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Abstract

Background: Revefenacin is a long-acting muscarinic antagonist that was recently approved for the nebulized
treatment of chronic obstructive pulmonary disease (COPD). Although shorter duration studies have documented
the efficacy of revefenacin in COPD, longer-term efficacy has not been described. In a recent 52-week safety trial,
revefenacin was well tolerated and had a favorable benefit-risk profile. Here we report exploratory efficacy and
health outcomes in patients receiving revefenacin 175 μg or 88 μg daily during the 52-week trial.

Methods: In this randomized, parallel-group, 52-week trial (NCT02518139), 1055 participants with moderate to very
severe COPD received revefenacin 175 μg or 88 μg in a double-blind manner, or open-label active control tiotropium.

Results: Over the 52-week treatment period, both doses of revefenacin, as well as tiotropium, elicited significant (all
p < 0.0003) improvements from baseline in trough forced expiratory volume in 1 s (FEV1). The trough FEV1 profile (least
squares mean change from baseline) for revefenacin 175 μg ranged from 52.3–124.3 mL and the trough FEV1 profile for
tiotropium ranged from 79.7–112.8 mL. In subgroup comparisons, the effect of revefenacin on trough FEV1 was
comparable in patients taking concomitant long-acting β-agonists, with or without inhaled corticosteroids, with
patients who were not taking these medications. There were statistically significant (p < 0.05) improvements in all
measured health status outcomes (evaluated using St. George’s Respiratory Questionnaire, COPD Assessment Test,
Clinical COPD Questionnaire and Baseline and Transition Dyspnea Index) from 3months onward, in all treatment arms.

Conclusions: Significant sustained improvements from baseline in trough FEV1 and respiratory health outcomes were
demonstrated for 175-μg revefenacin over 52 weeks, further supporting its use as a once-daily bronchodilator for the
nebulized treatment of patients with COPD.

Trial registration: NCT02518139; Registered 5 August 2015.

Background
Treatment with bronchodilators is central to the man-
agement of chronic obstructive pulmonary disease
(COPD). Treatment guidelines produced by the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
recommend inhalation therapy with long-acting
muscarinic antagonist (LAMA) or long-acting β-agonist

(LABA) bronchodilators as first-line therapy to address
COPD symptoms and prevent exacerbations [1]. The
use of an inhaled corticosteroid (ICS) in combination
with LABA or LABA/LAMA therapy is recommended
for patients experiencing exacerbations despite the use
of bronchodilator therapy [1].
Until recently, LAMAs were not available in a nebu-

lized form. The LAMA glycopyrrolate bromide was re-
cently approved (2017) for twice-daily nebulized delivery
via a custom-designed electronic vibrating mesh nebulizer
(eFlow®; Lonhala® Magnair®, Sunovion; Marlborough, MA,
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USA) [2]. Revefenacin, a novel, lung-selective LAMA, was
approved by the US Food and Drug Administration (FDA)
in November 2018 at a 175 μg dose, for once-daily nebu-
lized delivery via a standard jet nebulizer for the
maintenance treatment of COPD [3]. Beyond the differ-
ences in frequency and method of administration, revefe-
nacin is a different molecular class than glycopyrrolate
bromide—it is a tertiary amine, not a quaternary ammo-
nium compound. Thus, it is a different molecular class
from all the inhaled muscarinic antagonists (glycopyrrolate
bromide, tiotropium bromide [tiotropium], umeclidinium
bromide, aclidinium and ipratropium bromide) available to
date. Revefenacin was designed to produce sustained local
bronchodilation with minimal systemic drug exposure [4,
5], and as a result appears to have lower potential for
systemic anti-muscarinic side effects than quaternary am-
monium compounds [6].
Replicate 12-week pivotal phase 3 trials demonstrated

significant bronchodilation in patients with moderate to
very severe COPD taking once-daily inhaled revefenacin
at doses of 175 μg and 88 μg, with or without concomi-
tant LABA/ICS therapy [7]. The safety and tolerability of
revefenacin over 52 weeks has been presented previously
[8]. Here we report the maintained therapeutic effect of
revefenacin and improvement in health outcomes versus
tiotropium over the course of 52 weeks in patients with
moderate to very severe COPD.

Methods
Study design and conduct
This was a phase 3, randomized, partially double-
blinded, parallel-group 52-week trial (NCT02518139).
The trial was conducted in accordance with the princi-
ples of the International Council on Harmonisation of
Technical Requirements for Pharmaceuticals for Human
Use guideline for good clinical practice [9], and the code
of ethics of the World Medical Association’s Declaration
of Helsinki [10], and all patients provided written in-
formed consent.

Patients and treatments
Study design, participants and treatments have been de-
scribed previously [8]. Briefly, patients were required to
meet the criteria for moderate-to-severe COPD, which
included < 0.7 postipratropium forced expiratory volume
in 1 s (FEV1)/forced vital capacity ratio and < 80%
postipratropium FEV1 of predicted normal but at least
700 mL [11]. Patients were excluded if they had signifi-
cant respiratory disease other than COPD, elevated car-
diovascular risk (e.g., myocardial infarction or unstable
angina within the previous 6months, unstable or life-
threatening arrhythmia requiring intervention in the pre-
vious 3months, or New York Heart Association Class IV
heart failure) or exhibited a clinically significant

abnormality in 12-lead electrocardiogram at screening, or
uncontrolled hypertension, hypercholesterolemia, or type
2 diabetes. In addition, patients were ineligible for partici-
pation if they had been hospitalized for COPD or pneu-
monia within 8 weeks of screening or had used systemic
corticosteroids or antibiotics within 6 weeks of screening.
Patients were equally randomized to receive revefenacin
175 μg or 88 μg, or tiotropium 18 μg, for 52 weeks. Revefe-
nacin dose was assigned in a double-blind manner, and
the drug was administered using a standard jet nebulizer
(PARI LC® Sprint; Midlothian, VA, USA). Tiotropium was
administered open label using the HandiHaler® device
(Spiriva® HandiHaler; Boehringer Ingleheim, Ridgefield,
CT, USA). Stratified randomization was used to
randomize patients according to their reversibility status
to ipratropium and use of concomitant LABA or LABA/
ICS treatment at screening.

Assessments and endpoints
The primary endpoint results (safety and tolerability of
revefenacin as a treatment for COPD over 52 weeks)
were previously reported [8]. Here we report exploratory
efficacy and health outcomes endpoints and use of res-
cue medication, all of which were evaluated as change
from baseline (and not as between-treatment compari-
son). These exploratory endpoints included the change
in trough FEV1, changes in health outcomes using gen-
eral and COPD-specific respiratory symptom rating in-
struments (St. George’s Respiratory Questionnaire
[SGRQ], COPD Assessment Test [CAT], Clinical COPD
Questionnaire [CCQ], EXAcerbation of Chronic Pul-
monary Disease Tool Patient Related Outcome
[EXACT-PRO], Baseline and Transition Dyspnea Index
[BDI/TDI]), and concomitant use of rescue medications,
all over 12 months.
Change from baseline in FEV1 was measured prior to

drug administration at 1, 3, 6, 9 and 12months (Days 29,
92, 183, 274 and 365). Patient-reported outcomes (SGRQ,
CAT, CCQ, BDI/TDI) were assessed in the clinic on Days
1, 92, 183, 274 and 365; EXACT-PRO [12], a patient-
reported outcome electronic diary designed to count and
characterize symptom-defined exacerbations was used by
patients each night. Treatment satisfaction was measured
using a non-validated treatment satisfaction questionnaire
at screening and on Day 365.
The minimal clinically important difference (MCID)

for each assessed outcome was used to determine re-
sponse to treatment (responders). For SGRQ, a reduc-
tion in mean baseline score of 4 points is considered
clinically relevant. Although there is no generally ac-
cepted MCID for the CAT, a change of 2 points appears
to be clinically relevant and correlates well with the
MCID of other validated health status measures. For
CCQ, the validated MCID is 0.4, and for TDI the
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benchmark is a difference between groups in total score of
≥1 point. For this study, patients who met or exceeded the
MCID on each measure were considered responders.
Patients documented whether or not they used the albu-

terol metered dose inhaler as rescue medication over each
24-h period in a study diary. In addition, the number of
puffs from the inhaler was recorded by study site personnel
at each clinic visit. Rescue albuterol use (number of puffs
per day) was averaged over the 12-month treatment period
and reported for Months 1, 3, 6, 9 and 12. Data for analysis
were drawn from inhaler counter totals recorded in the
electronic case report form and not the self-reported data,
as inhaler counters were considered to be more reliable.

Statistical analyses
The exploratory analyses were performed using the
intent-to-treat (ITT) population, defined as all random-
ized patients who received at least one dose of study drug
and had at least one postbaseline FEV1 measurement.
Trough FEV1 was defined as the mean of the − 45- and

− 15-min pre-dose spirometry assessments and evaluated
using a repeated measures mixed-effect model (RMMM)
model. Treatment group, smoking status, ipratropium re-
versibility status, concomitant LABA/ICS use at baseline,
sex and age at baseline (≤65 years or > 65 years) were fixed
effects. A covariate for baseline FEV1 was included. A time
effect and its interaction with treatment and baseline
FEV1, as well as a random effect for subject nested within
site/center was included in the model. Within-subject cor-
relation was modelled using an unstructured covariance.
Pre-specified subgroup analyses were performed for the
change from baseline in trough FEV1 among patients who
used a LABA-containing product or ICS, were ≥ 65 years
old and were current smokers.
SGRQ, CAT and BDI/TDI were summarized as con-

tinuous measures using absolute values and change from
baseline at each visit, and as a proportion using a re-
sponder definition. The CCQ data were summarized as
continuous measures using absolute values and change
from baseline at each visit.
Treatment satisfaction was summarized using descrip-

tive statistics. The number of puffs of rescue medication
and number of rescue medication–free days were ana-
lyzed using a RMMM model with the same independent
variables as those described for FEV1.
The primary endpoint of this study was to assess long

term safety and tolerability of revefancin, and therefore
was not designed or powered to show differences be-
tween treatments.

Results
Patients
Of the 1060 patients randomized to treatment, 1055 re-
ceived at least one dose of study drug. The ITT analysis

set comprised 1020 patients (revefenacin 175 μg, n = 319;
revefenacin 88 μg, n = 350; tiotropium, n = 351). Patient
demographics and baseline characteristics in the ITT popu-
lation were similar between treatment groups (Table 1).
Over the year-long study, there were more withdrawals

from the revefenacin treatment arms (39–43%) than
from the tiotropium arm (26%), which led to wider con-
fidence intervals (CIs) and more variable data at the 9-
and 12-month time points for all treatment arms
(Table 2). A higher percentage of subjects in the revefe-
nacin groups discontinued study drug in the first 3
months (60/335 [17.9%] and 50/368 [13.6%] in the reve-
fenacin 175 μg and 88 μg groups, respectively) compared
with the tiotropium group (25/357, [7.0%]). There were
2–3 times more withdrawals from the revefenacin arms
in the “withdrawal by subject” category compared with
the tiotropium arm (Table 2). A review of those subjects
reported as discontinuing the treatment period for the
reason “withdrawal by subject” indicated that patients
did not appear to drop out of the revefenacin arms of
the study due to lack of efficacy. A post hoc analysis of
withdrawal by FEV1 response showed, that patients in
the revefenacin 175 μg group had greater FEV1 improve-
ments from baseline versus the tiotropium group at vari-
ous time points (Additional file 1: Table S1).
The percentage of subjects who discontinued treat-

ment due to adverse events (AEs) was similar in both
revefenacin groups (12–13%) and lower in the tiotro-
pium group (9%). However, with respect to the most
commonly reported AEs, a similar percentage of subjects
across groups (< 2.5%) discontinued study drug due to
COPD exacerbation, whereas more subjects in the reve-
fenacin groups (1.8% and 2.5% in the 175 μg and 88 μg
groups, respectively) discontinued due to dyspnea com-
pared with the tiotropium group (0.6%).

Efficacy
Over the 52-week treatment period, both doses of revefe-
nacin, as well as tiotropium, elicited statistically significant
(all p < 0.0003) improvements from baseline in trough
FEV1 (Table 3, Fig. 1a). The trough FEV1 profile for reve-
fenacin 175 μg (range, 52.3–124.3mL) was similar to that
of tiotropium (range, 79.7–112.8mL) up to Month 9, but
diverged after that, in part due to differences in subject
discontinuation in the final 3months of the trial (Table 4).
In subgroup comparisons, the effects on trough FEV1

among patients who were using a LABA ranged from
51.8–102.9 mL with revefenacin 175 μg, and 64.7–102.5
mL with tiotropium (Fig. 1b). All subgroups responded
similarly overall in the three treatment arms (Fig. 2).

Health outcomes assessments
There was a statistically significant (p < 0.05) improve-
ment in SGRQ, CAT and CCQ at all time points
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assessed from 3months for all three treatment arms
(Fig. 3). Analysis of MCID response based on SGRQ
total score at Day 365 revealed that there was a similar
percentage of responders in the tiotropium, revefenacin
175 μg and revefenacin 88 μg groups (53%, 42% and 45%
respectively). The percentage of CAT responders in all
three treatment groups were similar (revefenacin 175 μg
[48%] revefenacin 88 μg group [43%] and tiotropium
group [47%]). Changes in CAT and CCQ scores did not
reach the pre-determined thresholds for clinical signifi-
cance in any group at any time point.
The revefenacin 175 μg group had 153 COPD exacer-

bations and the rate of exacerbations (1.78; 95% CI: 1.37,

2.30) during the year of treatment was based on data
from the EXACT-PRO tool. The lower-dose revefenacin
and tiotropium groups reported 197 and 192 exacerba-
tions, and exacerbation rates of 2.46 (95% CI: 1.93, 3.15)
and 2.31 (95% CI: 1.78, 2.99), respectively. Mean exacer-
bation severity scores were similar between treatment
groups (53 to 54 on a 0 to 100 scale, in which higher
scores indicate more severe disease). Data from the
EXACT-PRO tool supported the study’s findings based
on evaluation of COPD exacerbations reported as
treatment-emergent AEs [8].
Evaluation of breathlessness using the TDI total score,

in which lower scores represent worsening dyspnea,

Table 1 Baseline patient demographics and clinical characteristics (ITT population)

Characteristic Revefenacin 88 μg (n = 350) Revefenacin 175 μg (n = 319) Tiotropium 18 μg (n = 351)

Age, y, mean (SD) 64.2 (9.37) 64.5 (8.61) 64.9 (8.91)

Sex, male, n (%) 197 (56.3) 188 (58.9) 211 (60.1)

Race, white, n (%) 324 (92.6) 294 (92.2) 326 (92.9)

BMI, kg/m2, mean (SD) 28.9 (6.6) 29.0 (6.6) 28.8 (6.3)

Current smoker, n (%) 163 (46.6) 140 (43.9) 164 (46.7)

Concurrent COPD medication use, n (%)

ICS 191 (54.6) 165 (51.7) 187 (53.3)

LABA or ICS/LABA 175 (50.0) 158 (49.5) 177 (50.4)

ICS/LABA 170 (48.6) 146 (45.8) 172 (49.0)

COPD duration, y, mean (SD) 9.3 (6.98) 8.7 (5.92) 9.5 (6.84)

2011 GOLDa category, n (%)

A 31 (8.9) 20 (6.3) 23 (6.6)

B 184 (52.6) 165 (51.7) 183 (52.1)

C 7 (2.0) 7 (2.2) 5 (1.4)

D 128 (36.6) 123 (38.6) 136 (38.7)

Unknown 0 4 (1.3) 4 (1.1)

2011 GOLDa airflow limitation category, n (%)

2 222 (61.0) 201 (60.0) 210 (59.0)

3 122 (33.5) 109 (32.5) 124 (34.8)

4 20 (5.5) 25 (7.5) 22 (6.2)

Postipratropium percent predicted FEV1, %, mean (SD) 54.29 (14.1) 53.75 (14.8) 53.15 (14.2)

Postipratropium FEV1 to FVC ratio, mean (SD) 0.54 (0.10) 0.53 (0.10) 0.53 (0.10)

Baseline FEV1, L, mean (SD) 1.34 (0.5) 1.34 (0.5) 1.32 (0.5)

Proportion of patients with baseline mMRC ≥ 2, n (%) 181 (51.7) 170 (53.3) 180 (51.3)

Proportion of patients with baseline CAT ≥ 10, n (%) 312 (89.1) 288 (90.3) 319 (90.9)

Number of COPD exacerbations in prior year, n (%)

0 264 (75.4) 242 (75.9) 271 (77.2)

1 59 (16.9) 50 (15.7) 52 (14.8)

≥ 2 27 (7.7) 27 (8.5) 28 (8.0)
a2011 GOLD criteria. (Global Initiative for Obstructive Lung Disease. Global strategy for the diagnosis, management and prevention of chronic obstructive
pulmonary disease. 2011. http://goldcopd.com)
BMI body mass index, CAT COPD assessment test, COPD chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity,
GOLD Global Initiative for Chronic Obstructive Lung Disease, ICS inhaled corticosteroids, ITT intent-to-treat, LABA long-acting beta agonist, mMRC modified Medical
Research Council, SD standard deviation
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indicated a decrease in breathlessness in all treatment
groups throughout the study. TDI scores in the revefe-
nacin groups and tiotropium group were (LS mean TDI
total score at Day 365) 0.92, 1.37 and 0.87 in the revefe-
nacin 175 μg, revefenacin 88 μg and tiotropium groups,
respectively. The percentage of TDI responders between
treatment groups at Day 365 were 85/184 patients [LS

proportion 43.8%], 110/211 patients [50.9%] and 103/
244 [40.3%] in the revefenacin 175 μg, revefenacin 88 μg
and tiotropium groups, respectively.
Evaluation of rescue albuterol use showed an average

of LS mean (standard error) values of 1.6 (0.23), 1.9 (0.2)
and 1.3 (0.21) puffs per day over the 12-month treat-
ment period in the revefenacin 175 μg, revefenacin

Table 2 Patients withdrawals during the 1-year treatment period

AE, n (%) Lost to follow-up,
n (%)

Physician
decision, n (%)

Protocol
deviation, n (%)

Withdrawal by
subject, n (%)

Other,
n (%)

Total, n (%)

Revefenacin 88 μg (n = 368)

Days 1–30 11 (3.0) – 1 (0.3) – 9 (2.4) – 21 (5.7)

Days 31–92 11 (3.0) 3 (0.8) – – 15 (4.1) – 29 (7.9)

Days 93–183 11 (3.0) 7 (1.9) 2 (0.5) 1 (0.3) 25 (6.8) 1 (0.3) 47 (12.8)

Days 184–274 7 (1.9) 6 (1.6) – 1 (0.3) 13 (3.5) 1 (0.3) 28 (7.6)

Days 275–364 7 (1.9) 5 (1.4) – – 8 (2.2) – 20 (5.4)

Total 47 (12.8) 21 (5.7) 3 (0.8) 2 (0.5) 70 (19.0) 2 (0.5) 145 (39.4)

Revefenacin 175 μg (n = 335)

Days 1–30 6 (1.8) 1 (0.3) – – 11 (3.3) – 18 (5.4)

Days 31–92 11 (3.3) 2 (0.6) – – 28 (8.4) 1 (0.3) 42 (12.5)

Days 93–183 11 (3.3) 5 (1.5) 2 (0.6) – 24 (7.2) – 42 (12.5)

Days 184–274 6 (1.8) 5 (1.5) – – 10 (3.0) – 21 (6.3)

Days 275–364 8 (2.4) 4 (1.2) 1 (0.3) – 7 (2.1) 1 (0.3) 21 (6.3)

Total 42 (12.5) 17 (5.1) 3 (0.9) – 80 (23.9) 2 (0.6) 144 (43.0)

Tiotropium 18 μg (n = 357)

Days 1–30 3 (0.8) – – – 3 (0.8) – 6 (1.7)

Days 31–92 6 (1.7) 2 (0.6) – 1 (0.3) 10 (2.8) – 19 (5.3)

Days 93–183 8 (2.2) 3 (0.8) – – 14 (3.9) – 25 (7.0)

Days 184–274 7 (2.0) 5 (1.4) – – 9 (2.5) – 21 (5.9)

Days 275–364 9 (2.5) 5 (1.4) 1 (0.3) – 7 (2.0) 1 (0.3) 23 (6.4)

Total 33 (9.2) 15 (4.2) 1 (0.3) 1 (0.3) 43 (12.0) 1 (0.3) 94 (26.3)

AE adverse event

Table 3 Change from baseline in trough FEV1 (mL) during the 1-year treatment period

Trough FEV1 (mL), LS mean (95% CI) Revefenacin 88 μg Revefenacin 175 μg Tiotropium 18 μg

Day 29 83.8 (60.4, 107.1)
n = 317

124.3 (99.5, 149.1)
n = 282

112.8 (89.8, 135.8)
n = 330

Day 92 81.3 (57.1, 105.5)
n = 287

100.0 (73.9, 126.1)
n = 243

97.3 (73.7, 120.9)
n = 307

Day 183 74.2 (48.6, 99.8)
n = 239

104.4 (77.1, 131.7)
n = 210

89.0 (64.9, 113.2)
n = 283

Day 274 69.5 (43.4, 95.6)
n = 223

71.4 (43.2, 99.6)
n = 189

79.7 (55.0, 104.3)
n = 265

Day 365 48.8 (22.3, 75.3)
n = 212

52.3 (23.9, 80.6)
n = 185

91.5 (66.4, 116.5)
n = 248

Data are mean (standard deviation)
CI confidence interval, FEV1 forced expiratory volume in 1 s, LS least squares
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88 μg, and tiotropium groups, respectively. However,
there was a consistent trend toward a decrease in puffs
per day in all treatment groups throughout the study.
The percentage of rescue-free days was similar across all
groups (average LS mean percentage of rescue-free 24-h
periods over the 12-month treatment period: 50–54%).
Overall treatment satisfaction was similar at the begin-

ning and end of treatment and across treatment groups
at both time points measured.

Discussion
Maintained therapeutic effect during 1 year of once-daily
treatment with revefenacin 175 μg and 88 μg, and tiotro-
pium 18 μg is described. While the study was not pow-
ered to show differences between treatments, and is
complicated by the bias introduced through open-label

use of an active comparator, the report demonstrates
statistically significant improvements in lung function
measured by change from baseline in trough FEV1 for
both revefenacin dose groups and tiotropium over the
entire 52-week treatment period. In addition, health out-
comes assessments used to measure the severity of
disease-specific symptoms (SGRQ, CAT, CCQ and BDI/
TDI), and analysis of rescue medication use, demon-
strated statistically significant improvements from base-
line. Mean exacerbation severity scores were similar
between treatment groups. The safety of revefenacin has
been previously demonstrated [8].
The decline in lung function in all three treatment groups

over the course of the 52-week trial reflects disease progres-
sion and is expected in any long-term efficacy analysis of
COPD treatments. Interestingly, lung function in the

Fig. 1 Trough FEV1 (mL) change from baseline during the 1-year treatment period (a) for the overall study population and (b) in subgroups of
patients with or without concurrent use of LABA (LS mean change from baseline; ITT population). FEV1, forced expiratory volume in 1 s; ITT,
intent-to-treat; LABA, long-acting β-agonist; LS, least squares; REV, revefenacin; SE, standard error; TIO, tiotropium

Table 4 Change from baseline in trough FEV1 (mL), according to patient withdrawal, during the 1-year treatment period

Trough FEV1 (mL), LS mean (SE) Revefenacin 88 μg Revefenacin 175 μg Tiotropium 18 μg

Day 29 and still on study at Day 92 88.8 (9.63)
n = 278

121.8 (11.10)
n = 232

113.7 (8.64)
n = 296

Day 92 and still on study at Day 183 84.5 (10.74)
n = 236

100.8 (11.78)
n = 203

104.7 (8.88)
n = 275

Day 183 and still on study at Day 274 73.1 (11.50)
n = 216

98.9 (12.27)
n = 182

94.4 (9.13)
n = 259

Day 274 and still on study at Day 365 68.3 (11.46)
n = 207

65.6 (11.71)
n = 181

86.1 (9.21)
n = 242

Day 29 and withdrew prior to Day 92 73.4 (19.25)
n = 39

130.8 (15.48)
n = 50

130.8 (21.37)
n = 34

Day 92 and withdrew prior to Day 183 93.1 (19.21)
n = 51

97.3 (26.50)
n = 40

42.7 (25.92)
n = 32

Day 183 and withdrew prior to Day 274 99.4 (33.22)
n = 23

137.2 (34.49)
n = 28

143.5 (32.19)
n = 24

Day 274 and withdrew prior to Day 365 83.4 (55.68)
n = 16

60.0 (106.42)
n = 8

57.0 (36.85)
n = 23

FEV1 forced expiratory volume in 1 s, LS least squares, SE standard error
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tiotropium group appeared to improve during the final 3
months of treatment. The increase in FEV1 observed on
Day 365 in the tiotropium group may have been the result
of the disproportionate number of poor performers
(assessed by trough FEV1) who discontinued tiotropium
during the final 3months of treatment. The effect of revefe-
nacin on trough FEV1 in this trial is consistent with that
seen in previous studies [7, 13].
Analysis of withdrawal rates indicated that a higher

proportion of subjects withdrew from both revefenacin
arms than the tiotropium arm overall and during each
3-month treatment period. The slightly higher overall
rate of AE-related withdrawals, in particular withdrawals
due to dyspnea (1.8% and 2.5% in the revefenacin 175 μg
and 88 μg groups, respectively, versus 0.6% in the tiotro-
pium group) may explain this. The open-label design for
the tiotropium treatment arm may have also influenced
withdrawal rates. There is no evidence from the FEV1

data that patients withdrew due to lack of treatment effi-
cacy. As the study population is comprised of a consid-
erable amount of COPD patients with severe markers of
disease (FEV1 < 50%, mMRC ≥2 or CAT ≥10), it is pos-
sible these patients with more severe disease withdrew
from the study at different rates. This would lead to a

bias in the results, which is mainly driven by the open
label nature of the study design. The dropout rate seen
with revefenacin was similar to that seen in 12-month
trials with other nebulized long-acting bronchodilators
[14, 15].
With regard to patient subgroups, the concurrent

LABA users in all treatment groups demonstrated sig-
nificant improvements from baseline in trough FEV1.
This result is comparable with the phase 3 revefenacin stud-
ies [7]. These findings are important to note as dual bron-
chodilation is increasingly recommended by COPD
treatment guidelines [1]. Other subgroups (baseline smoking
status, age category, current ICS use, responsiveness to ipra-
tropium, and GOLD airflow) were also assessed to evaluate
the consistency of treatment effects on trough FEV1 across a
wider range of the ITT population. All three treatment
groups achieved nominal improvements in trough FEV1

compared with baseline values. Overall, these subgroup re-
sults were similar with the phase 3 revefenacin studies [7].
Study limitations include lack of the open-label design

for the tiotropium treatment arm, which likely led to dif-
ferent withdrawal rates for the revefenacin and tiotro-
pium arms, and therefore skewed the efficacy results. In
addition, the ability to draw conclusions on the efficacy

Fig. 2 Day 365 trough FEV1 by patient subgroup. CI, confidence interval; FEV1, forced expiratory volume in 1 s; ICS, inhaled corticosteroid; LS, least
squares; REV, revefenacin; TIO, tiotropium
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of revefenacin versus tiotropium was limited because the
study was not designed or powered to demonstrate sta-
tistically significant differences between treatment arms.
Larger studies that are powered to assess efficacy are re-
quired to assess the comparative effects of these two
treatments. However, the comparability of the results
over 52 weeks is assuring.

Conclusion
In this study, which included a trial population with a
broad range of disease severity, significant sustained im-
provements from baseline in trough FEV1 and respira-
tory health outcomes were demonstrated for the
revefenacin 175 μg dose and open-label tiotropium over
52 weeks. In line with the FDA approval for revefenacin
175 μg, these data further supports the use of revefena-
cin 175 μg as a once-daily bronchodilator for the nebu-
lized treatment of patients with COPD.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12931-019-1187-7.

Additional file 1: Table S1. Patients who discontinued by study day:
change from baseline in trough FEV1 (mL) at last assessment before
withdrawal.
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