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IMPORTANCE Morphine is used as palliative treatment of chronic breathlessness in patients
with advanced chronic obstructive pulmonary disease (COPD). Evidence on respiratory
adverse effects and health status is scarce and conflicting.

OBJECTIVE To assess the effects of regular, low-dose, oral sustained-release morphine on
disease-specific health status (COPD Assessment Test; CAT), respiratory outcomes, and
breathlessness in patients with COPD.

INTERVENTIONS Participants were randomly assigned to 10 mg of regular, oral
sustained-release morphine or placebo twice daily for 4 weeks, with the possibility to
increase to 3 times daily after 1 or 2 weeks.

DESIGN, SETTING, AND PARTICIPANTS The Morphine for Treatment of Dyspnea in Patients With
COPD (MORDYC) study was a randomized, double-blind, and placebo-controlled study of a
4-week intervention. Patients were enrolled between November 1, 2016, and January 24,
2019. Participants were recruited in a pulmonary rehabilitation center and 2 general hospitals
after completion of a pulmonary rehabilitation program. Outpatients with COPD and
moderate to very severe chronic breathlessness (modified Medical Research Council [mMRC]
breathlessness grades 2-4) despite optimal pharmacological and nonpharmacological
treatment were included. A total of 1380 patients were screened, 916 were ineligible, and
340 declined to participate.

MAIN OUTCOMES AND MEASURES Primary outcomes were CAT score (higher scores represent
worse health status) and arterial partial pressure of carbon dioxide (PaCO2). Secondary
outcome was breathlessness in the previous 24 hours (numeric rating scale). Data were
analyzed by intention to treat. Subgroup analyses in participants with mMRC grades 3 to 4
were performed.

RESULTS A total of 111 of 124 included participants were analyzed (mean [SD] age, 65.4 [8.0]
years; 60 men [54%]). Difference in CAT score was 2.18 points lower in the morphine group
(95% CI, –4.14 to –0.22 points; P = .03). Difference in PaCO2 was 1.19 mm Hg higher in the
morphine group (95% CI, –2.70 to 5.07 mm Hg; P = .55). Breathlessness remained
unchanged. Worst breathlessness improved in participants with mMRC grades 3 to 4 (1.33
points lower in the morphine group; 95% CI, –2.50 to –0.16 points; P = .03). Five participants
of 54 in the morphine group (9%) and 1 participant of 57 in the placebo group (2%) withdrew
because of adverse effects. No morphine-related hospital admissions or deaths occurred.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, regular, low-dose, oral
sustained-release morphine for 4 weeks improved disease-specific health status in patients
with COPD without affecting PaCO2 or causing serious adverse effects. The worst
breathlessness improved in participants with mMRC grades 3 to 4. A larger randomized
clinical trial with longer follow-up in patients with mMRC grades 3 to 4 is warranted.
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C hronic breathlessness is one of the most frequently re-
ported symptoms of patients with advanced chronic ob-
structive pulmonary disease (COPD).1,2 The underly-

ing pathophysiology is complex, and it has a considerable effect
on prognosis and health status (defined as the effect of health
on the ability to perform and derive fulfillment from activi-
ties of daily life, including health-related quality of life and
functional status3).4,5 Breathlessness management is an im-
portant treatment goal.6 Previous authors proposed pallia-
tive pharmacological treatment with low-dose opioids for pa-
tients with refractory breathlessness despite optimal
pharmacological and nonpharmacological treatment.7 This rec-
ommendation has been included in international and na-
tional guidelines.8-10 Evidence for this recommendation is still
limited. Two meta-analyses reported small improvements in
breathlessness after opioid treatment in patients with differ-
ent life-limiting illnesses.11,12 Analyses in patients with COPD
treated for at least 4 days showed an improvement of 5 to 12
points on a 0 to 100 visual analog scale.11,12 No effect on health
status or functional performance could be shown because only
a few studies included small populations. A recent study by
Currow et al13 prescribing regular, low-dose, oral sustained-
release morphine for 1 week to patients with chronic breath-
lessness due to several conditions also showed no change in
health status and suggested morphine will only reduce breath-
lessness in patients with severe chronic breathlessness.

Moreover, physicians remain reluctant to prescribe opi-
oids for breathlessness in COPD for fear of respiratory
depression.14,15 A recent systematic review found no evi-
dence for respiratory adverse effects after treatment with low-
dose opioids for chronic breathlessness.16 However, most stud-
ies were small, and only a few measured arterial blood gases.
To our knowledge, no large randomized clinical trials (RCTs)
adequately powered to measure the effect of opioids on re-
spiratory outcomes have yet been conducted.

Therefore, the primary aims of the Morphine for Treat-
ment of Dyspnea in Patients With COPD (MORDYC) study17

were to assess (1) whether and to what extent regular, low-
dose, oral sustained-release morphine improves disease-
specific health status in patients with moderate to very se-
vere chronic breathlessness due to advanced COPD and
(2) whether and to what extent regular, low-dose, oral sus-
tained-release morphine leads to respiratory adverse effects.
Secondary aims were to assess the effect of regular, low-
dose, oral sustained-release morphine on functional perfor-
mance and breathlessness.

Methods
Study Design
The MORDYC study is a randomized, double-blind, placebo-
controlled, parallel-arm intervention study.17 Participants were
treated with regular, low-dose, oral sustained-release mor-
phine or placebo for 4 weeks. The study protocol (Supple-
ment 1) was approved by the medical ethics committee of
Maastricht University Medical Center (METC152002). All par-
ticipants provided written informed consent. Results are re-

ported according to the Consolidated Standards of Reporting
Trials (CONSORT) reporting guideline.

Participants
Adult patients with a confirmed diagnosis of COPD based on
the Global Initiative for Obstructive Lung Disease (postbron-
chodilator forced expiratory volume in 1 second per forced vi-
tal capacity ratio <0.70)6 were recruited from CIRO (a center
of expertise for chronic organ failure in Horn, the Nether-
lands); Zuyderland Hospital in Heerlen, the Netherlands; and
VieCuri Medical Center in Venlo, the Netherlands. Inclusion
criteria were modified Medical Research Council (mMRC)
breathlessness grades 2, 3, or 418 despite optimal pharmaco-
logical and nonpharmacological treatment, including having
completed a pulmonary rehabilitation program.6 See eMethods
1 in Supplement 2 for details.

Randomization and Blinding
Randomization was performed by a web-based random num-
ber generator using minimization and stratification for age (<55
years; 55-65 years; 65-75 years; or >75 years) and mMRC grade.19

Participants and investigators were blinded.

Study Procedures
Participants received 10 mg of regular, oral sustained-release
morphine or placebo twice daily. The dose could be adjusted
to 3 times daily after 1 or 2 weeks in nonresponders (<1 point
improvement in severity of mean breathlessness on a 0 to 10
numeric rating scale [NRS] compared with baseline20,21). All
participants received a prescription for macrogol (13.8 g) once
daily and metoclopramide (10 mg) 3 times daily, both as
needed.

After baseline, participants were contacted by phone af-
ter 2 days and 3 weeks. Home visits took place after 1 and 2
weeks (Figure 1).

Outcomes
At baseline, demographic and clinical characteristics were
collected from the patient file or based on self-report.

Key Points
Question Does regular, low-dose, oral sustained-release
morphine improve disease-specific health status or cause
respiratory adverse effects in patients with moderate to very
severe chronic breathlessness due to advanced chronic
obstructive pulmonary disease?

Findings In this randomized clinical trial of 111 patients with
chronic obstructive pulmonary disease, morphine significantly
improved Chronic Obstructive Pulmonary Disease Assessment
Test scores. No clinically relevant respiratory adverse effects
occurred during 4 weeks of treatment.

Meaning Use of regular, low-dose, oral sustained-release
morphine for 4 weeks may have a positive effect on Chronic
Obstructive Pulmonary Disease Assessment Test scores in patients
with moderate to severe breathlessness without causing
respiratory adverse effects, confirming its current role in palliative
treatment for chronic breathlessness.
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Disease-specific health status was determined using the
COPD Assessment Test22,23 (CAT) (higher scores represent
worse health status, minimal clinical important difference
[MCID] 2.0-3.0 points24) at time T0, T2, T3, and T5. Arterial
partial pressure of carbon dioxide (PaCO2) was assessed
in arterial blood at T0 and T5. A priori, the project
group defined a change of 7.5 mm Hg as clinic ally
relevant.17

Secondary outcomes included functional performance,
respiratory outcomes, and severity of breathlessness. Func-
tional performance consisted of functional exercise perfor-
mance (6-minute walk test [6MWT]25), general mobility
(Timed Up and Go [TUG] test26), and care dependency (Care
Dependency Scale [CDS]27,28). The 6MWT and CDS were
assessed at T0 and T5, and the TUG test was performed at
T0, T2, T3, and T5.

Secondary respiratory outcomes included (1) partial arte-
rial pressure of oxygen (PaO2), arterial oxygen saturation (SaO2),
percentage of time that the overnight pulse oxygen satura-
tion (SpO2) was below 90%, mean overnight SpO2, and lung
function at T0 and T5; and (2) respiratory rate (RR), transcu-
taneous carbon dioxide pressure (PtcCO2), and transcutane-
ous SpO2 at T0, T2, T3, and T5.

Severity of mean and worst breathlessness in the previ-
ous 24 hours was self-reported at T0 to T5 on a 0 to 10 NRS,29

with 0 being not breathless at all and 10 being the worst imag-
inable breathlessness.

Morphine-related adverse effects, medication use, and
incidence of acute COPD exacerbations or hospitalizations
were discussed during T0 to T5 (eMethods 2 in Supple-
ment 2).

Sample Size
To detect a mean (SD) change in CAT of 3.8 (6.1) points (at the
time of study design, the estimated MCID22,30), 54 partici-
pants per group were needed (significance level 5%, power
90%). Furthermore, 10 participants per group were needed to
detect a mean (SD) change in PaCO2 of 7.5 (5.331) mm Hg . Con-
sidering a dropout rate of 13%,32 62 participants per group
needed to be included.

Statistical Analysis
Continuous data were described as mean (SD) or median
(interquartile range). Categorical data were shown as number
(percentage).

Given the longitudinal nature of the data, mean change be-
tween the morphine and placebo group was assessed, includ-

ing time by group interaction. For PaCO2, PaO2, overnight ox-
imetry, lung function, 6MWT, and CDS, a linear regression
model was developed. For CAT, RR, PtcCO2, SpO2, TUG, and
NRS, a linear mixed-effects model was developed. Different
covariance structures were considered (eTable 1 in Supple-
ment 2), and the best-fitting model was selected using χ2 tests.
Mean difference (95% CI) between groups was presented. Post
hoc subgroup analyses were performed in the original study
population with mMRC grades 3 to 4 at baseline. Further-
more, post hoc analyses of the CAT on item level were per-
formed.

Analyses were performed according to intention to treat
but excluding participants who withdrew between random-
ization and exposure to the intervention.33 For the analyses,
SPSS version 25.0 (IBM Corp) was used. A 2-sided level of sig-
nificance was set at P ≤ .05. Data were analyzed from Septem-
ber 11, 2019, to May 11, 2020.

Results
Between November 1, 2016, and January 24, 2019, 1380 pa-
tients were screened, 464 were eligible, and 124 participants
were randomized (response rate, 27%) (Figure 2). Between ran-
domization and baseline assessment, 13 participants with-
drew. The remaining 111 participants had a mean (SD) age of
65.4 (8.0) years, and 60 were men (54%) (Table 1). Partici-
pants who enrolled did not differ from those who declined to
participate regarding age or sex, but participants who en-
rolled experienced more severe breathlessness (41 of 124 par-
ticipants [33%] had mMRC grade 3 and 11 [9%] had mMRC grade
4 vs 59 of 340 nonparticipants [17%] who had mMRC grade 3
and 25 [7%] who had mMRC grade 4; P = .009). The propor-
tion of participants completing the treatment was 81% (n = 44
of 54) in the morphine group and 89% (n = 51 of 57) in the pla-
cebo group.

Health Status
The difference in CAT score between the treatment groups was
–2.18 points (95% CI, –4.14 to –0.22 points; P = .03; Table 2) fa-
voring morphine. When examining the CAT score on item level,
the difference between the groups was significant for walk-
ing the stairs or hill (–0.43 points; 95% CI, –0.80 to –0.07 points;
P = .02; Table 3).

In the subgroup with mMRC grades 3 to 4, the differ-
ence between the treatment groups was not significant
(–1.17 points; 95% CI, –4.17 to 1.84 points; P = .44; Table 2),

Figure 1. Study Design

T0 T1 T2 T3 T4 T5

Baseline
assessment

at CIRO

4 wk Outcome
assessment

at CIRO

1 wk Home visit
(dose titration

if needed)

2 wk Home visit
(dose titration

if needed)

2 d
Phone

call

3 wk
Phone

call

T indicates time.
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as were the scores on item level (Table 3). Results for the
CAT scores per assessment are shown in eTable 2 in Supple-
ment 2.

Respiratory Outcomes
Change in PaCO2 did not differ significantly or clinically be-
tween the treatment groups (1.19 mm Hg; 95% CI, –2.70 to 5.07
mm Hg; P = .55; Table 2). The subgroup with mMRC grades 3
to 4 also showed no significant or clinically relevant differ-

ence in PaCO2 (1.84 mm Hg; 95% CI, –4.95 to 8.64 mm Hg;
P = .59; Table 2).

The difference in RR between the treatment groups was sig-
nificant, favoring morphine (–1.46; 95% CI, –2.84 to –0.09;
P = .04; Table 2). In the subgroup with mMRC grades 3 to 4, no
difference in RR was seen (–0.73; 95% CI, –2.79 to 1.34; P = .49;
Table 2). Differences in PaO2, SaO2, PtcCO2, SpO2, overnight SpO2,
the amount of time SpO2 was below 90% during the night, and
all lung function parameters were not significant (Table 2).

Figure 2. Flowchart of the Morphine for Treatment of Dyspnea in Patients With COPD (MORDYC) Study

1380 Assessed for eligibility

464 Eligible

916 Excluded
630 Did not meet inclusion criteria

286 Met exclusion criteria

194 No COPD

121 Current use of opioid
61 Contraindication for morphine
28 Not able to read or fill in questionnaires

or diary
76 Other

395 mMRC <2
8 mMRC unknown

33 No optimal pharmacological treatment

340 Declined to participate
80 Project too burdensome
54 Fear of adverse effects of morphine
41 Do not participate in scientific research
23 Cannot live without driving for 4 wk
17 Negative experience with morphine
57 Other
68 Unknown

62 Randomized to receive morphine
54 Received intervention as randomized
8 Did not receive intervention as

randomized
4 Recurring acute exacerbations
2 Fear of adverse effects of morphine
1 Surgery
1 Negative advice of chest physician

10 Discontinued morphine
2 Acute exacerbation of COPD
5 Experienced adverse effects

1 No improvement
1 Not able to swallow capsules
1 Allergy filling of capsule

1 Constipation, nausea, dizziness,
abdominal pain

1 Nausea and vomiting
1 Decreased heart rate at exertion
1 Hallucinations
1 Increased heart rate, feeling weak

54 Included in intention-to-treat analysis

62 Randomized to receive placebo
57 Received intervention as randomized
5 Did not receive intervention as

randomized
4 Recurring acute exacerbations
1 Fear of adverse effects of morphine

6 Discontinued placebo
3 Acute exacerbation of COPD
1 Experienced nausea, vomiting,

and dizziness
2 Started opioid treatment for back pain

57 Included in intention-to-treat analysis

124 Randomized
118 from CIRO

4 from VieCuri
2 from Zuyderland

COPD indicates chronic obstructive
pulmonary disease; mMRC, modified
Medical Research Council.
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Table 1. Baseline Characteristics of Total Study Population and Subgroup of Participants With mMRC Grades 3-4

Variable

No. (%)a

Total study population (n = 111) Subgroup with mMRC grades 3-4 (n = 49)
Morphine (n = 54) Placebo (n = 57) Morphine (n = 23) Placebo (n = 26)

Demographics
Age, mean (SD), y 65.0 (8.0) 65.7 (8.0) 66.6 (8.1) 64.5 (9.0)
Male 28 (52) 32 (56) 12 (52) 12 (46)
BMI, mean (SD), kg/m2 27.6 (6.6) 27.2 (5.3) 27.5 (6.1) 26.1 (6.2)
Marital status

Single 9 (17) 13 (23) 2 (9) 5 (19)
Married/cohabitation 42 (78) 44 (77) 19 (83) 21 (81)
In a relationship but living apart 3 (6) 0 2 (9) 0

Medical characteristics
Current smoking 7 (13) 7 (12) 3 (13) 4 (15)
Pack-years, median (IQR) 40 (29.8-51.3) 40 (30-50) 40 (30-50) 40 (59-69.3)
CCI, median (IQR), pointsb 1.5 (1-2) 1 (1-3) 1 (1-2) 1 (1-3)

Prior myocardial infarction 7 (13) 4 (7) 4 (17) 1 (4)
Congestive heart failure 2 (4) 6 (11) 2 (9) 4 (15)
Peripheral vascular disease 6 (11) 6 (11) 2 (9) 1 (4)
History of cerebrovascular disease 4 (7) 4 (7) 0 3 (12)
Rheumatologic disease 1 (2) 3 (5) 0 2 (8)
Peptic ulcer disease 0 1 (2) 0 1 (4)
Mild liver disease 1 (2) 2 (4) 0 2 (8)
Diabetes 9 (17) 7 (12) 6 (26) 1 (4)
Moderate to severe renal disease 2 (4) 1 (2) 0 1 (4)
Diabetes with chronic complications 1 (2) 0 1 (4) 0
Cancer without metastases, leukemia or
lymphoma

5 (9) 9 (16) 2 (9) 4 (15)

Exacerbations <12 mo, median (IQR) 2 (1-4) 2 (0-3.5) 3 (2-4) 4 (1-4)
Hospital admissions <12 mo, median (IQR) 0 (0-1) 0 (0-1) 1 (0-1) 0 (0-1)
Treatment used

LAMA 52 (96)c 57 (100) 23 (100) 26 (100)
LABA 53 (98)c 57 (100) 23 (100) 26 (100)
ICS 43 (80) 45 (79) 18 (78) 21 (81)
LTOT 22 (41) 25 (44) 10 (43) 13 (50)
NIV 12 (22) 12 (21) 3 (13) 5 (19)

Pulmonary function, median (IQR)
FEV1, L 0.99 (0.71-1.31) 0.95 (0.64-1.25) 0.87 (0.66-1.02) 0.88 (0.58-1.18)
FEV1, % predicted 38 (29-53) 34 (25-49) 30 (24-42) 35 (23-51)
FVC, L 2.88 (2.39-3.74) 2.92 (2.32-3.66) 2.72 (2.03-3.66) 2.71 (2.22-3.39)
FEV1/FVC 0.32 (0.27-0.41) 0.31 (0.25-0.42) 0.29 (0.27-0.34) 0.32 (0.26-0.44)
IC/TLC, mean (SD) 0.31 (0.09)d 0.31 (0.10)e 0.29 (0.07)d 0.30 (0.11)d

ITGV, mean (SD), L 4.79 (1.26)d 5.08 (1.53)f 5.02 (1.34)d 5.06 (1.85)
Clinical characteristics

mMRC grade at T0
2 31 (57) 31 (54) 0 0
3 20 (37) 19 (33) 20 (87) 19 (73)
4 3 (6) 7 (12) 3 (13) 7 (27)

CAT score, mean (SD) 22.8 (6.3) 21.4 (7.4) 23.2 (5.8) 24.0 (6.5)
6MWT, mean (SD), m 354 (85)d 343 (114)d 332 (84)d 285 (114)d

PaCO2, median (IQR), mm Hg 40.6 (37.6-44.5) 41.4 (36.8-45.9) 42.9 (35.3-45.9) 39.9 (36.7-47.9)
SaO2, median (IQR), % 93.1 (91.4-94.5) 93.8 (89.9-95.3) 94.2 (92.5-95.1) 93.1 (89.2-95.5)

Abbreviations: BMI, body mass index; CAT, COPD Assessment Test;
CCI, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary
disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity;
IC/TLC, inspiratory capacity to total lung capacity ratio; ICS, inhaled
corticosteroids; ITGV, intrathoracic gas volume; IQR, interquartile range;
LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist;
LTOT, long-term oxygen therapy; mMRC, modified Medical Research Council;
6MWT, 6-minute walk test; NIV, noninvasive positive pressure ventilation;
PaCO2, arterial partial pressure of carbon dioxide; SaO2, arterial oxygen
saturation.

a Values are written as No. (%) unless otherwise indicated.
b None of the participants had dementia, hemiplegia, moderate or severe liver

disease, metastatic solid tumor, or acquired immunodeficiency syndrome.
c One patient only used LABA therapy, and 1 patient had LAMA-LABA therapy

prescribed but stopped using this on their own initiative.
d Test not performed in 1 participant.
e Test not performed in 3 participants.
f Test not performed in 4 participants.
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Functional Performance
No difference in distance walked in the 6MWT was observed
between the treatment groups in the total study population
(–5.07 m; 95% CI, –61.38 to 51.20 m; P = .86) and in the sub-
group with mMRC grades 3 to 4 (1.49 m; 95% CI, –87.47 to 90.46
m; P = .97). The TUG time and CDS scores also did not differ
significantly (Table 2).

Breathlessness
There was no significant or clinically relevant change in mean
or worst breathlessness in the previous 24 hours between the
treatment groups (Table 2). Within the morphine group, 21 of
44 participants (48%) responded to the treatment (improve-
ment of 1.0 point on NRS mean breathlessness); within the pla-
cebo group, 18 of 51 participants (35%) responded (P = .25). In

Table 2. Mean Difference in Outcomes for Total Study Population and Subgroup of Participants
With mMRC Grades 3 to 4

Variable

Morphine vs placebo
Total study population
(n = 111)

Subgroup with mMRC grades 3-4
(n = 49)

Mean difference (95% CI) P value Mean difference (95% CI) P value
Primary outcomes

CAT score −2.18 (−4.14 to −0.22) .03 −1.17 (−4.17 to 1.84) .44

PaCO2, mm Hg 1.19 (−2.70 to 5.07) .55 1.84 (−4.95 to 8.64) .59

Secondary outcomes

PaO2, mm Hg −3.79 (−9.70 to 2.12) .21 −5.92 (−15.73 to 3.90) .23

SaO2, % −1.09 (−2.93 to 0.75) .24 −1.72 (−5.02 to 1.58) .30

Respiratory rate −1.46 (−2.84 to −0.09) .04 −0.73 (−2.79 to 1.34) .49

PtcCO2, mm Hg 1.39 (−0.65 to 3.42) .18 1.02 (−1.78 to 3.82) .47

SpO2, % −0.33 (−0.95 to 0.29) .29 −0.09 (−1.09 to 0.91) .86

% Time overnight SpO2 below 90% −0.04 (−19.61 to 19.52)a >.99 10.84 (−19.64 to 41.32)b .48

Overnight SpO2, % 0.16 (−1.48 to 1.81)a .84 −0.03 (−2.90 to 2.85)b .99

FEV1, L −0.02 (−0.29 to 0.26) .91 0.04 (−0.34 to 0.42) .83

FEV1, % predicted −0.27 (−9.92 to 9.38) .96 2.57 (−12.07 to 17.22) .73

FVC, L −0.15 (−0.68 to 0.38) .57 −0.17 (−0.96 to 0.63) .68

FEV1/FVC 0.02 (−0.05 to 0.08) .60 0.04 (−0.06 to 0.14) .42

IC/TLC 0.02 (−0.04 to 0.07)c .58 0.03 (−0.06 to 0.11)d .56

IC, L −0.03 (−0.49 to 0.42)e .88 −0.07 (−0.74 to 0.61)b .85

ITGV, L −0.42 (−1.27 to 0.44)e .34 −0.65 (−2.17 to 0.88)b .40

Functional exercise performance
(6MWT)

−5.07 (−61.38 to 51.20)b .86 1.49 (−87.47 to 90.46)b .97

General mobility (TUG) −0.04 (−0.54 to 0.47)d .89 0.00 (−0.87 to 0.87)b .99

Care dependency (CDS) −0.33 (−3.34 to 2.69) .83 −1.56 (−6.65 to 3.52) .54

Breathlessness previous 24 h (NRS)

Mean −0.60 (−1.55 to 0.35) .21 −1.31 (−2.80 to 0.17) .08

Worst −0.56 (−1.41 to 0.28) .19 −1.33 (−2.50 to −0.16) .03

Abbreviations: CAT, COPD
Assessment Test; CDS, Care
Dependence Scale; COPD, chronic
obstructive pulmonary disease;
FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity;
IC, inspiratory capacity;
IC/TLC, inspiratory capacity to total
lung capacity ratio;
ITGV, intrathoracic gas volume;
mMRC, modified Medical Research
Council; 6MWT, 6-minute walk test;
NRS, numeric rating scale;
PaCO2, arterial partial pressure of
carbon dioxide; PaO2, partial arterial
pressure of oxygen;
PtcCO2, transcutaneous carbon
dioxide pressure; SaO2, arterial
oxygen saturation; SpO2, pulse
oxygen saturation; TUG, Timed Up
and Go Test.
a Test not performed in 3

participants.
b Test not performed in 1 participant.
c Test not performed in 5

participants.
d Test not performed in 2

participants.
e Test not performed in 4

participants.

Table 3. Mean Difference in CAT Item Scores for Total Study Population and Subgroup of Participants
With mMRC Grades 3 to 4

Score item

Morphine vs placebo

Total study population (n = 111) Subgroup with mMRC grades 3-4 (n = 49)

Mean difference (95% CI) P value Mean difference (95% CI) P value
Total score −2.18 (−4.14 to −0.22) .03 −1.17 (−4.17 to 1.84) .44

Coughing −0.31 (−0.70 to 0.08) .12 −0.12 (−0.74 to 0.49) .70

Phlegm −0.12 (−0.49 to 0.25) .52 −0.13 (−0.64 to 0.38) .61

Chest tightness −0.06 (−0.55 to 0.44) .83 0.59 (−0.09 to 1.27) .09

Walking stairs or hill −0.43 (−0.80 to −0.07) .02 −0.45 (−0.96 to 0.05) .08

Activities at home −0.11 (−0.58 to 0.35) .63 −0.33 (−1.04 to 0.37) .35

Confidence leaving home −0.31 (−0.86 to 0.25) .28 0.14 (−0.79 to 1.08) .76

Sleeping −0.16 (−0.78 to 0.45) .60 −0.30 (−1.34 to 0.75) .57

Energy −0.45 (−1.07 to 0.16) .15 −0.22 (−1.22 to 0.78) .66

Abbreviations: CAT, COPD
Assessment Test; COPD, chronic
obstructive pulmonary disease;
mMRC, modified Medical Research
Council.
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the subgroup with mMRC grades 3 to 4, the difference in mean
breathlessness between the treatment groups was not signifi-
cant (–1.31; 95% CI, –2.80 to 0.17; P = .08; Table 2). Change in
worst breathlessness in the previous 24 hours differed be-
tween the treatment groups (–1.33; 95% CI, –2.50 to –0.16;
P = .03; Table 2). Results of NRS scores for each assessment are
shown in eTable 2 in Supplement 2.

Intervention and Adverse Effects
In 68 of 106 participants (64%) who were still in the study at
time T2, treatment dose was increased to 3 times daily at T2
or T3: 27 of 51 (53%) in the morphine group and 41 of 55 (75%)
in the placebo group (P = .02). In 1 participant (2%) in the mor-
phine group and 3 participants (5%) in the placebo group, treat-
ment dose was increased at T2 but decreased at T3 again be-
cause of adverse effects. The final mean (SD) number of
capsules in the morphine group was 2.55 (0.50) capsules and
in the placebo group was 2.73 (0.45) capsules (P = .07); 24 par-
ticipants of 44 (55%) in the morphine group and 37 partici-
pants of 51 (73%) in the placebo group used 3 capsules per day
at T5 (P = .07; eTable 3 in Supplement 2).

Self-reported compliance was 67%, with a median num-
ber of forgotten capsules of 2 (interquartile range, 1-5). Both
the proportion of noncompliant participants and the number
of forgotten capsules were equal between the treatment groups
(P = .51 and P = .44, respectively). Reasons for not taking study
medication included forgetting to take the medication (n = 28;
25%), feeling the medication was not helping (n = 1; 1%), and
experiencing adverse effects (n = 6; 5%).

A total of 53 of 111 (48%) participants guessed correctly
whether they received morphine or placebo (20 [37%] in the
morphine group and 33 [58%] in the placebo group). A total of
20 of 111 (18%) had no idea what intervention they received (12
[22%] in the morphine group and 8 [14%] in the placebo group).

The number of participants experiencing 1 or more adverse
effects of interest (nausea, vomiting and retching, drowsiness,
constipation, and sleeplessness) did not differ between the mor-
phine group and placebo group (43 of 53 [81%] vs 40 of 57 [70%],
respectively;P = .18).ChangeinconstipationNRSscoresbetween
baseline and T5 between the treatment groups was significant
(1.53 points; 95% CI, 0.44 to 2.62 points; P = .006; eTable 4 in
Supplement 2). Detailed results of participants experiencing ad-
verse effects and change in NRS scores are shown in eTables 4
and 5 in Supplement 2. Other spontaneously reported adverse
effects did not differ between the treatment groups.

Eighteen of 111 participants (16%) experienced a moderate
to severe COPD exacerbation (a worsening of symptoms treated
with antibiotics and/or corticosteroids6): 7 (13%) in the mor-
phine group and 11 (19%) in the placebo group (P = .37). Three
hospital admissions (all for COPD exacerbation) occurred, with
1 of 54 (2%) in the morphine group and 2 of 57 (4%) in the pla-
cebo group (P = .59). No morphine-related deaths occurred.

Discussion
In patients with moderate to very severe chronic breathless-
ness due to COPD, disease-specific health status improved af-

ter administering regular, low-dose, oral sustained-release mor-
phine. These effects were obtained without any change in
respiratory outcomes or functional performance. Regular, low-
dose, oral sustained-release morphine for 4 weeks was well tol-
erated, with only mild opioid-related adverse effects.

To our knowledge, this is the first study powered to de-
tect a change in respiratory outcomes of morphine treat-
ment. Our study clearly illustrates that fear of respiratory de-
pression or other respiratory adverse effects cannot be
substantiated. Respiratory rate decreased without a change in
PaCO2 or PaO2, indicating no clinically relevant differences in
alveolar ventilation. Low-dose morphine treatment, there-
fore, seems to be safe even in this group of patients with mod-
erate to very severe COPD. These results suggest that fear of
respiratory depression, mentioned by physicians,14,15 might be
unfounded and are in accordance with our previous
meta-analysis.16

Our results show a significant and clinically relevant im-
provement in CAT after morphine treatment. This improve-
ment did not reach the predetermined MCID of the CAT as origi-
nally used for the sample size calculation.30 However, this
MCID was reassessed by Smid et al in 201724 and is now de-
fined as a change of 2.0 to 3.0 points. Therefore, we conclude
that the reported differences in CAT are on the lower bound
of clinical relevance for this population.

Previous reviews on opioid treatment showed an effect on
breathlessness but not on health status.11,12 Otherwise, Cur-
row et al13 recently published an RCT in which 284 patients with
chronic breathlessness due to several conditions were treated
with regular, low-dose, oral sustained-release morphine. No
effect on mean or worst breathlessness in the previous 24
hours, current breathlessness, health status, or functional ca-
pacity was shown after 1 week of treatment. Where our total
study population also did not show an effect on breathless-
ness, our subgroup with mMRC grades 3 to 4 showed an im-
provement on worst breathlessness of 1.33 points at 4 weeks.
Moreover, the effect on mean breathlessness was 1.31 points
at 4 weeks, which did not reach the level of significance, pos-
sibly due to a lack of power.

Interestingly, the morphine group reported CAT improve-
ment on walking the stairs or hill compared with the placebo
group. We cannot exclude that this improvement in daily life
activities masks the expected effect on breathlessness. In-
deed, palliative treatment may allow patients to be more ac-
tive in daily living.34 Patients will be able to do more before
reaching the same level of breathlessness. Previous studies ex-
ploring the effect of breathlessness treatment (morphine,
supplemental oxygen) on exercise capacity in laboratory set-
tings have shown similar results.35 However, this suggested im-
provement in daily functioning was not reflected in an objec-
tifiable change of functional performance as assessed in this
study.

Morphine treatment was well tolerated by the partici-
pants of this study. The mean difference in NRS scores be-
tween the morphine and placebo group was only significant
for constipation, which was consistent with other studies.11,13

The complaints resolved after symptom treatment or early
study termination. In this group of patients with COPD, there
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were no hospital admissions for or deaths due to morphine-
related adverse effects. A large observational study on pa-
tients with COPD who are oxygen dependent also showed no
association between low-dose opioids and increased hospital
admissions or deaths.36

Strengths and Limitations
Our study has several strengths and limitations. First, to our
knowledge, this study is the first double-blind, placebo-
controlled, parallel-arm RCT with a 4-week morphine treat-
ment for chronic breathlessness in patients with COPD. Sec-
ond, to our knowledge, this is the first RCT including CAT and
PaCO2 as primary outcomes. Moreover, a thorough assess-
ment of adverse respiratory effects by means of 14 outcomes
was performed. Third, all participants completed a compre-
hensive pulmonary rehabilitation program ensuring treat-
ment was both pharmacologically and nonpharmacologi-
cally optimized.

Some limitations need to be recognized. The main limita-
tion is the large number of patients who were unwilling to par-
ticipate, contributing to insufficient inclusion of our original
target population. Where we expected a response rate of 50%,
only 27% of eligible patients gave informed consent. As a re-
sult, we had to expand the inclusion criteria to participants with
mMRC grade 2. Currow et al13 experienced a delayed inclu-
sion as well, also leading to the expansion of the inclusion cri-
teria to mMRC grade 2. As concluded by Johnson et al,19 pa-
tients with less severe chronic breathlessness are less likely to
benefit from opioid treatment. In future studies, only pa-
tients with mMRC grades 3 to 4 should be included. Second,
the predefined sample size was not reached for the CAT. The
prior MCID of 3.8 was estimated by an anchor-based method
and was the best estimate for our patient population at the time
of study design.30 The MCID was re-estimated by Smid et al24

by combining all known MCIDs from anchor-based and dis-
tribution-based estimations, making this MCID of 2.0 to 3.0
more accurate. Therefore, we are confident that our findings
are clinically relevant. Third, functional performance was as-

sessed by a standard battery of tests. At least, it can be ques-
tioned whether these forms of exercise testing are appropri-
ate in this stage of the disease to assess daily functional
performance. Direct assessment of low-grade daily life activi-
ties probably would be more appropriate.35 Physical activity
is heterogeneous, and physical activity patterns fluctuate.37

Combining activity monitoring with, for example, Ecological
Momentary Assessment can give more insight into the fluc-
tuation of breathlessness and its effect on physical activity and
quality of life over the day.38 Fourth, the occurrence of ad-
verse effects and the fact that participants were not blinded
to laxative use might have compromised blinding. The occur-
rence of adverse effects was equal between treatment arms,
but intensity of constipation was significantly different. How-
ever, because only 48% of participants guessed their treat-
ment (morphine or placebo) correctly, we assume blinding was
only minimally compromised. In addition, although this study
was one of the first with a trial duration of more than 1 week,
the long-term effects of morphine and possible adverse ef-
fects remain unknown.

Conclusions
In conclusion, this study has shown that regular, low-dose, oral
sustained-release morphine for 4 weeks may have a positive
effect on disease-specific health status in patients with mod-
erate to very severe breathlessness. Also, regular, low-dose, oral
sustained-release morphine does not appear to lead to respi-
ratory adverse effects. However, our results should be con-
firmed in a future RCT only including patients with severe to
very severe chronic breathlessness and optimized pharmaco-
logical and nonpharmacological treatment of their COPD. Given
the low response rate, a multicenter approach should be con-
sidered. Furthermore, to confirm and substantiate the re-
sults on CAT score, the study should include a measure of daily
physical activity. Finally, to assess long-term effects and safety,
more than 4 weeks of follow-up are needed.
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