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ABSTRACT The frequency and impact of exacerbations identified using healthcare resource utilisation
(HCRU) or the EXAcerbations of Chronic pulmonary disease Tool (EXACT) were compared prospectively
in a 24-week, phase III trial (ATTAIN). Patients with moderate-to-severe chronic obstructive pulmonary
disease received twice-daily aclidinium 200 pg, aclidinium 400 pg or placebo. All HCRU events were
reported to physicians. “EXACT-identified” events were categorised as “EXACT-reported” (detected by
EXACT and reported to the physician) and “EXACT-unreported” (detected but not reported). Health
status was measured using the St George’s Respiratory Questionnaire (SGRQ).

Annualised EXACT-identified event rates were higher in all study arms (placebo 1.39, aclidinium 200 pg
1.00 and aclidinium 400 pg 0.98 per patient per year) versus HCRU (placebo 0.60, aclidinium 200 pg 0.43
and aclidinium 400 pg 0.40 per patient per year). Concordance between methods was low (kappa 0.16).
Aclidinium reduced EXACT-identified events (rate ratio versus placebo: aclidinium 200 pg 0.72 and
aclidinium 400 pg 0.71; both p<<0.05); HCRU events were similarly reduced.

At week 24, SGRQ scores improved (-6.6 versus baseline) in patients with no event during weeks 1-12;
improvements were significantly smaller in patients with HCRU events (-3.4; p=0.036) or EXACT-
unreported events (-3.0; p=0.002).

Unreported events were more frequent than reported events. Both had similar negative impact on health
status. Aclidinium reduced the frequency of both types of event.
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Introduction

Patients with chronic obstructive pulmonary disease (COPD) may experience exacerbations, defined as an
acute worsening of respiratory symptoms, beyond the normal day-to-day variation, that leads to a change in
medication [1]. Exacerbations of COPD (ECOPDs) worsen health status, accelerate the rate of lung-
function decline, and are associated with increased mortality risk and considerable economic cost [2—4].
Consequently, prevention of ECOPDs is an important goal in the management of patients with COPD.

In clinical studies, ECOPDs are generally assessed based on healthcare resource utilisation (HCRU), with
the degree of therapeutic intervention used to define severity [5-7]. This approach has a number of
limitations, including regional differences in management practices and healthcare access, and differences in
the factors that influence individuals to change treatment themselves or seek medical advice [8].
Furthermore, it does not capture ECOPDs experienced by the patient but not reported to the clinician and
therefore not treated [9-11]. To address this, the EXAcerbations of Chronic pulmonary disease Tool
(EXACT) was developed as a standardised patient-reported outcome instrument that evaluates the
frequency, severity and duration of exacerbation events, based on changes in symptoms reported directly by
the patient [8].

A recent evaluation of the performance of the EXACT in three prospective randomised controlled trials of
exacerbation prevention has provided evidence of the validity of the EXACT in this context [12]; however,
the treatments studied did not alter exacerbation rates and the impact of unreported exacerbations was not
investigated [12]. Here, we have used data from the 24-week, randomised, placebo-controlled Aclidinium
To Treat Airway obstruction IN COPD patients (ATTAIN) study [13] to examine reported exacerbation
events and those that were not reported but were captured by the EXACT. The aims were to: 1) compare the
incidence, characteristics and degree of concordance of exacerbation events identified using HCRU criteria
or the EXACT; 2) assess the effect of maintenance bronchodilator treatment with aclidinium on both types
of event; and 3) investigate the impact of reported (HCRU) and unreported (identified only by the EXACT)
events on health status and trough forced expiratory volume in 1 s (FEV1) in these patients.

Methods

Study design

ATTAIN (ClinicalTrials.gov identifier: NCT01001494) was a 24-week, double-blind, randomised, placebo-
controlled, parallel-group phase I1I study in which patients were randomised (1:1:1) to receive aclidinium 200 pg,
aclidinium 400 pg or placebo twice daily [13]. Concomitant treatment with other long-acting bronchodilators
was not allowed. Permitted medication included inhaled corticosteroids and systemic corticosteroids (<10 mg
per day), if their use was stable >4 weeks prior to screening, and salbutamol (as needed).

The study was conducted in accordance with the Declaration of Helsinki, International Conference on
Harmonisation/Good Clinical Practice Guidelines and local regulations. The protocol was approved by
independent ethics committees at each centre before study initiation. All patients gave written informed consent.

Study subjects

Male and female patients (>40 years old) with a diagnosis of stable moderate-to-severe COPD (post-
bronchodilator FEV1 >30% and <80% of the predicted value and FEV1/forced vital capacity ratio <70%)
were eligible [1]. Patients with an ECOPD within 6 weeks (or 3 months if hospitalisation was required)
before screening or during the run-in period were excluded. The inclusion/exclusion criteria have been
reported previously; prior exacerbation history was not an inclusion criterion [13].

Assessment of exacerbation events
An intent-to-treat (ITT) analysis was used for all comparisons between groups (see the online
supplementary material for additional detail).

EXACT events

Patients recorded symptom severity using the EXACT patient diary, a 14-item daily diary completed at
night using an electronic personal digital assistant (PDA) [8, 14]. Information was transferred from the
PDA for centralised reading each week via a modem. The recall period was “today” and patients selected the
answer that best described their experience for that day. EXACT scores ranged from 0 to 100; higher scores
indicated more severe symptoms [14, 15]. An EXACT-identified event was defined as a persistent increase
from baseline in total EXACT score of >9 points for >3 days or >12 points for >2 days [14, 16]. To
allow for possible baseline shifts after recovery from an event, if no further event occurred within 28 days
the baseline was reset using data from post-event days 22-28 [16]. Using the EXACT, recovery is defined as
an improvement of >9 points from the maximum value during the 14-day period following onset of an

1157



COPD | P.W. JONES ET AL.

event, sustained for 7 days using a 3-day rolling average, but we did not investigate recovery times in this
analysis. EXACT scores and events were analysed after study completion and were not available to the
investigator assessing HCRU events.

HCRU events

HCRU events were identified by the investigator at each study visit based on the investigator’s assessment of
a patient’s symptoms (using information provided by the patient that may have included information from
the electronic diary), concomitant medication use recorded using a paper diary and information on
hospitalisation recorded in the case report form. HCRU events were defined as an increase in COPD
symptoms for >2 days that required a change in regular COPD medication and categorised as mild (self-
managed by increasing usual COPD medication (short-acting bronchodilator and/or inhaled corticosteroids)),
moderate (treated with antibiotics and/or systemic corticosteroids or an increase in systemic corticosteroids) or
severe (requiring hospitalisation) [5]. Following an HCRU event, a repeat event was defined as new if the
patient had stopped the additional treatment with oral steroids and antibiotics > 14 days previously.

Exacerbation events analysed

An HCRU event was classified as a reported (and treated) exacerbation. EXACT events were categorised as:
1) EXACT-identified (all EXACT events, both HCRU reported and unreported); 2) EXACT-reported (also
identified by HCRU); and 3) EXACT-unreported (EXACT events not identified by HCRU).

End-points

Pre-specified end-points included: 1) annualised rates of HCRU events and EXACT-identified events; 2) the
percentages of patients with >1 HCRU event (any severity) or >1 EXACT-identified event; and 3) time to
first event, assessed by both the EXACT and HCRU.

A previous study suggested that following an exacerbation, health status, even in patients with no
subsequent exacerbation, may take >12 weeks to fully recover [17]. Therefore, to examine the medium-
term impact of exacerbation events and minimise the effect of any recent exacerbations, post hoc analyses
assessed changes from baseline in St George’s Respiratory Questionnaire (SGRQ) total score and trough
FEV1 at week 24 in patients who had either an HCRU event, an EXACT-unreported event or no
exacerbation event during weeks 1-12.

Statistical analysis
Results are presented as mean+sD, least square mean + SE, percentage, rate ratio (95% CI; annualised
exacerbation rates) or odds ratio (95% CI; binary outcomes) as appropriate.

Poisson regression with correction for over-dispersion, logistic regression, kappa index, Kaplan—-Meier
estimates, Cox proportional hazards model and ANCOVA were used as appropriate (additional detail on
the statistical analyses is provided in the online supplementary material). Analyses were performed using
SAS v9.3 (SAS Institute Inc., Cary, NC, USA). p-values <0.05 were considered statistically significant.

Results

Patient characteristics

The ITT population comprised 819 patients. Overall patient characteristics have been reported previously
[13]. The mean+ sD age was 62.4 + 8.0 years; most patients (68.1%) had moderate airflow limitation and
34.7% of patients had >1 HCRU event (any severity) in the year before enrolment [13].

When baseline characteristics of patients with exacerbations were compared, predicted FEV1 was lower in
patients with >1 HCRU event (49.1% (95% CI 46.8-51.4%); n=138) versus those with >1 EXACT-
identified event (52.2% (95% CI 50.6-53.9%); n=261; p=0.026) (online supplementary table S1). A similar
difference was observed in patients who only had HCRU events versus patients who had EXACT-unreported
events (48.2% (95% CI 45.0-51.5%) versus 53.1% (95% CI 51.2-54.9%); p=0.010). Other differences were
small. Across countries, there was clear variation in HCRU event reporting compared with reporting of
EXACT-identified events (fig. 1).

Incidence of EXACT-identified and HCRU events

In placebo-treated patients, annualised rates of EXACT-identified events and HCRU events were 1.39 and
0.60 per patient per year, respectively (fig. 2a). EXACT also identified a higher proportion of patients
experiencing >1 event versus HCRU (fig. 2b). This result was consistent for both aclidinium treatment
arms (fig. 2a and b).
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FIGURE 1 Annualised healthcare resource utilisation (HCRU) and EXAcerbations of Chronic pulmonary disease Tool
(EXACT)-identified event rates by country. All treatment arms combined; intent-to-treat population. COPD: chronic
obstructive pulmonary disease. #. France, Italy, Russia, Spain, Ukraine.

Concordance between EXACT-identified and HCRU events

Agreement between patients with EXACT-identified events and HCRU events was poor (table 1 and online
supplementary fig. S2). This was due to a number of factors: 1) EXACT identified twice as many patients
experiencing an event compared with HCRU (31.9% (n=261/819) versus 16.8% (n=138/819), respectively);
2) 73.6% (n=192/261) of patients who had an EXACT-identified event did not have an HCRU event;
3) 12.4% (n=69/558) of patients who did not have an EXACT-identified event had an HCRU event; and
4) 50% (n=69/138) of patients who experienced an HCRU event did not have an EXACT-identified event.
As a result, the kappa index of concordance between the two methods was low (0.16). Of patients who met
the criteria for an HCRU event, 21.0% (n=29/138) required increased use of bronchodilators (mild), 71.7%
(n=99/138) were treated with antibiotics and/or corticosteroids (moderate) and 10.9% (n=15/138)
required hospitalisation (severe). The proportion of patients who had an HCRU event but not an EXACT
event was similar across all severities of HCRU events (50.5-53.3%).

When the actual number of exacerbation events was assessed, there were 155 HCRU events (19.4% mild,
70.3% moderate and 10.3% severe) (online supplementary table S2) and 374 EXACT-identified events. In
total, only 34.8% (n=54/155) of all HCRU events were also identified by the EXACT. The proportion of
HCRU events identified with the EXACT was very similar across all degrees of HCRU event severity (mild
33.3%, moderate 35.8% and severe 31.3%) (online supplementary table S2).

EXACT scores in EXACT events and HCRU events

Mean EXACT scores from day -14 before an event to 28 days post-event were assessed for EXACT-reported,
EXACT-unreported and HCRU-only events (online supplementary fig. SI1). Patients with EXACT-
unreported events had significantly lower scores at baseline (day -14 to -7 pre-event) and at event onset (day 0)
than patients with EXACT-reported events (fig. 3 and table 2). However, absolute+sp differences from
baseline versus day 0 were similar in both groups (-12.3 +7.3 for EXACT-unreported events and -12.4 + 8.1
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FIGURE 2 Annualised EXAcerbations of Chronic pulmonary disease Tool (EXACT)-identified and healthcare resource utilisation (HCRU) a) event rates and
b) proportions of patients experiencing > 1 EXACT-identified event or HCRU event. Aclidinium was taken twice daily; intent-to-treat population. COPD: chronic
obstructive pulmonary disease. *: p<<0.05 versus placebo.
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TABLE 1 Comparison of patients who reported >1 EXACT-identified event and >1 HCRU event

Patients n All HCRU events HCRU event severity#
=1 event No event Mitd" Moderate* Severe®
Patients n 138 681 29 99 15
ALl EXACT events
>1 event 261 69 (50.0) 192 (28.2) 14 (48.3) 49 (49.5) 7 (46.7)
No event 558 69 (50.0) 489 (71.8) 15 (51.7) 50 (50.5) 8 (53.3)
Kappa index 0.16 NA NA NA

Data are from the intent-to-treat population and are presented as n (%), unless otherwise stated. EXACT:
EXAcerbations of Chronic pulmonary disease Tool; HCRU: healthcare resource utilisation; NA: not applicable.
#. patients who experienced multiple HCRU events of different severities were counted in each HCRU severity
group; 7: self-managed by increasing usual chronic obstructive pulmonary disease medication (short-acting
bronchodilator and/or inhaled corticosteroids); *: treated with antibiotics and/or systemic corticosteroids or an
increase in systemic corticosteroids; *: requiring hospitalisation.

for EXACT-reported events). During recovery, mean scores following EXACT-unreported events remained
elevated at days 21-28 post-event compared with the baseline period (1.3 +7.7; p=0.007), whereas scores in
EXACT-reported events returned to baseline (-0.3 +7.6; p=0.791) (fig. 3 and table 2).

69 patients (8.4%) experienced HCRU-only events. In these patients, EXACT scores were similar at baseline
to those in patients who experienced EXACT-unreported events, increased at day 0 by only a small amount
and returned to baseline during recovery (fig. 3, table 2 and online supplementary fig. SI).

Effects of aclidinium on EXACT-identified and HCRU events

Kaplan—Meier curves for time to first EXACT-identified event and time to first HCRU event (any severity)
are shown in figure 4a and b, respectively. A Cox proportional hazards model demonstrated that time to
first EXACT-identified event was significantly prolonged with both aclidinium doses versus placebo
(p=0.031 and p=0.015 for twice-daily aclidinium 200 pg and 400 pg, respectively) and time to first HCRU
event was significantly prolonged with twice-daily aclidinium 400 pg versus placebo (p=0.040).

As previously reported [13], both aclidinium doses significantly reduced the annualised HCRU event rate
versus placebo (aclidinium 200 pg: rate ratio 0.72 (95% CI 0.52-0.99), p=0.043; aclidinium 400 pg: rate
ratio 0.67 (95% CI 0.48-0.94), p=0.020) (fig. 2a and online supplementary material). Similar results were
observed for all EXACT-identified events, with the annualised rate reduced versus placebo by 28% (rate
ratio 0.72 (95% CI 0.55-0.94); p=0.017) with aclidinium 200 pg and by 29% (rate ratio 0.71 (95% CI
0.54-0.93); p=0.012) with aclidinium 400 pg (fig. 2a and online supplementary material). The number
needed to treat (NNT) to prevent one exacerbation event per patient per year was lower for EXACT (2.6 and
2.5 with aclidinium 200 pg and 400 pg, respectively) than for HCRU (5.9 and 5.1 with aclidinium 200 pg and
400 pg, respectively).

Aclidinium 200 pg and 400 pg also reduced the proportion of patients who experienced >1 HCRU event
(fig. 2b), but the reduction with either dose was not significantly different versus placebo. Similarly, both
aclidinium doses reduced the proportion of patients experiencing >1 EXACT-identified event, but the
reductions were not significantly different versus placebo (fig. 2b).

The magnitude of changes in EXACT score with onset and recovery from an EXACT-identified event and
an HCRU event were very similar in placebo- and aclidinium-treated patients (fig. 5).

Impact of EXACT events and HCRU events on health status and bronchodilation

To assess the medium-term effects of exacerbations on health status and bronchodilation, we assessed
changes from baseline in SGRQ total score and trough FEV1 at week 24 in patients who had an exacerbation
during weeks 1-12. An initial analysis was performed using all treatment arms combined (placebo,
aclidinium 200 pg and aclidinium 400 pg). In patients who had no exacerbations, SGRQ score at week 24
improved from baseline by -6.6 units; in patients with EXACT-unreported events this improvement was
significantly smaller (-3.0 units; p=0.002 versus no exacerbation) (table 3). In patients with HCRU events,
the improvement was also significantly smaller compared with patients who had no exacerbation
(-3.4 units; p=0.036) (table 3). Significantly fewer patients in the EXACT-unreported group achieved
improvements in SGRQ total score greater than the minimum clinically important difference of 4 units
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FIGURE 3 Mean EXAcerbations of Chronic pulmonary disease Tool (EXACT) scores on days -14 to -7, day 0 and days 21
to 28 relative to onset (day 0) of an EXACT-reported event, an EXACT-unreported event and a healthcare resource
utilisation (HCRU)-only event. Intent-to-treat population. Higher scores indicate more severe symptoms. *: p<<0.05
EXACT-reported versus EXACT-unreported events; **: p<<0.01 EXACT-reported versus EXACT-unreported events;
*: p<0.05 EXACT-reported versus HCRU only; **: p<<0.001 EXACT-reported versus HCRU only; *: p<<0.001 EXACT-
unreported versus HCRU only. See table 2 for more detailed data.

(SGRQ responders) compared with patients who had no exacerbations (table 3). A similar picture was seen
in patients with HCRU events, but these differences were not statistically significant. Changes from baseline
in trough FEV1 were not significantly different at week 24 between patients who had no exacerbations or
those with EXACT-unreported or HCRU events during weeks 1-12 (table 3).

In patients who did not have an exacerbation event during weeks 1-12, both doses of aclidinium improved
the SGRQ total score by >4.5 units at week 24 versus placebo (table 4). In patients with an EXACT-
unreported or an HCRU event, the improvements in SGRQ score were smaller and not significantly
different compared with placebo (table 4). Treatment differences between both aclidinium doses are shown
in online supplementary table S3.

Discussion
This is the first efficacy study to use the EXACT to compare unreported (and therefore untreated)
exacerbation events with reported (and therefore treated) HCRU exacerbation events and to examine the

TABLE 2 Mean EXACT scores and differences in scores for EXACT-reported, EXACT-unreported and HCRU-only events

Days -14 to -7 Day 0 Days 21 to 28

EXACT-reported events

Events n 51 49 38

EXACT score 42.3+10.3 55.14+12.2 41.0+12.9
EXACT-unreported events

Events n 283 322 281

EXACT score 37.7+12.5 50.1+12.7 39.6+12.8
HCRU-only events

Events n 92 84 70

EXACT score 37.8+11.4 42.9+12.6 37.5+12.1
Change in EXACT score

EXACT-reported versus EXACT-unreported L6+12.2% 5.14+12.6** 1.3+12.8

EXACT-unreported versus HCRU-only 0.0+12.2 7.1412.7*** 2.14+12.7

EXACT-reported versus HCRU-only 4.64+11.0* 12.2+12.4%** 3.44+12.4

Data are from the intent-to-treat population and are presented as mean+ sb, unless otherwise stated. The events counted were those with
associated e-diary records during the given period. Day 0 was the onset of an event. EXACT: EXAcerbations of Chronic pulmonary disease Tool;
HCRU: healthcare resource utilisation. *: p<<0.05; **: p<0.01; ***: p<0.001.
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FIGURE 4 Kaplan—Meier curves for time to first a) EXAcerbations of Chronic pulmonary disease Tool (EXACT)-
identified event, and b) healthcare resource utilisation (HCRU) event. Aclidinium was taken twice daily; intent-to-treat
population.

impact of unreported events in the context of a clinical trial. The key findings were: 1) there were more than
twice as many unreported EXACT events as HCRU events, and agreement between HCRU and the EXACT
was poor; 2) patients with unreported (and therefore untreated) EXACT events appeared to recover less well
by 28 days post-event than those with reported (and treated) EXACT events, even though these patients had a
lower symptom level pre-exacerbation; 3) unreported (untreated) EXACT events had the same medium-term
health consequences as reported (treated) HCRU events; and 4) maintenance bronchodilator treatment
reduced the rate of both EXACT-identified and HCRU events. Our results confirm and significantly extend
previous findings from cohort studies [3, 9-11, 18] and a recent study using the EXACT [12].

The very large difference in the annualised rate of HCRU and EXACT-identified events observed both here
and previously [12] is not fully understood. The EXACT is a standardised symptom assessment instrument
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FIGURE 5 Mean EXAcerbations of Chronic pulmonary disease Tool (EXACT) scores in placebo- and aclidinium-treated (200 and 400 pg twice daily) patients at
days -14 to -7, day 0 and days 21 to 28 relative to onset (day 0) of a) an EXACT-identified event, and b) a healthcare resource utilisation (HCRU) event. Intent-
to-treat population. Data are presented as mean =+ sD.

designed to measure every patient in the same way. By contrast, reporting an ECOPD has a behavioural
component that may be influenced by attitude to illness, expectation of recovery, social circumstances and
local healthcare organisations, among other factors. Support for the potential influence of regional
variations comes from differences observed between countries in the rates of HCRU and EXACT-identified
events; these variations are predominantly due to differences in the rates of HCRU events rather than
EXACT events. Our data also suggest that the degree of acute deterioration is not a factor that prompts
patients to seek medical advice, as EXACT scores worsened by a similar amount in EXACT-reported and
EXACT-unreported events and are consistent with those reported previously [12, 19]. By contrast, absolute
symptom severity may be a factor, as patients with EXACT-reported events had a worse EXACT score when
stable and at event onset compared with patients who had unreported EXACT events, an observation also
reported previously [12]. Furthermore, patients with HCRU events had lower predicted FEV1 at baseline
than patients with EXACT-identified events. Therefore, it appears that patients with milder COPD may be
less likely to seek medical attention for an ECOPD, although inter-group differences were small. The speed
of deterioration appears to be faster with unreported versus reported events. This has also been observed
previously [12]; however, the apparent differences may be an artefact as the first day of an exacerbation was
determined differently for the two types of event.

Agreement between HCRU and the EXACT was low. This is consistent with data from a randomised
controlled trial that reported limited agreement between exacerbation events identified based on medical
intervention and those identified by diary cards [20]. In our study, the lack of agreement between methods
was independent of the severity of HCRU events and was largely due to the higher number of patients with
unreported EXACT events, but was also due to the fact that more than 50% of HCRU events did not
achieve a change in EXACT score that met the criteria for an EXACT event. The reason for this is not fully
clear. In some cases, this was because patients did not complete the diary, particularly those who were

TABLE 3 Changes from baseline at week 24 in SGRQ total score and trough FEV1 in patients who experienced an EXACT-
unreported event, an HCRU event or no exacerbation event in the first 12 weeks

No exacerbation event EXACT-unreported event HCRU event
Data p-value® Data p-value®
Patients n 576 159 84
Change from baseline in SGRAQ total score -6.6440.57" -3.01+1.06 0.002 -3.43+1.44 0.036
SGRQ responders at week 247 % 54.7* 43.4 0.009° 441 0.056°
Change from baseline in trough FEV1 mL 12411 -224+21 0.139 -10+29 0.475

Data are from the intent-to-treat population with all treatment arms combined and are presented as least square mean + Sg, unless otherwise
stated. SGRQ: St George’s Respiratory Questionnaire; FEV1: forced expiratory volume in 1 s; EXACT: EXAcerbations of Chronic pulmonary disease
Tool; HCRU: healthcare resource utilisation. #: versus no event; ': patients achieving a clinically significant improvement in SGRQ total score (>4
points); *: n=572; %: odds ratio p-value.
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TABLE 4 Treatment differences versus placebo at week 24 in SGRQ total score, and percentage of SGRQ responders, in patients
who experienced an EXACT-unreported event, an HCRU event or no exacerbation event in the first 12 weeks

Placebo Aclidinium 200 pg Aclidinium 400 pg
Patients n Data Patients n Data p-value®  Patients n Data p-value®

SGRAQ total score (differences

versus placebo)

EXACT-unreported event 61 52 -0.94 (-5.84-3.95) 0.704 46 -3.48 (-8.52-1.55)  0.174

HCRU event 35 23 -3.08 (-10.81-4.66) 0.431 26 -3.61 (-11.17-3.95)  0.345

No exacerbation 175 200 -4.54 (-7.16--1.92) 0.0007 197 -4.75 (-7.38--2.11)  0.0004
SGRAQ responders’ %

EXACT-unreported event 36.1 46.2 0.358" 50.0 0.169*

HCRU event 37.1 47.8 0.327* 50.0 0.436%

No exacerbation 43.4 59.5 0.002* 59.9 0.003*

Data are from the intent-to-treat population and are presented as least squares mean difference versus placebo (95% confidence interval), unless
otherwise stated. Aclidinium was taken twice daily. SGRQ: St George’s Respiratory Questionnaire; EXACT: EXAcerbations of Chronic pulmonary

disease Tool; HCRU: healthcare resource utilisation. *:

score (>4 points); *: odds ratio p-value.

: versus placebo; ¥: patients achieving a clinically significant improvement in SGRQ total

hospitalised. It is possible that other factors, not reflected in the diary card, may influence a patient’s
decision to change their treatment or seek medical advice, or some patients may consider worsening of one
or two specific symptoms very highly, and much more highly than the weight accorded by the EXACT. The
EXACT electronic diary required daily entry so that missing data could be detected. The low degree of
concordance was not necessarily a failure of the EXACT. As in all studies that record HCRU events, the
clinician makes a diagnosis based on the patient’s history supplemented by physical examination. To our
knowledge, there has never been a formal study of inter-rater reliability of a clinical ECOPD diagnosis and
no biomarker is currently available to confirm an exacerbation.

This study is the first to show that treatment reduced both reported and unreported exacerbations. It does
not alter the role of HCRU exacerbations as an outcome in COPD trials, but it does show that unreported
events appear to have important short- to medium-term consequences in terms of symptoms and health
status. There was no difference between reported and unreported events in terms of effect on FEV1, but this
may have been because FEV1 had recovered 3 months after the event and the relationship between
reduction in exacerbations and improvement in FEV1 is weak [21]. Further studies are needed to examine
the impact of unreported EXACT events on outcomes such as FEV1 decline and exercise capacity and to test
whether unreported exacerbations are predictors of future events. If future studies showed that EXACT
events have important clinical consequences, there would need to be agreement as to which measure of
exacerbations should be used.

The NNT for prevention of one exacerbation event per patient per year was lower for all EXACT-identified
events than for HCRU events (i.e. treatment was more effective). This treatment effect may be important
because more than three-quarters of EXACT events were unreported and untreated. Furthermore, those
events had a similar impact on health status to those that were reported and treated. Finally, it may take
longer to recover from an untreated event, as reported here and previously [11].

A limitation of this study is that annualised event rates were based on 6 months’ study treatment; however, a
large meta-analysis showed that the proportion of patients who experienced an exacerbation in randomised
trials of tiotropium of <1 year’s duration was similar to that in studies of >1 year [22]. Furthermore, as one
of the key aims of these analyses was to compare exacerbations assessed using two different measures within
the same study, it may be assumed that the same limitations will apply to events assessed by both the EXACT
and HCRU. The ATTAIN study was not powered to detect differences in exacerbation rate and patients
recruited to the study were not required to have a history of ECOPDs (35% had >1 exacerbation in the year
prior to the study [13]). Despite this, treatment with aclidinium twice daily reduced exacerbation events,
irrespective of assessment method, suggesting that the observed effects on exacerbations are robust. A further
limitation is that the analyses comparing treated and untreated exacerbation events were exploratory and
performed in the minority of patients who had an exacerbation. These analyses are the first of their kind and,
although they need replication, they suggest that use of the EXACT provides new and important insights, and
strongly support the use of this instrument in other studies.
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In conclusion, unreported COPD exacerbation events, identified using the EXACT, were more common
than exacerbations identified using HCRU. Unreported events had a similar impact on health status
3—-6 months post-event as reported events. Twice-daily treatment with aclidinium (200 pg or 400 pg)
reduced EXACT events and HCRU events by a similar proportion.
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