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EXECUTIVE SUMMARY
This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and mitigation 
strategy (REMS) for the new molecular entity Yupelri™ (revefenacin) is necessary to ensure the benefits of 
the product outweigh its risks.  Theravance Biopharma (Theravance) submitted a New Drug Application 
(NDA 210598) on November 13, 2017 for revefenacin, an inhaled anticholinergic agent, with the proposed 
indication of maintenance treatment of chronic obstructive pulmonary disease (COPD).  The safety 
concerns associated with revefenacin include its attempted use for the relief of acute COPD symptoms, 
paradoxical bronchospasm, anticholinergic disease-related concerns, and hypersensitivity; these concerns 
are similar to those for other inhalational anticholinergic agents approved for the treatment of COPD.  The 
Applicant did not submit a REMS or risk management plan with the application. 

DRISK and the Division of Pulmonary, Allergy, and Rheumatology Products agree that a REMS is not 
necessary to ensure the benefits of revefenacin outweigh the risks.  COPD is a common disease 
characterized by persistent respiratory symptoms, airflow obstruction, and high morbidity and mortality.  
The efficacy of revefenacin has been established based on significant improvements in trough forced 
expiratory volume in one second (FEV1) compared with placebo, as well as significant improvements in 
secondary efficacy endpoints.  The class of inhalational anticholinergic agents that are approved for the 
treatment of COPD includes aclidinium, umeclidinium, ipratropium, tiotropium, and glycopyrrolate.  The 
safety concerns of revefenacin are similar to those for the approved products, none of which require a 
REMS.  Based on the safety profile and efficacy demonstrated in the clinical trials, the benefit-risk profile of 
revefenacin is acceptable and risk mitigation beyond labeling is not required. 

1 Introduction
This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and mitigation 
strategy (REMS) for the new molecular entity Yupelri™ (revefenacin) is necessary to ensure the benefits of 
the product outweigh its risks.  Theravance submitted a New Drug Application (NDA 210598) on November 
13, 2017 for revefenacin, an inhaled anticholinergic agent, with the proposed indication of maintenance 
treatment of chronic obstructive pulmonary disease (COPD).  This application is under review in the 
Division of Pulmonary, Allergy, and Rheumatology Products (DPARP).  The Applicant did not submit a REMS 
or risk management plan with the application.

2 Background
2.1 PRODUCT INFORMATION

Yupelri™ (revefenacin), a new molecular entitya, is an orally inhaled, long-acting muscarinic antagonist 
(LAMA) bronchodilator.  Parasympathetic activity regulates bronchomotor tone via the vagus nerve. 
Impulses from the vagus nerve lead to secretion of acetylcholine, which in turn acts through nicotinic and 
muscarinic cholinergic receptors to impact airway smooth muscle and tracheobronchial submucosal glands.  
Muscarinic receptors on airway smooth muscle cells stimulate gland secretion and mediate 

a FDAAA factor (F): Whether the drug is a new molecular entity.
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bronchoconstrictive effects.  Thus, blocking these receptors with a muscarinic antagonist interrupts 
cholinergic induced bronchoconstriction and secretion.1

Revefenacin is supplied as a 175 mcg/3 mL sterile inhalation solution in unit-dose vials for use as nebulized 
therapy.  The proposed dose regimen is 175 mcg administered once daily as chronic therapy.b  There are no 
once-daily nebulized long acting muscarinic antagonists currently approved in the U.S.  Revefenacin is not 
currently approved in any other jurisdiction.

2.2 REGULATORY HISTORY

The following is a summary of the regulatory history for NDA 210598 relevant to this review:  

 11/13/2017: NDA 210598 submission for the treatment of COPD received by the Agency.

 5/1/2018: A post mid-cycle meeting was held between the Agency and the Applicant via 
teleconference.  The Agency informed the Applicant that no major safety concerns have been 
identified thus far, and currently we see no need for a REMS.

 8/15/2018: A late-cycle meeting was held between the Agency and the Applicant.  There was no 
discussion related to the need for a REMS.

3 Therapeutic Context and Treatment Options

3.1 DESCRIPTION OF THE MEDICAL CONDITION

COPD is a common respiratory condition characterized by chronic airflow limitation.  The airflow limitation 
is related to chronic inflammation that causes structural changes, narrowing of small airways, and 
destruction of lung parenchyma.  Cigarette smoking is the most important risk factor for the development 
of COPD.  The most common symptoms are dyspnea, chronic cough, and sputum production.  COPD affects 
more than 5 percent of the population and is associated with high morbidity and mortality.c  The disease 
typically involves frequent clinician office visits, frequent hospitalizations due to acute exacerbations, and 
the need for chronic therapy.  COPD is the third-ranked cause of death in the U.S., killing more than 
120,000 individuals each year.d,2

3.2 DESCRIPTION OF CURRENT TREATMENT OPTIONS

Pharmacological management of COPD is primarily aimed at improving symptoms and quality of life, 
optimizing lung function, reducing exacerbations, and improving exercise tolerance.  Available therapies 
include the use of supplemental oxygen in the setting of chronic hypoxemia, and pharmacologic therapies 
including short and long acting bronchodilators, inhaled and systemic corticosteroids, theophylline, and 
phosphodiesterase-4 inhibitors.  The use of combinations of drug classes with complementary mechanisms 
of action addresses the multi-component, inflammatory and progressive nature of COPD.  According to the 
2017 Global Initiative for Obstructive Lung Disease (GOLD) guidelines3, the choice of therapeutic agent 
depends on the availability of medication and the patient’s response and performance.  As disease severity 

b FDAAA factor (D): The expected or actual duration of treatment with the drug. 
c FDAAA factor (A): The estimated size of the population likely to use the drug involved. 
d FDAAA factor (B): The seriousness of the disease or condition that is to be treated with the drug.
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increases, COPD guidelines recommend an incremental approach to pharmacological treatment, involving 
the use of combinations of drug classes with different or complementary mechanisms of action.  Inhalation 
products include short-acting and long-acting bronchodilators, as well as products containing long-acting 
beta agonists (LABA) in combination with LAMA or corticosteroids (ICS).  The combination use of the ICS, 
LAMA, and LABA therapeutic classes of drug as triple therapy can be used to optimize disease 
management, particularly with increasing disease severity.

4 Benefit Assessment
The clinical development program included three randomized, double-blind, controlled Phase 3 studies to 
evaluate the efficacy and safety of revefenacin for the treatment of patients with moderate to severe 
COPD.
 Revefenacin was evaluated in two replicate randomized, double-blind, placebo-controlled, parallel-

group Phase 3 studies of 12 weeks duration, Study 0126 [NCT 02459080] and Study 0127 [NCT 
02512510].  A total of 1229 patients with moderate to very severe COPD were treated, 619 patients in 
Study 0126 and 610 patients in Study 0127.  In each trial, patients were randomized 1:1:1 to either 
placebo, revefenacin inhalation 88 mcg daily, or revefenacin inhalation 175 mcg daily.  The primary 
efficacy endpoint was the trough forced expiratory volume in one second (FEV1) assessment measured 
at Day 85.  Secondary endpoints included trough FEV1 overall treatment effect over days 15-85; peak 
FEV1 on Day 1 (after first dose); and other endpoints.4

 A Phase 3, 52-week, randomized, active-controlled, parallel-group long-term safety study (Study 0128 
[NCT 02518139]) compared revefenacin inhalation solution (88 and 175 mcg daily) with tiotropium dry 
powder capsule (88 mcg daily) by inhalation in 1055 patients with moderate to very severe COPD,.  
Treatment was double-blind with respect to the revefenacin dose arms but open-label with respect to 
the tiotropium control arm.  Efficacy objectives of this study were exploratory only and are not 
described below.

For the primary efficacy endpoint in Study 0126, the least squares (LS) mean change from baseline in 
trough FEV1 at Day 85 was -19.4 for the placebo group compared with +59.8 in the revefenacin 88 mcg 
group (p=0.0002) and +126.9 in the revefenacin 175 mcg group (p<0.0001).  In terms of secondary 
endpoints, the LS mean change from baseline in FEV1 overall treatment effect was -30.8 for the placebo 
group compared with +73.0 in the 88 mcg treatment group (p=0.0003) and +124.8 in the 175 mcg 
treatment group (p<0.0001).  The LS mean peak FEV1 following the first dose of revefenacin also showed 
statistically significant differences in favor of the 88 mcg and 175 mcg treatment groups compared with 
placebo.5

Similar efficacy findings were observed in Study 0127.  The least squares (LS) mean change from baseline in 
trough FEV1 at Day 85 was -45.0 for the placebo group compared with +115.6 in the revefenacin 88 mcg 
group (p<0.0001) and +102.1 in the revefenacin 175 mcg group (p<0.0001).  In terms of secondary 
endpoints, the LS mean change from baseline in FEV1 overall treatment effect was -40.0 for the placebo 
group compared with +83.9 in the 88 mcg treatment group (p<0.0001) and +87.1 in the 175 mcg treatment 
group (p<0.0001).  The LS mean peak FEV1 following the first dose of revefenacin also showed statistically 
significant differences in favor of the 88 mcg and 175 mcg treatment groups compared with placebo.  
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The clinical reviewer concluded that substantial evidence of efficacy has been established for the use of 
revefenacin for the treatment of COPD,e  and recommends approval of the 175 mcg dose based on the 
more consistent treatment effect size versus placebo compared with the 88 mcg dose.6

5 Risk Assessment & Safe-Use Conditions
For the purpose of this review, the full safety analysis set is defined as 1791 patients who were randomized 
and exposed to revefenacin during the Phase 2 and Phase 3 clinical studies.   

5.1 SERIOUS ADVERSE EVENTS f,g

5.1.1 Deaths

There were eight deaths reported in patients treated with revefenacin in the clinical studies.7  Four deaths 
occurred on-study, which was defined as after the first dose of study drug up to 7 days after the last dose, 
and four deaths occurred post-study.

 57-year old female experienced sudden death.  An autopsy revealed 70% occlusion of the right 
coronary artery and 95% occlusion of the left coronary artery.  The pathologist indicated the likely 
cause of death to have been coronary artery insufficiency secondary to atherosclerosis.

 61-year-old female who was allegedly murdered.
 59-year-old male experienced cardiac arrest and sudden acute respiratory failure.  His medical history 

included acute myocardial infarction and respiratory failure. 
 62-year-old female who experienced sudden death.  Her medical history included myocardial infarction 

with coronary artery bypass grafting.
 74-year-old male who died due to an acute right internal carotid artery stroke post-study drug Day 31.  

His medical history included increased blood cholesterol, hypertension, and hypotension.
 73-year-old female died post-study drug Day 24 due to pneumonia.  Her medical history included atrial 

fibrillation, chronic respiratory failure, chronic hyponatremia, hypertension, hyperlipidemia and 
coronary artery disease. 

 58-year-old male who was hospitalized for altered mental status with a depressed level of 
consciousness post-study drug Day 1.  His respiratory condition deteriorated, necessitating mechanical 
ventilation.  The patient's family chose to withdraw life support and the patient subsequently died due 
to pneumonia.  His medical history included coronary artery disease with stent placement and 
myocardial infarction.

 62-year-old male died due to stage IV liver cancer on approximately Day 34 post-study drug.

e FDAAA factor (C): The expected benefit of the drug with respect to such disease or condition.
f Any adverse drug experience occurring at any dose that results in any of the following outcomes: Death, a life-
threatening adverse drug experience, inpatient hospitalization or prolongation of existing hospitalization, a persistent 
or significant disability/incapacity, or a congenital anomaly/birth defect. Important medical events that may not result 
in death, be life-threatening, or require hospitalization may be considered a serious adverse drug experience when, 
based upon appropriate medical judgment, they may jeopardize the patient or patient and may require medical or 
surgical intervention to prevent one of the outcomes listed in this definition.
g FDAAA factor (E): The seriousness of any known or potential adverse events that may be related to the drug and the 
background incidence of such events in the population likely to use the drug. 
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The clinical reviewer did not find significant concerns for a causal link between the fatal outcome and 
revefenacin for any of the cases.

5.1.2 Other serious adverse events

In the full safety analysis set, serious adverse events (SAEs) that occurred in 2 or more patients in any 
treatment group were reported at a higher frequency in the combined revefenacin dose groups (7.8% 
[140/1791]) than in the placebo group (3.6% [22/610]).  However, the duration of exposure to revefenacin 
was greater than that to placebo.  In considering SAEs in the Phase 3 placebo-controlled studies, the overall 
proportion of SAEs in the revefenacin groups did not show a dose-related response [88 mcg 6.1% (26/427); 
175 mcg 4.9% (20/406)] and were comparable to the placebo group [6.0% (26/430)].6  The SAE with the 
highest incidence in the pooled placebo-controlled Phase 3 data was worsening/exacerbation of COPD, 
though there was not an appreciable difference in the proportion of patients experiencing that event, as 
shown below in Table 1.  Other SAEs occurring in ≥ 2 patients and reported at a higher frequency in the 
revefenacin groups compared with placebo are also shown in Table 1.

Table 1.  Serious Adverse Events in the placebo controlled Phase 3 studies occurring in ≥ 2 patients in either the 
placebo group or in the combined revefenacin dose groups

System Organ Class Preferred Term Placebo [N=418]
n (%)

Revefenacin [N=812]
n (%)

Chronic obstructive pulmonary disease 6 (1.4) 13 (1.6)
Respiratory

Acute respiratory failure 0 2 (0.2)

General Chest pain 0 3 (0.4)

Infections Cellulitis 1 (0.2) 2 (0.2)

Gastrointestinal Upper gastrointestinal hemorrhage 0 2 (0.2)

Cardiac Acute myocardial infarction 0 2 (0.2)

      Source: Integrated Summary of Safety Table 14.3.3.4.1.7 

5.2 ADVERSE EVENTS OF SPECIAL INTEREST

5.2.1 Cardiac Adverse Events

In patients who received revefenacin in the Phase 3 clinical studies (N=1511 patients), there were 12 cases 
(0.8%) of myocardial infarction or unstable angina compared with 4 cases (1.1%) in the tiotropium group 
(N=356 patients) and no cases in the placebo group (N=418 patients).  There was also one case of 
stroke/transient ischemic attack in the revefenacin group.  The clinical reviewer concluded that the overall 
number of events was small and, overall, no increased cardiovascular safety signal related to treatment 
with revefenacin was identified.
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6 Expected Postmarket Use
It is expected that revefenacin will be used at home or in an inpatient setting for daily COPD maintenance 
therapy.  The treatment can be self-administered using a jet nebulizer.

7 Risk Management Activities Proposed by the Applicant
The Applicant did not submit a REMS or risk management plan with the application. 

8 Discussion of Need for a REMS
COPD is a common respiratory condition characterized by chronic airflow limitation.  The airflow limitation 
is related to chronic inflammation that causes structural changes, small airways narrowing, and destruction 
of lung parenchyma.  The disease typically involves frequent clinician office visits, frequent hospitalization 
due to acute exacerbations, and the need for chronic therapy.  COPD is the third-ranked cause of death in 
the U.S.  

Multiple inhalational products including short-acting and long-acting bronchodilators alone or in 
combination, as well as in combination with corticosteroids, are available for the treatment of COPD.  
There are no once-daily nebulized long acting muscarinic antagonists currently approved in the U.S. 

The revefenacin clinical program showed that substantial evidence of efficacy has been established based 
on significant improvements in trough forced expiratory volume in one second (FEV1) at Day 85 of 
treatment compared with placebo, as well as significant improvements in secondary efficacy endpoints.  
The clinical reviewer concluded that revefenacin demonstrated no new concerning safety signals beyond 
that seen with medications in its class.  The class of inhalational anticholinergic agents that are approved 
for the treatment of COPD includes aclidinium, umeclidinium, ipratropium, tiotropium, and glycopyrrolate.  
None of the approved products have required a REMS.  The Warnings and Precautions proposed for the 
revefenacin label are similar to those found in the labeling of the approved products, and include 
attempted use for the relief of acute symptoms, paradoxical bronchospasm, anticholinergic disease-related 
concerns, and hypersensitivity.

Based on the observed benefit of revefenacin, the serious nature of the disease, a risk profile that will not 
require any boxed warnings in the labeling, and that revefenacin has not demonstrated new safety 
concerns compared with other members in its therapeutic class, DRISK is not recommending a REMS for 
the management of the risks of revefenacin therapy.

9 Conclusion & Recommendations
Based on the available information a REMS is not necessary to ensure the benefits of revefenacin outweigh 
the risks.
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Should DPARP have any concerns or questions or if new safety information becomes available, please send 
a consult to DRISK.
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