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Chronic obstructive pulmonary disease (COPD) is a heterogeneous
syndrome encompassing the clinical presentations of chronic bronchitis and
emphysema. Moderate-to-severe COPD is estimated to affect 80 million
people worldwide. The diagnosis of COPD is made using spirometry,
demonstrating the presence of obstruction that does not completely reverse
with the administration of an inhaled bronchodilator. Treatment of COPD
is titrated to severity, and in stage II-IV disease, combinations of different
classes of bronchodilators, and bronchodilator and anti-inflammatory
combinations, are recommended. Treatment of COPD is multimodal,
including pharmacologic therapy, long-term oxygen therapy, smoking
cessation, cardiopulmonary rehabilitation (including breathing retraining)
and disease education. This article focuses on pharmacologic therapies, and
more specifically the evidence for combination pharmacologic therapy that
has emerged over the past few years. Prominent human clinical trials are
reviewed and results are summarized with a focus on the steps required to
change clinical practice. Finally, a perspective on future changes in the field
of COPD pharmacotherapy is provided in light of recent changes.
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Chronic obstructive pulmonary disease (COPD) is a heterogeneous syndrome
encompassing the clinical presentations of chronic bronchitis and emphysema. It
is defined by the WHO as “a lung disease characterized by chronic obstruction
of lung airflow that interferes with normal breathing and is not fully reversible.”
Moderate to severe COPD is estimated to affect 80 million people worldwide [101].
It is strongly associated with exposure to tobacco smoke and burning of biomass
fuel. The diagnosis of COPD is made using spirometry, demonstrating the presence
of obstruction (i.e., forced expiratory volume in 1 s [FEV1]:forced vital capacity
[FVC] ratio less than 0.7) that does not completely reverse with the administration
of an inhaled bronchodilator [1]
made using a lower limit of normal, which encompasses 95% of normal subjects,

. Increasingly, the diagnosis of obstruction is being

instead of using the fixed ratio of 0.7, which tends to overdiagnose obstruction in
older subjects and underdiagnose obstruction in younger subjects [2].

Once a diagnosis of COPD is established, it is important to stage the disease
via global initiative for chronic obstructive lung disease (GOLD) guidelines based
on severity of obstruction (Figure 1) [102]. Treatment is titrated to severity, and in
stage II-1V disease, combinations of different classes of bronchodilators, and bron-
chodilator and anti-inflammatory combinations, are reccommended. Combination
therapy is frequently used in COPD by combining different agents in a fixed drug
combination (e.g., long-acting B-agonists [LABA]/inhaled corticosteroids [ICS]),
by combining different devices (e.g., formoterol and tiotropium dry powder
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Stage |: Mild

FEV1/FVC <0.70

FEV1/FVC <0.70 )
50% < FEV1 <80% predicted

FEV1>80% predicted

FVC <0.70
FEV1 <50% pred

( ”Stage II: Moderate\ tage ll: Severe Stage |V: Very severe

EV1 <30% predicted or
EV1 <50% predicted plus
ronic respiratory failure

Add short-acting bronchodilator (when needed)

Add regular treatment with one or more long-acting bronchodilators (when needed)

Add rehabilitation

Add inhaled glucocorticosteroids if repeated exacerbations

Add long-term oxygen if
chronic respiratory failure
Consider surgical treatments

Figure 1. Therapy at each stage of chronic obstructive pulmonary disease.

Postbronchodilator FEV1is recommended for the diagnosis and assessment of severity of chronic obstructive pulmonary disease.

FEV1: Forced expiratory volume in 1 s; FVC: Forced vital capacity.
Data taken with permission from [102].

inhalers [DPI]) or by combining different routes of
administration or methods of delivery (e.g., oral the-
ophylline with salmeterol DPI or nebulized formoterol
with tiotropium via DPI). The added efficacy from
combining different classes may be offset by changes in
adverse-event profiles. The minimal clinically impor-
tant difference (MCID) for the second agent is unclear,
but regulatory authorities have approved combina-
tions of short-acting B-agonists (SABA) with short-
acting anticholinergics and fixed-drug combinations
of LABA/ICS. Similarly, no regulatory standard for
triple therapy is established. As will be discussed below,
the numerous studies of combination therapy have yet
to define an optimal evidence- and outcomes-based
combination treatment strategy.

Despite treatment, the presence of COPD is asso-
ciated with significant increases in morbidity and
mortality. Patients primarily experience a sensation of
dyspnea that impacts on quality of life. Other com-
mon symptoms include cough, wheezing, sputum pro-
duction, chest discomfort, fatigue, anxiety and sleep
disturbances. In patients with severe COPD, decreases
in lean body mass, bone mineral density and exercise
capacity, and increases in systemic inflammation [3],
lung cancer [4], cardiovascular disease, diabetes and
hypertension [5], have been demonstrated. People who
have COPD experience periodic worsening of their
symptoms, usually including both increased dyspnea
and sputum production, which is termed a COPD

‘exacerbation.” It is well established that duringa COPD
exacerbation, lung function declines significantly and
often does not fully return to baseline [6]. Mortality
is increased significantly in COPD. According to the
most recent CDC report, COPD was the underlying
cause of approximately one in 20 deaths in the USA
during 20002005 (7] and COPD is currently estimated
to become the third-leading cause of death worldwide
by 2030 [101].

Measuring treatment effect in COPD

Treatment of COPD results in significant improvement
in a number of measurable end points (Table 1). For
many of these end points, there is a MCID that quanti-
fies the smallest amount of change that patients perceive
as improvement and for which a change in manage-
ment would be justified [8]. Most classically measured
end points represent changes in respiratory function;
these include FEV1, inspiratory capacity (IC), exercise
capacity (as most often measured by the 6-min walk
distance or incremental shuttle walk test), dyspnea and
quality of life. Fewer end points are believed to repre-
sent modifications in the natural history of the disease;
these include rate of decline in FEV1 [9,10], frequency
of exacerbations (after which a significant portion of
patients do not recover baseline lung function [11]) and
the body-mass index, airflow obstruction, dyspnea and
exercise capacity index [12], which correlates well with
mortality [13].
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Combination therapy for COPD

Initially, studies were aimed towards improvement
in respiratory performance without seeking long-term
disease modification [14-16]. More recent studies have
sought to establish improvements in disease-modifying
end points [17.18]. Interestingly, although severity stag-
ing of COPD depends heavily on the measurement
of predicted FEV1%, the individual patient variation
in this measure makes it difficult to use as a gauge of
response to treatment [19,20]. As a measure of long-term
disease modification, the rate of decline in FEV1 and
the frequency of COPD exacerbations are both used to
represent the natural history of the disease. To date, no
studies have proven a prespecified improvement in rate
of decline in FEV1, although the Towards a Revolution
in COPD Health (TORCH) study [17] demonstrated an
improvement in exacerbation frequency in the group of
subjects assigned to a combination of ICS and LABA,
to a nearly significant (p = 0.052) reduction in mortal-
ity risk of 17.5%. A post hoc analysis of the TORCH
trial data revealed a reduction in the rate of decline in
FEV1 in subjects treated with combination therapy
or single-agent therapy compared with placebo; how-
ever, this was not an original end point of the trial [21].
The magnitude of this reduction in FEV1 decline
was 13—-16 ml/year. The Understanding Potential
Long-Term Impacts on Function with Tiotropium
(UPLIFT) study demonstrated a numerically lower
mortality and rate of decline in FEV1 in subjects
assigned to the long-acting muscarinic antagonist
(LAMA) tiotropium; however, this was not found to
be statistically significant [18]. The frequency of exac-
erbations in the UPLIFT study was significantly lower
among subjects assigned to tiotropium. Thus, treat-
ment with inhaled fluticasone and salmeterol, as well
as treatment with inhaled tiotropium, are currently the

Review: Clinical Trial Outcomes

only treatments to demonstrate long-term disease mod-
ification through their ability to reduce the frequency
of COPD exacerbations.

Treatment options for COPD
Treatment of COPD is multimodal, including phar-
macologic therapy, long-term oxygen therapy, smok-
ing cessation, cardiopulmonary rehabilitation (includ-
ing breathing retraining) and disease education. This
review focuses on pharmacologic therapies, of which,
most are delivered via inhalation. Table 2 lists the cur-
rently available pharmacologic categories and repre-
sentative agents from each category. Society guidelines
recommend initiation of pharmacotherapy with a single
agent, but as the disease severity worsens, combination
therapy is universally recommended [1]. Figure 1 summa-
rizes the currently recommended therapy for each stage
of COPD based on the GOLD recommendations [102].
The physiologic basis of action for B-agonists is
believed to relate to their ability to bind G-protein
coupled B-2 adrenergic receptors and activate intra-
cellular adenylyl cyclase. This increases levels of protein
kinase A in a cAMP-dependent manner [22]. This leads
to increases in intracellular Ca** and relaxation of airway
smooth muscle. There are differences in intrinsic activ-
ity and pharmacodynamics among agents in this group,
which are beyond the scope of this discussion (23], but
the primary distinction lies in the duration of action.
SABAs act over 4—6 h, LABAs act over approximately
12 h and ultra-LABAs act over approximately 24 h.
Methylxanthines nonselectively inhibit phospho-
diesterase (PDE) to act as a weak bronchodilator and
respiratory stimulant. The classic agent in this class is
theophylline, which has been limited in clinical use due
to a narrow therapeutic index when traditional dosing

Table 1. Measurable end points in chronic obstructive pulmonary disease with their minimal clinically

important difference.

Measures of MCID
respiratory function
FEV1 [65,66] 112 ml or 4% predicted

Inspiratory capacity [62,67] 100 ml

Exercise capacity 6MWD: 54 m
(6MWD [68], ISWT [69]) ISWT: 47.5 m
Dyspnea (BDI, TDI) [51] 1 unit change
Quality-of-Life SGRQ: 4 units
(SGRQ [50], CRQ [52]) CRQ: 0.5 units

disease modification

Measures of MCID

Exacerbation frequency Any significant difference

Rate of yearly decline in 50 ml/year (smokers)
FEV1 [6] 25 ml/year (nonsmokers)

BODE index [12,13] Two points

Mortality Any significant difference

6MWD: 6-min walk distance; BDI: Baseline dyspnea index; BODE: Body-mass index, airflow obstruction, dyspnea and exercise capacity index;
CRQ: Chronic respiratory questionnaire; FEV1: Forced expiratory volume in 1 s; ISWT: Incremental shuttle walk test; MCID: Minimal clinically
important difference; SGRQ: St George Respiratory Questionnaire; TDI: Transitional dyspnea index.
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Table 2. Currently available pharmacologic agents for chronic obstructive

pulmonary disease.

Pharmacologic category
Short-acting B-agonists
Short-acting muscarinic antagonists

Long-acting B-agonists

Ultra-long-acting B-agonists

Long-acting muscarinic antagonists

Methylxanthines

Selective phosphodiesterase inhibitors

Inhaled corticosteroids

Representative agents
Albuterol/salbutamol

Ipratropium bromide

arformoterol

Indacaterol and tulobuterol
Tiotropium

Theophylline

Roflumilast and cilomilast

mometasone and triamcinolone

Albuterol/salbutamol, formoterol and

Fluticasone propionate, fluticasone furoate,
budesonide, ciclesonide, beclomethasone,

suggest interactions between the
steroid receptor and the -2 adren-
ergic receptors as an explanation
for this benefit. The magnitude of
benefit attributable to ICS has been
disputed based on critique of the
trials’ design [33]. Systemic absorp-
tion of ICS does occur, especially at
high doses, with side effects includ-
ing oral candidiasis, hoarseness,
cataract formation, skeletal frac-
tures, and pneumonia having been
reported [34]. It is unclear whether
the increased incidence of pneumo-
nia leads to increased mortality, but

most recent studies have suggested

is utilized. Selective PDE-3 and -4 inhibitors have been
developed to ameliorate the side-effect profile, but sig-
nificant gastrointestinal side effects remain clinically
apparent. One PDE4 inhibitor, roflumilast, was recently
approved by the US FDA to reduce exacerbations in
patients with severe COPD [103]. Of note, recent stud-
ies [24-26] have demonstrated the ability of low-dose
theophylline to restore activity of histone deacetylase,
suggesting its ability to restore and/or enhance corti-
costeroid sensitivity. Several past studies have shown
beneficial effects from the addition of theophylline
to other therapies for COPD [27-30], but it cannot be
recommended as a first-line agent.

Muscarinic antagonists act via antagonism at musca-
rinic receptors M1, M2 and M3. M1 and M3 receptors
mediate parasympathetic activity in the airways, caus-
ing smooth muscle contraction, mucus secretion and
possibly increased ciliary activity [22.31]. Antagonism at
these receptors leads to a decrease in parasympathetic
tone in the airways, decreased secretions and decreased
smooth muscle contraction. The M2 receptors, located
on the post-ganglionic parasympathetic nerves,
inhibit acetylcholine release from the nerve terminals.
Ipratropium bromide is a short-acting antimuscarinic,
which antagonizes all three receptor subtypes (M1, M2
and M3) with a duration of action approximately 6 h.
Tiotropium bromide is a long-acting antimuscarinic
antagonist, which rapidly dissociates from M2 recep-
tors but provides prolonged antagonism at M1 and M3
receptors, up to 32 h.

The mechanism of action for ICS is less clear. In the
large TORCH study, inhaled fluticasone propionate
resulted in significant reductions in exacerbations (both
moderate and severe), although mortality was the same.
A meta-analysis of 13,000 subjects with stable COPD (32
found similar reductions in exacerbations, with no effect
on mortality with the use of ICS. Some in vitro studies

no significant increase in mortality
in patients taking ICS who are treated for pneumo-
nia [35,36]. Studies of ICS have not monitored activity of
histone deacetylase and investigations to date have been
in vitro, with no data on clinical effects. Currently, ICS
are recommended by society guidelines only in combina-
tion with bronchodilator therapy in those patients with
predicted FEV1 < 50% and frequent exacerbations [1,102].

Combination therapy for COPD

The use of combination therapy is supported by mul-
tiple clinical trials and by guidelines from the European
Respiratory Society and American Thoracic Society [37],
as well as the GOLD [102]. These guidelines reflect the
most well-established combinations of pharmacother-
apy, but other dual combinations can be conceived
(Table 3). Most studies of combination inhalers have
been powered to detect changes in FEV1 between 75
and 100 ml [38.39].

Initial trials on combination therapy focused on
combining LABA with ICS, based on the dual-effect
hypothesis of bronchoconstriction and inflammation
common to COPD and asthma. Indeed, significant ben-
efit from this combination was noted in the TORCH
trial (17], as well as a subsequent systematic review from
the Cochrane Collaboration. A meta-analysis of the
combination LABA plus ICS vs placebo noted reduc-
tion in exacerbation rates of approximately 25% and
a significant reduction in all-cause mortality (3-year
number-needed-to-treat: 36) [40]. The effects seen were
dominated by the large TORCH trial, but studies of
both salmeterol/fluticasone and formoterol/budesonide
were included for analysis. This meta-analysis also noted
an increased risk of pneumonia, with a 3 year number-
needed-to-harm of 13. The combination of LABA with
ICS has now become well established in clinical practice;
the reader is referred to the Cochrane review [40] for a
detailed analysis of the trials’ results.
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More recent trials have examined
different combinations of therapy,
addressing many potential dual
combinations, noted in Table 3.

LABA
LAMA plus LABA LAMA
Table 4 includes pertinent features of
recent trials evaluating the combina- IS
tion of LAMA plus LABA, which | Ultra-LABA
are discussed below. PDE3/4i

Ichinose and colleagues evalu-

ated the combination of the unique | Methylxanthines

Table 3. Potential dual combinations of scheduled pharmacotherapy for chronic

obstructive pulmonary disease'.
LABA LAMA ICS

v 4 v 4
v v v v
v v v v
v v v v
v v v v
v v v v

Ultra-LABA PDE3/4i Methylxanthines

transdermal LABA tulobuterol and
the inhaled LAMA tiotropium
compared with tiotropium alone, in

‘Short-acting agents are excluded due to their recommended use only on an as-needed basis.
ICS: Inhaled corticosteroids; LABA: Long-acting B-agonists; LAMA: Long-acting muscarinic antagonists;
PDEi: Phosphodiesterase inhibitor.

subjects with GOLD stage II and

III COPD (41]. Subjects were not allowed to continue
any other long-acting bronchodilator. The investigators
found statistically significant improvements in respira-
tory-related quality of life, as measured by the St George
Respiratory Questionnaire (SGRQ). However, a base-
line imbalance in the SGRQ scores limits the impact
of this finding.

Tashkin and coworkers evaluated the combination
of nebulized arformoterol and tiotropium, compared
with therapy alone, in subjects with GOLD stage 11
and III COPD (42]. No other LABA or anticholinergic
could be used, nor could leukotriene modifiers or
methylxanthines. Oral or ICS were permitted, pro-
vided the dose had been stable over 14 days prior to the
study period. Approximately 20% of subjects in each
group were using corticosteroids. The primary study
outcome, mean FEV1 AUC, improved above baseline
for each individual drug group, with a greater increase
observed in the combined therapy group. Among
secondary end points, the IC also increased signifi-
cantly with combination therapy than with individual
therapy, as did the improvement in mean transitional
dyspnea index.

In 2005, van Noord and colleagues examined the
combination of formoterol and tiotropium once daily
compared with either daily tiotropium or twice daily
formoterol, in subjects with mostly GOLD stage 111
COPD [43]. Subjects were allowed to continue inhaled
or oral steroid use up to a daily dose equivalent of 10 mg,
and prednisone and theophylline use was not allowed.
A total of 90% of subjects were using corticosteroids
(63 inhaled, two oral). As the primary outcome, the
pre-dose morning FEV1 was significantly higher in
subjects treated with combination therapy than when
they received formoterol alone, but was similar to when
they received tiotropium alone. As a secondary outcome,
evaluation of 24-h FEV1 profiles was performed. This
revealed that combination therapy produced superior

FEV1 between hours 8—12 and again at hour 24
(trough). Use of rescue salbutamol was also lower dur-
ing the daytime among patients taking the combination
tiotropium plus formoterol.

Van Noord ez al. later evaluated the combination of
salmeterol (once or twice daily) and tiotropium com-
pared with either agent alone (tiotropium daily or sal-
meterol twice daily) in subjects with GOLD stage 11 or
III COPD [44]. Prior to randomization, subjects could
not have used tiotropium and theophylline prepara-
tions for 4 weeks, but inhaled or oral steroid use was
permitted up to a daily dose equivalent of prednisone
10 mg. Again, 90% of subjects were using corticoste-
roids (81 inhaled, five oral). The primary end point of
average FEV1 over 24 h was significantly higher when
subjects were receiving the combination of tiotropium
and salmeterol once daily than with either tiotropium or
salmeterol alone. The addition of an additional evening
salmeterol dose resulted in similar daytime broncho-
dilation but superior night-time bronchodilation. In
this study, transitional dyspnea index was also noted
to improve more with once-daily combination therapy
than with tiotropium or salmeterol alone. The addi-
tion of the second daily dose of salmeterol in combina-
tion with tiotropium did not increase the transitional
dyspnea index (TDI) significantly more than with
salmeterol once daily.

Recently, the combination of formoterol and tiotro-
pium was compared with tiotropium alone in a meta-
analysis by Wang ez al. [45]. The authors concluded that
treatment with the combination of tiotropium and for-
moterol resulted in significantly greater improvements
in average FEV1, average FVC and trough FEV1. The
mean improvement in transitional dyspnea index was
also greater with the combination. There was a non-
significant trend towards fewer adverse events (includ-
ing COPD exacerbations) with combination therapy,
but this did not reach statistical significance.
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Table 4. Long-acting muscarinic antagonists and long-acting B-agonists trial characteristics.

vs tiotropium

Van Noord etal. 95 6 Tiotropium plus salmeterol
(2010) g.d. vs tiotropium

plus salmeterol b.i.d.

vs salmeterol b.i.d.

vs tiotropium

Wang et al. 1868 2-24 Tiotropium plus formoterol
(2010) (pooled) vs tiotropium

Rabe et al. 605 6 Tiotropium plus formoterol

Study (year) Patients Intervention Comparison Statistically significant outcomes Ref.

(n) duration (weeks)
Ichinose et al. 103 8 Tiotropium plus tulobuterol SGRQ: -6.48 vs -1.90 units (41]
(2010) vs tiotropium
Tashkin et al. 234 2 Tiotropium plus arformoterol Mean FEV1 AUC: 0.22 vs 0.10 vs 0.08 liter [42]
(2009) vs arformoterol vs tiotropium IC: 0.15 vs 0.07 vs 0.02 liter

TDI: 3.1 vs 2.3 vs 1.8 liter

Van Noord etal. 71 6 Tiotropium plus formoterol g.d. Pre-dose FEV1: 1.134 vs 1.091 vs (43]
(2005) vs formoterol b.i.d. 1.127 liter

(2008) vs salmeterol plus fluticasone Peak FEV1: 1.78 vs 1.67 liter

Use of rescue salbutamol: 1.81 vs 2.37 vs
2.41 puffs/day

Average FEV1 increase over 24 h: 0.142 vs (44]
0.185 vs 0.045 vs 0.070 liter
TDI: 2.56 vs 2.71 vs 0.97 vs 1.18 liter

Average FEV1 increase over 24 h: 105 ml [45]
with combination

Average FVC increase over 24 h: 135 ml

with combination

Trough FEV1 increase: 53.4 ml with

combination

Mean improvement in TDI: 1.50 units

with combination

FEV1 AUC__.: 1.64 vs 1.56 liter [46]

0-12"

FVC AUC, ,,: 3.14 vs 2.97 liter

Peak FVC: 3.38 vs 3.16 liter
Pre-dose FVC: 2.95 vs 2.87 liter

b.i.d.: Twice daily; FEV1: Forced expiratory volume in 1 s; FVC: Forced vital capacity; IC: Inspiratory
TDI: Transitional dyspnea index.

capacity; q.d.: Daily; SGRQ: St George Respiratory Questionnaire;

Rabe compared the combination of tiotropium daily
plus formoterol twice daily to the combination of sal-
meterol plus fluticasone twice daily in subjects with
GOLD stage II-1II COPD [46]. During the study, ICS
other than study medication were not permitted and
oral steroids were only allowed in order to control acute
exacerbations. The primary study end points were FEV1
AUC for hours 0-12 (FEV1 AUC | )and peak FEV1.
There was a statistically significant higher FEV1 AUC
o1, and peak FEV1 with tiotropium plus formoterol
than with salmeterol plus fluticasone. Statistically sig-
nificant increases with the tiotropium plus formoterol
combination compared with the salmeterol plus flutica-
sone combination were also seen in the secondary end
points of FVC AUC_ ,,, peak FVC and pre-dose FVC.

In summary, the trials above that have evaluated the
combination of LABA plus LAMA have found consis-
tently greater improvements in markers of lung function
(FEV1 and FVC) with combination therapy compared
with monotherapy. In addition, the transitional dys-
pnea index has consistently shown improvement with

combination therapy, a change that has been both sta-
tistically (p < 0.05) and clinically (MCID + 1 unir)
meaningful. In the large study by Rabe and colleagues,
greater improvement in spirometry was seen with the
combination of LAMA plus LABA versus the combina-
tion of LABA plus ICS, supporting guideline recom-
mendations that for patients where a single broncho-
dilator does not suffice, the addition of two separate
classes of bronchodilators is superior to bronchodilator
monotherapy plus ICS [46]. The combination of LAMA
plus LABA therapy has not caused an observed increase
in adverse effects compared to either monotherapy or
LABA plus ICS therapy, but the small size of these stud-
ies leave open the possibility of type II error, and larger,
longer duration trials would be necessary to increase

confidence in the safety of LAMA plus LABA therapy.

‘Triple therapy’

In the above-mentioned trials of LAMA plus LABA
combination therapy, the proportion of subjects using
corticosteroids at baseline varied widely, from 20 [42)
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to 90% [44]. Two small randomized trials have evalu-
ated the combination of tiotropium and fluticasone/sal-
meterol for severe COPD [47.48] and current guidelines
recommend combination therapy with inhaled LAMA,
LABA and ICS, for patients with GOLD stage IIl or IV
COPD who suffer from frequent exacerbations [1,102].
Two large trials of triple therapy deserve further
mention, with pertinent details included in Table 5.

In 2007, the Canadian Thoracic Society and
Canadian Respiratory Clinical Research Consortium
published the results of The Canadian Optimal Therapy
of COPD Trial 49). Subjects with GOLD stage 11 or I11
COPD were treated with tiotropium, plus either pla-
cebo, salmeterol alone or salmeterol plus fluticasone.
The primary outcome was the proportion of patients
in each group experiencing a COPD exacerbation. As
secondary outcomes, investigators examined the mean
number of exacerbations per patient per year, the total
number of exacerbations resulting in urgent care or
emergency department visits, number of hospitaliza-
tions for COPD, number of hospitalizations in total,
changes in health-related quality of life (as determined
by SGRQ [50]), changes in dyspnea (as measured by the
transitional dyspnea index [51] and the dyspnea domain
of the Chronic Respiratory Questionnaire [52]) and lung
function as measured by FEV1. There was no differ-
ence among groups in the primary outcome; between
60 and 65% of patients in all three groups experienced
an exacerbation. Among secondary outcomes, there
was a lower rate of hospitalizations, both all-cause and
those specifically for COPD, in the triple-therapy group
compared with the tiotropium plus placebo group. This
benefit was not seen in the group treated with tiotro-
pium plus salmeterol compared with tiotropium plus
placebo. Quality of life per SGRQ was improved more
with each additional therapy. Dyspnea did not differ
significantly among groups, but lung function measured
by FEV1 increased significantly more in the triple-
therapy group than in the tiotropium plus salmeterol
group. However, this improvement was still less than the

MCID for FEV1. There was not a significant difference
from placebo in the group assigned to tiotropium plus
salmeterol. No difference in adverse events, including
death and hospitalizations, was observed.

Welte performed a trial of budesonide/formoterol in
addition to tiotropium (‘triple therapy’) versus tiotro-
pium alone in subjects, with predominantly GOLD
stage III COPD [s3]. The primary end point was the
change in pre-dose FEV1 over weeks 0-12. As second-
ary end points, measurement of pre-dose FVC and IC,
and post-dose FEV1, FVC and IC, were performed.
Quality of life was assessed using SGRQ at each of the
six clinic visits. Over the treatment period, triple therapy
significantly increased pre- and post-dose FEV1. This
change was more than the MCID in post-dose FEV1,
but not in pre-dose FEV1 [8]. Overall, the improvement
in SGRQ was statistically significant, but also below the
MCID of 4 units [51,54]. An improvement in SGRQ by
more than 4 units was seen in 49.5 and 40% of sub-
jects in the triple-therapy and tiotropium-alone groups,
respectively (p = 0.016), but 27.6 and 29.7% of sub-
jects had a deterioration in SGRQ of more than 4 units
(p = nonsignificant). There was a significantly lower
incidence of severe exacerbations in the triple-therapy
group compared with the tiotropium-alone group.

The trial by Welte ez al. of triple therapy compared
with LAMA alone thus demonstrated improvements
in lung function and dyspnea approximately equiva-
lent to those seen in the aforementioned trials of
LAMA plus LABA therapy (53]. The reduction in severe
exacerbations seen in this trial was not seen in trials
of LAMA plus LABA, suggesting that the reduction
in exacerbations is attributable to the addition of ICS.
However, the 52-week Canadian Optimal Trial found
no difference in the number of patients experiencing
exacerbations, although there was a numerically longer
median time to first exacerbation in the triple-therapy
group and the trial was underpowered to detect a true
difference [49]. Based on these data, one could postulate
that the true benefit of ICS in triple therapy is less than

Table 5. ‘Triple therapy’ trial characteristics.

Study (year) Patients Intervention Comparison Statistically significant outcomes  Ref.
(n) duration (weeks)
Aaron et al. 449 52 Tiotropium vs SGRQ: -4.5 vs -6.3 vs -8.6 units (49]
(2007) tiotropium plus salmeterol vs Pre-dose FEV1 increase at week
tiotropium plus salmeterol/fluticasone  52: 0 (reference) vs +0.027 vs
+0.086 liter
Welte et al. 660 12 Tiotropium vs Pre-dose FEV1: 1.08 vs 1.15 liter (53]
(2009) tiotropium plus Post-dose FEV1: 1.13 vs 1.25 liter
formoterol/budesonide SGRQ: -1.5 vs -3.8 units
Severe exacerbations: 18.5 vs 7.6%
FEV1: Forced expiratory volume in 1 s; SGRQ: St George Respiratory Questionnaire.
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that seen in the short-duration trial by Welte et al., or
alternatively, that the small significant improvement in
lung function measures seen in the longer Canadian
Optimal Trial is a result of properties unique to sal-
meterol, fluticasone or the combination. A large trial
comparing salmeterol plus fluticasone to formoterol
plus budesonide would be informative but is unlikely
to occur without funding from outside industries.
Notably, no regulatory standard is established regard-
ing the efficacy of combination treatment with triple
therapy. It is not unexpected that incremental benefit
on measures of lung function (FEV1, IC and TDI) is
small as agents are added, and the use of composite end
points combining measures of lung function with num-
ber of exacerbations might enable a significant effect to
be seen. In addition, the regulatory approval of triple
therapy may be aided by the development of new fixed-
dose combination inhalers and novel dual-ligand mol-
ecules combining -agonist and muscarinic-antagonist
effects (termed muscarinic antagonist 3-agonist) [ss].

PDE4 inhibitors plusLABA or LAMA

Roflumilast is a selective inhibitor of PDE4 inhibitors
that was studied in combination with salmeterol or
tiotropium by Fabbri ez a/. in two separate trials, with
results published concomitantly (56]. After a 4-week run-
in period where subjects took daily placebo pills, 935
subjects were randomized to either roflumilast or placebo
plus salmeterol, and 744 subjects were randomized to
either roflumilast or placebo plus tiotropium for a dura-
tion of 24 weeks. These subjects all had GOLD stage I1
or III COPD and were not permitted to use inhaled
steroids or any other bronchodilator during the study
period, except for the supplied SABA as needed. For the
primary end point, change in mean pre-bronchodilator
FEV1 was 49 ml in the salmeterol plus roflumilast group
versus salmeterol plus placebo, and 80 ml in the tiotro-
pium plus roflumilast group versus tiotropium plus
placebo. A similar magnitude of increase was noted in
mean post-bronchodilator FEV1 (60 and 81 ml), mean
pre-bronchodilator FVC (47 and 95 ml) and mean post-
bronchodilator FVC (58 and 101 ml). Improvements
in other secondary measures, including TDI, short-
ness of breath questionnaire and baseline use of rescue
medications were variable, some reaching statistical sig-
nificance but none greater than the MCID. The pres-
ence of adverse reactions related to study medication
was higher in the groups receiving roflumilast; most of
these were gastrointestinal in nature, consistent with
previous studies. The likelihood of study withdrawal
was statistically higher for roflumilast plus salmeterol
than placebo plus salmeterol, but not for roflumi-
last plus tiotropium compared with placebo plus tiotro-
pium. A nonstatistically significant decrease in mean

bodyweight was also noted in the groups treated with
roflumilast (-2.0 kg for roflumilast plus salmeterol;
-1.8 kg for roflumilast plus tiotropium).

Despite the relatively short duration of these trials,
there were statistically significant decreases in exacer-
bation rates and increases in time to first exacerbation
demonstrated in both. When added to salmeterol, roflu-
milast decreased the proportion of patients with any
exacerbation by 6% and increased the time to first mod-
erate or severe exacerbation by 12 days. When added
to tiotropium, roflumilast decreased the proportion of
patients with any exacerbation by 8% and increased
the time to any exacerbation by 13 days. On the FDA
advisory panel review in April 2010, these data, in addi-
tion to two earlier studies [57], were a major part of the
discussion. The FDA advisory panel presentation noted
that effects on FEV1 and SGRQ were modest (less than
the MCID) and the clinical significance was uncertain.
The reduction in exacerbations was considered a clini-
cally relevant effect, but it was noted that the use of
concomitant standard therapies for COPD was heavily
restricted during these trials and the risk:benefit ratio
may be better characterized with additional study [104].
After reviewing the recommendations of the advisory
panel, the FDA granted approval to roflumilast on
1 March 2011 to “decrease the frequency of flare-ups
(exacerbations) or worsening of symptoms from severe
chronic obstructive pulmonary disease (COPD)” [103].
The magnitude of benefit from roflumilast compared
with that from ICS has not yet been rigorously stud-
ied. At this time the best candidates for treatment with
roflumilast appear to be those patients already tak-
ing a bronchodilator who experience ongoing risk for
exacerbations, and who cannot tolerate ICS.

Methylxanthine plus ICS

There is a well-established decrease in histone deacety-
lase activity in asthma and COPD [26,58]. Theophylline
has been shown to perform poorly as a bronchodilator
due to its narrow therapeutic window, but at low-doses
can activate cellular histone deacetylase and potentially
restore responsiveness to corticosteroids [59]. Ford ez al.
recruited 30 patients with COPD (primarily stage II)
and randomized them to receive either inhaled flutica-
sone propionate or placebo for 4 weeks [60]. Subjects then
underwent a 2-week washout period and were crossed
over to treatment with the alternate inhaler. During the
first 4-week period all subjects took placebo capsules
twice daily and during the second 4-week period all
subjects took active theophylline capsules. Apart from
study medication, subjects who were already taking a
LABA or LAMA were permitted to continue the medi-
cation. Use of oral corticosteroids was an exclusion cri-
terion and inhaled steroids were discontinued during
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an initial 2-week washout period. Subsequently, seven
subjects were recruited into an open-label repeat of arm
two for the purpose of determining histone deFacety-
lase activity using peripheral blood mononuclear cells.
Subjects tolerated theophylline well, with dose reduc-
tion required in four subjects due to mild nausea and
gastrointestinal upset. The primary study end point was
a reduction in absolute sputum neutrophils, and sec-
ondary end points were sputum total and cell-specific
counts, chemokine ligand 5, IL-8 and neutrophil elas-
tase levels in sputum, lung function and quality of life
data measured by self-administered chronic respiratory
questionnaire. Significant differences in lung function
could only be demonstrated for FEV1% predicted in
the ICS plus theophylline arm (from 52 to 58.6% pre-
dicted; p = 0.024) and forced expiratory flow 25-75%
(470-555 ml/s; p = 0.029). No significant change in
sputum neutrophils was noted, but sputum eosinophils
were reduced in the ICS plus theophylline arm com-
pared with ICS alone (0.05 x 10°/ml vs 0.13 x 10¢/ml;
p = 0.023). An analysis of sputum chemokines showed
only a small reduction in IL-8 in the combination group
compared with ICS alone. Quality of life score did not
differ significantly between arms. Total histone deacety-
lase activity increased from 95 to 875 units in the seven
patients who repeated arm two of the study. In sum-
mary, this preliminary data was not designed to detect
clinically significant differences in lung function or
disease natural history, but does suggests some attenu-
ation of inflammation in COPD, as well as an increase
in histone deacetylase activity. Additional subjects and
additional time would be required to observe for any

clinically significant effect of low-dose theophylline
on COPD.

Future perspective
The recent clinical trials discussed highlight a process
of systematically evaluating the myriad of possible
combinations of current pharmacologic agents for the
treatment of COPD. To date, combination therapy with
LABA plus LAMA, LABA plus ICS and ‘triple therapy’
with LAMA plus LABA plus ICS, have the largest data
sets and support from clinical guidelines. The combina-
tion of LAMA plus ICS has been described in a single
human trial [¢1] and an additional study is warranted.
Similarly, the role of PDE4 inhibitors (primarily roflu-
milast) will be better clarified via investigations of its
effects on exacerbation rates when added to standard
guideline-based treatment; the recent FDA approval
should allow for such studies to take place more easily.
One of the commonly faced difficulties in design-
ing trials of COPD therapy is choosing appropriate end
points. Unlike for the management of the other major
obstructive lung diseases, such as asthma, COPD has

no consistent system to grade control, which is reflective
of daily impairment. Recent trials have adopted mea-
surement of the transitional dyspnea index as a primary
measure of dyspnea [49) and this value performs similarly
to measures of IC [62]. While rate of decline of FEV1
and body-mass index, airflow obstruction, dyspnea, and
exercise capacity index [12] will remain important as a
measure of the natural history of COPD [10,63], future
trials will likely use additional measures to ascertain
day-to-day impairment of subjects with COPD. More
consistent use of these additional measures (e.g., TDI s1)
and IC) will improve homogeneity of trials, the ability
to detect early changes in quality of life, and lead to
better quality meta-analyses of large data sets.

Another difficulty that is being recognized with
increasing consensus is the heterogeneity among
patients who suffer from COPD. Indeed, the WHO
definition includes patients classically diagnosed with
either emphysema or chronic bronchitis, highlighting
two major phenotypic expressions of this syndrome.
It is likely that underlying predispositions in patients
that lead to differing phenotypes will also lead to a dif-
ferential response to pharmacotherapy. Future work to
identify phenotypic clusters of patients with COPD will
be greatly aided by the creation of large COPD regis-
tries, such as the subpopulations and intermediate out-
come measures in COPD study (SPIROMICS, [105]).
With a clearer picture of the COPD population, clinical
trials can be undertaken in discrete subpopulations of
this disease. It is conceivable that, similarly to emerg-
ing research in patients with asthma, we will discover
genetic markers of certain COPD phenotypes that
predict differential response to pharmacotherapy and
those patients at greatest risk for disease progression.
In the interim period, large trials should routinely con-
sider responder analysis to assist in the identification of
distinct phenotypes [64].
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Executive summary

a cause of significant morbidity and mortality worldwide.

Pharmacologic treatment of COPD is primarily accomplished with inhaled bronchodilators and inhaled corticosteroids.
Previous clinical trials have shown the superiority of combining bronchodilators with different mechanisms of action compared

m Chronic obstructive pulmonary disease (COPD) is a disease characterized by airflow obstruction that is not fully reversible and is

with use of a single agent, and society guidelines recommend this approach to treatment.

Recent clinical trials have explored novel combinations of agents and continue to demonstrate increased efficacy with

various combinations.

Future clinical trials using newly developed agents will lead to further clarity of the optimal combination for patients with COPD.
The standards for measuring effects of combination therapy are evolving and additional studies are necessary to define an

acceptable minimal clinically important difference for the incremental addition of agents.

The use of consistent disease-modifying and quality of life end points among clinical trials will allow for more direct comparisons
and higher quality meta-analysis of large data sets. Forced expiratory volume in 1 s will be de-emphasized as a measure of daily

impairment in COPD.

those patients most at risk for progression of COPD.

m Population and genomic research will lead to better selection of agents on an individual patient basis and assist in predicting

Bibliography 8  Donohue JF. Minimal clinically important 13 Cote CG, Pinto-Plata VM, Marin JM et al.
Papers of special note have been highlighted as: differences in COPD lung function. COPD The modified BODE index: validation with
= ofinterest 2(1), 111-124 (2005). mortality in COPD. Eur. Resp. J. 32(5),

mn  of considerable interest 9 Fletcher C, Peto R, Tinker C, Speizer FE. In: 1269-1274 (2008).

1 Celli BR, MacNee W, Agusti A er al. The Natural History of Chronic Bronchitis and 14 Niewochner DE, Erbland ML, Deupree RH
Standards for the diagnosis and treatment of Emphysema. (Eds). Oxford University Press, et al. Effect of systemic glucocorticoids on
patients with COPD: a summary of the ATS/ Oxford, UK, 1-272 (1976). exacerbations of chronic obstructive
ERS position paper. Eur. Resp. J. 23,932-946 10 Kanner RE, Connett JE, Williams DE, pulmonary disease. N. Engl. J. Med. 340,
(2004). Buist AS. Effects of randomized assignment 1941-1947 (1999).

2 Miller MR, Quanjer PH, Swanney MP, to a smoking cessation intervention and 15 Boyd G, Morice AH, Pounsford JC et al.
Ruppel G, Enright PL. Interpreting lung changes in smoking habits on respiratory An evaluation of salmeterol in the treatment
function data using 80% of predicted and symptoms in smokers with early chronic of chronic obstructive pulmonary disease
fixed thresholds misclassifies over 20% of obstructive pulmonary disease: the lung (COPD). Eur. Resp. ]. 10, 815-821 (1997).
patients. Chest 139, 5259 (2011). health study. Am. J. Med. 106, 410-416 16 Littner MR, Tlowite ]S, Tashkin DP et 4/,

3 Agusti AGN, Noguera A, Sauleda J ef al. (1999). Long-acting bronchodilation with once-daily
Systemic effects of chronic obstructive un  Well documented and clear benefits of dosing of tiotropium (Spiriva) in stable
pulmonary disease. Eur. Resp. J. 21, 347-360 smoking cessation in patients with chronic chronic obstructive pulmonary disease.
(2003). obstructive pulmonary disease (COPD). Am. J. esp. Crit. Care Med. 161, 1136-1142

4 Tockman MS, Anthonisen NR, Wright EC, Ongoing analysis of this study’s data (2000).

Donithan MG. Airways obstruction and the provided additional information on the 17 Calverley P, Anderson JA, Celli B ez al.
risk for lung cancer. Ann. Int. Med. 106, benefits of smoking cessation for improving Salmeterol and fluticasone propionate and
512-518 (1987). the accelerated decline in FEV1 seen in survival in chronic obstructive pulmonary

5 Mannino DM, Thorn D, Swensen A, some smokers. disease. V. Engl. J. Med. 356(8), 775-789
Holguin F. Prevalence and outcomes of 11 Seemungal T, Donaldson G, Bhowmik A, (2007).
diabetes, hypertension and cardiovascular Jeffries DJ, Wedzicha JA. Time course and un  The Towards a Revolution in COPD
disease in COPD. Eur. Resp. ]. 32, 962-969 recovery of exacerbations in patients with Health (TORCH) trial provided robust
(2008). chronic obstructive pulmonary disease. data on a large population treated for a long

6 Fletcher C, Peto R. The natural history of Am. J. Resp. Crit. Care Med. 161, 16081613 time period (3 years). This study represents
chronic airflow obstruction. Br. Med. ]. (2000). the best data yet on treatment with
1(6077), 1645-1648 (1977). un  Important study demonstrating that a long-acting B-agonist/inhaled

»  Landmark article that provides the basis for significant proportion of patients with corticosteroids combination in COPD and
our understanding of a normal yearly COPD do not recover baseline lung function very nearly showed statistically significant
decline in forced expiratory volume in 1 s after an exacerbation. reduc.tion.s in mortality with the
(FEVD). 12 Celli BR, Cote CG, Marin JM et al. combination.

7 Centers for Disease Control and Prevention. The body-mass index, airflow obstruction, 18 Tashkin DP, Celli B, Senn S ez al. A 4-year
Deaths from chronic obstructive pulmonary dyspnea, and exercise capacity index in trial of tiotroPium in chronic obstructive
disease — United States, 2000-2005. MMWR chronic obstructive pulmonary disease. pulmonary disease. N. Engl. J. Med. 359,

57, 1229-1231 (2008). N. Engl. . Med. 350, 1005-1012 (2004). 1543-1554 (2008).
888 www.future-science.com future science group



Combination therapy for COPD

Review: Clinical Trial Outcomes

mn  The Understanding Potential Long-Term [-agonist, and the combination of all three in f-agonists for chronic obstructive pulmonary

Impacts on Function with Tiotropium atients with COPD. Chest 105, 1089-1094 disease. Cochrane Database Syst. Rev. 17(4),

p P p )
(UPLIFT) study followed nearly (1994). CD006829 (2007).
6000 patients on treatment with tiotropium 29 Rossi A, Kristufek P, Levine BE ez al. 41 Ichinose M, Seyama K, Nishimura M ez al.
versus placebo for 4 years, seeking Comparison of the efficacy, tolerability, and Additive effects of transdermal tulobuterol to
reductions in mortality and rate of decline in safety of formoterol dry powder and oral, inhaled tiotropium in patients with COPD.
FEV1. Although there was a trend towards slow-release theophylline in the treatment of Resp. Med. 104, 267-274 (2010).
improvement in both these metrics, they did COPD. Chest 121, 1058-1069 (2002). 42 Tashkin DP, Donohue JF, Mahler DA e al.
not reach statistical significance. This study 30 Cazzola M, Di Lorenzo G, Di Perna F ez al. Effects of arformoterol twice daily, tiotropium
represents the best and largest source of data Additive effects of salmeterol and fluticasone or once daily, and their combination in patients
on tiotropium therapy to date. theophylline in COPD. Chest 118, 15761581 with COPD. Resp. Med. 103, 516-524

19 Niewoehner DE. Impact of drug classes used (2000). (2009).
in COPD on outcome measures other than 31 Yang B, McCaffrey TV. The roles of 43 van Noord JA, Aumann J-L, Janssens E ez al.
exacerbations. Eur. Resp. Rev. 12, 11-12 muscarinic receptor subtypes in modulation of Comparison of tiotropium once daily,

p P yp p P Y;
(2002). nasal ciliary action. Rhinology 34, 136-139 formoterol twice daily and both combined

20 Mahler D. Assessing severity and treatment (1996). once daily in patients wich COPD.
effects in COPD: what outcome measures 32 YangIA, Fong KM, Sim EHA, Black PN, Eur. Resp. J. 26, 214-222 (2005).
are available? Eur. Resp. Rev. 12, 7-8 Lasserson TJ. Inhaled corticosteroids for stable 44 van Noord JA, Aumann J-L, Janssens E ez al.
(2002). chronic obstructive pulmonary disease Combining tiotropium and salmeterol in

21 Celli BR, Thomas NE, Anderson JA er /. (review). Cochrane Database 3, 3—5 (2009). COPD: effects on airflow obstruction and
Effect of pharmacotherapy on rate of decline 33 Barnes PJ. Inhaled corticosteroids in COPD: symptoms. Resp. Med. 104, 995-1004 (2010).
of lung function in chronic obstructive a controversy. Respiration 80, 89-95 (2010). 45 Wang]J, Jin D, Zuo P e al. Comparison of
pulmonary disease: results from the TORCH 5, g P, Gonzalez AV, Brassard P, Suissa S. tiotropium plus formoterol to tiotropium
study. Am. J. Resp. Crit. Care Med. 178, Inhaled corticosteroid use in chronic a140n6 in stable chronic. obstruFtive pulmonary
332-338 (2008). obstructive pulmonary disease and the risk of disease: a meta-analysis. Respirology 16,

u  Post hoc analysis of the TORCH trial data, hospitalization for pneumonia. Am. /. Resp. 350-358 (2011).
which found a significant reduction in the Crit. Care Med. 176, 162-166 (2007). = This meta-analysis pooled a large number of
rate of decline in FEV1. 35  Malo de Molina R, Mortensen EM, patients (1868) and found significant

22 Lotvall J. Pharmacology of bronchodilators Restrepo MI ez al. Inhaled corticosteroid use is improvements in dyspnea and lung function
used in the treatment of COPD. Resp. Med. associated with lower mortality for subjects with combination bronchodilator therapy.
94(Suppl. 5), S6-S10 (2000). with COPD and hospitalised with pneumonia. 46 Rabe KF, Timmer W, Sagkriotis A, Viel K.

23 Hanania NA, Sharafkhaneh A, Barber R, Eur. Resp. ]. 36, 751-757 (2010). Comparison of a combination of tiotropium
Dickey BF. {B}-agonist intrinsic efficacy: 36 Singanayagam A, Chalmers JD, Akram AR, plus formoterol to salmeterol plus fluticasone
measurement and clinical significance. Hill AT. Impact of inhaled corticosteroid use in moderate COPD. Chest 134, 255-262
Am. ]. Resp. Crit. Care Med. 165, 1353-1358 on outcome in COPD patients admitted with (2008).

(2002). pneumonia. Eur. Resp. J. 47 Cazzola M, Andd F, Santus P ez al. A pilot

24 Tro K, Lim S, Caramori G et al. A molecular DO 10'1183/09931936'00077010 (2011) study to assess the effects of combining
mechanism of action of theophylline: (Epub ahead of print). fluticasone propionate/salmeterol and
induction of histone deacetylase activity to 37 Celli BR, MacNee W, Agusti A ¢z al. Standards tiotropium on the airflow obstruction of
decrease inflammatory gene expression. for the diagnosis and treatment of patients with patients with severe-to-very severe COPD.
Proc. Natl Acad. Sci. Am. 99, 8921-8926 COPD: a summary of the ATS/ERS position Pulm. Pharmacol. Ther. 20, 556561 (2007).
(2002). paper. Eur. Resp. J. 23, 932-946 (2004). 48  Singh D, Brooks J, Hagan G, Cahn A,

25 Cosio BG, Tsaprouni L, Ito K e al. 38 Tashkin DP, Rennard SI, Martin P ez al. O’Connor BJ. Superiority of “triple” therapy
Theophylline restores histone deacetylase Efficacy and safety of budesonide and with salmeterol/fluticasone propionate and
activity and steroid responses in COPD formoterol in one pressurized metered-dose tiotropium bromide versus individual
macrophages. J. Exp. Med. 200, 689-695 inhaler in patients with moderate to very severe components in moderate to severe COPD.
(2004). chronic obstructive pulmonary disease: results Thorax 63, 592-598 (2008).

26 Tto K, Tto M, Elliott WM ef a/. Decreased of a 6-month randomized clinical trial. Drugs 49 Aaron SD, Vandemheen KL, Fergusson D
histone deacetylase activity in chronic 68, 1975-2000 (2008). et al. Tiotropium in combination with
obstructive pulmonary disease. N. Engl. 39 Hanania NA, Darken P, Horstman D ez al. placebo, salmeterol, or fluticasone—salmeterol
]. Med. 352, 1967-1976 (2005). The efﬁcacy and safety of fluticasone for treatment of chronic obstructive

i | di . Ann. Int. Med. 146,
27 ZuWallack RL, Mahler DA, Reilly D ez al. proplt.)nate. (250 pg.)/salr.neterol (50ng) puimonary discase. A fnf. e
. L combined in the diskus inhaler for the 545-555 (2007).
Salmeterol plus theophylline combination £ COPD. Chest 124, 834843
therapy in the treatment of COPD. Chest 119, {reatment o - Chest 125, B mn  The Canadian Optimal Trial was a year-long
1661-1670 (2001). (2003). prospective trial that found that ‘triple

28 Karpel JP, Kotch A, Zinny M, Pesin J, 0 Nanni‘ni 1, Ca.tes <l Ijasserson o, P.OOIC " therapy” versus tiotropium alone was
Alleyne W, A comparison of inhaled Combined corticosteroid and long-acting associated with improvement in lung
ipratropium, oral theophylline plus inhaled B-agonist in one inhaler versus long-acting function and quality of life.

fsg 889

future science group

Clin. Invest. (2011) 1(6)



Review: Clinical Trial Outcomes

Miles, Donohue & Ohar

50  Jones PW, Quirk FH, Baveystock CM. 59  Barnes PJ. Theophylline in chronic 67 DiMarco F, Milic-Emili J, Boveri B ez al.
The St George’s respiratory questionnaire. obstructive pulmonary disease: new Effect of inhaled bronchodilators on
Resp. Med. 85(Suppl. 2), 25-31 (1991). horizons. Proc. Am. Thoracic Soc. 2, 334-339 inspiratory capacity and dyspnoea at rest in

P PP p Yy capacity ysp

51 Mahler DA, Weinberg DH, WC“S CK, (2005) COPD. Eur. Re:pir. ] 21(1), 86—94 (2003)

Feinstein AR. The measurement of dyspnea. 60 Ford P, Durham AL, Russell R ez al. 68 Redelmeier DA, Bayoumi AM, Goldstein RS,
ysp y

Contents, interobserver agreement, and Treatment effects of low-dose theophylline Guyatt GH. Interpreting small differences in

physiologic correlates of two new clinical combined with an inhaled corticosteroid in functional status: the six minute walk test in

indexes. Chest 85, 751-758 (1984). COPD. Chest 137, 1338—1344 (2010). chronic lung disease patients. Am. J. Respir.

52 Guyatt GH, Berman LB, Townsend M, 61 Um S-W, Yoo C-G, Kim YW, Han SK, Crit. Care Med. 155(4), 1278-1282 (1997).
Pugsley SO, Chambers LW. A measure of Shim Y-S. The combination of tiotropium 69  Singh SJ, Jones PW, Evans R, Morgan MDL.
quality of life for clinical trials in chronic lung and budesonide in the treatment of chronic Minimum clinically important improvement
disease. Thorax42,773-778 (1987). obstructive pulmonary disease. /. Korean for the incremental shuttle walking test.

p y g

53 Welte T, Miravitlles M, Hernandez P ez 4l. Med. Sci. 22, 839-845 (2007). Thorax 63(9), 775-777 (2008).
Efficacy and tolerability of budesonide/ 62 O’Donnell DE, Lam M, Webb KA. = Websites

Y y
formoterol added to tiotropium in patients with Measurement of symptoms, lun L
P P ymp & 101 World Health Organization. Burden
chronic obstructive pulmonary disease. hyperinflation, and endurance during of COPD
Am. J. Resp. Crit. Care Med. 180, 741-750 exercise in chronic obstructive pulmonary . .
. . www.who.int/respiratory/copd/burden/en/
(2009). disease. Am. J. Resp. Crit. Care Med. 158, index.html
— . , . 1557-1565 (1998). '

- Thls trfal of ‘triple thera.py compared ‘fwth 6 Scanlon PD. C B Waller LA ¢ 102 Global strategy for the diagnosis,
tiotropium alone found improvements in 3 Scan (.)n s ?nnett] , Waller : f.f al. management and prevention of COPD, global
severe exacerbations, in addition to measures Smoking cessation and lung function in initiative for chronic obstructive lung disease
of lung function and quality of life. mild-to-moderate chronic obstructive (GOLD) 2010

. . pulmonary disease. The Lung Health Study. ldcond

54 MakeB, Casaburl R, Leldy‘ I\,IK' . Am. J. Resp. Crit. Care Med. 161, 381-390 www.goideopd.org
Interpretlng resul.ts .from CFln.lcal tr.lals: (2000). n  Global initiative for chronic obstructive lung
understanding minimal clinically important ) ) disease guidelines provide the major source
differences in COPD outcomes. COPD 2, 1-5 = This analysis of data from the Lung Health .

> . of COPD education and treatment for
(2005). Study clearly quantified the benefit of X . i
. . physicans and the public worldwide.

= Discusses the concept of the minimal smoking cessation and demonstrated actual

clinically important difference in COPD gains in lung function during the first year 103 TDA approves hew drug o et chronic
o : after smoking cessation. obstructive pulmonary disease (2011)

55 Cazzola M, Matera MG. Emerging inhaled ) . www.fda.gov/NewsEvents/Newsroom/
bronchodilators: an update. Eur. Resp. J. 34, 64 Snapinn$, Jiang Q. Responder analyses and PressAnnouncements/ucm244989.htm
757-769 (2009) the assessment of a clinically relevant ) )

. . treatment effect. Trials 8, 31(2007). 104 FDA core presentation for the 7 April 2010

56 Fabbri LM, Calverley PM, Izquierdo-Alonso JL ) . . meeting of the Pulmonary-Allergy Drugs
et al. Roflumilast in moderate-to-severe chronic ~ 6> Redelmeier DA’. Goldstein RS, Min ST’ Advisory Committee (2010)
obstructive pulmonary disease treated with Hyl.and RH' Spirometry and dyspnea in www.fda.gov/downloads/
longacting bronchodilators: two randomised patients with COPD. Chesz 109(5 ), AdvisoryCommittees/
clinical trials. Lancet 374, 695-703 (2009). 11631168 (1996). CommitteesMeetingMaterials/Drugs/

57  Calverley PMA, Rabe KF, Goehring U-M et 4. 66 Niewochner DE, Collins D, Erbland ML, for Pulmonary-

Roflumilast in symptomatic chronic obstructive the Deparement of Veterans Affairs AllergyDrugsAdvisoryCommittee/

pulmonary disease: two randomised clinical Cooperative Study Group. Relation of FEV1 UCM208709.pdf

trials. Lancet 374, 685—694 (2009). I(;l Clin.icalboutcor.nes dliring elefie.rbationS of 105 Subpopulations and intermediate outcome
o ) chronic obstructive pulmonary disease. measures in COPD study (SPIROMICS)

58  Barnes PJ. Theophylline: new perspectives for Am. ]. Respir. Crit. Care Med. 161(4), e /e, y
Zr;;l(;ldsrlg.oz(‘)l;.]. Resp. Crit. Care Med. 167, 1201-1205 (2000). ~esce.une. P

890 www.future-science.com future science group



