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Abstract

BACKGROUND There are no approved therapies for cough in patients with idiopathic
pulmonary fibrosis (IPF). In this small crossover trial we administered nalbuphine

extended-release tablets (NAL ER) as a potential cough therapy for such patients.

METHODS This randomized, double-blind, placebo-controlled, crossover trial involved
two 22-day treatment periods (NAL ER—placebo and placebo—NAL ER) separated by a
2-week washout period. NAL ER was started at a dose of 27mg once daily and was
titrated up to 162mg twice daily at day 16. The primary end point was percent change
from baseline in hourly daytime objective cough frequency as measured by an electronic
cough monitor. The daytime period was defined as the patient-reported time of awakening
and bedtime. Secondary end points included change in objective 24-hour cough frequency,
changes in cough frequency, cough severity, and breathlessness, per patient-reported

outcomes.

RESULTS A total of 41 patients were randomly assigned and received one or more doses
of study medication. There was a 75.1% reduction in daytime objective cough frequency
during the NAL ER treatment period versus the placebo treatment period of 22.6%, a
52.5 percentage point placebo-adjusted decrease from baseline (P<0.001) at day 21.
There was a 76.1% (95% confidence interval, 83.1 to 69.1) decrease in the 24-hour objec-
tive cough frequency with NAL ER, versus a 25.3% (43.9 to 6.7) decrease with placebo, a

50.8 percentage point placebo-adjusted change. Nausea, fatigue, constipation, and dizzi- The author affiliations are listed
X . at the end of the article.
ness were more common with NAL ER than with placebo.
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CONCLUSIONS In this short-term crossover trial, NAL ER reduced cough in individuals tobymahe@usc.edu or at Keck
School of Medicine, University of
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with IPF. Larger and longer trials are needed to assess the impact on cough versus drug
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Introduction

diopathic pulmonary fibrosis (IPF) is a progressive,

fibrosing interstitial pneumonia of unknown cause'

with a median untreated survival of 2.5 to 3.5 years
from time of diagnosis.” The prevalence of chronic cough
in individuals with IPF has been reported to be as high as
84% and may be an independent predictor of disease pro-
gression and time to death or lung transplant.™*

The antifibrotics pirfenidone and nintedanib are the only
approved therapies for IPF; however, in randomized trials
they did not show an effect on cough, breathlessness, or
patient well-being.”” A small observational study did,
however, report an improvement in cough with pirfeni-
done treatment.® Opioid drugs are frequently used to
manage symptoms including cough in individuals with
IPF in the terminal stages of their disease. A lack of robust
trial evidence and concerns regarding adverse effects fre-
quently preclude the use of opioids in patients with early
disease. Nalbuphine (NAL) belongs to the “opioid agonist-
antagonists” drug class.” In extended-release (ER) form,
oral NAL could potentially provide therapeutic benefits of
opioid-based drugs while minimizing adverse events (AEs),
but NAL ER has not been subject to a test of this potential.
In this report we provide a preliminary assessment of the
antitussive potential and adverse-effect profile of NAL ER
in individuals with IPF-related cough in a randomized,
double-blind, ascending-dose, crossover trial.

Methods

TRIAL OVERSIGHT

The trial was conducted in accordance with International
Conference on Harmonization Good Clinical Practice
guidelines and other applicable laws and regulations.
Ethical approval was provided by the North West-
Greater Manchester South Research Ethics Committee.
All patients provided informed  consent
before beginning the trial. An independent Data and
Safety Monitoring Board (DSMB) conducted unblinded
monitoring of patient safety throughout the trial.

written

T.S. and T.M.M. designed the trial. All of the authors had
access to the data, which were analyzed by E.B. The
authors vouch for the accuracy and completeness of the
data and for the fidelity of the trial to the protocol

(available with the full text of this article at evidence.
nejm.org). The first draft of the manuscript was prepared
by T.S. with editorial assistance presubmission and medi-
cal writing assistance postsubmission by Juliet H. A. Bell,
Excerpta Medica, funded by trial sponsor Trevi Therapeu-
tics. The authors provided final approval for submission of
the manuscript for publication.

PATIENT POPULATION

Eligible patients were age 18 years of age or older and had
a multidisciplinary team-assigned diagnosis of “definite”
or “probable” IPF in accordance with international guide-
lines current at the time of recruitment.’ Other key inclu-
sion criteria included a history of self-reported chronic
cough of more than 8 weeks’ duration and daytime cough
severity rated 4 or higher on the Cough Severity Numeri-
cal Rating Scale (CS-NRS; 11-point Likert scale ranging
from O [“no cough”] to 10 [“worst possible cough”]);
forced vital capacity greater than 40% of predicted; and
diffusing capacity of the lung for carbon monoxide cor-
rected for hemoglobin greater than 25% of predicted
within the previous 6 months. Key exclusion criteria in-
cluded interstitial lung disease known to be caused by
environmental exposure, connective tissue disease, or
drug-related toxicity; current use of continuous oxygen
therapy for more than 16 hours per day; and any change in
IPF-related drug treatment regimen within 8 weeks of
screening. The comprehensive list of inclusion and exclu-
sion criteria is provided in the Supplementary Appendix.

TRIAL DESIGN AND ASSESSMENTS

Eligible patients were randomly assigned at 11 sites across
the United Kingdom using voice response systems or
interactive Web response systems in a 1:1 ratio to receive
either NAL ER in Treatment Period 1, followed by cross-
over to placebo in Treatment Period 2, or placebo in Treat-
ment Period 1 followed by NAL ER in Treatment Period 2.
Each treatment period was followed by a 2-week washout
period. Patients on NAL ER initially received a dose of
27mg once daily. This increased to 54 mg twice daily on
day 5, 108 mg twice daily on day 9, and 162 mg twice daily
on day 16. Patients were to have their doses escalated only
if they did not develop dose-limiting adverse effects, in
which case treatment was interrupted.

Study visits included screening to determine eligibility and
then, for each treatment period, visits or phone contact at
day -1 for baseline assessments and at days 8, 15, and 21

NEJM EVIDENCE

NEJM Evidence is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from evidence.nejm.org on June 8, 2023. For personal use only.
No other uses without permission. Co}l‘ljyri ht © 2023 Massachusetts Medical Society. All rights reserved.

For personal use only. No other uses wit

out permission. Copyright © 2023 Massachusetts Medical Society.


http://evidence.nejm.org
http://evidence.nejm.org

during treatment and a follow-up at the end of the 2-week
washout period.

During the coronavirus disease 2019 pandemic, the proto-
col was amended in order to minimize potential patient
risk by limiting in-person exposure (see the Supplementary
Appendix for further details).

END POINTS

The primary end point was mean change in daytime cough
frequency (coughs per hour) from study baseline as as-
sessed by a digital cough recorder at day 22 of each treat-
ment period (VitaloJAK; Vitalograph Ltd, Buckingham,
United Kingdom); daytime was defined as the period
between the time the patient reported being awake and the
time the patient went to bed.'” Secondary end points
included change from baseline in 24-hour cough at day 22
of treatment; patient-reported outcomes for mean change
in the Evaluating Respiratory Symptoms (E-RS™:IPF'')
diary of cough frequency (scored O to 4) and breathlessness
(scored O to 23) from baseline at days 9, 16, and 22 of treat-
ment (a higher score on the scale indicates a more severe
grade to the symptom; for details of the scoring system see
the Supplementary Appendix); mean change in CS-NRS
from baseline at days 8, 15, and 21 (a score of O indicates
“No Cough” and a score of 10 for an assessment of “Worst
Possible Cough”); and mean change in the Patient-
Reported Outcomes Measurement Information System
(PROMIS) Item Bank v1.0 Fatigue Short Form 7a scale
(score O to 35; higher scores indicate more severe fatigue)
from baseline at day 21 of treatment. Physician assessment
analysis was mean change in the Clinical Global Impression
of Change-Cough (CGI-C; 7-point scale ranging from 1 to 7;
a score of 1-3 for assessments between “Very Much
Improved” to “Minimally Improved,” a score of 5-7 for
assessments between “Minimally Worse” to “Very Much
Worse” and a score of 4 for an assessment of “No
Change”) from baseline at day 21 of treatment.

Safety was assessed on the basis of AEs, clinical laboratory
measurements, central cardiac core laboratory-read elec-
trocardiograms (ECGs), vital signs, spirometry, and physical
examinations. AEs were assessed using the five-category
Common Terminology Criteria for AEs (CTCAE) v4.03
grading system. Patients completed the Subjective Opiate
Withdrawal Scale (SOWS)"” on a daily basis via an elec-
tronic diary for 14 days following the last dose of the inves-
tigational product at the end of each treatment period. The
scoring criteria for SOWS is 1 to 10 for mild, 11 to 20 for

113

moderate, and 21 or greater for severe withdrawal~ (see

the Supplementary Appendix).

STATISTICAL ANALYSIS

Sample size calculations are provided in the Supplementary
Appendix. The primary analysis utilized the natural log scale
of the daytime objective cough frequency data. The data
were analyzed using a mixed-model repeated-measures
analysis. Two-sided P values were calculated from the
placebo-adjusted change estimates for both the primary
and secondary analyses; sample size and power consid-
erations were based on NAL ER tablet treatment com-
pared with placebo tablets at the 5% significance level
(two-sided). The difference between NAL ER at the 162-mg
dose and placebo was estimated using a model with
sequence, period, and treatment as fixed effects; the log-
transformed study baseline cough frequency was used as a
covariate and the change from baseline in log-transformed
scale (i.e., log-transformed daytime cough frequency at
day 21 — log-transformed baseline) was used as the depen-
dent variable. The model variance-covariance matrix was
compound symmetry. No imputation for dropouts or miss-
ing data was performed for assessments not completed at
study visits. In case no cough was registered during day-
time, one cough was imputed for derivation of daytime
cough frequency in order to allow for log transformation.

In the presentation of results, log-scale fitted mean treat-
ment group differences at day 21 together with associated
95% confidence intervals (CIs) were back-transformed to
fitted ratios of geometric mean and were interpreted as
the difference of NAL ER versus placebo in daytime
cough-rate reduction from baseline.

Descriptive statistics were provided for continuous data in
terms of the number of patients with nonmissing values,
mean, standard deviation (SD), median, minimum, and
maximum, unless otherwise stated. Categorical data were
summarized in terms of the number of patients providing
data at the relevant time point, frequency counts, and per-
centages. The denominator for the proportion was based
on the number of patients who provided nonmissing re-
sponses to the categorical variable. No multiplicity adjust-
ments for the secondary and exploratory end points were
defined. Therefore, only point estimates and 95% ClIs are
provided. The CIs have not been adjusted for multiple
comparisons and should not be used to infer definitive
treatment effects.
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56 Screened

14 Excluded

21 NAL ER — PLACEBO

42 Enrolled

mized

l 42 Rand

14 Did not meet inclusion criteria or met exclusion criteria

I 21 PLACEBO — NAL ER

1 Discontinued due to physician’s decision

41 Safety analysis set

20 Treated in TP 1, NAL ER
1 Withdrawal by patient due to adverse event

21 Treated in TP 1, PLACEBO
1 Discontinued due to protocol deviation
1 Discontinued due to Covid-19 outbreak

19 Evaluable for primary analysis |—> 38 thal evaluablt_e for 4—' 19 Evaluable for primary analysis |
primary analysis

19 Treated in TP 2, PLACEBO
1 Discontinued due to Covid-19 outbreak

Treated in TP 2, NAL ER (planned n=19, actual n=18 due to major PD)
6 Discontinued due to adverse event
1 Discontinued due to Covid-19 lockdown
2 Withdrawal by patient due to adverse event

Figure 1. Patient Disposition.
Covid-19 denotes coronavirus disease 2019; NAL ER, nalbuphine extended-release tablets; PD, protocol deviation; and TP, treatment

period.

Results

PATIENTS

From October 2019 through February 2022, 56 patients
were screened and 14 patients failed screening (most com-
monly because of unwillingness to comply with study
requirements and restrictions [n=3] and diffusing capacity
of the lung for carbon monoxide corrected for hemoglobin
less than 25% predicted of normal within the past 6
months [n=3]). A total of 42 patients were assigned to
receive either NAL ER—placebo or placebo—NAL ER.
One patient was randomly assigned but not treated, and
treatment was discontinued prematurely in 13 patients
(L0%) (Fig. 1).

The majority of patients were male (84.2%) and their
mean age was 74 years; 47.4% were receiving background
antifibrotic therapies and 68.3% were taking proton pump

inhibitors (Table 1). Demographic characteristics by initial
treatment regimen are provided in Table S1 and indicate
older, mostly White male patients in this small trial popu-
lation; the representativeness of this population is shown
in Table S2.

PRIMARY END POINT

NAL ER-treated patients had a 75.1% reduction (95% CI,
—82.7 to —67.6) in the geometric mean percent change
compared with a 22.6% reduction (95% CI, —42.5 to —2.7)
during the placebo treatment period at day 22; this repre-
sents a 52.5 percentage point placebo-adjusted change for
treatment with NAL ER (P<0.001) (Fig. 2). An analysis by
assigned treatment and treatment period showed a geo-
metric mean ratio of 0.33 (95% CI, 0.18 to 0.62) between
NAL ER and placebo for NAL ER—placebo patients and a
geometric mean ratio of 0.26 (95% CI, 0.11 to 0.62) for
patients who received the placebo—NAL ER sequence
(Table S2). Furthermore, analysis of sequence effect
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Table 1. Baseline Characteristics.

No. of patients 38
Mean age — yr 74
Male — no. (%) 32 (84.2)
Antifibrotic usage — no. (%) 18 (47.4)
Proton pump inhibitors — no. (%)* 28 (68.3)
Daytime cough frequency (coughs/hour)

Mean 28.0

Median 20.0

Minimum-maximum 3.2-92.4
24-hour cough frequency (coughs/hour)

Mean 21.2

Median 16.0

Minimum-maximum 3.1-66.4

* These data are collected from the safety analysis set (n=41). All other
data are from the full analysis set (patients completed one or more
treatment periods).

(equivalent to a test of carryover effect) yielded a point
estimate of —0.017, with 95% CIs of —-0.59 to 0.55.
Because the 95% CI includes the null value, we conclude
there was no evidence of a carryover effect between treat-
ment periods.

Supplemental primary efficacy analyses were also per-
formed using responder analyses for patients reaching
predetermined reduction thresholds for NAL ER versus
placebo (Fig. S1). Efficacy analyses of 24-hour cough

counts for patients with and without concomitant antifi-
brotic therapy are provided in Figure S2.

PRESPECIFIED SECONDARY EFFICACY ANALYSES

Twenty-four-hour objective cough data (geometric mean
percent change) showed a 76.1% improvement (95% CI,
—83.1 to —69.1) for patients during the NAL ER treatment
period compared with a 25.3% (95% CI, —43.9 to —6.7)
improvement in patients during the placebo treatment
period; this was a 50.8 percentage point placebo-adjusted
change (Fig. 2).

SECONDARY END POINTS

Further secondary end points are shown in Figure 3. The
E-RS:IPF diary cough subscale showed a mean (SD) score
of 1.6 (0.85) with NAL ER compared with 2.3 (0.77) with
placebo at day 22 (Fig. 3A), and mean (SD) CS-NRS scores
at day 21 were 3.9 (2.28) and 6.0 (1.74), respectively
(Fig. 3B). Furthermore, The E-RS:IPF diary breathlessness
subscale analysis showed a mean (SD) score of 6.6 (3.83)
with NAL ER compared with 6.9 (3.82) with placebo
(Fig. 3C).

Using the CGI-C the principal investigators indicated
that at day 21, 62% of the patients receiving the study
drug had an improvement in their cough, compared
with 19% for placebo (Fig. S3). PROMIS Fatigue Short

Daytime Cough
0%

~10%-
~20% 7
~30%-
—40% -

-60%
—70%
-80%

Mean Percent Change in Cough/Hour
from Study Baseline (95% Cl)

~90% -75.1%

—-100% -

\

~50%4 -22.6%

52.5 percentage points
placebo-adjusted change

M Nalbuphine ER Placebo

24-Hour Cough

o

7

-76.1%

50.8 percentage points
placebo-adjusted change

Figure 2. Geometric Mean Percent Change from Study Baseline in Coughs per Hour (n=38).
Daytime was defined as the period between the time the patient reported being awake and the time the patient went to bed. CI denotes

confidence interval; and ER, extended release.
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2.0
1.5+
1.0+

0.5+

Mean Change from Baseline (+SD)

A E-RS Cough Frequency Score

—@- Nalbuphine ER -4l Placebo

No. of patients
Nalbuphine ER
Placebo

T T
Baseline Day 8

54 mg

38
38

32
38

T T
Day 9 Day 15

54 mg

32
38

28
38

108 mg

T
Day 21
162 mg

T
Day 16
108 mg

30
38

29
33

29
33

B CS-NRS
8.0+

7.0
6.0
5.0
4.0+
3.0
2.0
1.0

Mean Change from Baseline (+SD)

—@- Nalbuphine ER -l Placebo

No. of patients
Nalbuphine ER
Placebo

T
Baseline

38
38

T
Day &
54 mg

27
38

T
Day 15
108 mg

29
37

T
Day 21
162 mg

27
33

10.04
9.0
8.0
7.0+
6.0
5.0
4.0
3.0
2.0
1.0+

0

Mean Change from Baseline (+SD)

C E-RS Breathlessness Score

—@- Nalbuphine ER -4l Placebo

No. of patients
Nalbuphine ER
Placebo

T T
Baseline Day 8

54 mg
38 32
38 38

T T
Day 9 Day 15

54 mg 108 mg
32 28
38 38

T T T
Day 16 Day 21 Day 22

108 mg 162 mg 162 mg
30 29 27
38 33 32

Figure 3. Mean Change from Study Baseline for Patient-Reported Outcomes.

E-RS cough frequency (Panel A) is scored 0 to 4; CS-NRS (Panel B) is scored 0 to 10; E-RS breathlessness (Panel C) is scored 0 to 23.
CS-NRS denotes Cough Severity Numerical Rating Scale; E-RS, Evaluating Respiratory Symptoms; for all three panels a decrease in score

represents a clinical improvement; ER, extended release; and SD, standard deviation.
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Table 2. Adverse Events.

NAL ER* Twice Daily (n=38) Placebo (n=40) Total (n=41)
Adverse Events — no. (%) — no. (%) — no. (%)
Patients with treatment-emergent adverse events leading to investigational product discontinuation
Vomiting 2 (5.3) 0 2 (4.9)
Agitation 1 (2.6) 0 1 (2.4)
Anxiety 1(2.6) 0 1(2.4)
Bradycardia 1 (2.6) 0 1(2.4)
Dyspnea 1 (2.6) 0 1(2.4)
Headache 1 (2.6) 0 1 (2.4)
Insomnia 1 (2.6) 0 1(2.4)
Lethargy 1 (2.6) 0 1(2.4)
Mental disorder 1 (2.6) 0 1(2.4)
Suicidal ideation 1 (2.6) 0 1(2.4)
Vertigo 1 (2.6) 0 1(2.4)
Treatment-emergent adverse events with 10% or greater frequency
Nausea 16 (42.1) 0 (0) 16 (39.0)
Fatigue 12 (31.6) 3 (7.5) 15 (36.6)
Constipation 11 (28.9) 2 (5.0) 13 (31.7)
Dizziness 10 (26.3) 0 (0) 10 (24.4)
Somnolence 9 (23.7) 1(2.5) 9 (22.0)
Vomiting 7 (18.4) 5 (12.5) 10 (24.4)
Dyspnea 6 (15.8) 2 (5.0) 8 (19.5)
Dry mouth 5 (13.2) 1(2.5) 5 (12.2)
Headache 5 (13.2) 5 (12.5) 10 (24.4)
Anxiety 5 (13.2) 0 (0) 5 (12.2)
Decreased appetite 4 (10.5) 3 (7.5) 7 (17.1)
Depression 4 (10.5) 0 (0) 4 (9.8)

* NAL ER denotes nalbuphine extended-release tablets.

Form 7a data for both treatment groups are provided in
Figure S4.

SAFETY DATA

There were no deaths, and two serious AEs were reported
during the trial. One patient had pneumonia during the pla-
cebo period of the crossover; this patient had never received
NAL ER. One case of urosepsis was reported 2 weeks after
the patient’s final NAL ER dose. A common clinical finding
with opioids can be tolerability during drug initiation.'*" In
this forced-titration study design, AEs leading to discontinu-
ation occurred in nine patients on NAL ER (Table 2): Six
patients were discontinued on day 5 (40.5-mg mean dose at
time of discontinuation) or earlier and three patients on
day 14 (108.0mg) or earlier. No patients discontinued
study medication for an AE after completing dose titration.
There were no significant safety-related concerns raised by
the DSMB during the course of the study.

NEJM EVIDENCE

Gastrointestinal and central nervous system AEs were
more common in the NAL ER dosing periods. Of the AEs,
95% were of grade 1 or 2 in severity, and 51% of these AEs
had clinically resolved after 7 days. Twelve grade-3 AEs
were reported by four patients (eight events during the
NAL ER period and four events during the placebo
period). The most frequently reported AEs during the
NAL ER treatment period were nausea (42.1%), fatigue
(31.6%), constipation (28.9%), and dizziness (26.3%); in
the placebo period, no patients reported nausea, whereas
7.5% reported fatigue and 5.0% reported constipation.
None reported dizziness (Table 2).

There were no significant changes in vital signs, pulse
oximetry, spirometry readings, or clinical laboratory
values. Two patients developed ECG abnormalities (one
patient with a known past history of atrial fibrillation
developed atrial fibrillation and another patient withdrew
from the study secondary to sinus bradycardia).
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SOWS data were evaluated for 36 patients after the NAL ER
treatment period and for 38 patients after the placebo treat-
ment period. The mean SOWS total raw scores in the NAL
ER treatment group were 4.71 versus 2.41 in the placebo
treatment group (P=0.0029). No patients received treat-
ment for an AE related to discontinuation of the study drug.

Discussion

Our short-term crossover trial demonstrated a statistically
significant reduction in IPF-related cough; cough was
monitored using a dedicated monitor to provide an objec-
tive measure of daytime cough frequency. These data
therefore provide equipoise for a larger and longer trial of
NAL ER for the treatment of chronic cough in patients
with IPF in which the longer-term adverse effects and
habituation associated with chronic opioid use can be reli-
ably judged against its clinical benefits.

IPF-related cough is clinically reported to be refractory to
conventional antitussive therapy and currently available
antifibrotics.*'® Although opioids are traditionally consid-
ered effective antitussive agents, there has not been a
well-designed controlled clinical trial investigating any
opioid-class drug for IPF-related chronic cough. Although
positive results have been reported from small trials of
low-dose morphine in refractory and unexplained chronic
cough,'”" the main barrier to adoption of opioid treat-
ment is concern about physical dependence and misuse.

In this 3-week study there was no clinical evidence of with-
drawal symptoms, and scores self-reported by the patients
were consistent with the clinical assessment that there
were no AEs suggestive of drug withdrawal. However, lon-
ger treatment periods will be required to better assess any
risk for inducing the development of physical dependence,
determining any potential for developing a substance use
disorder, and establishing a titration scheme for drug initi-
ation. Nausea, fatigue, constipation, and dizziness were
reported in more than 25% of NAL ER patients, which
should be balanced with the observed efficacy results.
These safety results are similar to those of a trial of low-
dose morphine in chronic cough that reported constipation
and drowsiness in 40% and 25% of patients, respectively.'’

There were limitations to this trial. A proportion of pa-
tients discontinued treatment (31.0%), mainly due to the
coronavirus disease 2019 pandemic (n=3) and AEs (n=9),

which led to a smaller sample size. Future trials should
have longer duration, a larger sample size, and a parallel-
group design to avoid the need for a washout period.

In conclusion, treatment with NAL ER for 3 weeks resulted
in a rapid and marked reduction in recorded daytime
cough among patients with IPF-related cough. Although
our trial was not designed to statistically test other out-
comes, the data are encouraging enough to merit further
assessment in longer and larger clinical studies. Such trials
permit weighing the long-term effects on cough against the
adverse effects and loss of efficacy due to habituation asso-
ciated with chronic opiate use.
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