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ABSTRACT The COPD Patient Management European Trial (COMET) investigated the efficacy and
safety of a home-based COPD disease management intervention for severe COPD patients.

The study was an international open-design clinical trial in COPD patients (forced expiratory volume in
1 s <50% of predicted value) randomised 1:1 to the disease management intervention or to the usual
management practices at the study centre. The disease management intervention included a self-
management programme, home telemonitoring, care coordination and medical management. The primary
end-point was the number of unplanned all-cause hospitalisation days in the intention-to-treat (ITT)
population. Secondary end-points included acute care hospitalisation days, BODE (body mass index,
airflow obstruction, dyspnoea and exercise) index and exacerbations. Safety end-points included adverse
events and deaths.

For the 157 (disease management) and 162 (usual management) patients eligible for ITT analyses, all-
cause hospitalisation days per year (mean±SD) were 17.4±35.4 and 22.6±41.8, respectively (mean difference
−5.3, 95% CI −13.7 to −3.1; p=0.16). The disease management group had fewer per-protocol acute care
hospitalisation days per year (p=0.047), a lower BODE index (p=0.01) and a lower mortality rate (1.9%
versus 14.2%; p<0.001), with no difference in exacerbation frequency. Patient profiles and hospitalisation
practices varied substantially across countries.

The COMET disease management intervention did not significantly reduce unplanned all-cause
hospitalisation days, but reduced acute care hospitalisation days and mortality in severe COPD patients.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a treatable condition that substantially impacts daily life
and affects over 10% of adults aged over 40 years [1]. Patients with severe to very severe COPD have worse
health status [2], higher risk of hospitalised exacerbations, higher acute care burdens [1, 3] and higher
mortality rates than patients with mild to moderate disease [4–7]. This was also shown in the TIOSPIR
(Tiotropium Safety and Performance in Respimat) trial, where the risks of respiratory-related deaths and
hospitalised exacerbations were greater in GOLD (Global Initiative for Obstructive Lung Disease) C or D
patients than in GOLD A patients [8]. Better control of exacerbation frequency and severity could slow
disease progression and reduce hospitalisation [9, 10], especially in patients with severe COPD who
encounter difficulties in managing their disease on a daily basis.

COPD patients and their families are obligated to take responsibility for daily care and must bear most of
the care burden. Importantly, patients must learn how to cope with their disease, recognise when they
need professional care, adopt a healthy lifestyle, and avoid modifiable risk factors for exacerbations and
hospitalisations. In trying to fill this care gap, a number of self-management programmes have been
studied in clinical trials [11–17]. Although the programmes and outcomes of these studies have varied
widely, thus complicating identification of the most effective strategies, important programme
considerations include COPD severity, patient comorbidities, and flexibility towards the personal goals of
the patient [18]. Effective self-management programmes have focused on patient education, behaviour
modification, patient motivation through coaching by a health professional, and prompt access to
healthcare when needed [11, 19, 20].

The COPD Patient Management European Trial (COMET) was an international, randomised, controlled
clinical trial used to investigate the effectiveness, safety and cost-effectiveness of a multicomponent
home-based COPD disease management intervention specifically adapted for patients with severe COPD
versus the usual patient management [21]. The COMET programme was designed to be well integrated,
coherent, and carefully tuned to patient needs and disease severity. This was accomplished through an
integrated approach of care that included: a standardised self-management programme and coaching with
a well-trained case manager; close home monitoring and care coordination through an e-health platform
for early detection of exacerbations; and feedback and quality control to optimise delivery of the
interventions [22]. It was hypothesised that the home-based disease management intervention would help
patients adopt necessary coping behaviours and consequently avoid some hospitalisations, and reduce the
length of stay for others.

Methods
Patients
COPD patients aged ⩾35 years were eligible to be included if they had: a post-bronchodilator forced
expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) ratio ⩽70%; an FEV1 <50% of the predicted
value; a ⩾10 pack-year smoking history; and at least one severe exacerbation in the previous year. Patients
could receive all relevant COPD treatments, including long-term oxygen therapy (LTOT) and home
mechanical ventilation (HMV). Patients were not eligible if, in the opinion of the recruiting investigator,
they were: not expected to survive longer than 6 months; unable to read or speak the country language or
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had cognitive/psychiatric disease; on continuous treatment of >10 mg per day prednisone or equivalent for
more than 6 weeks; or living in a nursing home.

Study design
COMET was a randomised, open-design, parallel-group trial conducted at 33 centres across France (12
centres), Germany (eight), Italy (six) and Spain (seven), and was described in a methods paper that
included the study protocol (supplementary material) [21]. Briefly, patients with severe COPD were
randomised in a 1:1 fashion, to be managed through routine care and follow-up only (UM group) or to
receive the multicomponent home-based COPD disease management intervention (DM group) in addition
to routine care and follow-up. Each patient enrolled was assessed for respiratory and global health status
during a 3- to 5-week run-in period, and then followed up over a subsequent 12-month period. During
follow-up, patients were required to have a hospital visit once every 3 months, and were contacted by the
hospital staff by phone between visits to collect healthcare use information using a standardised script.
Ethical conduct of the study has been described previously [21]. All patients provided written informed
consent. During the study, the protocol was amended to accelerate recruitment and allow study
completion (supplementary material).

Patients were allocated to groups in a 1:1 fashion according to a pre-specified randomisation list generated
before the study by a partial-minimisation computer algorithm under supervision of the study sponsor.
Patients were assigned a randomisation number by study staff at each centre in sequential numerical order
through a telephone-based interactive voice response system. Randomisation was stratified by smoking
status (current or former), need for respiratory assistance (none, or on LTOT and/or HMV), and centre.
For practical reasons, the study was open; neither the patients nor the investigators were blinded to the
COPD management strategy.

Multicomponent home-based disease management intervention and routine care
The home-based disease management intervention in COMET included a self-management programme,
home monitoring and an e-health telephone/web platform (figure 1) [21].

The self-management programme was based on the “Living Well with COPD” programme developed at
the Montreal Chest Institute of the McGill University Health Centre, Montreal, QC, Canada (www.
livingwellwithcopd.com) [13]. Adaptations to the original programme were made to account for greater
COPD severity, and oxygen use, and for the specific language, cultural and medical practices of each
country. Home monitoring consisted of the transmission of health status information by patients using a
telephone-based questionnaire at least once per week, and each day they began to experience symptom
worsening. An e-health telephone/web platform allowed timely patient follow-up by case managers for
early detection of potential exacerbations and symptom worsening. Information was transmitted to the
hospital physician via the web platform to coordinate healthcare and early treatment when necessary.
Physicians made all decisions regarding medication to reduce the risk of inappropriate medication.

The UM (control) group received the usual or routine COPD care and patient follow-up practices used at
each investigational centre. Site-specific usual management practices (e.g. centre-specific COPD
educational booklets or programme information, if any) were collected at the beginning and end of the
patient inclusion period.

All patients on LTOT were monitored with a NOWOX medical device (Air Liquide, Paris, France) to
record time of daily oxygen use and respiratory rate.

Outcomes
The primary outcome was the number of unplanned all-cause hospitalisation days, normalised to 1 year of
follow-up for each randomised patient. Hospitalisation days included a subsequent stay in a nursing
facility if it followed the hospitalisation without a return home. Because hospitalisation decisions might
have been subject to local practices, social considerations, bed availability, and so on, all hospitalisations
were reviewed by an independent, three-member end-point validation committee (EVC) to assess the
reason and appropriateness of each hospitalisation, determine whether the hospitalisation fulfilled the
protocol definition, and determine the extent to which it was to be considered in the efficacy assessments
(fully, partially, not at all).

Supportive hospitalisation outcomes were the number of unplanned all-cause hospitalisation days in acute
care wards (not including days in nursing facilities) for COPD exacerbation; this was confirmed by the
EVC.

Secondary outcomes included: the number of COPD exacerbations (mild: symptom worsening; moderate:
requiring antibiotic or corticosteroid treatment; severe: resulting in hospitalisation and/or death); the
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6-min walking distance (6MWD); BODE (body mass index, airflow obstruction, dyspnoea and exercise)
index and its separate components [23]; anxiety and depression, as assessed by the Hospital Anxiety and
Depression Scale (HADS) [24]; and health status, as assessed by the COPD-specific version of the St
George’s Respiratory Questionnaire (SGRQ-C) [25].

Safety outcomes included adverse events, serious adverse events and deaths.

Medico-economic outcomes included overall costs, cost-effectiveness and cost-utility; their evaluations will
be published separately.

Statistical analysis
The primary analysis of the primary outcome was performed in the intention-to-treat (ITT) population
(all patients who entered the follow-up period). The number of hospitalisation days fitting the established
criteria was normalised on a yearly basis for each patient and compared between both groups using the
non-parametric Wilcoxon rank-sum test.

In supportive analyses, the primary analysis of the primary outcome was repeated in a descriptive and
exploratory manner for the overall per-protocol (PP) population and for the ITT and PP populations in
each country. A parametric analysis of variance (ANOVA) of the primary outcome was performed on the
ITT and PP populations for study group and country effects, and interaction between group and country.
The average yearly cumulative duration of unplanned all-cause hospitalisations confirmed by the EVC was
also compared between both groups using the Wilcoxon rank-sum test. All other secondary efficacy and
safety results were exploratory, exclusively descriptive, and analysed in the ITT population only.

Sample size was calculated based on the primary objective to compare the number of unplanned all-cause
hospitalisation days between the two groups. From a previous study, a mean difference of 10
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FIGURE 1 Multicomponent home-based disease management intervention in COMET. In the disease
management arm of COMET [21], patients received patient education and coaching based on the “Living Well
with COPD” self-management programme (www.livingwellwithcopd.com) [13] from COMET-trained case
managers, who were healthcare professionals familiar with home-based interventions and chronic patient
care. Key facets of the programme included: 1) patient education and motivation by case managers, with the
goal of attaining sustainable self-management skills and behavioural changes; and 2) an action plan to
prevent exacerbations, with decision-making and actions to be taken in case symptoms worsen. Patients
proactively communicated health status updates whenever their symptoms worsened or at least weekly.
Information was relayed automatically to an e-health web platform that registered a status of well-being,
worsening, or alarm. For symptom worsening or alarm status, case managers contacted the patient to
confirm symptom status. A confirmed alarm status was referred to the investigator for same-day medical
assessment and follow-up. Patients also self-monitored forced expiratory volume in 1 s (FEV1), arterial
oxygen saturation measured by pulse oximetry (SpO2), and heart rate (HR). For patients on long-term oxygen
therapy, daily oxygen use and respiration rate (RR) were recorded by the NOWOX in-line monitoring device.
COPD: chronic obstructive pulmonary disease.
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hospitalisation days per year between the DM group and the UM group, with a common standard
deviation of 25 days, was expected [16]. With a two-sided type I error set at α=0.05 and power at 0.90, the
minimum sample size was estimated to be 143 evaluable patients per group. With an expected annual
dropout rate of 25%, target enrolment for at least the first 3 months of follow-up was 153 patients per
group.

Results
The study was conducted between September 2010 and March 2015. A total of 345 patients were
randomised to the DM group (n=172) or the UM group (n=173) (figure 2). Patients were recruited in
France (125; 36.2%), Spain (94; 27.2%), Germany (82; 23.8%) and Italy (44; 12.7%). The DM group
included 36.0% patients from France, 26.2% from Spain, 24.4% from Germany, and 13.4% from Italy. The
UM group included 36.4% patients from France, 28.3% from Spain, 23.1% from Germany, and 12.1%
from Italy. In the DM and UM groups, respectively, 15 (9%) and 11 (6%) patients did not complete the
initial 5-week run-in period, leaving 157 (91%) and 162 (94%) patients in the ITT population, 137 (80%)
and 128 (74%) of whom completed at least 12 months of follow-up. Patients were excluded from the PP
population (DM group, n=134; UM group, n=154) for major protocol deviations, most of which involved

Patients randomised
n=345

Patient withdrawals, n=10

Investigator withdrawals, n=3

Lost to follow-up, n=2

Disease management
n=172

Usual management
n=173

Run-in period
(5 weeks)

Entered follow-up
n=162

Patient withdrawals, n=8

Investigator withdrawals, n=2

Lost to follow-up, n=1

Patient withdrawals, n=6

Investigator withdrawals, n=3

Lost to follow-up, n=2

Patient deaths, n=23

Major protocol deviations, n=8

  Eligibility criteria (9)

Completed study
n=128

Per-protocol
n=154

Mean follow-up
12.3±3.3 months

Entered follow-up
n=157

Intention-to-treat
n=319

Follow-up period
(12–24 months)

Patient withdrawals, n=11

Investigator withdrawals, n=4

Lost to follow-up, n=2

Patient deaths, n= 3

Major protocol deviations, n=23

  Eligibility criteria (8)

  Follow-up <3 months (2)

  Received <25% training (15)

  Server not activated (2)

Completed study
n=137

Per-protocol
n=134

Mean follow-up
12.2±3.5 months

Completed study
n=265

Per-protocol
n=288

Mean follow-up
12.2±3.4 months

FIGURE 2 Patient flow and disposition. Patients enrolled in the study were randomised in a 1:1 fashion to receive the COMET multicomponent
home-based disease management (DM) intervention or the usual management (UM) practised at the centre. Randomised patients received either
DM or UM training and education during a 5-week run-in period prior to entering the follow-up period, which was originally set at 2 years but was
reduced to 1 year by protocol amendment. Patients who were withdrawn during the run-in period could be replaced by new patients. Patients who
entered the follow-up period comprised the intention-to-treat (ITT) population; patients who had no major protocol deviations during the follow-up
period comprised the per-protocol population. Mean follow-up for the ITT population was 12.2 months in the DM group and 12.3 months in the UM
group. Numerical totals of protocol deviations are shown in parentheses.
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unmet eligibility criteria or involved patients who had received less than 25% of the planned coaching
sessions.

Patient demographics and disease characteristics
Patients in both groups at baseline were similar for most characteristics and notable for their COPD
severity (table 1). Patient characteristics varied extensively by country (supplementary table E1).

TABLE 1 Demographics and baseline characteristics of patients in COMET

Baseline characteristic Disease management Usual management Total

Subjects n 157 162 319
Age years 67.3±8.9 66.6±9.6 66.9±9.3
Sex
Men 109 (69.4) 113 (69.8) 222 (69.6)
Women 48 (30.6) 49 (30.2) 97 (30.4)

Current smokers 34 (21.7) 34 (21.0) 68 (21.3)
Pack-years 52±28 52±27 52±27
Body mass index kg·m−2 26.8±6.2 26.1±6.3 26.4±6.3
6-min walking distance m 278±115 292±121 285±118
mMRC dyspnoea evaluation
Grade 4 20 (12.7) 31 (19.1) 51 (16.0)
Grade 3 48 (30.6) 45 (27.8) 93 (29.2)
Grade 2 60 (38.2) 61 (37.7) 121 (37.9)
Grade 0−1 29 (18.5) 25 (15.4) 54 (16.9)

FEV1 % predicted 37.8±12.4 36.4±12.3 37.1±12.4
FEV1 L 1.00±0.37 0.96±0.37 0.98±0.37
FEV1/FVC ratio 45.7±11.3 43.7±11.3 44.7±11.3
PaO2 (room air) mmHg 62.3±11.1 62.6±10.1 62.4±10.6
PaCO2 (room air) mmHg 44.3±6.2 42.9±6.5 43.6±6.4
Total exacerbations in the past 12 months 1.3±0.7 1.3±0.8 1.3±0.8
Patients with ⩾2 hospitalised exacerbations in the past 12 months 20 (12.7) 19 (11.7) 39 (12.2)
GOLD group A-D (2011) n (%)#

A: low risk, less symptoms 7 (4.7) 2 (1.3) 9 (2.9)
B: low risk, more symptoms 8 (5.4) 1 (0.6) 9 (2.9)
C: high risk, less symptoms 21 (14.1) 22 (13.9) 43 (14.0)
D: high risk, more symptoms 113 (75.8) 133 (84.2) 246 (80.1)

BODE index 5.0±2.2 5.2±2.1 5.1±2.2
BODE index of 7−10 44 (29.7) 39 (26.5) 83 (28.1)

COPD treatments
Long-term oxygen therapy 119 (75.8) 118 (72.8) 237 (74.3)
Home mechanical ventilation 39 (24.8) 48 (29.6) 87 (27.3)
Long-acting anticholinergics 136 (86.6) 144 (88.9) 280 (87.8)
Long-acting β2 agonists 47 (29.9) 36 (22.2) 83 (26.0)
Long-acting β2 agonists and inhaled corticosteroids 90 (57.3) 109 (67.3) 199 (62.4)
Inhaled corticosteroids 27 (17.2) 30 (18.5) 57 (17.9)

SGRQ-C total score (0 best - 100 poorest)¶ 52.2±19.7 57.4±18.3 54.8±19.1
HADS¶

Total score (0 best - 42 poorest) 21.1±3.1 21.2±3.1 21.2±3.1
Patients with moderate-severe anxiety 34 (22.8) 47 (30.5) 81 (26.7)
Patients with moderate-severe depression 116 (77.8) 123 (79.3) 239 (78.6)

Age-adjusted Charlson comorbidity index score 4.2±1.8 4.2±1.8 4.2±1.8
Number of concomitant diseases+ 3.4±2.0 3.5±2.0 3.5±2.0
Total number of medications§ 8.2±4.0 8.2±4.0 8.2±4.0
Living with partner 111 (71.2) 114 (70.8) 225 (71.0)
Urban residence 100 (63.7) 107 (66.5) 207 (65.1)

Data are presented as mean±SD or n (%). #: Global Initiative for Chronic Obstructive Lung Disease (GOLD) A–D stage was determined using the
modified Medical Research Council (mMRC) dyspnoea scale. ¶: chronic obstructive pulmonary disease (COPD)-specific version of the Saint
George’s Respiratory Questionnaire (SGRQ-C) and Hospital Anxiety and Depression Scale (HADS) scores were collected after the run-in period
in which patients in the disease management group had already received four home coaching sessions. HADS scores of 11−21 indicate
moderate-to-severe anxiety or depression. +: in patients with at least one concomitant disease. §: in patients with at least one concomitant
treatment. FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; PaO2: arterial blood oxygen partial pressure; PaCO2: arterial blood
carbon dioxide partial pressure; BODE index: body mass index, airflow obstruction, dyspnoea and exercise index.
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Hospitalisation patterns and primary outcome
The distributions of patients according to unplanned all-cause hospitalisation days were similar for each
group (figure 3). Half of the patients had no hospitalisation during follow-up. For those who were
hospitalised, the largest groups of patients had between 1−10 and 11−20 unplanned hospitalisation days.
The numbers of patients with very long stays (>60 days) were similar in each group. Annual unplanned
hospitalisation days (mean±SD) varied substantially by country, with a low of 9.7±22.7 in Spain and a high
of 28.7±40.9 in Germany (supplementary table E1).

Annual unplanned all-cause hospitalisation days (mean±SD) were 17.4±35.4 in the DM group and 22.6
±41.8 in the UM group (ITT population), with medians (interquartile ranges) of 0 (0−203) days and 5 (0
−259) days, respectively (figure 4). Differences between groups were not significant in the primary
non-parametric analysis (p=0.161) or in an ANOVA comparison of the mean values adjusted for country
differences (−5.3 days, 95% CI −13.7 to 3.1; p=0.212).

Supportive hospitalisation outcomes
Similar results were obtained for EVC-confirmed hospitalisation days (mean±SD), with 15.5±32.9 in the
DM group and 20.8±38.8 in the UM group (p=0.15, ITT), and for the primary end-point in the PP
population (figure 4). Unplanned all-cause days spent in acute care wards were significantly different in
the PP population with a difference in country-adjusted means of −8.3 days (95% CI −16.4 to −0.1;
p=0.047). Hospitalisation days for COPD exacerbations represented less than 50% of unplanned
hospitalisation days for both study groups, with a difference in country-adjusted means of −1.5 days (95%
CI −5.5 to 2.5; p=0.46, ITT). All-cause hospitalisation days in each study group were higher for patients
with LTOT/HMV than for the overall study population, but a statistically significant difference between
groups was found only in the non-parametric comparison in the PP population. In a multivariate
regression analysis, only the requirement for LTOT ⩾15 h per day was a significant risk factor for
unplanned hospitalisation, with a risk ratio of 2.55 (95% CI 1.17–5.57; p=0.02).

The total numbers of unplanned hospital admissions were similar for both groups (DM group, n=157;
UM group, n=160), as were the EVC-determined primary causes of these admissions (supplementary table
E2). COPD exacerbations (69.1%), pneumonia (9.5%) and acute cardiac failure (4.4%) were the most
frequent primary causes of hospital admission overall.

Secondary outcomes
After 12 months of follow-up, numbers of patients with exacerbations, exacerbation frequencies, and the
time to a first exacerbation were similar for both groups (table 2). The BODE index improved in 42.4% of
the patients in the DM group versus 30.6% in the UM group. The baseline-adjusted mean BODE score
was significantly lower in the DM group, with a difference of −0.5 (95% CI −0.9 to −0.1; p=0.01). Groups
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FIGURE 3 Distribution of annualised number of unplanned all-cause hospitalisation days. Patients in each
group in the intention-to-treat population were classified by the number of unplanned all-cause
hospitalisation days they reported per year. Approximately 50% of the patients in each group had no
unplanned hospitalisation days during the study. Similar numbers of patients in each group had very long
hospital stays, with three patients in the home-based disease management group and two in the usual
management in range of 151–210 days, and no disease management group patients and two usual
management group patients in the range of 211–259 days.
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did not differ significantly for the other secondary outcomes of 6MWD, SGRQ-C or HADS. More patients
in the DM group stopped smoking during the study (p=0.02) and average daily use of LTOT was similar.

Safety outcomes
Similar proportions of patients in each group experienced at least one adverse event (∼90%), most of
which were COPD exacerbations (table 3). Approximately 60% of the patients in each group experienced
at least one severe adverse event, the most frequent being COPD exacerbation, pneumonia, and acute
cardiac or respiratory failure.

A total of 27 patients died during the study, one of which died prior to randomisation. The mortality rate
was significantly lower in the DM group (three patients, 1.9%) than in the UM group (23 patients, 14.2%;
p<0.001; table 3 and figure 5). The three deaths in the DM group were due to respiratory failure,
cardio-respiratory arrest and traumatic pneumothorax. More than half of the deaths (13) in the UM group
were attributed to COPD exacerbation; no other cause accounted for more than two deaths. Notable
baseline characteristics of the patients who died (determined post hoc) were a low FEV1 (35% of
predicted), GOLD D category (84.6%), LTOT (84.6%), poor health status (mean SGRQ-C score of 63.7)
and multiple concomitant diseases (mean number of 4.3) (supplementary table E4). These patients also
accumulated high numbers of unplanned hospitalisation days during the study (median of 68.0 days). In a
post hoc multivariate regression analysis, baseline BODE index (p=0.03) and the total number of
hospitalisation days during the study (p<0.001) were significant independent predictive factors of death.

COMET disease management intervention and skills acquisition
Overall, 100% of the patients in the DM group performed all four initial individual home coaching
sessions during run-in, 66.7% of patients achieved at least 80% of their planned phone and group coaching
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0.061
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FIGURE 4 Comparison of annual unplanned hospitalisation days in each group by subcategory and population. The annual mean and median
number of unplanned all-cause hospitalisation days spent in either acute care wards or nursing facilities are shown for each group in
intention-to-treat and per-protocol. Also shown are the annual mean and median numbers of unplanned all-cause hospitalisation days spent in
acute care wards only; due to an acute exacerbation of chronic obstructive pulmonary disease (COPD); and for patients on home oxygen therapy
and/or home mechanical ventilation (LTOT/HMV). p-values in bold type indicate statistically significant differences. Data are presented as mean±SD,
median (interquartile range), with difference in adjusted means presented with 95% confidence intervals. #: non-parametric Wilcoxon rank-sum
test; ¶: means, except for LTOT/HMV, were adjusted for country differences and compared by ANOVA with average yearly number of unplanned
hospital days as the response variable; +: ANOVA; §: the means for LTOT/HMV patients were adjusted for the need for respiratory assistance and
compared by ANOVA with average yearly number of unplanned hospital days as the response variable.
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sessions, and 89.7% achieved at least 80% compliance for weekly telephone health status transmissions.
Mastery of 28 management skills (e.g. inhalation techniques, cough techniques, pursed lip breathing and
body positioning, identification of actions to be performed when feeling worse) improved between the first
evaluation (eight skills fully mastered by >75% of the patients) and the last evaluation (24 skills fully
mastered by >80% of the patients).

Centre COPD management routine practices
Centre practices, in terms of the COPD educational programmes routinely implemented in both groups,
independent from the COMET disease management intervention, varied widely by country and centre
(supplementary table E3). Overall, 22.6% of the centres provided patients with educational booklets, 18.8%
offered COPD educational sessions, and 40.6% offered exercise programmes.

Discussion
A novel multicomponent home-based COPD disease management intervention across four European
countries did not achieve a statistically significant difference in the predefined primary outcome, although
patients in the DM group had 23% fewer all-cause hospitalisation days than patients in the UM group.
Acute care hospitalisation days in the PP population, BODE index scores at 12 months, and the overall
mortality rate, were all statistically significantly lower in the DM group than in the UM group. However,
as these were supportive or secondary outcomes intended to support the interpretation of the primary
outcome, and mortality was a safety outcome, these results should be considered with caution.

To date, the results of COPD self-management interventions in clinical trials have been inconsistent [26],
which has created ambiguity regarding self-management interventions and has discouraged their
implementation in clinical practice. Recently, a group of experts reached a consensus regarding a
conceptual definition of COPD self-management: “A COPD self-management intervention is structured
but personalised and often multi-component, with goals of motivating, engaging and supporting the

TABLE 2 Secondary outcomes

Outcome# Disease
management

Usual
management

Difference in
adjusted

means (95% CI)¶

p-value

Subjects n 157 162
Moderate-severe exacerbations/patient 2.0±2.0 2.0±1.9 0.815+

Patients with at least 1 moderate-severe exacerbation 112 (71.3) 124 (76.5)
Days to first exacerbation 142.8±120.7 141.9±121.2 0.556§

Severe exacerbations/patient 1.0±1.7 0.9±1.3
BODE index at 1 year 4.7±2.1 5.3±2.0 −0.5 (−0.9; −0.1) 0.010¶

BODE index response rate at 1 year 0.186ƒ,##

Patients unchanged 28 (26.4) 28 (28.6)
Patients who improved (decrease ⩾1) 45 (42.4) 30 (30.6)
Patients who worsened (increase ⩾1) 33 (31.1) 40 (40.8)

6MWD m at 1 year 300.5±96.6 280.0±120.4 18.7 (−2.5; 39.8) 0.084¶

6MWD response rate at 1 yearƒ 0.126ƒ,##

Patients unchanged 35 (34.6) 28 (28.3)
Patients who improved (increase ⩾26 m) 38 (37.6) 30 (30.3)
Patients who worsened (decrease ⩾26 m) 28 (27.7) 41 (41.4)

SGRQ-C total score at 1 year 55.9±20.2 56.5±19.9 0.2 (−2.5; 3.0) 0.862¶

Patients with significant improvement (total score decrease ⩾4) 29 (29.6) 31 (33.0)
HADS total score at 1 year 20.9±3.2 20.8±3.1 0.2 (−0.3; 0.7) 0.450¶

Smoking habits
Patients who quit/baseline smokers 9/34 2/34 0.021##

Patients who restarted smoking/baseline ex-smokers 3/123 5/128 0.501¶¶

Daily use of LTOT during study h per day 13.7±6.3 14.3±6.6 0.2 (−1.3; 1.7) 0.766++

Data are presented as n, n (%) or mean±SD, unless otherwise stated. Results shown are for the intention-to-treat population. p-values in bold
type indicate statistically significant differences. #: at completion of 1-year follow-up period; ¶: difference in means adjusted for baseline after
ANCOVA and calculated as disease management group−usual management group; +: Wilcoxon rank-sum test; §: log-rank test; ƒ: patients with
available data at baseline and 1 year; ##: Chi-squared test; ¶¶: Fisher’s exact test; ++: difference in means adjusted for 3-month evaluation
period after ANOVA and calculated as disease management group−usual management group. BODE index: body mass index, airflow
obstruction, dyspnoea and exercise index; 6MWD: 6-min walking distance; SGRQ-C: chronic obstructive pulmonary disease-specific version of
the Saint George’s Respiratory Questionnaire; HADS: Hospital Anxiety and Depression Scale; LTOT: long-term oxygen therapy.
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patients to positively adapt their health behaviour(s) and develop skills to better manage their disease”
[19]. In retrospect, COMET nevertheless applied many of these concepts and included quality control to
optimise delivery of the self-management component. Two-thirds to 90% of the DM group patients
received at least 80% of the planned number of coaching sessions, or were 80% compliant with the weekly
phone calls to transmit health status, and most acquired disease management skills. Training and
education of COPD patients is necessary but insufficient, and behaviour must be modified successfully to
realise tangible benefits [22, 26].

Although there appeared to be a study-group effect in many supportive hospitalisation outcomes, a
number of factors likely contributed to the lack of statistical significance. Approximately one-half of the
patients had no hospitalisations and less than half of the hospitalisation days were due to COPD
exacerbation, both of which were unexpected given the high COPD severity and the high proportion of
patients on LTOT and/or HMV. Hospitalisations due to COPD exacerbations were slightly higher in the
DM group, which could be explained by the slightly, but not significantly, higher mean number of severe
exacerbations in the DM group. Statistical power was based on a difference of 10 unplanned
hospitalisation days between groups with a standard deviation of 25 days; however, the actual difference

TABLE 3 Safety outcomes: adverse events and mortality

Outcome Disease
management

Usual
management

Subjects n 157 162
Patients with at least one adverse event 139 (88.5) 151 (93.2)
Total number of adverse events 683 801
Patients with adverse events that occurred in ⩾3% of patients
overall during follow-up
COPD exacerbation (any severity) 113 (72.0) 124 (76.5)
Pneumonia 13 (8.3) 13 (8.0)
Bronchitis 10 (6.4) 9 (5.6)
Nasopharyngitis 8 (5.1) 5 (3.1)
Dyspnoea 4 (2.5) 6 (3.7)
Acute cardiac failure 4 (2.5) 9 (5.6)
Back pain 6 (3.8) 6 (3.7)
Peripheral oedema 3 (1.9) 7 (4.3)

Patients with at least one SAE 92 (58.6) 101 (62.3)
Total number of SAEs 267 312
Patients with SAEs that occurred in ⩾2% of patients overall
during follow-up
COPD exacerbation 67 (42.7) 78 (48.1)
Pneumonia 9 (5.7) 10 (6.2)
Acute cardiac failure 3 (1.9) 7 (4.3)
Acute respiratory failure 4 (2.5) 3 (1.9)

Deaths during follow-up 3 (1.9) 23 (14.2)¶

Fatal SAEs during follow-up
COPD exacerbation 0 (0.0) 13 (8.0)
Pneumonia 0 (0.0) 2 (1.2)
Acute respiratory failure 0 (0.0) 1 (0.6)
Respiratory failure 1 (0.6) 0 (0.0)
Hypercapnic coma 0 (0.0) 2 (1.2)
Hypoxic-ischaemic encephalopathy 0 (0.0) 1 (0.6)
Cardio-respiratory arrest 1 (0.6) 1 (0.6)
Bile duct cancer 0 (0.0) 1 (0.6)
Cholangiocarcinoma 0 (0.0) 1 (0.6)
Multi-organ failure 0 (0.0) 1 (0.6)
Biliary tract infection 0 (0.0) 1 (0.6)
Pneumothorax traumatic 1 (0.6) 0 (0.0)
Septic shock 0 (0.0) 1 (0.6)

Patients who discontinued because of an adverse event during
follow-up#

4 (2.5) 23 (14.2)

Data are presented as n (%). Results shown are for the intention-to-treat population. #: one patient was
withdrawn for worsening depressive syndrome (non-fatal); ¶: p<0.001 (Chi-squared test). COPD: chronic
obstructive pulmonary disease; SAE: serious adverse event.
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was only 5.2 days, with standard deviations >35 days. This was probably because hospitalisation rates and
hospitalisation days differed widely across the four countries owing to country-specific differences in
patient baseline characteristics, hospitalisation practices, admission criteria, resource and bed availability,
and healthcare reimbursement programmes. For example, the countries differ substantially in hospital bed
availability, which is lowest in Spain (297 beds/100000 inhabitants) and highest in Germany (823 beds/
100000 inhabitants) [27]. This also correlated roughly with hospitalisation days per year (supplementary
table E1). It is also possible that we overestimated the hospitalisation risk of this patient population and
that a statistically significant difference between groups could have been realised had we enrolled patients
with a higher risk of hospitalisation, owing either to comorbidities or to greater COPD severity.
Nevertheless, as a consequence of this unforeseen low hospitalisation rate, COMET was statistically
underpowered to detect a significant difference in unplanned hospitalisation days, and a larger sample size
would have been necessary to compensate for such variability across countries. These factors should be
carefully considered in designing future studies of COPD interventions.

The 12-month mortality rate was significantly and markedly lower in the DM group (1.9%) than in the
UM group (14.2%), the latter of which is consistent with, or lower than, the 12-month mortality rates of
12.5% [28], 16.8% [29], 21% [30] and >23% [31] that have been reported previously for COPD patients
following a hospitalisation for an acute exacerbation of COPD. That mortality was lower than expected in
the DM group, rather than excessively high in the UM group, suggests that the disease management
intervention reduced mortality. This may be because most of the deaths (56%) in the UM control arm
were due to COPD exacerbations. It is possible that the disease management intervention reduced
mortality by successfully optimising the self-management of exacerbations, leading to early and prompt
treatment, which could have prevented additional complications, including death. The home monitoring
aspect of the intervention may have also contributed to the success of the intervention by providing a
means of rapidly communicating symptoms and disease severity variables to case managers, which may
have shortened the time from the beginning of an exacerbation to the institution of appropriate therapy.

Mortality was carefully monitored as a safety outcome in COMET because the disease management
intervention was implemented in patients with severe COPD, many of whom had multiple comorbidities
and were at high risk of death. Indeed, a prior study by FAN et al. [15] was stopped owing to excess
mortality in the self-management group. The COMET disease management intervention was substantively
different than that used by FAN et al. [15]. COMET focused on: close patient–physician communication;
prompt recognition of exacerbations by regular transmission of symptoms through an e-health system;
thorough training and monitoring of case managers, who were followed for quality improvement for the
duration of the study; and physicians who maintained responsibility for all medication decisions [21]. By
contrast, and as a consequence of the study being conducted at US Veterans Administration hospitals,
where healthcare resources may be limited, patients in the FAN et al. [15] study were responsible for much
of their own care decisions. Although patients were instructed to call in if they needed to start medications
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FIGURE 5 Kaplan–Meier analysis of patient mortality. Overall cumulative patient survival rates are shown for
the intention-to-treat population for each day of the study. The numbers of patients at risk in each group are
shown for each 50 days of the study. During the study, and after 72 patients had already been enrolled, the
follow-up period was reduced by protocol amendment from 2 years to 1 year. Thus, some patients were
followed for more than 1 year. A total of three patients (1.9%) in the disease management (DM) group and 23
patients (14.2%) in the usual management (UM) group died during the study (p<0.001), mostly owing to
respiratory failure (16 deaths). Mean±SD time to death in the study was 236±111 days.
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for exacerbations, calls were made by only 4.5%. Furthermore, assessment of exacerbation was done by
professionals who may not be experienced in managing this type of patient.

All study deaths in COMET were closely reviewed by the sponsor and the EVC. Although such a large
apparent difference in mortality between study groups could have warranted interruption of the study,
such a large final reduction in mortality was not expected in COMET, especially since the mortality rate in
the usual management arm was not excessive. Additionally, many of the patients who died did so near the
end of their first year of follow-up, when most patients had nearly completed the study. Patients who died
tended to have a high BODE index and to record high numbers of hospitalisation days during the study,
both of which are recognised predictors of mortality in COPD patients [32–34].

The strengths of this study included the use and adaptation of a self-management programme previously
demonstrated to be clinically beneficial rather than a new programme. The COMET disease management
programme may thus provide a basis for future self-management interventions or for designing studies to
evaluate such interventions. Particular attention was given to patient coaching by healthcare professionals
(case managers) aimed at optimising self-management through a 4-day training that included a specific
focus on motivational communication, continuous access to programme resources (programme objectives,
interventions, suggested questions, expected results), and feedback achieved through monthly telephone
contacts with a pneumologist from the coordinating study centre in each country. Novel aspects of the
disease management intervention included an e-health platform for reporting frequent health status
updates, rapid intervention when necessary, and oxygen therapy monitoring. Another strength was the
international design of COMET, which was the first study to specifically address a disease management
intervention for severe COPD, delivered by centrally trained and supported case managers, across four
countries with different medical practices and healthcare systems. Lastly, although the trial was
open-designed, hospitalisations were rigorously and blindly reviewed by the EVC and followed-up with
additional enquiries if necessary, ensuring the reliability of the outcomes.

The study has some limitations. The inclusion of days spent in acute care wards, as well as subsequent
stays in nursing facilities in the primary outcome, may have been suboptimal. Stays in nursing facilities are
sometimes extended beyond a clear medical need for hospitalisation, which might have influenced the
results. However, the EVC reviewed all stays longer than 30 days and these were removed from the EVC
analysis, if warranted. Additionally, the two groups contained similar numbers of patients with very long
stays (figure 3). Acute care hospitalisations alone might be considered more appropriate and less
subjective, better reflecting immediate patient needs than resource availability or local reimbursement
practices. Indeed, acute care hospitalisations appeared to be a more sensitive indicator of hospitalisation
needs in COMET, but as the study was not specifically designed to measure this outcome as the primary
end-point, these results have limited value. Despite case managers receiving formal training prior to study
initiation and being supported throughout the study as part of the quality assurance, there was no
quantifiable measure to confirm the quality of intervention delivery. However, the quality assurance used
in the study was considered realistic and practical for a real-life disease management programme. Despite
the use of three stratification factors to promote the allocation of balanced study groups, differences
among countries in baseline characteristics and hospitalisation days were not avoided. These factors,
coupled with the site- and country-specific differences in routine care, may have reduced the likelihood of
detecting significant differences in many study outcomes. The open design of the study, though necessary
owing to the extensive differences between the two disease management programmes, may have led to
some bias because doctors could have had a tendency to discharge patients in the disease management
arm earlier than those in the usual management arm.

In conclusion, although unplanned annual hospitalisation days tended to be lower in the DM group than
in the UM group, the reduction in hospitalisation was statistically significant only for acute care
hospitalisation days in patients who received at least 25% of their planned coaching sessions. One apparent
benefit of the disease management intervention was a marked and statistically significant reduction in
mortality in which most deaths in the usual management control group resulted from acute exacerbations.
The disease management programme may have promoted earlier appropriate treatment for exacerbations,
which could have prevented some fatal complications. However, this result should be considered
informational because mortality was a safety outcome rather than a primary outcome. Forthcoming
medical-economic analyses may also reveal the cost-effectiveness and cost–utility benefits of the disease
management intervention. This international study supports the feasibility of a multicomponent
home-based disease management intervention in severe COPD patients (many being on LTOT), and
demonstrated that most patients adhered to the intervention. However, patient needs and self-management
skills at programme entry could be more carefully assessed and followed over time for subsequent
programme tailoring. Some very severe patients presenting with severe comorbidities should be clearly
identified as they may not be able to fully implement the programme and thus benefit from it. Lastly, the
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characteristics of the healthcare systems and healthcare coordination need to be carefully considered in
studies of multicomponent disease management interventions.
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