is linked to a proprietary nebulized device and its dosing regimen is
twice daily). Thus, in a subset of more severe COPD patients in whom a complete nebulized
regimen may be sought, clinical practitioners may find the addition of this medication to the
current COPD armamentarium useful.

7.3.

Integrated Assessment of Effectiveness

REV 88 and 175mcg have demonstrated efficacy in moderate to very severe COPD patients ≥ 40
years of age with statistically significant improvement in trough FEV1 at the end of 12 weeks.
This is further supported by statistically significant improvements in secondary spirometric
endpoints as well as numerical improvements in patients symptoms (SGRQ). The submitted
evidence by the Applicant in the form of efficacy data from the two pivotal trials (study 126 and
study 127), has met the statutory evidentiary requirements for efficacy in the form of adequate
and well-controlled replicate trials on a clinically meaningful endpoint. While both doses
demonstrated efficacy versus placebo, the REV 175mcg dose had a more consistent and, on
average, larger treatment effect supporting approval of the REV 175 mcg dose. Based on this
data, REV 175 is recommended as the dose for registration.

8. Review of Safety
8.1.

Safety Review Approach

Given the relatively low exposure of phase 1 and phase 2 studies (small sample sizes, shorter
duration), the safety analysis focused on data from phase 3 (studies 126, 127, 128). A pooled
analysis of studies 126 and 127 is shown for many results along with study 128 results. Review
tools used included MAED, JMP, and JMP Clinical.
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8.2.

Review of the Safety Database

8.2.1. Overall Exposure
Table 13 below shows the exposure of the Revefenacin development program. The focus for
the safety review will be on the phase 3 data as the overall contribution from phase 1 and
phase 2 was proportionately much lower.
Table 13: Safety database for REV

Safety Database for REV

Individuals exposed to any treatment in this development program for the indication under
review (phase 2 and 3 only)
N=1798+32+89: Any individual exposed to REV at any dose or route
(includes 89 HV not shown in table and 32 crossover patients)
Clinical Trial
REV 88
REV 175
Tiotropium**
Placebo
Groups
(n=892)
(n=906)
(n=356)
(n=646 )
Controlled trials conducted for this indication
Phase 2
32*
59
0
0
N/A
62
91
40
41
N/A
64
116
0
64
N/A
70
117
71
71
N/A
126
127
128

212
205
364

Phase 3
198
197
335

Total

892

906

N/A
N/A
356

209
209
0

356

646

*crossover patients that received revefenacin 350 mcg, revefenacin 700 mcg, ipratropium 500 mcg, and placebo
**active comparator in study 128 only

Source: CSR studies 126, 127, 128, 59, 91, 116, 117

In the 4 phase 1 studies, 89 healthy volunteers were exposed to REV at doses ranging from
20mg IV to 700mg inhaled. Data from these studies is not discussed further. Also, phase 2 trials
as shown above involved 388 patients with REV exposure ranging from 22mcg to 700 mcg, but
also is not discussed further as the safety analysis focuses on phase 3 studies, particularly
comparing the 88mcg and 175 mcg doses.
The number of exposed patients to REV is 1,798 (892 for REV 88 and 906 for REV 175) across all
three phase 3 studies. The duration of exposure is shown below in the 12 week studies (Table
14) and the 52 week study (Table 15). The mean number of days of exposure was
approximately 75-78 days in both dose groups in both pivotal trials (studies 126 and 127) and
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267 days for the 52 week safety study (study 128).
Table 14: Study 126 and 127, Exposure

Mean, days (SD)
Median, days
< 60 days, n(%)
≥60 days, n(%)
≥84 days, n(%)

Placebo
(N=209)

Study 126
REV 88
(N=212)

REV 175
(N=198)

72 (25)
84
46 (22)
163 (78)
129 (62)

75 (21)
84
37 (17)
175 (83)
146 (69)

77 (20)
84
29 (15)
169 (85)
137 (69)

Placebo
(N=209)

Study 127
REV 88
(N=205)

REV 175
(N=197)

73 (25)
84
43 (21)
177 (85)
149 (71)

76 (21)
85
36 (18)
179 (87)
149 (73)

78 (19)
85
22 (11)
185 (94)
153 (78)

Source: Reviewer verified sponsor data from studies 126, 127 using JMP on ADSL datasets for respective studies
(SAFFL=Y,DURDOS); Study 127 sites 38765,38740 were excluded, SDDECOD=COMPLETED; “Completed” as defined
by applicant

Table 15: Study 128, Exposure
Tio (N=356) REV 88 (N=364) REV 175 (N=335)
Mean, days (SD)
311 (105)
267 (135)
259 (138)
Median, days
364
363
362
<= 90 days, n (%)
25 (7)
62 (17)
66 (20)
> 90 days, n (%)
338 (95)
307 (84)
277 (83)
> 180 days, n (%)
306 (86)
263 (72)
238 (71)
> 270 days, n (%)
290 (81)
239 (66)
218 (65)
> 360 days
263 (74)
206 (57)
181 (54)
Source: Reviewer verified sponsor data from studies 128 using JMP on ADSL, (SAFFL=Y,DURDOS)

8.2.2. Relevant characteristics of the safety population:
Section 6.1 describes demographics of the safety population and subgroup composition (Table
7 and Table 8, respectively). Demographics of the safety population is relatively similar to the
analysis population. The safety population is fairly reflective of the target population (broad
inclusion of moderate to very severe COPD, allowance for concomitant medication usage, fairly
liberal cardiovascular disease exclusion);
8.2.3. Adequacy of the safety database:
The database is adequate for evaluation; the number of patients included and the duration of
exposure are sufficient to assess the safety of REV taken chronically, especially considering that
the inhaled anticholinergics are a well-known class with a known safety profile. ICH E1A
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guidelines are met (at minimum, 1500 total patients exposed short or long term, 100 patients
exposed for one year).

8.3.

Adequacy of Applicant’s Clinical Safety Assessments

8.3.1. Issues Regarding Data Integrity and Submission Quality
OSI audits of three sites did not disclose any data integrity issues. Prior to the OSI audits, the
Applicant had conducted an internal audit which revealed the following: data integrity was
compromised due to misconduct at two sites (38765 and 38740). Data from those two sites
were excluded from efficacy analysis, however, safety analysis did not exclude those patients.
A safety analysis of these excluded patients from study 128 from site 38765 (20 patients)
revealed no deaths or SAEs and 6 TEAEs in 4 patients, all of which did not impact the overall
safety analysis or outcome. A similar safety analysis of the excluded patients from study 127
from site 38765 (26 patients) revealed no deaths or SAEs and 3 TEAEs in 3 patients, all of which
did not impact the overall analysis (one mild COPD exacerbation in a placebo patient, one mild
COPD exacerbation in a REV 88 patient, and one occurrence of mild sinus tachycardia in a REV
175 patient). No AEs were recorded for patients at site 38740.
8.3.2. Categorization of Adverse Events
AEs and SAEs were defined as per 21 CFR 312.32. AEs were captured through the 7 day follow
up after the treatment period and started during the screening period. TEAEs were defined as
only occurring after 1st dose of study drug was given and up to 7 days after termination of study
drug; given the half-life of REV, this is a reasonable follow-up period. AEs were coded using
MedDRA version 18.1 for all phase 3 studies. AE severity was defined as follows:
 Mild = Awareness of signs or symptoms, but easily tolerated
 Moderate = Discomfort sufficient to cause interference with usual activities
 Severe = Incapacitation with inability to work or perform usual activities
The coding of verbatim or reported terms to preferred terms was verified by this reviewer as
appropriate. AEs reported in subsequent tables are reported as subject counts and percentages
and not event counts. A dedicated TQT study is discussed in detail in section 8.3.12. LAMA
specific AEs are also discussed in section 8.4.
8.3.3. Routine Clinical Tests
Laboratory testing was performed as per schedule of assessments presented in section 6 for
each study and per assessment schedule for 52 week safety study discussed in 8.6.1. Testing
(b) (4)
was performed at a central laboratory for all phase 3 studies
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8.3.4. Deaths
Five on-study deaths in total were recorded between studies 126, 127, and 128; these are
summarized in Table 16 below.
Table 16: Study 126, 127, and 128 Deaths, On-study
Study 126
Study 127
Study 128
Placebo REV 88 REV 175 Placebo REV 88 REV 175
Tio
REV 88 REV 175
(n=209) (n=212) (n=198) (N=209) (N=205) (N=197) (N=363) (N=369) (N=343)
1
0
0
0
0
1
1
1
1

On-study
deaths
Source: Reviewer JMP analysis, AEDTHFL=Y on ADAE S126, S127, S128; grouped by USUBJID

Three on-study deaths in study 128 (52 week safety study) were divided equally with one in
each treatment group: 1 in tiotropium, 1 in REV 88, and 1 in REV 175. The patient in the
tiotropium group was a 58 year old male with an extensive (129 pack-years) tobacco use history
and multiple cardiac risk factors (hypertension, family history, and hypercholesterolemia). This
patient was found dead by his family after a cardiac arrest. He had received a single dose of
tiotropium. The death that occurred in the REV 88 arm was a 59 year old male with a 45 packyears tobacco use history and a history of prior acute MI and respiratory failure. This patient
received REV 88 for 137 study days and died due to cardiac arrest and sudden acute respiratory
failure. The REV 175 death was a 62 year old male with a 54 pack-year tobacco use history,
hypertension, prior MI with CABG in (b) (6) and hyperlipidemia. This patient received REV 175
for 121 study days and was found dead by his family; his death was determined to be likely due
to a cardiovascular event. Of note, this patient had concomitant medication use of clonazepam,
morphine, carisoprodol, acetaminophen/hydrocodone, and mirtazapine.
Two on-study deaths in the 12 week studies did not raise safety concerns. The placebo death in
study 126 was an 88 year old female found dead on study day 28 by a family member. Cause of
death was not determined but thought to be related to a pulmonary embolus. The REV 175
death in study 127 was a 61 year old female allegedly murdered by her stepson on study day
19.
Both study 128 REV deaths involved patients that had a prior history of MI. Both patients had
been on REV for at least 120 days (121 days, 137 days). Both deaths were thought by the
investigator as cardiac arrest in origin and thought by the investigator as unrelated to the study
(b) (6)
drug. One death (not included in above table), subject
was not considered a
TEAE (lost to follow-up, study drug use terminated > 7 days before reported death). This patient
was found dead by his girlfriend from a possible drug overdose. He started treatment (b) (6)
(b) (6)
and his last verified treatment exposure to REV 88 was
the study
67
Reference ID: 4291058

Clinical Review
Khalid Puthawala
Revefenacin NDA 210598, 505 (b)(1)
personnel were informed of his death. It is unclear from the data provided when his death
(b) (6)
occurred or if any medication was taken after
Death narratives for all other deaths
were reviewed. Additionally, narratives from off-study deaths were reviewed from study 128.
Off-study deaths in study 128 did not show a consistent pattern that would raise concern. Six
deaths were recorded at 11 to 92 days post study drug use (11, 11, 24, 31, 34, and 92days).
Causes of death were pancreatic cancer, acute CVA, atrial fibrillation, pneumonia, altered
(b) (6)
mentation and pneumonia, and hepatic cancer (Subject numbers:
respectively). Of these six, the fifth case (REV 88 arm) involved mental status changes
that may have predisposed the patient to an aspiration pneumonia that later led to his demise.
This is recorded as altered mentation. It may in fact need to be reconsidered as an on-study
death as symptoms of mental status alteration began on study drug with subsequent
complications (his death occurred outside of the 7 day follow-up window, his altered mental
status may have led to an aspiration pneumonia – his cause of death). Despite the coding of this
death as off-study, this reviewer does not change his conclusion that there were no significant
suspicions of study drug causality to the deaths that occurred on or off-study.
One additional off-study death in the Tiotropium group was reported after NDA submission that
is not further discussed. Overall, the death narratives and numerical analysis did not raise
safety concerns.
8.3.5. Serious Adverse Events
SAEs were evaluated by pooling data from study 126 and 127; study 128 data is shown
separately. SAEs in the Respiratory SOC and other SOCs do not show a consistent trend
suggestive of a concerning safety signal. A dose response was not seen in SAEs in these studies
as well. Data shown in tables reflects the TEAEs that were serious and occurred at least once in
any REV group (Table 17 and Table 18).
Unsurprisingly, COPD exacerbations were the most frequent SAE in all groups given the
population studied. Of note, REV groups had less exacerbations compared to Tiotropium in
study 128 (Tio 4.7%, REV 88 3.8%, REV 175 2.3%); this data is not shown in Table 18 as only
those events that occurred more frequently in the REV groups compared to Tiotropium are
shown. Overall, more COPD exacerbations were seen in study 128 compared to studies 126 and
127, as expected given the greater study duration (52 weeks vs. 12 weeks). Other SAEs do not
show a consistent trend suggestive of a concerning safety signal nor a dose response.
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Table 17: Study 126 and 127 pooled, SAEs, ≥ 1 event in any REV group
SOC/PT
PBO (N=430) REV 88 (N=427) REV 175 (N=406)
Any SAE
26 (6)
26 (6)
20 (5)
Respiratory, thoracic and mediastinal disorders
COPD
6 (1.4)
8 (1.9)
5 (1.2)
Acute respiratory failure
0
2(0.5)
0
Respiratory failure
1(0.2)
1(0.2)
0
Bronchiectasis
0
0
1(0.2)
Hypoxia
0
0
1(0.2)
General disorders and administration site conditions
Chest pain
0
2(0.5)
1(0.2)
Non-cardiac chest pain
1(0.2)
0
1(0.2)
Infections and infestations
Cellulitis
1(0.2)
2(0.5)
0
Bronchitis
0
0
1(0.2)
Bronchitis bacterial
0
1(0.2)
0
Pneumonia
0
0
1(0.2)
Pneumonia parainfluenza viral
0
0
1(0.2)
Gastrointestinal disorders
Upper gastrointestinal hemorrhage
0
1(0.2)
1(0.2)
Gastric volvulus
0
1(0.2)
0
Small intestinal obstruction
0
1(0.2)
0
Cardiac disorders
Acute myocardial infarction
0
1(0.2)
1(0.2)
Atrial fibrillation
0
1(0.2)
0
Silent myocardial infarction
0
1(0.2)
0
Nervous system disorders
Migraine
0
0
1(0.2)
Musculoskeletal and connective tissue disorders
Musculoskeletal chest pain
0
0
1(0.2)
Rheumatoid arthritis
0
1(0.2)
0
Neoplasms benign, malignant and unspecified (incl cysts and polyps)
Colon cancer
0
0
1(0.2)
Squamous cell carcinoma
0
0
1(0.2)
Psychiatric disorders
Bipolar disorder
0
0
1(0.2)
Panic attack
0
1(0.2)
0
Injury, poisoning and procedural complications
Femur fracture
0
1(0.2)
0
Metabolism and nutrition disorders
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Lactic acidosis
0
1(0.2)
0
Social circumstances
Victim of homicide
0
0
1(0.2)
Source: Reviewer analysis study 126 and127 ADAEs, TREMFL=Y,SAFFL=Y,AESER=Y, any REV > 0
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Table 18: Study 128 SAEs, any REV>1 occurrence and >Tio
SOC/PT
Tio (N=363) REV 88 (N=369) REV 175 (N=343)
Any SAE
98 (27)
85 (23)
65 (19)
Respiratory, thoracic and mediastinal disorders
Acute respiratory failure
3 (0.8)
3 (0.8)
3 (0.8)
Dyspnea
0
1 (0.3)
1 (0.3)
Pulmonary embolism
0
2 (0.5)
0
Infections and infestations
Pneumonia
6 (1.7)
10 (3)
1 (0.3)
Cellulitis
0
2 (0.5)
0
Cardiac disorders
Acute myocardial infarction
2 (0.5)
1 (0.3)
3 (0.9)
Myocardial infarction
0
4 (1.1)
2 (0.6)
Angina unstable
0
0
2 (0.6)
Cardiac failure congestive
0
2 (0.5)
0
Gastrointestinal disorders
Colitis
0
2 (0.5)
0
Diverticulum intestinal hemorrhagic
0
2 (0.5)
0
Pancreatitis, Acute
0
2 (0.5)
0
Musculoskeletal and connective tissue disorders
Osteoarthritis
1 (0.3)
2 (0.5)
2 (0.6)
General disorders and administration site conditions
Non-cardiac chest pain
0
3 (0.8)
1 (0.3)
Source: Reviewer JMP Analysis S128 ADAE, TREMFL=Y,SAFFL=Y,AESER=Y, any REV ≥ Tio
In conclusion, review of SAEs in the phase 3 studies does not raise concern for a safety signal.
8.3.6. Dropouts and/or Discontinuations Due to Adverse Effects
When assessing the pooled AE datasets from studies 126 and 127, 205 cases of drug withdrawal
due to AE were noted. Drug withdrawal when separated by treatment groups and SOC/PT is
shown below in Table 19. Most drug withdrawals for adverse events were single occurrences.
In evaluating the pooled data from studies 126 and 127, the majority of drug withdrawals
occurring due to AEs were due to COPD exacerbations (37 (8.5%) vs. 34 (8%) vs 26 (6%) for
placebo vs. REV 88 vs. REV 175, respectively). This data is not shown in Table 19 as placebo was
higher than both REV groups. Dyspnea was the second most common AE leading to drug
discontinuation (also not shown as placebo was higher than REV).
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Table 19: Study 126 and 127 pooled, AEs leading to drug discontinuation, any REV ≥ Placebo*
SOC/PT
Any AE leading to drug withdrawal
Respiratory, thoracic disorders
Cough
Acute respiratory failure
Bronchospasm
Respiratory failure
Bronchiectasis
Bronchospasm paradoxical
Hypoxia
Sputum increased
Infections and infestations
Bronchitis
Pneumonia
Gastroenteritis
Upper respiratory tract infection
Atypical pneumonia
Pneumonia parainfluenza viral
Urinary tract infection
Gastrointestinal disorders
Abdominal distension
Nausea
Constipation
Dry mouth
Gastric volvulus
Oral pain
Small intestinal obstruction
General disorders
Chest discomfort
Device issue
Pain
Injury, poisoning, procedural complications
Foot fracture
Femur fracture
Ligament sprain
Rib fracture
Metabolism, nutrition disorders
Lactic acidosis

Placebo
(N=431)
84 (19)
52 (12)
1 (0.2)
0
0
1 (0.2)
0
0
0
0
5(1.2)
1 (0.2)
2 (0.5)
0
0
0
0
0
4(0.9)
1 (0.2)
1 (0.2)
0
0
0
0
0
4(0.9)
1 (0.2)
0
0
3(0.7)
1 (0.2)
0
0
0
3(0.7)
1 (0.2)

REV 88
(N=406)
66 (16)
42(10)
0
2 (0.5)
2 (0.5)
1 (0.2)
0
0
0
1 (0.2)
3(0.7)
1 (0.2)
0
1 (0.2)
1 (0.2)
0
0
0
4(1)
0
1 (0.2)
1 (0.2)
0
1 (0.2)
0
1 (0.2)
3(0.7)
1 (0.2)
1 (0.2)
1 (0.2)
4(1)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)
3(0.7)
1 (0.2)

REV 175
(N=427)
54 (13)
36(8)
2 (0.5)
0
0
0
1 (0.2)
1 (0.2)
1 (0.2)
0
9(2.1)
2 (0.5)
2 (0.5)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)
3(0.7)
1 (0.2)
0
0
1 (0.2)
0
1 (0.2)
0
0
0
0
0
0
0
0
0
0
0
0
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Decreased appetite
0
1 (0.2)
0
Hyperglycemia
0
1 (0.2)
0
Nervous system disorders
3(0.7)
2(0.5)
1(0.2)
Headache
0
1 (0.2)
1 (0.2)
Dizziness
0
1 (0.2)
0
Cardiac disorders
3(0.7)
1(0.2)
1(0.2)
Acute myocardial infarction
0
1 (0.2)
1 (0.2)
Neoplasms benign, malignant, unspecified
2(0.5)
1(0.2)
1(0.2)
(incl cysts and polyps)
Colon cancer
0
0
1 (0.2)
Thyroid neoplasm
0
1 (0.2)
0
Musculoskeletal, connective tissue disorders
1(0.2)
1(0.2)
1(0.2)
Muscle spasms
0
1 (0.2)
1 (0.2)
Vascular disorders
1(0.2)
1(0.2)
1(0.2)
Aortic aneurysm
0
1 (0.2)
0
Hypertension
0
0
1 (0.2)
Endocrine disorders
0
1(0.2)
0
Hyperthyroidism
0
1 (0.2)
0
Investigations
0
0
1(0.2)
Liver function test abnormal
0
0
1 (0.2)
Social circumstances
0
0
1(0.2)
Victim of homicide
0
0
1(0.2)
Source: Reviewer analysis using ADAE S126,127 concatenated; TRTEMFL=Y, SAFFL=Y, AEACN=
Drug withdrawal; grouped by USUBJID, AEDECOD, AEBODYSYS
* SOC aggregate values include all patients (placebo > REV is included)
A similar analysis was done for study 128 and is shown below in Table 20. One important study
design factor in study 128 that may have influenced drug withdrawal could be the open label
design with a non-nebulized active comparator. In this study, the most common AE leading to
drug withdrawal was again COPD exacerbations. More AEs leading to drug withdrawal were
noted overall in the REV groups, however, no clear dose response was demonstrated. Slightly
numerically higher counts were seen with the REV 175 vs. REV 88 dose for cough,
bronchospasm, and QT prolongation. Of these, the most concerning finding would be the ECG
abnormalities, but the numbers were small and this is addressed in section 8.4.8 in more detail
(a dedicated electrophysiology analysis did not find concerning QT prolongation in the
dedicated TQT study nor in the Holter substudy). Overall, the long term safety study did not
show any concerning findings of disproportionate AEs leading to drug withdrawal in the REV
groups.
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Table 20: Study 128, AEs leading to drug discontinuation, REV > Tio, >1 occurrence
SOC/PT
Tio (N=363) REV 88 (N=369) REV 175 (N=343)
Any AE leading to drug withdrawal
36 (10)
61 (17)
50 (15)
Respiratory, thoracic and mediastinal disorders
COPD
5 (1.4)
7 (1.9)
8 (2.3)
Dyspnea
2 (0.5)
9 (2.4)
6 (1.7)
Cough
1 (0.3)
2 (0.5)
4 (1.2)
Bronchospasm
0
0
2 (0.6)
Infections and infestations
Pneumonia
1 (0.3)
3 (0.3)
0
General disorders
Fatigue
0
2 (0.5)
0
Investigations
ECG QT prolonged
0
0
2 (0.6)
Source: Reviewer analysis using S128 ADAE, SAFFL=Y, TRTEMFL=Y, AEACN=WITHDRAWN, both
REV%>0, REV>Tio, #REV occurrences>1
8.3.7. Significant Adverse Events
Focusing on severe TEAEs (defined in section 8.3.2) in the safety population, the breakdown is
shown below in Table 21 and Table 22.
Table 21: Study 126 and 127 pooled, Severe AEs, REV > placebo, total REV > 1 occurrence
SOC/PT

Placebo
REV 88
REV 175
(N=430)
(N=427)
(N=406)
Respiratory, thoracic and mediastinal disorders
Chronic obstructive pulmonary
6 (1.4)
6 (1.5)
8 (1.9)
disease
Acute respiratory failure
0
2 (0.5)
0
Infections and infestations
Cellulitis
1 (0.2)
2 (0.5)
0
Gastroenteritis
0
1 (0.2)
1 (0.2)
Gastrointestinal disorders
Upper gastrointestinal hemorrhage
0
1 (0.2)
1 (0.2)
Cardiac disorders
Acute myocardial infarction
0
1 (0.2)
1 (0.2)
Source: Reviewer JMP Analysis, S126 S127 concatenated ADAE, TRTEMFL=Y, SAFFL=Y, AESEV=
severe, total REV>1 and >placebo
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Table 22: Study 128, severe AEs, any REV ≥ Tio and both REV sum ≥ 1
SOC/PT
Tio (N=363) REV 88 (N=369) REV 175 (N=343)
Respiratory, thoracic and mediastinal disorders
COPD
12 (3.3)
13 (3.5)
6 (1.7)
Acute respiratory failure
4 (1.1)
3 (0.8)
4 (0.3)
Hypoxia
1 (0.3)
1 (0.3)
1 (0.3)
Pulmonary embolism
0
2 (0.5)
0
Infections and infestations
Pneumonia
5 (1.4)
10 (2.7)
1 (0.3)
Appendicitis
0
1 (0.3)
1 (0.3)
Sepsis
0
2 (0.5)
0
Neoplasms benign, malignant and unspecified (incl cysts and polyps)
Lung neoplasm malignant
1 (0.3)
2 (0.5)
0
Lung adenocarcinoma
0
1 (0.3)
1 (0.3)
Small cell lung cancer
0
1 (0.3)
1 (0.3)
Cardiac disorders
Acute myocardial infarction
2 (0.6)
1 (0.3)
3 (0.9)
Myocardial infarction
0
4 (1.1)
2 (0.6)
Angina unstable
0
0
2 (0.6)
Cardiac failure congestive
0
2 (0.5)
0
Coronary artery occlusion
0
1 (0.3)
1 (0.3)
Gastrointestinal disorders
Abdominal pain
0
2 (0.5)
0
Diverticulum intestinal haemorrhagic
0
2 (0.5)
0
Pancreatitis acute
0
2 (0.5)
0
Musculoskeletal and connective tissue disorders
Osteoarthritis
1 (0.3)
2 (0.5)
2 (0.6)
Pain in extremity
0
1 (0.3)
1 (0.3)
General disorders and administration site conditions
Non-cardiac chest pain
1 (0.3)
2 (0.5)
2 (0.6)
Source: Reviewer JMP analysis, ADAE S128, TREMFL=Y, SAFFL=Y, AESEV=severe, group by
USUBJID, REV sum > 1, any REV ≥ TIO
Given the studied population of moderate to very severe COPD patients, respiratory events
were the most common severe AE consistent with prior discussions for SAEs also. Most
common severe AEs were COPD exacerbations and pneumonia (when considering incidence >
1% and REV incidence > active comparator or placebo). No clear or consistent dose response
was seen (e.g. there were more pneumonias in study 128 in the REV 88 arm, however, this was
not seen in the REV 175 group; an increased number of COPD exacerbations in REV 175 versus
REV 88 in the 12 week studies was not seen in the 52 week study).
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8.3.8. Treatment Emergent Adverse Events and Adverse Reactions
The most common TEAEs were within the Respiratory and Infection SOCs. This was not
surprising given the patient population of moderate to very severe COPD patients. COPD
exacerbations were the most common TEAE reported. Many of the most common TEAEs were
similar to other approved LAMA products. See Table 23 and Table 24 below.
Table 23: Study 126 and 127 pooled, TEAEs > 2%, any REV > placebo
SOC/PT
Placebo (N=430)
REV 88 (N=427)
REV 175 (N=406)
Respiratory, thoracic and mediastinal disorders
Cough
17 (3.9)
17 (4.2)
17 (4)
Oropharyngeal pain
6 (1.4)
9 (2.2)
6 (1.4)
Infections and infestations
Upper respiratory tract infection
9 (2.1)
20 (4.9)
11 (2.6)
Nasopharyngitis
9 (2.1)
14 (3.4)
15 (3.5)
Urinary Tract Infection
7 (1.6)
9 (2.2)
4 (0.9)
Nervous system disorders
Headache
11 (2.6)
21 (5.2)
16 (3.7)
Musculoskeletal and connective tissue disorders
Back pain
3 (0.7)
6 (1.5)
9 (2.2)
Source: Reviewer JMP analysis S126 S127 ADAE, SAFFL=Y, TREMFL=Y, %>2, any REV > placebo;
grouped by USUBJID

76
Reference ID: 4291058

Clinical Review
Khalid Puthawala
Revefenacin NDA 210598, 505 (b)(1)
Table 24: Study 128 TEAEs > 2%, any REV > Tio
SOC/PT
Tio (N=363)
REV 88 (N=369)
REV 175 (N=343)
Respiratory, thoracic and mediastinal disorders
COPD
101 (27.8)
108 (29.3)
73 (21.3)
Cough
20 (5.5)
18 (4.9)
25 (7.3)
Dyspnea
13 (3.6)
31 (8.4)
13 (3.8)
Infections and infestations
Nasopharyngitis
17 (4.7)
28 (7.6)
26 (7.6)
UTI
15 (4.1)
20 (5.4)
11 (3.2)
Bronchitis
9 (2.5)
17 (4.6)
17 (5)
Pneumonia
14 (3.9)
16 (4.3)
5 (1.5)
Sinusitis
9 (2.5)
15 (4.1)
8 (2.3)
Acute sinusitis
7 (1.9)
5 (1.4)
7 (2)
Gastrointestinal disorders
Diarrhea
9 (2.5)
14 (3.8)
13 (3.8)
GERD
8 (2.2)
8 (2.2)
8 (2.3)
Musculoskeletal and connective tissue disorders
Pain in extremity
5 (1.4)
9 (2.4)
5 (1.5)
General disorders and administration site conditions
Fatigue
4 (1.1)
11 (3)
3 (0.9)
Vascular disorders
Hypertension
16 (4.4)
18 (4.9)
8 (2.3)
Psychiatric disorders
Anxiety
6 (1.7)
8 (2.2)
6 (1.7)
Source: Reviewer JMP analysis S128 ADAE, SAFFL=Y, TREMFL=Y, %>2, any REV > Tio
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8.3.9. Laboratory Findings
Laboratory clinical testing included chemistry, hematology, and urinalyses. Liver function tests
were included in the chemistry testing. No clinically significant differences between the REV
groups and the active comparator were noted, however, one patient had significantly elevated
liver enzymes and is discussed below. Laboratory tests were analyzed using Time Trend
analysis, Box plot analysis, Hy’s law analysis, and waterfall plots in JMP clinical 6.1.
The aforementioned liver function test abnormalities were likely related to pancreatic cancer.
(b) (6)
Subject
a 74 year old white female with a 59 pack year tobacco abuse
(b) (6)
(b) (6)
history, began the study with REV 88 on
and withdrew
due to being “busy
with other doctors.” In the months prior to study withdrawal, she was noted to have acid reflux
(b) (6)
(b) (6)
and jaundice
at which time a pancreatic mass and vertebral lesions were
(b) (6)
diagnosed
There is no recorded diagnosis of the mass, although a biopsy was
(b) (6)
performed
. She was noted to have fatigue, weight loss prior to study withdrawal.
Three days after study withdrawal she had acute pancreatitis. There was no hospitalization or
dose change noted and clinically this was not thought to be related to an adverse drug effect
but rather due to her pancreatic cancer.
8.3.10. Vital Signs
No clinically significant changes in vital signs were noted in the study groups in any of the phase
3 studies. There was no mortality difference between groups. Time trend analysis, box plots,
and waterfall plots (JMP clinical 6.1) were used to assess Systolic and Diastolic BP, Heart rate,
height, and weight, and vital status.
8.3.11. Electrocardiograms (ECGs)
No clinically significant trends were noted in ECG abnormalities for any REV groups in any of the
phase 3 studies. An IRT evaluation of the TQT study submitted by the Applicant found no
clinically significant QTc prolongation effect and the supratherapeutic dose used (700mcg)
covers the proposed therapeutic high dose of 175 mcg. Also, cardiovascular outcome
adjudication analysis by (b) (4) did not reveal any concerning cardiovascular findings.
A Holter substudy was conducted on 158 subjects (57 from REV 88, 51 from REV 175, and 50
from tiotropium) from study 128. As part of this substudy, heart rate, premature atrial
complexes, premature ventricular complexes, and other diagnostic findings were evaluated. A
high incidence of arrhythmia events at screening was noted. No clinically relevant imbalances
between the active comparator and the REV groups was seen.
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8.3.12. QT
See above section 8.3.11 for discussion regarding TQT review by IRT and Holter substudy
review.
8.3.13. Immunogenicity
Not applicable.

8.4.

Analysis of Submission-Specific Safety Issues

8.4.1. Cardiovascular AEs
was assigned to perform a prespecified
cardiovascular event and death analysis. They conducted a blinded adjudication of these events
and were responsible for the conduct of CEC operations in collaboration with the sponsor.
Results are shown below in Table 25.
(b) (4)

Table 25: Study 126, 127, and 128, Cardiovascular adjudication summary
Preferred Term
Tio (N=356) Placebo (N=418) REV 88 (N=781) REV 175 (N=730)
Cardiovascular Death
1 (0.3)
1 (0.2)
1 (0.2)
1 (0.1)
Non-cardiac death
0
0
0
1 (0.1)
MI/UA
4 (1.1)
0
6 (0.8)
6 (0.8)
Stroke/TIA
0
0
0
1 (0.1)
Heart Failure
0
0
2 (0.3)
0
Arrhythmia
2 (0.6)
0
2 (0.3)
3 (0.4)
Source: ISS, Table 75, p.146
The overall numbers of events above are small and, therefore, commenting on significance is
difficult. The conclusion of the (b) (4) analysis was that no clear cardiovascular safety concern
was noted.
Additionally, a separate reviewer analysis on study 128 data isolating any PTs related to a
potential cardiovascular etiology with a broader search criteria than above was performed and
is summarized in Table 26:
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Table 26: Study 128 Cardiovascular TEAEs by broader PT search
SOC/PT
Tio (N=363) REV 88 (N=369) REV 175 (N=343)
Cardiac disorders
Atrial fibrillation
6 (1.7)
6 (1.6)
4 (1.2)
Atrioventricular block first degree 0
4 (1.1)
3 (0.9)
Cardiac failure congestive
2 (0.6)
3 (0.8)
2 (0.6)
Acute myocardial infarction
2 (0.6)
1 (0.3)
3 (0.9)
Myocardial infarction
0
4 (1.1)
2 (0.6)
Angina pectoris
0
4 (1.1)
1 (0.3)
Angina unstable
1 (0.3)
0
3 (0.9)
Atrial flutter
2 (0.6)
0
2 (0.6)
Bradycardia
0
2 (0.5)
1 (0.3)
Coronary artery disease
0
2 (0.5)
0
Investigations
Troponin increased
1 (0.3)
1 (0.3)
2 (0.6)
Cardiac murmur
0
2 (0.5)
1 (0.3)
Nervous system disorders
Carotid artery stenosis
2 (0.6)
2 (0.5)
1 (0.3)
Source: Reviewer JMP analysis ADAE Study 128, SAFFL=Y, TREMTFL=Y, AEBODYSYS=Cardiac,
PT=troponin increased, cardiac murmur, carotid artery stenosis/occlusion/bruit, cerebrovascular
accident, AV block, chest pain; REV > Tio; events > 1
No striking imbalances were noted despite the broadened CV search criteria. A slightly higher
number of “troponin increased” investigations is of unclear significance; the number of events
are small. Overall, this reviewer’s analysis and the adjudicated analysis do not suggest a
cardiovascular safety concern specific to this product.
Also, a similar analysis was performed on pooled data from studies 126 and 127 (12 week
placebo controlled studies) which did not show any concerning cardiovascular safety signals
(data not shown). There were no troponin elevations noted in this analysis. When considering
AEs where REV > placebo and occurrences > 1 event, sinus tachycardia was noted to have a
numerically higher count for the REV groups (sinus tachycardia: 0 vs. 1(0.2%) vs. 3(0.7%);
placebo vs. REV 88 vs. REV 175, respectively). However, Holter monitoring and a dedicated TQT
study did not demonstrate any concerning ECG findings (see section 8.3.11 for details).
Overall, no increased cardiovascular safety signal was identified by the
analysis or by this reviewer’s own analyses of the phase 3 data.

(b) (4)

adjudicated safety
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8.4.2. Anti-muscarinic Adverse Events
To assess for adverse anticholinergic effects, AEs were analyzed by preferred terms potentially
associated with anticholinergic use. This analysis assessed the safety population with TEAEs in
studies 126 and 127 as well as study 128 and is shown below (Table 27, Table 28):
Table 27: Study 126 and 127 pooled, Anti-muscarinic AEs, any REV ≥ placebo, > 1 AE
PT
Placebo (N=430) REV 88 (N=427) REV 175 (N=406)
Total
8(1.9)
20(4.7)
18(4.4)
Anxiety
0
2(0.5)
3(0.7)
Constipation
1(0.2)
4(0.9)
2(0.5)
Dizziness
4(0.9)
6(1.4)
7(1.7)
Disorientation
0
2(0.5)
0
Dry mouth
0
1(0.2)
3(0.7)
Dysuria
0
2(0.5)
0
Tachycardia
1(0.2)
2(0.5)
0
Source: Reviewer JMP Analysis ADAE S126,S127; SAFFL=Y,TRTEMFL=Y,AEDECOD= dry mouth, dysuria, tachycardia,
constipation, urinary retention, urinary incontinence , anxiety, dry skin , hyperthermia, sweating, anhidrosis,
mydriasis, pupillary constriction or dilation, blurry vision, delirium, hallucinations, amnesia, agitation, confusion,
dizziness, diplopia, disorientation, or glaucoma; grouped by USUBJID

Table 28: Study 128 Anti-muscarinic AEs, any REV ≥ Tio, > 1 AE
PT
Tio (N=356) REV 88 (N=364) REV 175 (N=335)
Total
22(6.1)
28(7.7)
18(5.4)
Anxiety
6 (1.7)
8 (2.2)
6 (1.8)
Constipation
7 (2)
7 (1.9)
3 (0.9)
Dizziness
6 (1.7)
6 (1.6)
4 (1.2)
Urinary retention
1 (0.3)
4 (1.1)
2 (0.6)
Dysuria
0
2 (0.5)
1 (0.3)
Source: Reviewer JMP Analysis ADAE S128; SAFFL=Y,TRTEMFL=Y,AEDECOD= dry mouth, dysuria, tachycardia,
constipation, urinary retention, urinary incontinence , anxiety, dry skin , hyperthermia, sweating, anhidrosis,
mydriasis, pupillary constriction or dilation, blurry vision, delirium, hallucinations, amnesia, agitation, confusion,
dizziness, diplopia, disorientation, or glaucoma; grouped by USUBJID

As expected, there were generally more anticholinergic AEs in the REV groups as compared to
placebo in the 12 week placebo controlled studies (studies 126 and 127) without a clear dose
response (Table 27).
In the 52 week safety study (study 128), there were no major differences between the REV
groups and tiotropium; and, no clear dose response was seen – the higher event counts are in
the lower dose REV group. Overall, no significant concern was raised for a worsened anticholinergic AE profile by REV as compared to currently approved anticholinergics.
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Additionally, a focused reviewer analysis on gastrointestinal (GI) PTs in study 128 did not reveal
overly concerning safety findings. Specific focus on abdominal PTs, gastrointestinal obstruction,
and nonspecific abdominal symptoms (that may mask underlying unidentified disease
processes) showed hematochezia and GERD to be the only preferred terms identified where
there were higher numbers of occurrences in the REV groups and a possible dose response;
however, the risk difference between REV 175 and tiotropium was negligible at 0.43 per
hundred (GERD) and 0.58 per hundred (hematochezia) [Table 29 below]. Thus, no significant
concerning GI safety findings were uncovered.
Table 29: Study 128 Gastrointestinal AEs, REV 175 > REV 88 ≥ Tio and >1
PT

Tio (N=356) REV 88 (N=364) REV 175 (N=335) Risk Difference
REV 175 vs. Tio
GERD
8
8
9
0.43
Hematochezia 0
1
2
0.58
Source: Reviewer JMP Analysis ADAE S128; SAFFL=Y,TRTEMFL=Y,AEDECOD= constipation, small intestinal
obstruction, odynophagia, esophagitis, intestinal obstruction, impaired gastric emptying, hematochezia, GERD,
gastritis, gastroenteritis, enteritis, constipation, appendicitis, abdominal discomfort, abdominal distension,
abdominal pain, abdominal pain lower, abdominal pain upper; grouped by USUBJID; Risk Difference value obtained
from MAED analysis output

A similar analysis was performed on the pooled data from studies 126 and 127 and found no
concerning GI safety findings. When considering AEs with counts > 1 event and where REV 175
> REV 88 ≥ placebo (similar to Table 29 criteria), no AEs were noted.
Overall, no concerning anti-muscarinic or GI safety signals were noted.

8.5. Safety Analyses by Demographic Subgroups
In study 128, no striking differences were noted in safety events for subgroups by age (≥ 65 vs.
< 65 years), sex, race (white vs. non-white), or baseline GOLD category (airflow and A,B,C,D). Of
note, the number of non-white patients was very small and therefore, interpretation of these
results is limited. Similarly, subgroup size for GOLD category A and C were much smaller than B
and D, thus limiting the utility of comparison of A or C to B and D. Unsurprisingly, UTIs were
slightly more common in females (~2.5% more, no treatment arm differences). JMP Clinical 6.1
software was used to generate tabular data for comparison of the above subgroups.

8.6.

Specific Safety Studies/Study 128

Study 128 was a 52 week study specifically conducted to evaluate the long term safety for
revefenacin which is intended for chronic use in the target population. Much of the results have
been incorporated into the previous subsections of section 8. A summary of its protocol is
provided below.
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Study Title: A Phase 3, 52-week, Randomized, Active-Controlled, Parallel Group Study to
Evaluate the Safety and Tolerability of Nebulized revefenacin in Subjects with Chronic
Obstructive Pulmonary Disease

Objectives



Primary: characterize the safety/tolerability of revefenacin given once daily for 52 weeks
Exploratory:
o Evaluate the change from baseline of FEV1 over 12 months
o Evaluate concomitant use of rescue medications over 12 months
o Evaluate the effect of revefenacin on health outcomes assessments
8.6.1. Study Design

Study 128 was a randomized, parallel group study in approximately 1000 moderate to very
severe COPD patients comparing REV 88 and REV 175 in a double-blinded fashion, and using a
third active comparator arm with Tiotropium delivered by DPI in an open-label fashion. Subjects
were not restricted on their concomitant medications and thus SOC was present in all arms.
Stratification by reversibility status and concomitant LABA or LABA/ICS usage occurred at
screening. Addition of LABA during study was allowed in line with SOC.
Similar to study 126 and study 127 reviewed above in section 6.1.1, subjects were screened for
eligibility at visit 1A. Patients were washed out of restricted medications, such as non-study
LAMA. For those patients not requiring washout, visit 1B was combined with visit 1A. Visit 1B
assessed ipratropium responsiveness with spirometry pre and post ipratropium administration.
Patients were randomized on Visit 2 (day 1 of dosing). Stratified randomization (by LABA use
and by ipratropium responsiveness) occurred after visit 1A/B to one of three arms:
o REV 88 mcg once daily
o REV 175 mcg once daily
o Tiotropium 18 mcg DPI once daily
Subjects self-administered the nebulized treatment at home except on visit days, where it was
given in the clinic. On the 6 clinic days (visit 2-7), safety assessments, nebulizer technique
review, and diary review was performed (Figure 10).
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Figure 10: Study 128 design schematic

Source: Study 128 CSR, Figure 1, p.29
A subset of patients underwent 24-hour Holter monitoring. See assessment schedule (Figure
11) for details of visit number, corresponding days, assessments, and procedures.
Study Treatments
Three treatment arms were present in this study:
 REV 88 mcg daily via jet nebulizer
 REV 175 mcg daily via jet nebulizer
 Tiotropium 18 mcg via DPI
Subjects used the Pari LC Sprint jet nebulizer for inhalation administration of the study drug and
placebo. Dosing occurred every morning (between 6am and 11am) at the same time in the
subjects home with the exception of days 29, 92, 183, 274, and 365. There was no dose
modification or reduction allowed in the protocol.
The doses included in the phase 3 studies were reasonable and previously agreed upon at the
EOP2 meeting on December 8, 2014 (see Section 4.5 Clinical Pharmacology for further details
on dose selection).
Albuterol MDI (90 mcg per puff) for rescue was dispensed by the study sponsors. Adequate
access and quantity was ensured by checks at every study visit. Subjects were required to bring
all rescue medication dispensed to every study visit to assess quantity of use and adequacy of
remaining amount.
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Assessments
Procedure and assessment schedule for visits 1A through 8 is noted below (Figure 11).

APPEARS THIS WAY ON ORIGINAL
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Study Population

The study population consisted of moderate to very severe COPD patients that met standard
spirometry definitions (see section 6.1.1) and met inclusion and exclusion criteria as outlined
below:
Key Inclusion criteria
1. Male or female subject 40 years of age or older (age at Visit 1A).
2. Willing and able to provide informed consent, attend study visits per schedule, and
prepare and administer study medications.
3. Capable of performing reproducible spirometry maneuvers by current ATS Guidelines
and has a post-ipratropium FEV1/FVC ratio <0.7 at Visit 1B.
4. Moderate to very severe stable COPD with a post-ipratropium FEV1 < 80% of predicted
and post-ipratropium FEV1 >700 mL at Visit 1B.
5. Current or past cigarette smoking history at least 10 pack-years.
6. Women of either child bearing potential or non-child bearing potential as follows:
a. Documentation of a negative urine pregnancy test at Visit 1B and Visit 3 (prior to
randomization). If a urine pregnancy test is positive, it must be confirmed via a
second urine pregnancy test.
b. All female subjects of childbearing potential must agree to use a highly effective
method of birth control during the study and for at least 1 month after
completion of study drug dosing (defined by failure rate <1% per year).
c. Women are considered to be not of childbearing potential if they have had a
total hysterectomy and/or bilateral tubal ligation (documentation for either
must be provided before enrollment) or are at least 2 years postmenopausal.
Key Exclusion criteria
1. Pregnant or lactating
2. Non-COPD related significant respiratory disease (e.g. restrictive lung disorders, benign
or malignant tumors of the lung, chronic pulmonary infections such as tuberculosis,
occupational lung disease such as silicosis or asbestosis, inflammatory disorders of the
lung, alpha-1-antitrypsin deficiency, scoliosis, myasthenia gravis, phrenic nerve palsy).
3. History of cancer of any organ, treated or untreated in the 5 years prior to Visit 1A
(excludes localized basal cell or squamous cell carcinoma of the skin; localized prostate
cancer in situ of grade1; localized cervical cancer in situ of grade 0).
4. Other significant co-morbid possibly confounding illness.
5. History of reactions to inhaled or nebulized anticholinergics or short-acting betaagonists.
6. Any medical condition precluding use of inhaled anticholinergics, including narrow-angle
glaucoma, symptomatic benign prostatic hyperplasia, bladder neck obstruction, or
urinary retention.
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7. Significantly increased risk of cardiovascular events, as indicated by a history at Visit 1A
of myocardial infarction or unstable angina within the last 6 months, unstable or life
threatening cardiac arrhythmia requiring intervention in the last 3 months, and NYHA
Class IV heart failure
8. Clinically significant and uncontrolled hypertension, hypercholesterolemia, or Type II
DM.
9. Hospitalized for COPD or pneumonia within 8 weeks prior to Visit 1B.
10. Use of systemic corticosteroids within 6 weeks of Visit 1B.
11. Use of antibiotics for respiratory tract infection within 6 weeks of Visit 1B.
12. History of lung volume reduction surgery or lobectomy within 12 months prior to Visit
1B.
13. Subject has an abnormal and clinically significant 12-lead ECG findings at Visit 1B:
a. atrial fibrillation (AF) with rapid ventricular rate >120 beats per minute
b. sustained or non-sustained ventricular tachycardia (VT)
c. second degree heart block Mobitz type II
d. third degree heart block (unless pacemaker or defibrillator had been inserted)
e. QT interval corrected for heart rate (QTcF) ≥500 milliseconds (msec)
14. Unwilling or unable to stop the use of prohibited medications (if required)
15. Use of other investigational medication within 30 days or five drug half-lives of
screening.
16. Participation in a previous REV study.
17. History of known or suspected alcohol or drug abuse within 2 years prior to screening
18. Affiliated with the investigator site (e.g., investigator, coordinator, site employee, etc.).
19. Requiring long-term oxygen therapy (>15 hours a day)
20. Participating in the initiation phase of a supervised pulmonary rehabilitation program
(subjects in the maintenance phase will be eligible).
Inclusion and exclusion criteria, discussed above, ensured that the study population was fairly
similar to the target COPD population. They are also fairly similar to those found in recently
approved COPD treatment studies (Lonhala Magnair (glycopyrrolate) 2017, umeclidinium
2014).
Subject withdrawal/ discontinuation
Subject removal could occur based on investigator discretion for any of the following reasons:
 Adverse event
 Major protocol deviation
 Subject choice
 Investigator choice
 Study termination
 Moderate to severe COPD exacerbation
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When possible the termination visit testing was attempted to be carried out, and all efforts
made to minimize discontinuations. Reasons for withdrawal were documented on the CRF.
COPD exacerbations were classified as mild, moderate, or severe according to criteria that are
reasonable but not granular.

Endpoints

Primary
 Safety and tolerability evaluated by frequency and severity of AE, laboratory
measurements, ECGs, vital signs, and vital status
Exploratory
 PFTs, rescue medication usage, SGRQ, MMRC, CAT, CCQ, TDI
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Deaths
Study 128 on-study deaths are shown in Table 16.
Three on-study deaths were reported, one in each arm. The REV 88 patient died from acute
respiratory failure and cardiac arrest 4 days after completing 137 days of study drug. He was a
59 year old patient with a 45 pack-year tobacco abuse history and a prior history of acute MI
and respiratory failure. The investigator did not consider the events related to study drug.
The second death occurred in a REV 175 patient who was a 62 year old female who completed
121 days of study drug and was found dead 3 days afterwards. She had a history of a CABG,
prior MI, and 54 pack-years of tobacco abuse. No autopsy was performed but the death was
considered likely due to a cardiovascular event and not related to study drug.
Six off-study deaths occurred: 2 in the Tio group, 3 in the REV 88 group, and 1 in the REV 175
group. These are not discussed further here but narratives were reviewed from CSR S128
Section 11.3.1. No concerning findings were noted.
SAEs
Study 128 SAEs (REV > Tio and > 1) are shown in Table 18.
Drug withdrawal
Study 128 drug withdrawals (REV > Tio and >1) are shown in Table 20.
Significant AEs
Study 128 severe AEs (REV ≥ Tio and both REV sum ≥ 1) are shown in Table 22.
TEAEs
Study 128 TEAEs are shown in Table 24.
Other AEs
Study 128 cardiovascular TEAEs are shown in Table 26.
Study 128 anti-muscarinic AEs are shown in Table 28.
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8.6.3. 120-day Safety update
An update covering Oct 7, 2017 to Feb 2, 2018 was submitted on 3/12/18 by the Applicant and
is reviewed here. Study 149 is a phase 3b study that was begun after NDA submission; its CSR is
pending but its data is submitted as part of this 120-day update.
This study was a randomized double-blind double-dummy active-controlled parallel group US
study in 200 moderate to very severe COPD patients with suboptimal peak inspiratory flow rate
(PIFR) and no concomitant medication restrictions assessing the relative efficacy on trough
FEV1 of 175 mcg revefenacin nebulized once a day compared to tiotropium dry powder inhaled
once a day. The study duration was 29 days and safety and efficacy assessments were similar to
study 128.
Unsurprisingly, given the short duration, completion rates were higher in this study of
compared to the phase 3 studies. Demographics and baseline characteristics were fairly similar
except a larger percentage of males were noted in study 149 as compared to the other phase 3
studies (59% REV 175, 62% Tio). Also, concurrent ICS and/or LABA use was slightly higher at
>50%.
No deaths or SAEs were noted in the REV 175 group in study 149. One SAE occurred in the
tiotropium group. More TEAEs were noted in the tiotropium group vs. REV 175 (37.5% vs. 12%).
Findings from the 120-day report do not impact safety conclusions.

8.7.

Additional Safety Explorations

8.7.1. Human Carcinogenicity or Tumor Development
No human carcinogenicity studies have been conducted on Revefenacin.
8.7.2. Human Reproduction and Pregnancy
Revefenacin has not been studied during pregnancy, lactation, or human reproduction. A
dataset search within all ADAE, ADSL, ADDISP datasets did not reveal any pregnancy or
pregnancy-related term hits. Additionally, the sponsor did not report any pregnancy or lactation
issues.
8.7.3. Pediatrics and Assessment of Effects on Growth
Revefenacin is not subject to PREA requirements due to the nature of COPD involving an older
population group.
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8.7.4. Overdose, Drug Abuse Potential, Withdrawal, and Rebound
Not applicable.

8.8.

Safety in the Postmarket Setting

8.8.1. Safety Concerns Identified Through Postmarket Experience
There is no postmarketing experience with revefenacin.
8.8.2. Expectations on Safety in the Postmarket Setting
Patients with chronic oxygen use, recent exacerbations or infections, or more debility were
excluded from the clinical trials. Therefore, a sicker COPD population exposed to the
medication after marketing may experience other reactions not observed in the clinical trials.
However, this can be monitored for with standard postmarketing safety monitoring.
8.8.3. Additional Safety Issues From Other Disciplines
See other disciplines’ evaluations in section 4.

8.9.

Integrated Assessment of Safety

The safety data submitted by the Applicant for analysis with this NDA was sufficient for review.
The data is derived primarily from three phase 3 studies: Studies 126 and 127 were 12 week
placebo controlled bronchodilator replicate studies; study 128 was an open label active
comparator 52 week safety study. The total safety database from these three studies includes
1,798 subjects exposed to revefenacin (88mcg and 175 mcg) of which 906 subjects were
exposed to the higher proposed final dose (175mcg). Data from the replicate 12 week studies
was pooled and presented alongside the 52 week safety data.
Overall, the safety assessment, which included an evaluation of deaths, SAEs, all TEAEs,
cardiovascular events, dropouts, and laboratory findings, was consistent with other inhaled
anticholinergic agents for COPD and no new safety signals were revealed. Deaths that occurred
in the phase 3 program did not raise safety concerns given the older comorbid COPD
population. In the analyses of SAEs and TEAEs from the pooled 12 week studies and the
individual 52 week safety study, reported events were consistent with the studied population
and were generally balanced between control and REV groups. Unsurprisingly given the
population, COPD exacerbations were the most common SAE and TEAEs in all three studies.
Analysis of cardiovascular events did not reveal any concerning signals. Analysis of AE-related
study discontinuations also did not raise safety related concerns. Likewise, laboratory testing
analysis did not show consistent trends of concern for revefenacin.
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In conclusion, revefenacin at 175 mcg once daily nebulized does not show significant safety
concerns above that of placebo or the active comparator tiotropium used in the phase 3
studies. Overall the REV safety profile is favorable and consistent with other inhaled
anticholinergics.

9. Advisory Committee Meeting and Other External Consultations
No Advisory committee meeting is planned for this NME. No other external consultations are
planned for this NME.

10.

Labeling Recommendations

10.1.

Prescription Drug Labeling

Prescription drug labeling is ongoing at the time of this report. Issues with the reliability of the
phase 3 pharmacokinetic data may affect labeling in special populations (renal and hepatic
impairment). Clinical study information in section 14 will be edited for consistency with similar
COPD products.

10.2.

Nonprescription Drug Labeling

Not applicable.

11.

Risk Evaluation and Mitigation Strategies (REMS)

No REMS are needed for this application.

12.

Postmarketing Requirements (PMR) and Commitments (PMC)

No PMRs or PMCs are needed for this application.

13.

Appendices
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13.2.

Financial Disclosure

Covered Clinical Study (Name and/or Number): 126
Was a list of clinical investigators provided:

Yes

No
(Request list from
Applicant)

Total number of investigators identified: 60
Number of investigators who are Sponsor employees (including both full-time and part-time
employees):
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
0
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study:
Significant payments of other sorts:
Proprietary interest in the product tested held by investigator:
Significant equity interest held by investigator in S
Sponsor of covered study:
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
Applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3)
Is an attachment provided with the
reason:

Yes

No
(Request explanation
from Applicant)
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Covered Clinical Study (Name and/or Number): 127
Was a list of clinical investigators provided:

Yes

No
(Request list from
Applicant)

Total number of investigators identified: 61
Number of investigators who are Sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
0
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study:
Significant payments of other sorts:
Proprietary interest in the product tested held by investigator:
Significant equity interest held by investigator in S
Sponsor of covered study:
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
Applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3)
Is an attachment provided with the
reason:

Yes

No
(Request explanation
from Applicant)
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Covered Clinical Study (Name and/or Number): 128
Was a list of clinical investigators provided:

Yes

No
(Request list from
Applicant)

Total number of investigators identified: 111
Number of investigators who are Sponsor employees (including both full-time and part-time
employees):
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
0
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study:
Significant payments of other sorts:
Proprietary interest in the product tested held by investigator:
Significant equity interest held by investigator in S
Sponsor of covered study:
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
Applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3)
Is an attachment provided with the
reason:

Yes

No
(Request explanation
from Applicant)
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